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BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001} The present invention relates to a lithographic apparatus and an associated

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 pattern 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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[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 pattern through the projection beam

in a given diregiion 4he.rs GAHAAGLNALRLIRRY Rile sivoekyiaB Al oFGANHBg: tppisUppsstainarallel or
anti-parallel to this direction. [0004]The processing of substrates requires that the substrates, destined

for processing¥hifd Sifpiual erenesting gfdbaivubiiplrdake SRS fter processing, the processed

substrates are removed from the apparatus. Generally, a track brings the substrates, which are to be
processed to fpldfing Hhajiessedraibinatigadiag wiatioindiglly moved, one-by-one, from the

processing unit of the lithographic apparatus to a discharge station. A track generally

takes the processed substrates away from the discharge station.

[0006} Other ways of supplying the substrates to the lithographic apparatus and
removing substrates from the lithographic apparatus are known to the person skilled in
the art, such as, for example, the use of a front opening unified pod. The front opening
unified pod contains a plurality of substrates, and supplies them one-by-one to the

loading station.

[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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substrates are moved one-by-one to the processing unit of a lithographic apparatus, in which the actual
processing of the substrate takes place. [0005]Processed substrates are then generally moved,
one-by-one, from the processing unit of the lithographic apparatus to a discharge station. A track
generally takes the processed substrates away from the discharge station. [0006]Other ways of
supplying the substrates to the lithographic apparatus and removing substrates from the lithographic
apparatus are known to the person skilled in the art, such as, for example, the use of a front opening
unified pod. The front opening unified pod contains a plurality of substrates, and supplies them
one-by-one to the loading station. [0007]In known lithographic apparatus, a transfer unit for transferring

a substrate, ‘ﬁkﬂﬁ&fﬁ&g Be RIOSRSSRp SN ARAdINg AW et B A S FAAHBIL, A Sulssttsansferring
e

the processed substrate from the processing unit to a discharge station is provided. The kngwn transfer

unit comprisegelderenngsorsstarir i gisehsifgte rand e mrdeRian Ry siEBLEeaksstsd tnBIRIES Mich is to

be processed from the,loading statiagdedbRiphosearinausiief tradiinaspRaiccanparais akoe
discharge robgt then takes the processed substrate from the processing unit of the IithograPhic

apparatus to th?_éll!@hﬁ‘al‘ﬁél'éf@tiéﬂit [OOOBTITRE kneiRale sehabr dive stnals irohatdsesq hd
requires a relqiiyei 1argeARIEHAY QIBR266ect from a loading station to the processing unit and to

transfer a second exchangeable object from the processing unit to a discharge station.

[0010] The exchangeable 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 becomes cheaper and requires less space.

[0011] Preferably, the robot comprises a first object handler for transferring the first
exchangeable object from the loading station to the 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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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 patterning device that imparts a desired pattern
to the beam of radiation, a substrate holder configured to hold a substrate, and a projection system
configured to project the patterned beam onto a target portion of the substrate. The lithographic

apparatus alsqiigpdesorclioastae i compnsing scstidlarahnhy Bieftisg R nhetis eatfigheed to
transfer a first exchangeable object from a loading station to the proc smg nlt and t ntifer a

second exchafguahie BBEEE Ahthey FRSISARPIHRYREIRRARY G s simp if

design of the robot even more, since only one rotational movement has to be controlled.

[0017) In known lithographic apparatus, usually an interferometer unit is located
close to substrate table that receives the substrate from the transfer unit. Preferably,
when the robot is used to transfer substrates in the area of the substrate table and the
nterferometer unit, the shape of the arms is adapted so that they can pass the
interferometer. A general z-shape of the longitudinal section is found to be suitable for

the shape of the arms.

[0018] In another embodiment, the first object handler and the second object handler
are coupled to a common robot arm which is adapted to move the first object handler

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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[0010] The exchangeable 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 becomes cheaper and requires less space. 100111 Preferably, the robot comprises a first
object handler for transferring the first exchangeable object from the loading station to the 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 axig,REfolation: lonthistepb adifarptidhRdpistianatmers femopibeains imitsetin transfer
exchangeable objects. [0014] Advantageously, at least one of the first arm and the second arm is

moveable in aRfrSRHoSHINRIRAISDS: REBPESHsithalkepdesligosehapisr AStalSAeE IReB8uction of

this extra degiﬁquggg%g%paﬁh;he 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 yeyry simple and robust design of
the robot, sinddUrl; tHFFEF th%ﬁ{éfﬁWﬁﬁfﬂgag%n&B%‘?ﬁ%ﬂ%BF%@li%ﬁaSch&@ﬁ%‘ga?ﬁﬁ%m and
the second armdimay benipasiiglpivadimgackubibardthaueh A reapartibpg teeadchoss Rgenstant
angle between them. This simplifies the design of the robot even more, since only one rotational

movement haSfBAOESHtBIRG MEtET AL PISTAHRAS BN CABAeaME AR GUHPIHNR FEsMeter unit
is located closgifigtibsl the HRala tiakaedesiheasitisiatpation HetiransiesdonioniaieI s when

the robot is used to transfer substrates in the area of the substrate table and the interferometer unit, the

shape of the AAHSTRIBH AR RF MR NG heppiternedheamateadipiononiea farsat PAionLbihfe
longitudinal segliRidf faddimbReaRIgifer hxRmhareH® BI@iNFom a loading station to the

processing unit and transferring a second exchangeable object from the processing unit

to a discharge station via a single robot.

[0024] 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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[0018] In another embodiment, the first object handler and the second object handler are coupled to a
common robot arm which is adapted to move the first object handler 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 wih, a-Rarhf hegyoaesiog Uiy thet 3 afnRisd dikane (R shaneenb)eAigehior

positioning at least one object handler relative to the processing unit. This allows a reliable and
accurate posittginepsing e sseekengthinebbaseratinvetsme ol arpatisle (beady AR R native
measure for gllawing.telipbis. 286 gcaHsate 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 when at least one, object handlg%si%ﬁf)iti ned _relative to the processing
unit. This med802dlcahbadsm RAHEHEE GEY AT dSekiRGrrRAheHIEPS YoBPTR A pfdvious

paragraph.  referring to a device that can be used to impart a projection beam with 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 imparted to the projection beam may not exactly correspond to
the desired pattern in the target portion of the substrate. Generally, the pattern imparted
to the projection beam will correspond to a particular functional layer in a device being

created in the target portion, such as an integrated circuit.

[0028] The patterning device may be transmissive or reflective. Examples of
patterning means include masks, programmable mirror arrays, and programmable LCD
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.”



[0023] According to a further embodiment, there is provided a device manufacturing method comprising
providing a substrate that is at least partially covered by a layer of radiation-sensitive material,
providing a beam of radiation via an illumination system, configuring the beam of radiation with a
desired pattern in its cross-section based on a patterning device, projecting the patterned beam of
radiation onto a target portion of the substrate and transferring a first exchangeable object from a
loading station to the processing unit and transferring a second exchangeable object from the
processing unit to a discharge station via a single robot. [0024] 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 lithog[g@ius apRaratys dpasEheshheraimaxdipuereii shaprlieatiBradsidhtagpsrRManufacture

of integrated optical systems, guidance and detection patterns for magnetic domain memories,

liquid-crystal GRSIEPESHTHITION HPRSOA Prercinsisten, prudingdaiaedys Rt SYSlEmS that, in
the context ofrgﬂg&@ge&ﬁ@ém%%gpﬂﬁe}gga%a@gméﬁgcp&sh@ﬂe{y@ﬁgﬁwg@raﬁr@ﬁ'ét@EIEﬁ*i A ELS

considered as synonymous with the more general terms "substrate" or "taE;t portion," respectively.

[0025] The suldtithe PEROTES tEpAIHAR PEHasibCasIRn, Phrsréastossisuerpsithe, 1Pl mple a
track (a tool that tupicaliiaRPieR laxebehrosishin 2 Angstiate ik devgloRnihe:66MR5RE88ISY Or a

metrology or inspection tool. Where applicable, the disclosure herein may be applied to such and other
substrate pro€eBsiAeredcis STMIYERO W Svalliide 20016 85sE2hiTBR SREQI SRR HEl§™nce, 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 ceygin)s medlinlaRiReassedyaars nfd)26isd hedasmsaseadiations aggedesmoptsed herein
encompass all types of electromagnetic radiation, including ultrayjolet (UV) _ra%iiation (e.g., having a

wavelength ofSBRODERIS elueme rafeiing Zefleetitic ad fradioRiiFeRlr 2l SRBRTES, iREving a

wavelength ingpe-rapgdeahpds) ush) nidlias RREtIGRRREBHS. B&h asfiomfRARRS OiRiecsn beams.
[0027] The term "patterning device" used herein should be broadly interpreted as referring to a device

that can be uSOIRPIEHE PR E6dRTBESH A RFl oy saleRtKGRE ¢ singuleelin 3 clPaS To create a
pattern in a target portion of the substrate. It should be noted that the pattern imparted to the projection

beam may nojeps2gtly e esiegnphicthspdesiicthpatberofia thpdatgehportio(dahtReagupsiraiore
Generally, the pattern imparted to the projection beam wijll correspond,to a particular, functional layer in
a device beinﬁ%ﬁﬁ@dt%qﬂ?efﬂﬁg@t BB?t%ln%Eﬁn&gﬁﬁ\gkégr ﬂlﬁﬁcﬁ’tg%ﬂ?fﬁtﬁf‘e PRy device
may be transntissivéiesriafiablsemeydaiied of patineiog preanadneiutdssnrskee prpgedrvmaale mirror
arrays, and programmable LCDé‘glanels. Masks are well known in lithography, and include mask types

such as binaryTSIRERAHH FPITS SRS At Rk RIEE debles Qe HHRESHRIPLEXRASYIR hybrid mask

types. An example of a programmable mirror array employs a matrix arrangement of small mirrors,
each of which[6a3ipe ifigividthagyaplird gpastis refigschiBo icaningypeliatencieahes isudifferenis

directions; in this mannper, the reflected beam is patterned,. [0029]. The support structure supports, i.e.,
bars e we TR S A SR AR RIS IR ESARINS ATToct B s R S the
orientation of thaceditewiag thefing, ¢hendasionied fre;bthiogragtimamdats sabssttHaiteniitions, such
as for example whether or not the patterning, means is held i vacuum environment. The s ort can
be using mechSHSIEARASAQE SRR (B LIRS AR A re R bic P RAAMS ol e
clamping undgenesimeaanditividsthE fessuipachstlitit iedjvey diesasian elamaciaile dohdyample,
which may be fixed H_)r movable as required and whjch %a%/ ensure that tgeépatternin device is at a
bRt 2

desired positiGFe T EXARNERA FHSI05RTECATHS ; 2 BRATURTR P4 PEBPTHENEMHE Mk ticle” or

"mask" herein may be considered synonymous with the more general term "patterning device."

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;



[0030] The term "projection system" used herein should be broadly interpreted as encompassing
various types of projection system, including refractive optical systems, reflective optical systems, and
catadioptric optical systems, as appropriate for example for the exposure radiation being used, or for
other factors such as the use of an immersion fluid or the use of a vacuum. Any use of the term "lens”
herein may be considered as synonymous with the more general term "projection system.” [0031] The
illumination system may also encompass various types of optical components, including refractive,
reflective, and catadioptric optical components for directing, shaping, or controlling the projection beam

of radiation, af®P36th Eignpsrbsmaticallasbe e &drstentedimient ot the EVRINIYHsingularly, as a "lens.”
[0032] The lithyggraphigapRalatys Mey Be0b8 YoRhanngM@ddualsaerQr mq;epﬁr}hﬁga‘mtables
e

(and/or two or'more mas tables). In such i'multlplga stage" machines the additional tables may be used
in parallel, or giegwarsiossshsyateras e sagsatbedimannbakrag-Aore 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 igymegperpad isanlisiiel daavigaow salatbyalxyaR BHAEMadao Ellentétipgse;as to fill a
space between the final element of the projection system and the substrate. Immersion liquids may

also be applied tg other.spaces in the lithographic apparatys, for example, between the mask and the
first element oqubrgfé%tigﬁc ngzfﬁ?fﬁg@’}gﬁfé’@ﬂﬁ e Oaf{‘é"\?}étlf)?ﬁ%?/\m‘fﬁr{ﬂ%nart for increasing the
numerical aperture of projection systems. BRIEF DESCRIPTION OF THE DRAWINGS
[0034]Embodifidédtd ofFile herdidn 6 ridlv kehelastiniidd, shpwathof moassplebriypplitngetakknce to
the accompanéﬂn schemaﬁi)c dgfawin S | Whichg)rreesP&r}giin_gs_reference symbols indicate

corresponding p%%%f%%sllrll \?vtﬁlcﬁ‘:'f Eig™ gBIC sa ifﬁogfaphic apparatus according to an

embodiment of the invention;
[0041] Fig. 7 is a schematic top view of an embodiment of a track interface having a

stacked input/output station to be situated between a track and a processing unit of an

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:



[0036] Fig. 2 schematically shows a first embodiment of the invention; 100371 Fig. 3A, 3B, 3C, 3D, 3E
schematically show the process of supplying and discharging substrates using the embodiment of Fig.
2; 100381 Fig. 4 schematically shows an elevational view of the embodiment of Fig. 2; [0039] Fig. 5
schematically shows a second embodiment of the invention; [0040] Fig. 6A, 6B, 6C, 6D schematically
show the process of supplying and discharging substrates using the embodiment of Fig. 5; [0041] Fig. 7
Is a schematic top view of an embodiment of a track interface having a stacked input/output station to
be situated between a track and a processing unit of an 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 substrmbyf[g,[ RIAMHREWIth Sifrehovidisn mathl9048] Mg Hosebripadically shows a

configuration of a substrate buffer provided with belts for carrying substrates and an air shower located
above the belts. projection beam PB of radiation (e.g., UV of EUV radiation).

[0048] a first support structure (e.g., a mask table/holder} MT: for

supporting patterning device (e.g., a mask) MA and coupled to first

positioning mechanism PM for accurately positioning the pattermning

device with respect to item PL;

[0049] a substrate table (e.g., a wafer table/holder) WT: for holding a
substrate (e.g., a resist-coated wafer) W and coupled to second
positioning mechanism PW for accurately positioning the substrate

with respect to item PL; and

[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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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 unit, 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: [0047] an illumination
system (illuminator) IL: for providing a projection beam PB of radiation (e.g., UV or EUV radiation).
[0048] a first support structure (e.g., a mask table/holder) MT: for supporting patterning device (e.g., a

mask) MA anq gpaplagde fi&é&{%ﬁﬁiﬂ ingrEReghayism ki ﬁﬁ&u@’iﬁh/epo%ﬁ?&ﬂ%ﬁﬁ RAttgning
device with respect to item PL; [0049] a substrate table (e.g., a wafer table/ho der) WT: for holding a

substrate (e.ginteneitistdigizied ipmen) vy rilcalisr Pl becdtenppaian g iR PV ks
accurately p9§mﬂﬂlﬁgt6??x%w'}?&éﬁa§ecélﬂ§ﬁir&%e&éaﬁﬂE?%cﬁ&té&ﬂ%f&@é@l@d@r@i@gﬂ@j&&Yé{%@-9-’ a

reflective projection lens) PL: for imaging a pattern imparted to the projection beam PB by patterning

device MA onitBa havig poerireupuigrmitnapdsiignsite distbrdends)isrerasssesiite W. [0051] As
here depicted, the apparatus is of a transmissive type (e.g., employing a transmissive mask).
Alternatively, tpePatgilisHRriRm Yearre Bertveniaentcod: 14 MmRRNAN NG RiMRIAERYIRS a type

as referred to above).
mask table MT. Being reflected by the mask MA, the projection beam PB passes
through the lens PL, which focuses the beam onto a target portion C of the substrate W.
With the aid of the second positioning mechanism PW and position sensor IF2 (e.g., an
interferometric device), the substrate table WT can be moved accurately, e.g., so as to
position different target portions C in the path of the beam PB. Similarly, the first
positioning mechanism PM and position sensor [F1 can be used to accurately position
the mask MA 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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[0052] The illuminator IL 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 opigmandijepel @dinl £xiepét(gmiventy (ekeredsiags apiseiand a-inner,
respectively) of the intensity distribution in a pupil plane of the illuminator can be %ﬂuﬁfg The
a B

illuminator provides a cGFERMINBY bddh Selesdikithf rsHLer LSRR Eo i , having a

desired uniformity and ingensity1digtdRHbint b IESMIO &S ResHRe00p4hd (R DiRigeiiftatieam PB is
incident on the mask MA, which is held on the mask table MT. Being reflected by the mask MA, the
projection beam PB pasi¥ihitApgagR Mealamelersics 95 R BLIREHBBSF I k& Portion C of the

substrate W. With the aidl ofdhg S acanmpasiiianeTabeshastisr el iantoositaamenserdr2 (e.9., an
interferometric device), the substrate table WT can be moved accurately, e.g., So as to position

different target portions WhseEHaS SirasiBpan! sis Srsab et fiiat poERBRikPBERanism PM and
position sensor IF | can e ysed o AGRME{RY IBASIQST e RankiAMAILFEaRRsHIRLORIRAth 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 SstEWincsssarelmRrtPm O BicIREER REEPBke 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 scannggp¥s} MagieiandedV TR aakieebleat 19 kephostaitally settietaryonly, or may
be fixed. Mask MA and substrate W may be_ aligned u,sin%gmask ali nme#{ésmarks MI, M2.and substrate

alignment marks P1, P2D9#B8 e damtRi s piisane dsvite ARt tSHRE AR pYdterred modes:

[0056] step mode: the maskdetieMEanddheaphsikaaianipated asanepissassiistimtationary, 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). THESIRLERIR AlEsehPostipRfshiffethis tedR BRI dfr & so that a
different target portion G-gagia ggﬁm.éﬁﬂﬁﬁgmwtﬁggﬁ%m AbRIZRGEMALYPaRYre 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 talfiéRgated as required after each movement of the substrate table W'T

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
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are scanned synchronously while a pattern imparted to the projection beam is projected onto a target
portion C (i.e., a single dynamic exposure). The velocity and direction of the substrate table WT relative
to the mask table MT is determined by the (de-)magnification and image reversal characteristics of the
projection system PL. In scan mode, the maximum size of the exposure field limits the width (in the
non-scanning direction) of the target portion in a single dynamic exposure, whereas the length of the
scanning motion determines the height (in the scanning direction) of the target portion. [0058] other
mode: the mask table MT is kept essentially stationary holding a programmable patterning device, and
the substrate table WT is moved or scanned while a pattern imparted to the projection beam is

projected ontq,iAsaat Fertiaafplk) tbimadRimgessrity @dWaeddpdiztionaekrse Hehuepioped and the
programmable patterning device is updated as required after each movement of the_substraée table WT

or in betweenBEEaES e PARIRNANHUIRES ARG SITHOM, PN IO ROBRESES AL B eGdhy applied

to maskless lithaaraghwibalitiizesTHo geapviab ihRatieraineeElavicens Wihtias suteaeMni@ale mirror
array of a type as referred to above. [0059] Combinations and/or, variations on the above described

modes of use!Bf EAgkeN)-aihile e lpasiaesimit dheay load we efibpsuksiriirsebitiie onelhiites one

embodiment of the present invention, in which a processing unit 5 of a lithographic apparatus is
provided for p[ogeHsimmhsubathiaiestdtidinstsuhsticdas 4 hafhe fspdessephiye Supiiestds the firocessing

unit 5 by means of a transfer_unit comprising, a robot 10. In accordance with a feature of the present
invenion the BEEIBBGIG a0 R EH UL AP ERES ST A BB GG i 5
apparatus, fordekasigdes jarneidh B Aemiaa (motiskowma)vdlbe Backiag tdrlieiditbastibatcies 1,
one-by-one, to a loading station 30, which comprises a receiving unit 31 and a loading . unit 32. The
receiving unit 3P Wr@f’eﬁ?@’&‘f‘f’e%ﬁ ﬁwétﬂfiﬁnlaﬁé’ i?'ﬁ'd?ﬁ’ﬁ?ésl%%b,svx}ﬂilgaﬁ?eq i trit?52 can
load one of thaehlsirataatstaihiel repahd BalR0EPs Thdulaadinth siafien 3 £aysaeh agthduiiestor the

supply of substrates 1 to the processing unit 5. This is particularly advantageous since the substrates 1
generally are abled by the track 50 at irregular time intervals. By using the loading station 30 as a
buffer the chance of a stand still of the processing unit 5 in case of an irregular delivery of substrates 1
by the track 5Q0863jdLRedevaby;ehpdciding sysienBithpratvidhveithufiesns 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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[0063] Preferably, the loading station 30 is provided 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 stabiZRE PRodbikiHpeRUbS tatedlsErit & ra@adynE0D roHBh aisPEgideast GlosRIia ¥

predetermined temperature. [0065] Preferably, preparing the substrate | for processing as described
above takes pléé:égdéring 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 | one-by-one away from the
loading statior{@b® thEhproeastingiinkids, asthidetakisoprasoshid $s Ipsﬂeitﬁai]n&thaa/ firanotjeet

processing unjt 5 tp a 'sggarg station 40. This transfer process is illust é 06 The
transfer unit h&?ﬁﬁ%ﬂe %t%o,%h?cﬁﬁgtpc}%ﬁﬂ;aaﬁﬁp ﬁrgflg%ﬁ?ét?\f Hétet %e 19) 3 i first
object handleridddanoagdsnasiirst substrate la at the loading station 30. [0068] Preferably, in the loading
unit 32, the relevant substrate 1 is supported by one or more pins 7, which are adapted to move the

first substratenta dhgecitég% hlcht ? a{ﬁkagnﬂgf y39e{ﬁ) %%%'n obatp Fg%flﬂrﬁggrP%% I|th0é;raph|c
pattern prese e re evan strate
or more pins 7, whlch are adapted to move the first substrate 1a in a direction which is
substantially perpendicular to a plane defined by a lithographic pattern present on the

relevant substrate 1.

[0069] In one embodiment, the pins 7 lift the first substrate 1a when the 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.
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[0069] In one embodiment, 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 substrate la 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 Ib, which has been processed by the processing unit 5
(Fig 3E). The second object handler 21 takes over the second substrate Ib (Fig. 3A). Advantageously,

also the procegpimg Unihe isRsevDieRewithovas erRicdharaubstaptetiamoyerihe srcpritashsirate b in
a direction which is substantially perpendicular to the plane, containing the pattern of ge s;?tstrate I.In
one embodim#pit thanginey qﬁtt)éﬁefgétcmgﬁfﬁs]t%ﬁ%"fﬁr %f&%ﬁ?&?@%%ﬁge Waritikr Ster

approaches. Aftgiiibsdiiting gisthaisstbatatedhabydiie Bioprécébameannd obieariiandieratd lis jgositioned

below the second substrate Ib. The pins 7 then lower the second substrate Ib so that the second
substrate Ib cdf8edIBUPONIFRAEIIYhA- object handler 21. [0072] The robot 10 then moves the
second substrate Ib away from the processing unit 5 and moves the first substrate la towards the
processing unjbd73ig T3Rn, Alerplasitiningibe fitstssobisdratditrarlallyadodisehprgeesatiog Wit 5, the

first substrate la is loaded to the processing, unit 5. [0073] Then, the robot moves the second
substrate Ib toha?évcHQFg%rﬁaq ﬁcgé?ﬂfﬁw, &é?i%?% jé%{%air@'er‘gtl%ee%ﬁ%{ﬁgs%t&ggﬁtﬁ%e
discharge statigeoAQ. siiesaeondisubsisaid himomeusadronchesetiend Qhietidetineled &ilirnd
delivered to the track 50. Just like the lpading sta

ion 30, the discharge station 40 can act.as a_ buffer, if
required. For f&#RBvitig st S5ehe ‘oatteatation ﬁﬂ%dé%%@ﬁ%eo%‘]‘g@f‘h E?Qrafi?ﬁﬁg“‘?% fike'described
before can begeRedneFeeeaneanictichaneiarsabspasitinnféhe thecershautsbatRaliit? g phe pins 7,

the pins 7 rise and lift the supstrate 1 off the second object handler 21, and the second object handler
21 is moved a@v%iﬁ@?ggﬁfffb‘?{?ﬂi Wﬂi’ﬁ thé 'eg%%e%%ftrh’@cﬁ‘@ ShovePHERPEHES SR object

handler 21, theufiyste0)estdhandlaicl piis Movad pthhe HRding SiAtte 30varaallache thedsscthsirate 1 c.
[0075] As an alternative, the object handlers 1%2% caﬁ be moveable in a direction substantially

perpendicular oBiacL hardles 24408 InesseeRndP hahfidroYrdyEaNdiig ettt engage the

underside of the substrate I. [00761 In the embodiment of Fig. 2, the object handlers engage the
underside of thie0gdbstisied theisedmdavdstalzol pdssiieilkdt flvenothie cebantlisty arigagéeti ] substrate

L in an oter W el 2 B 9 L S HETe A 2L SR o SRS PRSP S on the
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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[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 is present on one of the object handlers. 100781 Moreover, in the
example of Fig. 2, the first arm 12 and the second arm 22 are fixed relative to each other in such a
manner that they enclose a constant angle between them, as seen in the direction parallel to the axis of
rotation 15a. It is, however, also possible that the arms 12,22 can rotate independently of each other. In
that case, theiporglionsceasves in the sameldicd@ign? ohinfippasid 2urdtibase{oad Am@zhatmore, in
the example of Fig. 2, the position of the axig of rotation.15a is fixed relative to the processing unit 5.
Fixing the armi&X€d BRLYE @o‘?@ﬂf}}%ﬁéﬂﬁgc fbf@%ﬁ%&ﬁ*gﬁ%% Siitslal 8???%? W %l%i%fﬁa‘?’i%%] 15a
relative to the fepgesski@n it thé eliteaidihsatitpiaesiod ticeddroaltibs t6hot i Gspd@wwhalealidis

reduction in degrees of freedom leads to a simple design qf the rgbot 10 with just a few maoying parts,
and also the ORI LAt tRe RS d &ty T 5@9?@?%%8%8%3? gﬁﬁﬁehfgé 5%5%%?85% from
Fig. 3, in the enhgsiment BesRtdING IRt iR @RMPIE iafdpitbsiéhirbansier of a first substrate la from the
loading station 30 to the processing unit 5 and the transfer of a second substrate Ib from the processing

unit 5 to the di ge unif takes place substantially within a single.revolytion of the first. arm 12 and the
second arm Zﬁ)ﬁ}?im}:u H{é%%#?r‘&ﬁﬁ%ﬁxfgg%oa%g{% 'the 8 ggcﬁlaﬂd, Rére® etzrr%{gg%q ré%dom
may be desired. fltus pelntive reatizestdoasaiiguenivalys Fidtty abmarhi® 22,22 at leashone oflthbm can be

made moveable ipn a djrection that is.substantially. parallel to the axis of rotatjon 15a. Also, the hub 15
can be made ﬁ{@\ﬂééﬂé&éﬂ% SEHEPS etggiﬁégﬂftrgfagr%llgs%ﬁe aé}vﬁo%%?rﬁgoifi‘ﬁ%%%%se made
extendable, sqdihated it ngtascanfhiedmnied (HRG8BHT10. 4 ahviwdearThievadoctadyiawdedrtes of

bodi t of Fig. 2. In thi , fhe lith hj I ' interf, ter 60
for detormining RN BRI AP AL ALioan b KBt ) SR REHE BHHEABP 60 5

the way of thethérpentd P abthediohntdihastbeyberiormnihairkgiation: shprerAtsayaidsogligion, the
arms 12,22 are generally z-shaped wijth two horizontal parts at a different hejght and. an intermediate
part connectin%‘fﬁ’el:t\%o livas i) %4%@,%?&@6%\% s @@??"fﬂ%@ﬁ}?tﬁé ?ﬂ@"f%‘éﬁ%caa%ﬁass the
interferometers@@sgidtinga i fetaiion afifipe st B2, 22 tIphoaessid anial o pidlike shapRiobthe arms

as described above can also be used when other objects ,ar§ in the way. [0082] Fig. 5 depicts a second
r

embodiment oTFRRbrELRFARR &GP T sRERFSSRINE IR prdRetsindHhATE s Wdo (BKEY i 8% For

processing subghkiataliyl Aetsubstraingel rarbaracessre are sunplied iadhBdkReeR8 RN S by
means of a transfer unit comprising.a robot 110. The same robot 110 also takes processed substrates

1 away from tHEPRSCRSARE Qhifosation 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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[0083] A track 50 transports substrates 1 which are to be processed to the lithographic apparatus and
transports processed substrates 1 away from the lithographic apparatus, for example to an etching
device. [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 unit 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 delivepy{f spBslratm ¥R IERDedSARACOLh GASBIR QETITRIR S YRIRIN dBfdRdaseIch moUuffer.
[0085] Preferably, the loading station 30 is provided with means to prepare a substrate 1 for

processing, ad"@¥scribed above with respect to the embodiment of Fig. 2. [0086] 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 pregggedrspbstraigsiclsawayebinm thatwdveasingf utit Spiesertisthergstatian 4ds This
transfer process js ijJustrated in Fig, 6. The transfer unit ha ingle robot 110, which is prqyided with a
first object haSBBPAIREN 1o RIRGSSBIRE  Hithdidf Iﬁsgnﬁ’é@é‘%g P RIQSSEPARS Iéugf%efo&dir?gi‘?tation 30.

[0087] The rokgbsiidiafIthe Beomafedsait RisouppiivartoaseppecanthghistShanelesns2df Yhasfer first
substrate la is loaded ontq the first object h%%gler 111, the second object handleréitZl is emgt . The
robot 110 theMHotRRHSIRE b AAPEhiLLY hahbfetaie P! Hoplsestples MEasesscd sHishaly gY unit 5

provides a secRiy StsilHIocHubiRk lds peen processed by the processing unit 5. The second object
handler 121 takes over the second substrate Ib. [0088] The second object handler 121 then moves the

second substrat: Igla ay fr he processing unit 5 and moves the first substrate la towards. the
processing uanﬁ?‘ ft%&%@é#&%@oﬁ%{’@%&%ﬁ% ﬁ%@%ﬁ%&ég ﬁ’r%r%?gscsggsﬁ%géﬁ Sr‘?}%&g%ﬁg Ifst
substrate la isdppdeshiaidetpiopestingoseisbd [QOBGhiEbdna e 1bbei thtdithogesptie spraathsubstrate
Ib to discharge_station 40. Now, the firgt abject handler 111 is empty. At the discharge station 40, the
second substrREHRAERE B FHBIMEAE S ond 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 handlerf{}084], 1Phecanadie Simidviorshthsesobitretesnbediedenboé Riy .22 ]Aalkdmgtistatiay 38.loading
and unloading e substates.T R0 RO P SRICS IRARIE StPI Ak e RIARE B g i ey

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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[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 la from the loading station 30, The robot 110 then moves the object handlers
111, 121 towards the processing unit 5. The second object handler 121 then engages a second
substrate Ib which is to be discharged from the processing unit 5. Preferably, the second substrate Ib is
lifted by means of pins 7 so that the second object handler 121 can engage the substrate Ib at the

underside. When the substrate b is engaged by the, second object handler Zéﬂéth ins 7
retracted. [009898HenT e RRtcHY & %ﬁ%‘?ﬁlflér“i‘?laléorﬁ?é‘&?&lw theEeGim & 8%@?7@@@ from
the processingyupit 3- iisesiRabiel Pk thisdap iR ko assh objaavietageIi st agresebiydoigedrom the

processing unit 5. The first substrate la can now be loaded to the processing unit 5. Preferahly, this is

done by liftingh#Relsi2A A% 8MPtHs thAdtBAh LI O smmpres By sreand muestbardirs B biotiefirst
object handler,1dcks53094hithen  the peblsdikd mayesghs-akicat tapriesadsthtd b awricHram the

processing unit 5, and brings the second substrate |b to the discharge station 40. The advantage of this
embodiment i®¢FRPIREEEFENHISRNERSSPeHNS 1L e PRESTFSARE QRIFFtdepdland 1h 4R REiMF unit 5 in
a single actiorye.sgdnaLtleNieewot 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 oﬁ'ect handlers Ill,. 121 relative to the processing ynit £0096 In the embodiment
of Fig. 5, the dﬂf@ﬂlha %ﬂ?eﬁ%cﬁ BM%M@%EMJF%FW% SRharalesH KB Rnectable
to the robot arfhelgfcddsthp/ightssambotey mbofivstraiptienof theakjesst thenstersstihl, dal selative to
the robot arm 120. In the example of Fig. 5, the first object handler 111 and, the second object handler

are fixed relati0di$h BSRRE DS ISR THEHFES that HAIVE N0 L PEBHRISIRE ol STHIE WSt the

object handlerg,bdtfatd 3% Arfrataes deogib@sissieXnlts. the embodiment of Fig. 5, the robot comprises
docking mechanism 125. These docking mechanism 125 are adapted to cooperate with a counter

element 126, whi § is provided on the processing.unit S. For a reliable exchange fro substrate 1 to
and/or from th\ﬁﬂgg es@%ﬂ’ﬁfﬁ éor,]t?f) |s%anp8}?gﬁf ﬂ#%% ?ﬁcéog%jg\% Waaff%lgp ﬁlﬁ%ﬁigﬁ%’% andle the
specific substrdtay] dredfiive phpaedsindlenit B dseopqsipionedtheaiisatebpevitationpét} theosse@nbther.
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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[0098] This can be achieved by docking the robot 110 to the processing unit 5. The docking mechanism
125 provide a kinematic coupling between the wrist assembly 127 and the processing unit 5. This
coupling can be realized by mechanical means, but also in a different way such as by eddy current
damping. In the example of Fig. 5, a docking mechanism 125 is provided below the wrist assembly 127
of the robot 110. However, the docking mechanism 125 can also be arranged at a different position
with respect to the wrist assembly 127. [0099] In this example, the docking mechanism 125 is provided
with at least one semispherical projection 128. However, also other numbers or shapes of the
projections 128 are possible. This depends on for how many degrees of freedom movement of the wrist

assembly 127 gpathadroerssing swikhias i he sedplach Rd 08]oAtheb; sbehaittiensae mbeyplia7
approaches the processing unit 5, the docking mechanism 125 comes into engagement with the

counter plate 128 THEE S hter 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" eacloodBer, Bhehpirgstbend it asdamdily 127 iwvrbiatedieyabicetisansiensiyl 122 2daoupled
thereto) in a predeteymined, accurate, relative position, with respect to t rocessing unit 5. [00101] In
this embodimefit™h Fé%&&%?ﬁ%f’é‘é%&%gt thé WSt sg%wm%lﬁ§ﬂ%%%n£§§%saPﬂEX| (%/ec%ﬁp%;és o the
robot arm 120 yyiénmeSpachiofibe degrescadifieadnr. ralhtchiio sitsskine matancoone gloaddiiad it can
be brought into_ the predetermined pgsition with respect to the, processing unif 5 withqut hbecoming
overly constraiﬂ?@rﬁfﬁﬂeﬁc‘é‘?’ﬁgs rﬁé‘gﬁ?}i\’ﬁ%ﬁtwsege Weé%@h’f‘%gé%giﬂsﬁw\%ﬂﬁ% S8t
coupling betwaga ékendrishagasmitlierandheaps eesting Grit bhfeactivadlrd Wrist assembly 127
has to be moveable with respect to the robot arm. [00102] This way of achieving a predetermined

position be'twefﬁbgt?lo%%p ?Hed I%bot 110 moves the object handlers 111, 121 away from the
processing unit 5, and brings the second substrate 1b to the discharge station 40. The
advantage of this embodiment is that the object handlers 111, 121 are positioned with
respect to the processing unit 5 in a single action, so 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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111, 121, 11, 21 and the processing unit 5 can also be used in the embodiment of Fig. 2. In that case,
a docking mechanism has to be provided on each arm 12, 22 or object handler 11, 21. [00103] As
described above, it is advantageous if the wrist assembly 127 is flexibly coupled to the robot arm 120
when docking mechanism are used to position the object handlers Ill, 121 relative to the processing
unit 5. However, it is also envisaged to disconnect the wrist assembly 127 (with the object handlers
coupled thereto) from the robot arm 120 when the wrist assembly 127 is positioned relative to the
processing unit 5. This way, the relative position of the object handler 111, 121 with respect to the
processing unit is not disturbed by influences from the robot arm 120, such as vibrations. [00104] Fig. 7
schematically fp98p alriackintesfaceidadng ddorpipanstasion 30mndthdiRostakingiuitciSidimpea robot
10.1 and a robot 10.2. The track interface.f r;aﬁions as an int@rfa e betweégg the gack 5%1ar3%1)he
processing unflaskiAg Eefg‘ﬁﬁ’ém %é"i?é(l‘f% MGRaoGORRURG SEBLHF AR ANAR ATRAR Y4l input
unit, comprisingyifgesxantrlen @ substratpisaerivifig ool Bdraaiadtgakghearidadnlansiiniraledtrack
receiving unit 31 is stacked vertically above the substrate track discg[?r e station 40 %dep'cted in Fig.
8 (vertical stad® 3 fABGERRRY s St Afe BhTEH IRHGERL SHERDEstr He @R“i‘m@}?af}g). LEhés,zi/vith a

limited footpringe@amffigiomhHienol 3paseisabédinetbw it Skiistrasecidiy 1ecebinberibatl 1dnd/or the
substrate track discharge station 40 may be provided wijth a buffer station for buffering substrates

between the pFREeeRginAosking mechanismd 2 6abalst Reisrateahit AL e pediven R ubstrate
track receivingraipitcd lomaywigstosatasbundey 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
orevent contai et ot G S AR0E b TER BB TBECPETR Thd oK & LB RS

receiving unit 3dnigidresiopirgedivith ;2 subsHatestem psisatusthepnaliiaining finctiapetchill piate or air

shower) pOSItIg?oejgcggég t?Zt eal(':g Igcﬁ;lgiﬁe?f Uilﬁis depends on for how many degrees of freedom

movement of the wrist assembly 127 and the processing unit has to be coupled.

[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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pre-aligner 132. In this configuration, the substrate can be forced to the required temperature relatively
fast which will increase the throughput of the substrate handler. Thus, a substrate track interface with
parallel substrate conditioning and pre-alignment 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 according to the track flow 50.3, [00107] The track interface according
to Fig. 7 also comprises a control cabinet 134 provided with control software and control equipment for
controlling the robots 10.1, 10.2 and for controlling the flow of substrates in the track interface (see, the
dotted arrows B thab0ade, 50 otk g nieiitientinddhedlby mbsthradrates)chnarad e 2her tobfdeinterface
may be provided with a holder 136 which can serve as an interface between the track interface and a
Front Openin d (FOUP) for holdinWtransporting substrates. The FOUP can feed substrates
to the track interface via the holder 136. This may be done, for example, if the supply via the track 50.1,
50.2 is hinderg001@3]1 083 Assaﬁbad:lyabnee;tiﬂrismdtféstpgssﬂsléftﬂm thestrastembdyfd @8 hadlexibinput
units, such as, for recelv the r -all ner 132. In an advaniage Us,
embodiment, tﬁ%upi%‘gﬁﬂﬂb %lla%negi%fp‘ﬁqé ]ﬂ?ﬁ e (flgnmenﬁﬁnc? é&o(ggﬁgborna@g oPshon unit).
In this case thetatmuafsputunltzlmalytb& usaﬂarprmmﬁaigmrﬁubstrﬂtemamrt ang [atmaéignaagmt tbhus, two
substrates can be pre for ex osur e tim the eby, virtuall tln sub trate
handler throug‘h‘ﬁ ‘f &8?“5? %e’f:%li’ \}glle @‘1’% hk’/%ﬁ 5 g‘ai}gtglr‘% B leg8 Eun|t
[00109] In anothbd&te&anmhé@tﬁhevtnacksmaﬁgcmoew@hng)ﬂadzrglaﬁventytha@mc@iﬂr@lunttlo is
provided instead Q]él O‘"f‘i%’ oreé robots 10,1, 10,2 or e i) . qtomg robot 10.1 allocatlng
its tasks to robot 1 st & hvg é’ggttb(f%ﬂg S?Je %n odl enfESBF%h

interface, multigiecesdist asaipdsitiansdistirbed 36y2 iaftsteekefiorerikallyoboneashacked], smmhtrate
positions form a_suhstrate-buffer 138. The substrate-buffer 138 can be provided with air showers 139.1,
139.2, 139.3 (SR#IGNY) for temperature control of the substrates in the substrate-buffer. hi the
example of Fig. 9 the substrates placed in the respective substrate positions are sandwiched between
the air shower$0(h1ﬁh]sﬂgy?tbmwmtieaﬁwshmmtrcbta;rkthﬁesfdastimés@tah:etdlimgtlael&odn%amdtmﬁer can
be performed acco etermine cification re fing ita e er tur s for
substrates to k?e pr(E)dcesse R%ﬁfﬁm%r%(g(&gn?geﬁln ?hegsubzl’tr@atei%lu#rac cg%rg e moveasln a vertical
direction (the Zudnr&eﬂ"ané bymfmrm:e)tfdmk Zsarakthenmimred<iig Thit Z-strbisecmfigneainapattiaf the
substrate-buffer.13 x?ete mined he| tsuﬁh t }he robotsi 10.1 and/or O 2 can pick a
pre-selected siipd a't%r Htvery 843 {/aaen qwcﬂ fom the a somaté&%nl}gntsrarf% % KSR Whtch is lifted
to an appropriatéhfteighteddbrmyiting Bélaﬁdei)pfagihgnmugﬁptﬁlmbbttameetthc{la@édeﬂffﬁgelmlﬁlgisration of

Fig. 9yie|dsrr% floor.s ce of the ass c dsutF hand . [OQ, 12 the track terface (for
0 ORI, PaRes g dReh 3 A

example acco Xwer rshlay eep%as? Br(%h a? pre- aI| Frnelftf ‘al the

substrate receigertioil 3ladRQT Iputhaupas ﬂﬁrvstmetlmlwhslmtegm@tﬁfetﬂhlymbﬁanikaiéyface)
perpendicular g the substrate, s%éa e for an opgimal cooli Clt Forg a‘l/[B%Ie in case o

perpendicular ga&fai} PRI RH I SS& 85 5P @t‘l’?ft Wf&e% time
roughly equalﬁmﬁtﬂﬁ@mﬁeﬂedﬂmtoptheeasm@a aubswﬁ&mghmmoﬁmmgymt&bvvub@mvtheagas flow

is parallel to the substrate s the heat exchange coe f|C|ent is lower, s hat about ten substrate
PR AP TADHDE S EHER JSCPARR 1 Processing uni S and e rack

cycle times are’

[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
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[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 flow from the air showers. This allows the
substrate to stay during a cycle time in the same position as where the track has delivered the
substrate, hence reducing the work load of the robot 10. Each substrate position may be used for
substrate buffering in one cycle, and for substrate cooling in the next cycle. [00115] An embodiment of
a track interface which requires less substrate cooling than the track interface described in the
preceding paragraph may be provided with an air shower for only cooling a single side of the substrate

in a substrate RRSIHABA fusther mlahpy i glridisE O dipeits givieBd Nférigsdl fomhietaliimws a
design of vertically stacked substrate (buffer) positions 137.1, 137.2, 137.3 and a fixed a}jr shower 139.
The stack is fol§TBRFEAEITElaRNely fast WhiFhwilinaeass e revehamPldtasubBRis aniiehe pelts

are provided witihprofrysionséArRRIEREh A4 J/ithhP IR USRAR(O contcheshefhe heligidangt
substrate buffer positions 137.1, 137.2, 137.3 between the belts 141.1, 141.2. Only the top substrate

positioned in the2ReHlatacldime shresvively high tronehrus dgireHerdandictfe oy Simbsthatdds
removed (to thggyhatiaif-da e hsdrlissiAd oh AdthdRErRiRIBgw Yo hal dhediark e geliver a

new substrate on a new created lower substrate position (for example position 137.1). Since the belts

rotate and movaligae¥ ddB<disged tosid dhalsh sl bbih drpdsieriacy i ehiednohhs RE9SEssistay in a
fixed position. [Q3kLB1VRIG sReCHcEMPRAIneLaiak b EeRrlia.haye peen described above, it will

be appreciated that the invention may be practiced otherwise than as described. As such, the
description is ngt intended to limit the jnvention., The configuration, operation, and behavior of the

present inventidfPRQ2lnLRe, Hade iSHIGRPESL eI hHiA PR CATBRIMRES R FeUFR] GAPREEAS DS the
embodiments gig,pRRaIMehONRRsedevalef MatatmisPentipeient dhbsnthalRieere Rpboistadad

description is not meant or intended to, in any way, limit the invention - rather the scope of the invention
is defined by théoa’i’gﬁgﬁcfgﬂ coniralling the flow of substrates 1n the track interface (see, the dotted

arrows 50.1, 50.2, 50.3 in Fig. 7 indicating the flow of substrates). In addition, the
track interface may be provided with a holder 136 which can serve as an interface
between the track interface 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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What is claimed is: 1.A lithographic apparatus, comprising: (a) a processing unit configured to perform
a lithographic process involving exchangeable objects, the processing unit comprising: an illumination
system that conditions a beam of radiation; a support structure configured to support a patterning
device that imparts a desired pattern to the beam of radiation; a substrate holder configured to hold a
substrate; and a projection system configured to project the patterned beam onto a target portion of the
substrate; and (b) a track 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 pga¢oframdheptasiiasing ofihviaakuhsirfic racktiphchabgratapiositiothd 3ALK,

wherein the track interface incl desIh sub tetr é e|V|ng unit.and esubst ck discharge
station, and wh&téif & §@B§? EFTHE ¥ec nﬁt*’d’ ﬁ‘i@gu%%stlrta\?é’str %%EH[@\?B% %6\%1 H are

mutually verticalhg stikedbarhhetitffog rexfhicantrapatsdeti chith dir Wheweirs thegsLbsIA; 13eR

receiving unit IS(sSeté31 CKEd %bt%r temperature control of the substrates in the substrate-buffer. In the
example of Fig. 9 the substrates placed in the respective substrate positions are
sandwiched between the air showers. In this way the temperature control of the
substrates placed in the substrate-buffer can be performed according to pre-determined
specifications relating to suitable temperatures for substrates to be processed in the
processing unit 5. The substrate-buffer 138 can be moved in a vertical direction (the Z-
direction) by means of the Z-stroke motor 140. The Z-stroke motor can position the
substrate-buffer 138 on a pre-determined height such that the robots 10.1 and/or 10.2
can pick a pre-selected substrate relatively easily and quickly from the associated
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 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. 4.The lithographic apparatus of claim 1,
wherein the substrate track receiving unit and the substrate track discharge station are stationary.
5.The lithographic apparatus of claim 1, wherein the transfer unit comprises a single robot configured to
transfer the first exchangeable object from the substrate track receiving unit to the processing unit and
to transfer the second exchangeable object from the processing unit to the substrate track discharge
station. 6.The lithographic apparatus of claim 5, wherein the robot comprises a first object handler

configured to tingfabay shexdbepgeabiesoiest inasstisirate sagkirigivingtivitindlie fiocessing
same position as where the track has delivered the substrate, hence reducing the work
load of the robot 10. Each substrate position may be used for substrate buffering in one

cycle, and for substrate cooling in the next cycle.

[00115] An embodiment of a track interface which requires less substrate cooling than
the track interface described in the preceding paragraph may be provided with an air
shower for only cooling a single side of the substrate in a substrate position. A further
elaboration of this embodiment is given in Fig. 10 which shows a design of vertically
stacked substrate (buffer) positions 137.1, 137.2, 137.3 and a fixed air shower 139.
The stack is formed by belts 141.1, 141.2 which can be rotated according to the arrows
142. The belts are provided with protrusions (or notches) 143. The protrusions (or
notches) of the belts define substrate buffer positions 137.1, 137.2, 137.3 between the
belts 141.1, 141.2. Only the top substrate positioned in the substrate position 137.3 is
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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unit and a second object handler configured to transfer the second exchangeable object from the
processing unit to the substrate track discharge station 7. The lithographic apparatus of claim 6,
wherein 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. 8. The
lithographic apparatus of claim 7, wherein 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. 9. The lithographic
apparatus &LAMS 7, wherein the axis of rotation has a position that is fixed relative to the processing
unit. 10. The lithographic apparatus of claim 7, wherein the first arm and the second arm are fixed
relative to gagh Qthghsyeh that they enclose a constant angle between them. 11. The lithographic
apparatus of claim 7, wherein the first arm is configured to rotate in a first direction around the axis of

rotation whaen the 'Ii St exchana%eable obJect.is transferred from the substrate track receiving unit to the
. . raphic aralus, comprising: . . . .
processing unit, and the Second arm-is conﬁg@red to rotate in a second direction around the axis of

rotation when transferring the second exchangeable object from the processing unit to the substrate
track dischE@PfeP@strsimowmbraiaredireraradihermitinastie dyhiesdmecale Rl Grdtion of
rotation. IRoCERenithutgaphisiapparatus of claim 7, wherein the first arm is adapted to rotate in a first

direction around theimsimairoiatien whesnthe i stsahangsalle object is transferred from the
substrate track reggiying, UpittQ RE-REACEISING NG AR NS SRERO%A IS RIARGHIPARUAIS N2

second direction grourzﬁ the axis of rotation when transferring the second exchangeable object from
the processing urht18 H &6 ate track discharge station, wherein the first direction of rotation is
opposite to the sécWiRal@irdtalinn smfgtgibie, hold a substrate; and

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

substrate; and

(b} a track 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 frack 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.

4. The lithographic apparatus of claim 1, wherein the substrate track receiving unit and the substrate

track discharge station are stationary.

5. The lithographic apparatus of ¢laim 1, wherein the transfer unit comprises a single robot
configured to transfer the first exchangeable object from the substrate track receiving unit to the

processing unit and to transfer the second exchangeable object from the processing unit to the substrate

track discharge station.

6. The lithographic apparatus of claim 5, wherein the rabot comprises a first object handler

configured to transfer the first exchangeable object from substrate track receiving unit to the processing
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13. The lithographic apparatus of claim 10, wherein the substrate track receiving unit, the substrate track
discharge station, the processing unit, and the robot are arranged relative to each other such that the
transfer of a first exchangeable object from the substrate track receiving unit to the processing unit and
the transfer of a second exchangeable object from the processing unit to the substrate track discharge
station takes place substantially within a single revolution of the first arm and the second arm around the

axis of rotationyni dt aldaoHiNBELARIIHARRAAUIS AR WO St g hensaldhigast one of the first
arm and the s%qgggsﬂg%jéoqgggi&g{rgg loRazs v an.phstacle. 15. The lithographic apparatus of claim 14,
| ]

wherein the shape comprises a general z shape having two horizontal parts at different heights and an
intermediate part ConSTHRRING BORLEPOIM BlSiehtne s BIHAREIS ARRAALISRL G4, Wherein
the obstacle comprises an |tnter 'eromete;r system for determining %Tiosmon 0 the su s%r?tb(? older. 17.
The lithographi¢ apparatts of aisny 7o WRERATIFEL Sbdet AN a Rt e SR OB/EG handler are
coupled to a c8 7 A5 St QP hat is adapted to move the first object handler and the second object

handler relative to the processing unit. 18. The lithographic apparatus of claim 17 wherein at least one of
the first and sécond Bmé@pgraphic apparatus of claim 7, wherein 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.

9. The lithographic apparatus of claim 7, wherein the axis of rotation has a position that is fixed

relative to the processing unit.

10. The lithographic apparatus of claim 7, wherein the first arm and the second arm are fixed relative

to each other such that they enclose a constant angle between them.

11. The lithographic apparatus of claim 7, wherein the first arm is configured to rotate in a first
direction around the axis of rotation when the first exchangeable object is transferred from the substrate
track receiving unit to the processing unit, and the second arm is configured to rotate in a second
direction around the axis of rotation when transferring the second exchangeable object from the

processing unit to the substrate track discharge station, wherein the first direction of rotation is the same

as the second direction of rotation.

12. The lithographic apparatus of claim 7, wherein the first arm is adapted to rotate in a first direction
around the axis of rotation when the first exbhangeable object is transferred from the substrate track
receiving unit to the processing unit, and the second arm is adapted to rotate in a second direction around
the axis of rotation when transferring the second exchangeable object from the processing unit to the
substrate track discharge station, wherein the first direction of rotation is opposite to the second direction

of rotation.

13. The lithographic apparatus of claim 10, wherein the substrate track receiving unit, the substrate
track discharge station, the processing unit, and the robot are arranged relative to each other such that
the transfer of a first exchangeable object from the substrate track receiving unit to the processing unit
and the transfer of a second exchangeable object from the processing unit to the substrate track

discharge station takes place substantially within a single revolution of the first arm and the second arm

around the axis of rotation.

14. The lithographic apparatus of claim 7, wherein the shape of at least one of the first arm and the

second arm is configured to pass by an obstacle.
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handlers is coupled to a wrist assembly that allows the object handler coupled thereto to rotate relative to

the robot arm. 19. The lithographic apparatus of claim 18, wherein the first object handler and the second
object handler are coupled to the wrist assembly. 20. The lithographic apparatus of claim 19, wherein the
first object handler and the second object handler are fixed relative to each other such that they enclose a

constant angle between them.
15. The lithographic apparatus of claim 14, wherein the shape comprises a general z shape having

two horizontal parts at different heights and an intermediate part connecting the two horizontal parts.

16. The lithographic apparatus of claim 14, wherein the obstacle comprises an interferometer system

for determining a position of the substrate holder.

17. The lithographic apparatus of claim 7, wherein the first object handler and the second object
handler are coupled to a common robot arm that is adapted to move the first object handler and the

second object handler relative to the processing unit.

18. The lithographic apparatus of claim 17 wherein at least one of the first and second object

handlers is coupled to a wrist assembly that allows the object handler coupled thereto to rotate relative to

the robot arm.

19. The lithographic apparatus of claim 18, wherein the first object handler and the second object

handler are coupled to the wrist assembly.

20. The lithographic apparatus of claim 19, wherein the first object handler and the second object

handler are fixed relative to each other such that they enclose a constant angle between them.
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