P-1529.010 1 Transfer apparatus for transferring an object and nethod of
use thereof and |ithographic projection apparatus conprising such a
transfer apparatus The present invention relates to a transfer apparatus
for transferring an object, the 5 transfer apparatus conprising a gripper
for at Ieas?_ggg 03@ gri pping the object at 2 first position and rel easing

t he object at second position proximte to a receiver and releasing the
obj ect at aTirhiser MPFirah ToRtisfdinpPndbjédianamahbd of use GRE@TAnAOSI ti on
proximate to the receiver. The invention turther relates to a nethod for

t r ansf er ri njithographie projegtipn appagraiph¢ampriging seghet trapsfes 9pRAEAUS conpri si ng
such a transfer apparatus and a device manufacturing nethod. Such a
transfer apparatus can advantageously be used in a |lithographic projection
appar at us, conprrhspf@entdnvcetionirélgtes &y s tremféQippRanii i ghsterfifi® e 6bjeciNtheeam
of radiation; 15 - a support structure for supporting patterning nmeans, the
patternihg Heager appatAtyoconpyisig @ 8Rpparer grleisbene oheppRing Mecehvent ih2 dissta

desi red pat N - fo ' e; -

proj ection %@éﬁ%%apgrrﬁé?%flégﬁﬁeggﬁ? Lgt Ba °t @?dngé%%‘gﬁ%ﬁ%%@% ‘31rrgéektq'vef;oar{ill i on
of the subsdleainy thebblie &4 er fiist patitien Aftee gHPFiAg thasbieer &t £rploadgshstivaul d
be broadly interpreted as referring to nmeans that can be used to endow an
i nconi ng r a@faimals tOEWFEUHIYH- a patterned cross-section, corresponding to a
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patternigi | brojédtiog uppdtuscomnpRidirg sidh artransfRe bpparaths had erdevice andmficaringd
being created in the target portion, such as an integrated circuit or other

devi ce (seemedow). Exanpl es of such patterning means include: - A mask.
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as wel | as apparatosiolmpbising: mask types. Placement of such a mask in the
radi ati on beam causes 30 sel ective transmssion (in the case of a
transmi ssive nadkadigionsysteatior srpviding 8 Reoiechion bgam 9f radiatioget j ve mask) of the

R R L A R S
whi ch to pattern the projection beam according to a desired pattern;
- a substrate table for holding a substrate; and
- a projection system for projecting the patterned beam onto a target portion of the
substrate.
20 The term “patterning means™ as here employed should be broadly interpreted as
referring to means that can be used to endow an incoming radiation beam with a
patterned cross-section, corresponding to a pattern that is to be created in a target
portion of the substrate; the term “light valve” can also be used in this context.
Generally, the said pattern will correspond to a particular functional layer in a device
25  being created in the target portion, such as an integrated circuit or other device (see
below). Examples of such patterning means include:
- A mask. The concept of a mask is well known in lithography, and it includes
mask types such as binary, alternating phase-shift, and attenuated phase-shift, as well as
various hybrid mask types. Placement of such a mask in the radiation beam causes
30  selective transmission (in the case of a transmissive mask) or reflection (in the case of a
reflective mask) of the radiation impinging on the mask, according to the pattern on the
mask. In the case of a mask, the support structure will generally be a mask table, which

ensures that the mask can be held at a desired position in the incoming radiation beam,



ensures that the mask can be held at a desired position in the incom ng

radi ati on beam P-1529.010 2 and that it can be noved relative to the beam
if so desired; - A programmable mirror array. One exanple of such a device
is a matri x- addressabl e surface having a viscoelastic control |ayer and a
reflective z)urfgcc?ﬁ The basic principle _behind such an apparatus is that
(for exanpl )153 sted areas of the 5 réflective surface reflect incident

light as di BM ?ﬁ?ﬁ‘éaﬂ B?Hfove&mitﬁ%% wasdmes sedestegas reflect incident

i ght as un racted [1ght. Using an appropriate filter, the said
undi ffract ed | i dhgrogmmnbablé minreradhyoOne efantfleof sich acleente beamatrixeavi ng only

the diffract | i ght Dbehind; in thjs. nmanne t he beam heco t erned
accor di ng tég‘gﬁ@ag}g&%‘éﬂi%mgﬁa‘ﬂﬁ@iﬂhswf qullré’li W_HF?W-%&?F@E@&?HF%“‘E%E‘? ace. An
al ternati Veb%?ﬂh&ﬁl@?beﬁi%d%ué@g{g%m%a?(fﬁ} X ip | diRres AP S at i X

arrangenment of tiny mrrors, e of which can be individually tilted
about an5 axrefleotivapplage nefleat moidentdight hodiffraczeidight axhereas unhddressed ercapy

enpl oyi ng piegzoel ectric . actuat.i..on ans. Once again, .t ,rrors are
i . aqdr BSERbEeR gkt an o RO U S it Qfarelte S nconi ng
radi ation bgamyrddiedlight thebeRiterdl CBESH RO rdfRcidh BELH SeSRAg BhlytRE Siffrdced hi
manner, the reflected beamis 15 patterned according to thé addressing

pattern of {Jight trehind; in thilomesneadheberm benomes Phdernedangprding toethe pddressingessi ng
can be perforned i ng .sui table.electronic ans. | oth o t he
situations J4LP ng’& Iﬁ@f’é?ﬁ‘a{f’és,abf r%&?‘[}g‘rﬂ{geﬁbmﬁﬁﬁwgo‘%ﬁn&g rise one or

nore  pieIr aropRehMable mitor AfrayPdtiplodPs thatrf SF4FREmMER TRingniikefs, 8idhafs as here
referred toﬁcan be gl eaned, }?ég?pe;”énpl e, frdgi% Uni ted g]tat es Patents US

5, 296, 891 amdnidi:ap bs2adivisigallptltethabortan wus bnapplpps idsuitade bcplzedglgyBo7 and

WO 98/ 33096, i ch are incorporated erein b eference, In the case of a
pr ogr ammabl QGWP’F ergppgmg [:P%é)el@gﬁn& ag‘}ﬁgﬁ?ﬂ {n.eargst p&&? ﬁgaén’ﬁr%‘il ré(S% cod! ed as a
frame or tablaix-badre@4BIEPARN thit b8dressRY nbifofsiwiBdeDéct afcahlig Adiatiof bedrRd,

and - A progranmable LCD array. An exanple of such a constructjion is given

inf 25 Uni t ea different divaetiantoysadilressed sinzorsinithis mannen therrgBededbeafeisei n by
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For pur posesedaired nifpfix §ddryssirigh@n be perfodfmddnisingt sithblaelectradic eah@ilnboth of
| ocations, specifically direct itself to exanples involving a mask and
mask tabl e; theoiweteons depcribed hegpabeyeathematteraing naeangica cRIBRIASS RELLEAWTE nst ances

shoul d be s %Fo%rérglntag'l% rr%ﬁ%?gﬁﬁyscmﬂ'g ﬁltfm%ration on mirror arrays as here referred to can
be gleaned, for example, from United States Patents US 5,296,891 and US 5,523,193,
20 and PCT patent applications WO 98/38597 and WO 98/33096, which are incorporated
herein by reference. In the case of a programmable mirror array, the said support
structure may be embodied as a frame or table, for example, which may be fixed or
movable as required; and
- A programmable LCD array. An example of such a construction is given in
25  United States Patent US 5,229,872, which is incorporated herein by reference. As
above, the support structure in this case may be embodied as a frame or table, for
example, which may be fixed or movable as required.
For purposes of simplicity, the rest of this text may, at certain locations,
specifically direct itself to examples involving a mask and mask table; however, the
30  general principles discussed in such instances should be seen in the broader context of
the patterning means as hereabove set forth.
Lithographic projection apparatus can be used, for example, in the manufacture

of integrated circuits (ICs). In such a case, the patterning means may generate a circuit



t he patterning neans as hereabove set forth. Lithographic projection
apparatus can be used, for exanple, in the manufacture of integrated
circuits (ICs). In such a case, the patterning neans nmay generate a circuit
P- 1529. 010 3 pattern corresponding to an individual |ayer of the IC, and

this patterg, csggéﬂﬁ | maged onto a target3 portion (e.g. conprising one or
nore dies) Al strate (silicon wafer)” that has been coated with a

| ayer of ragh@émQBrrés%Bﬁdilth@axﬂﬁ{dﬁHﬂ@él 1dyerst taé IC, Anf tRIS Pefiéth cafbe ﬁhd‘%he waf er
will contain a whol e network of adjacent target portions that are

successi vel pnfora tatgietpertion |(agtdmmmrsu]ge;m ioD moscyéltee)mn osubsiate gsih¢anewafen
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i rradi ated by exposing the entire mask pattern onto the target portion in
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beamin a given reference direction (the "scanning” direction) whil
synchr onous Iteygeicpartmrng inrdiBatediby expusingtthdenirp arask patiern ontarthe tapgat abm@h o
eneral, the pro ect i on
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tabl e is scahned. More |nforrrat|on with regard to |ithographic devices as
here descri lammhrmam—bea@l tergetprtibnis iondiatsd &y pmggssrvelsgcenm)ng thegnask

i ncor porated herei l%% f.er.enﬁe. Ln a. man fac ng ﬁcess usi,ng a
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radi ati on-sensitive material (résist).” Prior to this imaging step, the

substrat e nélys duediongsingeain gm:rq@;tb@ edmcagn systerh Wil hpye armagnificatignsfactepat i ng

and a soft te pos e rate be su ed t ot her
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procedures is used as a basis to pattern an individual |ayer of a device,

e.g. an IC llﬁmgl'ﬂpélqa@t\m@s neuerbdymbndayambmiemdeﬁoq;gxmlﬁ M&J@@%@;@%?,such

as etching, ion-i trr@l_lant %dopl ng), netallization, oxidation,
cheno- mechaffCHOp ?T§H1i all intended to finish off an individual

layer. If severgly hﬁaﬁﬁfa@tu@lhg process using a lithographic projection apparatus, a pattern

20 (e.g. in a mask) is imaged onto a substrate that is at least partially covered by a layer of
radiation-sensitive material (resist). Prior to this imaging step, the substrate may
undergo various procedures, such as priming, resist coating and a soft bake. After
exposure, the substrate may be subjected to other procedures, such as a post-exposure
bake (PEB), development, a hard bake and measurement/inspection of the imaged

25 features. This array of procedures is used as a basis to pattern an individual layer of a
device, e.g. an IC. Such a patterned layer may then undergo various processes such as
etching, ion-implantation (doping), metallization, oxidation, chemo-mechanical
polishing, etc., all intended to finish off an individual layer. If several layers are
required, then the whole procedure, or a variant thereof, will have to be repeated for

30  each new layer. Eventually, an array of devices will be present on the substrate {wafer).
These devices are then separated from one another by a technique such as dicing or
sawing, whence the individual devices can be mounted on a carrier, connected to pins,

etc. Further information regarding such processes can be obtained, for example, from



required, then the whole procedure, or a variant thereof, wll have to be
repeated for 30 each new | ayer. Eventually, an array of devices will be
present on the substrate (wafer). These devices are then separated from
one anot her by a techni que such as dicing or saw ng, whence the individual
devi ces can b}g gtbg ted on a carrier, connected to pins, etc. Further
|nforrrat|on r & I'ng such processes can be obtained, for exanple, from
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Sem conduct or Processi ng Third Edition, by Peter van Zant, McGaw Hill
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the |ithographic apparatus nmay a type having two or nore substrate
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the sub & The bot es a robot drive
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the substrate. Therder ﬁﬁﬁ'ﬁ@iceqmaisﬁigllﬁsrﬁ&ﬂe‘i féalflﬁes s sihtRESn g0 \WheOfatRms,
receiver, e.g. pedestal or a chuck, conprising a substrate table, The exact

posi tion of thqwsgmnmgoﬁthg@uhsgatp@nd thevmaskmeedretobeeriaseuratafopdirmgshar bed
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and/ or the
accurate transfer and delivery positioning of the object needs to ensured. For example,

20  substrates are usually transferred by a robot or manipulator, that picks up the substrate
with a so called gripper. The robot comprises a robot drive and an armset, to which the
gripper is attached, to handle and position the substrate. The transfer apparatus puts the
substrate down on a receiver, e.g. pedestal or a chuck, comprising a substrate table.

The exact position of the object that is put down on the receiver, can be disturbed

25 by several factors, such as

- vibrations of the robot drive, the armset and/or the gripper,
- wear in the bearings of the robot,

- limited accuracy of the robot and

- temperature expansion.

30 The velocity differences between the object and the receiver during takeover can
also generate wear, and subsequently particles, that contaminate the system.

In order to increase the accuracy of positioning of a substrate relative to a

receiver a mechanical docking solution has been developed. Before the actual release of



- wear in the bearings of the robot, - limted accuracy of the robot and -
t enperature expansion. 30 The velocity differences between the object and
the receiver during takeover can also generate wear, and subsequently
particles, that contam nate the system In order to increase the accuracy
of positioning of substrate relative to a receiver a nmechanical docking
sol ution ha?‘%@gﬁnﬁeveloped. Before the actual rel ease of P-1529.010 5 the
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for instance a substrat omthe recel ver. s nechani cal
docki ng sol mduoed frabtha nivdual deawbayodfshe Mibstnatt hrd thewedeaver can be inckeasdd. Olie

gri pper engages the docking.interface, a relative | arge decel gration can
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| arge 15 ¢ ces to hold the substrate in position. Such high
cl ar npi ng f or ce$loavemer, thi§ frechdnical dockamesadutondrd aifews devdmckh dViasthe of t he

system In a C envi.rom nent ac . anpi t i bl ft
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subsequently i ncrease the risk of the substrate noving with respect to the
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and/ or the docking interface. Lower velocities decrease the
vacuum clamping not possible, so often other clamps are used, such as electro-static
clamps or clamps based on friction. However, these clamps are less strong than vacuum
clamps and subsequently increase the risk of the substrate moving with respect to the
20  gripper.
The docking interface on the receiver needs to be stiff in order to be accurate.
Therefore, the velocity of the gripper when approaching the receiver needs to be
limited, in order to reduce the deceleration during docking and to prevent damage of
the mechanical link and/or the docking interface. Lower velocities decrease the
25  throughput of the system. Damage and wear, due to mechanical contact between the
mechanical link and the docking interface, could generate particles that contaminate the
system.
It is an object of the present invention to provide a transfer apparatus that
provides an accurate takeover of an object by a receiver, with a relatively high velocity,
30  while reducing release of contaminating particles.

This and other objects are achieved according to the invention in a transfer

apparatus specified in the opening paragraph, characterized in that



25 throughput of the system Danmage and wear, due to nechani cal contact
between the nechanical |ink and the docking interface, could generate
particles that contam nate the system It is an object of the present

i nvention to provide a transfer apparatus that provides an accurate

t akeover of gi ct by a receiver, with a relatively high velocity, 30
whi | e reducfﬁgzg 1§ase of contam nating particles. This and other objects
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posi tion of pthenigvddoper 20 and the receiver is measured by neasuring the

relative position between a first reference point of the receiver and a
second r ef er encécpaiding tofanterdbodimend of thelrventjon,itbé ebjeetdea pehstrate, eushigs és t he
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table. In the lithographic industry there is a great demand for accurate transfer
apparatus. The transfer apparatus according to the invention can be advantageously
used in that industry.

According to an embodiment of the invention, the relative position of the gripper
20  and the receiver is measured by measuring the relative position between a first
reference point of the receiver and a second reference point of the gripper. Using
reference points enables the sensor to accurately determine relative position.
According to an embodiment of the invention, the measurement device comprises
at least one sensor provided on the receiver and a first reference point is provided on
25  the sensor, and a second reference point is provided on the gripper or an object on the
gripper; or the measurement device comprises at least one sensor provided on the
gripper, and a first reference point is provided on the sensor, and a second reference
point is provided on the receiver. Using a sensor is an easy and cost-effective way of
determining a relative distance. Many kinds of sensors can be used, for instance, a Hall
30  sensor, an interferometer or a laser sensor. The sensor can cither be positioned on the
gripper and/or the receiver.
According to an embodiment of the invention, the measurement device

comprises at least one sensor provided on a frame, that is relatively stable with respect



at | east one sensor provided on the receiver and a first reference point is
provi ded on 25 the sensor, and a second reference point is provided on the
gripper or an object on the gripper; or the neasurenent device conprises
at | east one sensor provided on the gripper, and a first reference point
I's provided Oﬂibgﬁ sensor, and a second rgeference point is provided on the
receiver. I & Qensor is an easy and cost-effective way of determ ning
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Hall 30 sensor, an interferoneter or a | aser sensor. The sensor can either
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enbodi nent af the i nventioné tget measuremept .dtevi ce. .cor;%)r'hses. at lld%aSt one
Sensor provi e‘Be%queg]eI’? drdce peear 14 & Wg?rg_f”ia\)eélllﬁ’ oﬁnaeﬁfsél_nﬁﬁ Fhmgsh gyl be _
P-1529. 010 $iffieult REpditidiRBE s@3br dilfhe eBippér' R ihe RBEvE. Al fifthe ERi€bEIHEE poOi Nt
I's provided on the gripper or an object on the gripper and a second

ref erenc® pédlution.s provi ded on the receiver. Wien the neasurement device
needs to be incqrporated into,an exjsting naching, it could be diff.icult
Lo posi tion t he AEmate - kEOGIERL! bt dpl@Ron e tansR dpPus sBPHSSE e
5 sol ution, nfRaiell Ndbckthgatheand dsh Rthardéallyn@odkinge fid @fippérn® far AihéCthe
apparatus conprises nechanical docking nmeans for nechani cally docking the

gripper to acrsypment Heviconsanpriserent lerstione seosr puwidedt on cadtamgndhajeldsor
provi ded on, atfivre%/rrgt’ﬁalteh\gltth ;;%slpeétetloathé \éﬁkyi‘?r:in%gthg r%eﬁ%@,{j&?ﬁf f%ferteﬂcet Snfls' PPET

and the receiver, are ence poi r ovi € receiver.

Docki ng 10 he pgiviidyaeloni thed reesiveani Dadkinpithe agripper iadvamicebades | waywean tehe
gripper arrives before the receiver arrives. Since the gri %p,er needs to
wait for thadyasgagequsty.twhesy the saippemuTineschpioredhe refsivrT AGiVERPIRE B8 BEPRFT h

ow vel oci {ieg. ot R AVBLAREh00 AL LASRSON dhBRnFRENARIIEAL iRk N

descri bed above. e throughpu e systemis n uenced by ,
si nce the aweloviies,abkingewagake dBadvahbagesof the rhedhanicalgddokirigodescritedioabdivag t o
an enbodi ment of the invention, the difference in relative velocity

bet ween t he THeithygeghpi f theesysiemeis ot influenged bydhisneingrotieaayal of thegepsivsrzed.

Mnimziag ; vel.ock di fference between the gripper and the object
hel ps erllgurégglﬁmé{g{éﬁgga:cgmand snoot h takeover. 20 According to an

enbodi nent of t Becomuentol anembdiEment§ dfethe iroention, ntbé diffevence an celhteveatdlamty
betueen the bgtr\ai/egg Ff‘lge grri]gpetr ngd rtl?eclgict\aligér ﬁtthé Qe%orsu? Sgsrigmff (?ss imtirilicr)nr}’ze:ci.. i/[imnrlliizngEd'
the velocity difference between the gripper and the object helps ensure an accurate and
smooth takeover.
20 According to an embodiment of the invention, the difference in relative
acceleration between the gripper and the receiver at the second position, is minimized.
Minimizing the acceleration difference between the gripper and the receiver helps
ensure an even more accurate and smooth takeover.

According to an embodiment of the invention, the measuring device is adapted to

25  measure the relative position in at least two directions.. Measuring the relative position
in at least two directions helps ensure an accurate and smooth takeover.

According to an embodiment of the invention, the relative position error is also
determined using information about the relative position of the object with respect to
the gripper. The object could be handed to the gripper by a pre-aligner. Such a pre-

30  aligner could provide information about the position of the object with respect to the
gripper. This information can be used to determine the desired relative position of the

gripper with respect to the receiver, in order to establish a correct relative position of

the object with respect to the receiver.



M nim zing the accel eration difference between the gripper and the receiver
hel ps ensure an even nore accurate and snooth takeover. According to an
enbodi ment of the invention, the measuring device is adapted to 25 neasure
the relative position in at least two directions.. Measuring the relative
position I?@# l(ﬁ st two directions hel ensure an accurate and snooth

t akeover. ACC gi g to an enbodi nent of t'he invention, the relative

position error iApcaddid} todEfiRhén RRpEkt URE NEFetiinOeiBsite B lidpiphidyerofeetiod | ve
position of the object with respect to the gripper. The object coul d be
handed t o tEppajrtupp@NPBYNG pre-aligner. Such a pre 30 aligner could provide

i nformati on about_t.he position of -t.he obj.ect w r.espect to the gripper.
Thi's infor mat i pﬁ r cgt#loggsygig%ﬁ){ Brogé‘i"(ﬁ ﬁPE‘Jégft%HEWS%QPF gﬁfﬁaﬁ@nati ve position of
the gripper W tkRupgipaficnire forkappdtafs ¥aternihf nRask the ghtefiifbinesdy serély r ect
relative position of the object with respect to the receiver. P-1529.010 8

Accor di n§ t & pater theerojgetpacheam areordingctata dspiredpasicBs to a | it hogr aphic
projection _appar C rd. sl NG i ati system for providing a
proj ection beam%c?ﬁﬁsllflgd&el tggl}gof}r’lfﬁ@&gggtf%%%#a?e’s (?uct ure for supporting

patterni ng meang prdjbaidnalybiemfongrojeang tiegqiatemgd blarh onfoad tagieNpéifien pf theect i on
beam according to a desired pattern; - a substrate table for holding a
substrate; awtrateg whersireeilighpessphieprofestiopiniaees gherenmuisees Haesfgleam ont o

a target po%é:ﬁ&u?ﬁcctopcﬁn%?outlﬂ%’i]ﬁw}%ﬁo wherein the |ithographic projection

apparatus fu er - conprises a transf'er apparatus according to the

inventi op. 10 Ageesdinddotadfufthéribspdie th@peedi invehiforDickaeytb amsaod bbn rel ates
to a method of transferring an object, in a transfer apparatus by neans of

a gripper, tengemEgRg okiectdn s trangfpanprragis By Ineays oha SEBPE ceomaprising jtleast
position an |- t he. obj.ec . Se | fL.an. i to a
receiver angné g*éﬁlﬁ%tﬁeh%gj%g}“eac{mgﬁosgl |a§.lg'? glﬁ%i‘? l}hg(rg)gja {égepr211 sg?(ls@pi ng the
obj ect at apssitiongroxQfiteiten rdvedxt id Rldaging e obfae avefirse padinad sdrzeidping 15
measuring the relative position of the (tgri pper with respect to the receiver
in at | eastheriedphi srepad positon poximaje b receiyst ehargsterized®y defined with

roasurobd and - SEPSLE ke, PRkEbE Ry dBTb R RbEL T PR LR, Ler
for mnim ziggt drealimension,
. a relative position error being defined with respect to a desired relative position
based on the relative position measured, and
. adjusting relative position of the gripper and the receiver for minimizing the
20  relative position error in the second position.
According to a further aspect, the present invention relates to a device
manufacturing method comprising:
- providing a substrate that is at least partially covered by a layer of radiation-
sensitive material to a desired position;
25 - providing a projection beam of radiation using a radiation system;
- using patterning means to endow the projection beam with a pattern in its cross
section; and
- projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material,
30 characterized by
using the method of transferring an object according to the present invention to transfer
the substrate to said desired position.

Although specific reference may be made in this text to the use of the apparatus



20 relative position error in the second position. According to a further
aspect, the present invention relates to a device nanufacturing method
conprising: - providing a substrate that is at |east partially covered by a
| ayer of radiation- sensitive material to a desired position; 25 -

provi di ng aﬁm%ﬁhl on beam of radiationusing a radiation system - using
patterni ng ne endow t he proj ection’beamwith a pattern in its cross
section; an%corcﬂﬁ@k@ﬁﬁehﬁ\ﬂ:nﬁbﬁ i@k hehi ednPeamaa! it rsﬁc.qil@bb @%bl%@uﬁle?s%dﬂet
portion of the layer of radiation-sensitive mat eri al characteri zed by
usi ng t he nétahewthain appamtisdnas mgyaﬂleopq)ssﬂoﬂe am@oatmmqur@xamelepﬂ@wﬂxc

t to t th t d, d d t th h
Speci {1 o r cPEPISER iy mibofaRtise Phiniear e Aol S5t BuBohe pf detlien ot us p. 1
529, 010 9 a?&t%rﬁ’é 159 nl2nReddriME MdnfHes Niduik cry8RHAIBSTaY hEnel, tﬁlﬁ‘iﬁlm' t should

be explicitly understdod that such an apparatus has nmany other possible
appl i cat § onsraghesic leedsysie The skitley attisan withappyesdate that,He thresontext o{isushof

t ted opt | d d i, t ti
dormin e IEEYG BREA R S aPC e SIS AR SYRA £T [ GF STHAB BN, o heads,
etc. The skbﬁd&&ib@wﬂs&%d\aslﬂeuﬁgq%m&cﬂmhé hithe gérerdl REMBORaSRY, “ﬁfbs@aﬂ@'h

alternative applications, any use of the terms “reticle", "wafer" or "die"
in this texandgthtgﬂtpbmen'cmﬂ@mebd as being replaced by the nore general

t " k" strate" d .’ t . t I
br esent | docurent TEwEesednsimpniy P AGts PRI and SERE HUEs BorbiBaes
10 all gy peau@;fpegbeeﬂeemwﬁhb adiAfdn2ink Riding uleaWslen @I V) ltaﬂﬁlﬁbﬂg@g witha

radi ation (e.g a wavel engfth of 365, 248 193, 157 or 1 nm and
extreme ul tmwlﬁmgtbtof@éilm I%Bd af poho IQIE) @ﬂd ngﬂfaaml(ﬁﬁéﬂﬁadlﬁlqnhe
range 5-20 run as we el ectron
boans. _Enbodt ety SRDBht Sl o A A et ite FORRE Syl oo

exanpl e onl $eamd&r sedthonRb@eence to the accorrpanyl ng schenat iC draW| ngs in
whi ch corresponding reference synbols indicate corresponding parts, and in

which: - Fi gureEmh@dpn@‘tt%OﬁthP« inveotempyHl vow bedeseribed bapyaaftesample® i ng t o

an enbocilk ey 1th reference to the accompanying schematic drawings in which corresponding

reference symbols indicate corresponding parts, and in which:
- Figure 1 depicts a lithographic projection apparatus according to an embodiment
of the invention,
- Figure 2 depicts a transfer apparatus according to a first embodiment of the

20  present invention;
- Figure 3 depicts a transfer apparatus according to a second embodiment of the
present invention, and
- Figure 4 depicts a transfer apparatus according to a third embodiment of the
present invention.

25 Figure 1 schematically depicts a lithographic projection apparatus 1 according to
a particular embodiment of the invention. The apparatus comprises:
- a radiation system Ex, IL, for supplying a projection beam PB of rad:ation (e.g.
UV or EUV radiation, electrons or irons), In this particular case, the radiation system
also comprises a radiation source LA;

30 - a first object table (mask table) MT provided with a mask holder for holding a
mask MA (e.g. a reticle), and connected to first positioning means PM for accurately
positioning the mask with respect to item PL;

- a second object table (substrate table) WT provided with a substrate holder for



of the invention; - Figure 2 depicts a transfer apparatus according to a
first enbodi mnent of the 20 present invention; - Figure 3 depicts a
transfer apparatus according to a second enbodi nent of the present

i nvention, and - Figure 4 depicts a transfer apparatus according to a third
enbodi nment gf g% present invention @ gure | schematically depicts a

| ithographi 'H& %8t on apparatus 1 acco} ing to a particular enbodi nent

of the i nveﬂ&iaﬁ}rgaélﬂrb@trﬁew(@Etbsreglenarareﬁeﬁhcon \@afé@canatcbﬁﬂe&aeﬁbeserecﬁa 'L, for
supplying a projection beam PB of radiation (e.g. or EUV radiation,

el ectrons opositionsg means PW fr pequritelylpasitioning thetmstraidmﬂnrgspesgﬁgtl@m Plal so
conpri ses a I’éidl ation source LA, 30 - a first object table (mask table) NIT
provi ded wi ff%a nask hol der for holding a mask MA (e.g. a reticle), and

connected to fiph$loj eaﬁﬂntswernrrgleﬂm}m (E’M 5 RIfra@ 6 P b radaldioptiR@Ftein Qia MiroP
mask with respect to ite - second object table (subStrate table) W&

provi ded5 wi groug) ﬁubmaglag@nh@mh@tpd portiopof §romapkM Acontd g tatpeipodion/bée-gat e W
(e.g. a resist-coated s nnected to second positioning
means PWfoFOIEBEﬂP%PE??‘B%q‘FF%fﬁE}SPh% agfh Strate with respect to item PL;
and - a proj ect iAQefy&dpRited, t eealﬁyal)au@hs bfa BfledtivealpOGlel NQ Dfefle@hv@dhRy.i C

systemor a mrror 5 group) for imaging an irradiated portion of the mask

MA onto a t &loyevenpdr génsral Gt (n@yglsobc rtuag$mlgsmbfp©,rforrﬁmnrd¢é\§9th af the

Substrate W alSLE a0l St RO RBH b e¥hich LSbLPEb 4P pteRen - ©

transm $6i Vendadf)SucH & a SrogriRat] avniifordarralylof 8 $yPess rvferrod fddbovdl t er nati vel y,
t he apparatus may enpl oy another kind of patterning 10 neans, such as a

pr ogr ammabl e ni Thesowee ﬁx(érg aHglpap sexcimgrdpica gniuy wlstoy @roviviad aypynddhe | A
(e.g. a Hg patgpofrj;1 )éfegpgrtl 8?%% M a st%pagg rllﬁin o?ts otl%\ﬂ' gﬁgfrjflgs‘ﬁghdﬁoﬁlpc% orgﬂt h of

an el ectron e ring-or ync I’O ron, ser asnme source or

an el ectroglegfron @ﬂoh%ﬂm%eurce)eﬁroﬂﬁ@du%ma»fbﬁmmoﬁf Th]&@leahhs)ﬂ:d ifiloiag beam i s
fed into an_illumnation system (illumnator) IL, either directly or after

havi ng t r avéiueigation system (illeminatprhBasiherdireptlner aftep baying {pvsisrs: Ex, for

exanpl e 15 Th%orll 1110n1n€ %%e%s srl,rchr%ya beam expander Ex, for example. The illuminator IL may

comprise adjusting means AM for setting the outer and/or inner radial extent
(commonly referred to as o-outer and o-inner, respectively) of the intensity distribution
in the beam. In addition, it will generally comprise various other components, such as
an integrator IN and a condenser CO. In this way, the beam PB impinging on the mask
20  MA has a desired uniformity and intensity distribution in its cross-section.
It should be noted with regard to figure 1 that the source LA may be within the
housing of the lithographic projection apparatus (as is often the case when the source
LA is a mercury lamp, for example), but that it may also be remote from the
lithographic projection apparatus, the radiation beam which it produces being led into
25  the apparatus (e.g. with the aid of suitable directing mirrors); this latter scenario is often
the case when the source LA is an excimer laser. The current invention and claims
encompass both of these scenarios.
The beam PB subsequently intercepts the mask MA, which is held on a mask
table MT. Having traversed the mask MA, the beam PB passes through the lens PL,
30  which focuses the beam PB onto a target portion C of the substrate W. With the aid of
the second positioning means PW (and interferometric measuring means IF), 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 means PM can be



conprise adjusting neans AMfor setting the outer and/or inner radial
extent (comonly referred to as cy-outer and a-inner, respectively) of the

intensity distribution in the beam In addition, it will generally
conprise various other conponents, such as an integrator IN and a
condenser C? :%B Bi s way, the beam PB inpinging on the nmask 20 MA has a
desired unifoP 't(b and intensity distribution in its cross-section. It

shoul d be ngt&doWéltateRGRIsHichQhd indsl MA withaéspbéifo BRU8EoL the BB IPB, igt hi N

the housing of the |ithographic projection apparatus (as is often the case
when t he soafteranedhanicsl ratrrewaloofithe maskoMA Gomenaansk 1drarybort duringta scen.day al so

Dt S ou b NSRRI € BT B SAPRE A P A B LR
sui tabl e di kRGtd MGATE [doafslpositiBhihg) Ad £EhoBCRIVRE hdufe @k PBsitibMAgE dhechwhen
the source LA is an exciner |laser. The current invention and cl ai ns

enconpas$ betemadexplividedepseedin baure Thdowevan iPthetdse efjy @iafdrgtepperdptept s t he
mask MA, which is held on,a nask abl.e Ml Vi traversed the,mask MA
The boam paofssed o S e SrampankaRtre ik iy MP bk EEe EinteBET RS b o
a target pokhdPSirdkeQbtulaltR, FURSS beafifedWWa¥k M bAE® sidisthafWirhg; Isefidhed using

e

positioning nmeans PW(and interferonetric neasuring neans EF), th
substrat e t atask alighneent ninsksvish e M 2zandsubstests/aligament marksd’ 1 B2posi ti on

different targe ortigns Cin t ath of t.he beam.PB, Simlarly, the
first positioni h‘Be ﬁﬁ%ﬁ?gﬁm%ﬁtﬁs B@h%—'%oeéé‘? &%él?gfenuglé’gei'o accuratel y

posi tiomgt he, rmﬁkst&gi\m@dé,hhé AaRe fbld ML RefrakdenBhlly SigtidiRaMaliBan entdre mask t er
mechani cal retrieval of the mask MA froma mask |library, or during a scan.

In gener al jmagsispeaiccted intans golj-ect single | Bashfamontywr tageet postion €alhe wlstgte h t he

(1 no posi ¢ 1k R G uteini O R Reafpirke-Py P RHicR-H Uk bkic ™o ©

However, i nchhige Gadnt@f bythedkan PH; apder (as opposed to a step-and-scan
apparatus) the mask tabl'e MI mayj ust be connected to a _short stroke

act uat or, oR. nayn gsanfmodsdessrriialy e some ssemssiorappies \exeept hat apivghedisi ng

mask al i t. ks M1 . oY t ' R T
dopi ct e aparisn s ik R0t i SnBit TG Pad ABTAY FBIgy s troxlife il o
the mask ta%l@n'\ﬂi‘e&&rﬂ@]ﬁ sceSatRA tscah diresticl’] @pahy y daeetion) wirhtd gpeede | mage

is projected in one go (i.e. a single "flash”) onto a target portjon C. The
substrate thasthe preckion besm BRiiy eavged to scapover ampgskimpggiicpaeuriegy 8o that a

different t ST AL I\ﬁ? i$% sim%"f‘tgné%%slvnq&%id% ﬁl% s%etop (Sp;?(%?tg]dﬁ@étio"i‘f‘!ﬁI a
speed V = My, in which M is the magnification of the lens PL (typically, M = 1/4 or

20 1/5). In this manner, a relatively large target portion C can be exposed, without having
to compromise on resolution.

Fig. 2 shows a transfer apparatus, comprising a robot 10, according to a first
embodiment of the present invention. The robot 10 can be a SCARA-robot, but also
other manipulators known to a person skilled in the art can be used. The robot 10 is

25  attached to a base B or the ground using a support 11. On top of the support 11, a robot
drive 12 is provided, that controls an armset, comprising a first and a second arm 13,
14. Of course, the armset 13, 14 can be provided with any suitable number of arms. The
robot drive 12 and the first arm 13 are rotatably attached to each other. The first arm 13
and the second arm 14 are rotatably attached to each other. The robot drive 12 can

30  independently rotate the arms 13, 14 around the dotted lines R, as indicated in Fig. 2.
At the far end of the second arm 14, a gripper 15 is rotatably attached. The gripper 15 is
also arranged to rotate around a rotational axis R, as indicated in Fig. 2. The robot 10

can position the gripper 15 in any desired position within a circle around the support



2. In scan node, essentially the same scenario applies, except that a given
target 15 portion Cis not exposed in a single "flash". Instead, the mask
table MI is novable in a given direction (the so-called "scan direction",
e.g. the y direction) with a speed v, so that the projection beamPB is
caused to sg %ﬁé a mask i mge; concurifntly, the substrate table W is
si mul t aneou: ?1;%2 d in the same or opposfte direction at a speed V= M,
in which Mis, HaQ&g‘%Biufs'tl?ﬂlié ans@htidiedct@Rnddlby(thy Ringdl dfithe Mnis 1B 44.9¢s 20
115). In this manner, a relatively large targef portron C can be exposed,
wi t hout havisappateot, absoptiarkssls of robotainay bowsedFi g. 2 shows a transfer
apparatus, conprising a.raobot 10, according.to a.first., enbodiment of the
present inventiih‘.3 Bt errlg%grrweg%glsglp5n§ Spdhad S"Bﬂ'trggﬁeg &t her

mani pul at or §HydPIRid RoRchET HParatld. Il @€ ehiboliiteen® Bépiced iPRigu3 @b griphper 1pbot 10
is 25 attachedto alga%e B or the ground using a]?support g11. C%I-E{pop of the
support 31, isarranged to damp e waferi W, putch¢ grpper fl fgan ebenurssl alsodhe usedteelamp,

conpri si ng first. and ond arm 13, 4. . OF course , 14
can be prov ?‘Hee&awpn a g??sa?k 3&&'[ gg‘P’é"%‘%?Bé’F d(%?fle aF %t_era#wéys, a %glg?aﬁg gf S\%/'éss% and
the first apmve3faisstdttahaippatisaahast 4 Rvemebsusd flamp td beekithé Safer Mol 3
and the second arrn 14 are rotatably attached to each other. The robot

drive 12 cathexippanepeMtienativg embodineentseoudd ws aidamp hased onrfeictonorfotaned
lines R as_indicated in. Fig. 2. . At the end of the second arm 14, a
gri pper 15 & 38‘%5%'%593?&{9%3?1%’&1&‘?’%&69\? ffﬁlg{gr ISis also arranged to
rotate apound aThetmhdfedppafiXisSlOMnapmoldtheGabsaid to adegiredpositivh, tlaid ifl0
can position the gripper {)5 in any desired position within a circle around
t he support opertoBzecaimay 29pThelreceixer Akran beadvaler stagst20of agnaskesiagei Bhq y
determ ned by _.th ngth of 3 : | o ot her
ki nds of roBc?telsveﬁ%é/%@gtbﬁs‘f@& d E‘?ﬁ%%@]ﬁ%&r n%énll “sbé%%lpir g%gﬁ@%%g}éﬁl g%ko&an obj ect,
Slrjrtc)hdas a sgb@bleadtgewﬁgghmelgasegbbjeegdsra@hhgupmjobﬁbﬂ bﬂgﬁp;pigg.etf}usl. In the

t t . t 15 5 i t
wat er W buembRdingni kb discissd it seisregts @1 uAlsEs 88 ORBNEPEANATOr
exanpl e,ca Ml ' . ' | V- it sty
di scussgcsj gﬁﬁmé\?e, (519 ‘lg%%sgt %ﬁlce?n?‘ﬁg‘”grg?g%g{} ﬁﬁgﬁgﬂl%\gg 'ghei Ig?/%vlthrn essure cl anp
to suck t he rygafver 20\caroaccutitely be poaitorkd usidig) ©p ramtinteefermixbeli [Fpast showouh d use a

clanp based on friction or a can, use el ectro-mgnetic forces.to clanp the

waf er W 10 Fithd, thahseoperatesaying BYimer qmt%ﬁﬁiﬂfmgaf ERaL[g’GlPé’ﬁ‘PSP &f hg recedeti 1 ed

posi tion, tQOQgﬁlg Ba'ust%‘ﬁﬁi.?%?n@wﬁ?&ﬁﬁi\ﬁﬁés 20. The receiver 20 can be a wafer
a ‘mask st age. e )

stage 20 or

In the example shown in Fig. 2, the wafer W is handed over to a wafer stage 20.
20  When the wafer W is in the desired position with respect to the wafer stage 20, the
gripper releases the wafer W. The receiver 20 comprises support means 19 for
supporting a received wafer W. In the embodiments shown, the receiver 20 comprises
e-pins to support the wafer W, as is known to a person skilled in the art.
In order to determine the relative position of the gripper 15 with respect to the
25  wafer stage 20, a sensor system is provided that measures the relative position of the
gripper 15 with respect to the wafer stage 20, by determining the relative position of a
first and a second reference point.
This can for instance be done with a sensor 22, positioned on the wafer stage 20,
that facilitates measurement of the relative position of a first reference point, provided
30  on the sensor 22, and a second reference point 16, provided on the gripper 15. The
sensor system could be arranged to determine the relative position in only one
dimension or in several degrees of freedom. Also more than one sensor could be

provided, as will be understood by a person skilled in the art.



recei ver 20 may be any device, novable or not, in receipt of an object and
that is capable of receiving a rel eased object or giving up an object for
gripping. This enbodinment will be discussed with reference to a wafer

st age, conprising a wafer 15 chuck 23 and a wafer table 21 positioned on

t he waf er uﬁé9%§0 The position of the . receiver 20 can accurately be
noni t or ed usi an interferoneter as shown in Fig. 1, that

cooperates W t hyayili ye"\@ldeRfbodRatWadse Eer@&@%‘év@é% limlf38 seRig dr@s[‘ s@thd s!%é‘ond
receiver 20 can be adjusted using known techniques. In the exanple shown

in Fig. 2, trdfercned prindV6G wilhfirstibavedobe branght a6 dhe sehsige a@ of tiRGei¥oen t he

waf er Wisint desired positio th respect to t fer t he
o er 1l eased e REGLpaIRy AR e REeDS e e B E ysRe R EdE 1o

for suppor tae&gerﬁldrﬁ&ﬁhéfgﬁpﬁ@flsmwre&ﬁci ﬁth@wﬁfed gﬁg@t@ o editse, iNeilrmee ver
20 conprises e-pins to Support the W as is known to a person
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the gripper 15.

20 The measured relative position of the gripper 15 and the wafer stage 20 is
compared with a desired relative position. This desired relative position between the
gripper 15 and the wafer stage 20 can have a standard value, including zero, but could
also be based on information of the relative position of the wafer W with respect to the
gripper 15, for instance provided by a pre-aligner, that handed over the wafer W to the

25  gripper 15. The relative position error can than be determined by finding the difference
between the desired and the measured relative position. The relative position error ¢an
be minimized by adjusting the relative position of the gripper 15 with respect to the
wafer stage 20, using, for instance, a closed-loop circuit. It is, for instance, possible to
adjust the position of the gripper 15 or to adjust the position of the wafer stage 20. It is

30  also possible to adjust positions of the wafer stage 20 as well as the gripper 15. In order
to make these adjustments, a contrel device 40 is provided to communicate with the
sensor 22, the robot drive 12 and the wafer stage 20. The wafer stage 20 is usually

provided with actuators, that are arranged to adjust the position of the wafer stage 20.



10 i nductive sensor 22, where the reference points are fornmed by

el ectromagnets. It is also possible to use an interferoneter or an encoder.
Such sensors 22 are known to a person skilled in the art. In npost cases
the relative position of the wafer Wwith respect to the gripper 15 wll
be known, since the gripper 15 picks up the wafer Win a pre-aligner. This
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devi ce, comprovidaigprathe praferestage 20, and & seaond Iafanmwlrmﬂﬁtprcasdadsomﬂlom to a

person igllled | the art. Since the relative position of the gripper 15
W th respecBPBTt ﬁe wafer stage 20 is constantly nonitored and adj usted,

oot h takeover TP E e e Bl Rt Bt A P o™
ge 20" fromthe gripper 15,
or vice ver sagase oétheamafan‘dhbest‘be thmdra&mhaghil@amyps atgp pfsitidnefoneceipt d/the om t he
wafer  stage a?élr \R/hamq{arlgpt%e gripper 15 picking up a wafer W from the wafer stage 20 may
arrive at a position for gripping the wafer W before the wafer stage 20 arrives at the
20 position for releasing the wafer W. In that case it could be preferred to use a
mechanical docking system for docking the gripper 15 to the frame 30, as is depicted in
Fig. 4. Since the gripper 15 will have to wait for the receiver 20 to arrive, this
mechanical docking can be done with relatively low speeds, taking away much of the
drawbacks of mechanical docking as described above. Also, possible wear particles
25  generated by the mechanical docking will be less harmful, since these particles are not
created close to the wafer stage 20.
The gripper 15 is now mechanically coupled to the frame, of which the position is
relatively still and determined. Coupling can for instance be done by means of a
mechanical link 25, formed as a part of the gripper. The mechanical link 25 is arranged
30  to be engaged by a docking interface 26. The unwanted disturbances coming from
armset 13, 14 are minimized by applying a compliant mechanism 24 already mentioned
above. As a consequence of the compliant mechanism 24, the relative position error can

not be minimized by adjusting the position of the gripper 15, but will only be possible



A further enbodi nent of the invention is shown in Fig. 3, where the sensor
22 is provided on a frame 30, that is independent of the gripper 15 and
the wafer stage 20. 10 Preferably, the franme 30 is relatively still with
respect to the gripper 15 and the wafer stage 20, for instance, connected
to a base or, gggéﬂbound. The rel ative po?$tion of the gripper 15 and the
waf er stage 20 hen determ ned wusing 'the sensor 22 by neasuring the
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determ ned. Coupling can for instance be done by neans of a nechani cal
link 25, fornmed as a part of the gripper. The nechanical link 25 is

arranged 30 to be engaged by a docking interface 26. The unwant ed

di sturbances comng from arnset 13, 14 are mnimzed by applying a
conpliant nechani sm 24 already nmenti oned above. As a consequence of the
conpliant nechanism 24, the relative position error can not be mnimzed
by adjusting the position of the gripper 15, but will only be possible
P-1529. 010 15 by adjusting the position of the wafer stage 20. the wafer
stage 20 can be noved until there is no or little relative position error
and the wafer Wcan be released to the wafer stage 20 or the wafer is

pi cked up by the gripper 15. The sensor 22 can determne the relative
position of the wafer stage 20 by 5 determning the relative position of a
ref erence point 31 provided on the wafer stage 20,



in asimlar way as already described above. Wil st specific enbodi nents of
the invention have been described above, it will be appreciated that the
invention may be practiced otherw se than as descri bed. The descriptionis
not intended to limt the invention. 10 P-1529.010 16 Cainms 1. Transfer

apparatus f rlastzrﬁq ferring an object (V\)1 the transfer apparatus
conprising a° 8 éper (15) for at |east ®ne of gripping the object (W at
a first position and releasing the objggis(W at a second position
proximate to a receiver (20) and releasing the object (W at a first
position after gripping the object at a second position proximate to the

receiver (20) charagcterized in, that .10 the transf appar at is further
provi ded wi Sh at}aﬁ@é r %"?jeﬂ?f Cgmtsgegmg att aq]?be@g &)’n@%sd%géﬁeappéﬁag i ve
position of cblgriflhgRPer (15) with respect to the receiver (20) in at |east

one dinension, a felative position error being defined with respect to a
desired ¥ el gtippes (bdkforiabteastoenseaf grippingethe ebigci (V) plos first pasitenend edeasmgd 15

th | ati iti f th i. 15 dth [ 20) dj,ust ed
for ' mni m Do el ast0B PouRBR Brombsdt Friediie AT it oBig < ©
Transf er appanak USHRE poNibM aftérOpidpaaTtht, obMIe e R RetdhR SURItRG proSinaté ubeHer at e,
such as a nmask (MA) or a wafer (W, and the receiver (20) is a substrate

tabl e, suchresgiver 3k 20 table (MIN or a wafer table (WF). 3. Transfer
appar at us acgcording ,t. laiml or claim2, wherein the relative position
of the gri pﬁg?ra%i%%dalgﬂt%%e receiver (20) is measured by neasuring the

rel ativeopositi ¢t thgéfeeeppaafukrist fifrdkepend@edavith aomehfirerhentedsmese (29) and
a second reference point 516) of 25 the %réi pper (115)._ 4. Transfer
appar at us adBangsdrig megsye hesietatiye pesitop pEdedERger(la) Yith regrestde she ngectver
measur enment V] ﬁgm' es at | east one sensor provided on the
receiver (Zégtﬁlgﬁglesa‘&@’?g reslfo?alrence point is provided on the sensor (22),
and a second rehetRiceppsiion errdObdind defisedowil irebpectan at dsirgd rgdmeve fablijonor an
object (W on the Iglri pper (15).
based on the relative position measured, and
15 the relative position of the gripper (15) and the receiver (20) is adjusted for

minimizing the relative position error in the second position.

2. Transfer apparatus according to claim 1, wherein the object is a substrate, such as
a mask (MA) or a wafer (W), and the receiver (20) is a substrate table, such as a mask
20  table (MT) or a wafer table (WT).

3.  Transfer apparatus according to claim 1 or claim 2, wherein the relative position
of the gripper (15) and the receiver (20) is measured by measuring the relative position
between a first reference point of the receiver (20) and a second reference point (16) of

25  the gripper (15).

4.  Transfer apparatus according to any one of the preceding claims, wherein the
measurement device (22) comprises at least one sensor provided on the receiver (20)
and a first reference point is provided on the sensor (22), and a second reference point

30 (16) is provided on the gripper (15) or an object (W) on the gripper (15).

5.  Transfer apparatus according to claim 1 or claim 2, wherein the measurement

device (22) comprises at least one sensor provided on the gripper (15) and a first



5. Transfer apparatus according to claiml or claim?2, wherein the
nmeasurenment device (22) conprises at | east one sensor provided on the
gripper (15 and a first P-1529.010 17 reference point is provided on the
sensor (22), and a second reference point (16) is provided on the receiver
(20). 6. Tr @gsfzgr gPpar atus according to xl:l aim1l or claim?2, wherein the
measur enment ‘&l ce (22) conprises at Feast one sensor provided on a
frame (30), rétb@hcd pointlidpioveled &t alel &nvért (225, emaes bedofd trbRredict PoAI ((6)5)k and
the receiver (20), and a first reference point (32) is provi ged on the
gri pper ( 15pravidedrongbg easeiven§20bn the gripper (15) and a second reference
point (31) is provided on the receiver (20). 10 7. Transfer apparatus
according to claim1l or claim2, wherein the transfer apparatus conprises
nmechani cal @ockirRgsfeeapparails ¥B6MAaTY ©atlhin doekilaEn Rhevi@Edinage nicd&yrerhenta
frame (30), the neasurenent device conprises at |east one sensor provided
?25§ he d$ r ﬁdewe@o;’z) QORUNISESs Al Ispgtang eseysos tpapvidedipn @ frasap 61D, thet tShr@Paginlp;per
and t ' : f ' [ ' t he
ocei ver (2050reaEiotRispecs s Biheh (15 0 HE RoBOL o0 Wl o bttt
precedi ng cl30)rs provideidedmttiehgippell (15 bene objett (VE) et theezrippeo(lis) yndatseead t he
gripper (15) and the receiver (20), at the second position, is mnimzed.
20 9. Transfeereagproipt@4) Baeevideden the reasives@)of t he preceding cl ai ns,
wherein the difference in relative acceleration between the gripper (15)
and the receiver (20), at the second position, is mnimzed. 10. Transfer
appar at ¢g chpr m'ra?gfze;r @ppawtg@ aa:ogding Reclpiiet edblﬁgn @] whersin thiaanesfer dpperatuds
measuri ng device is, adapted to neasure_the relative_posjtion_in at
| east two @OPPBESSSJRGChanigal #ﬁPC&Hs%‘ W%@&m@‘%{)’oﬁi%&‘h@ q@ %{W%h@ 89 3t he
precedi ng cleaj s, i it it L0 rear.d - dat i.ned
usi ng infor nﬁgﬁgﬁgo boéﬁh %ﬁ]sg&?%ﬁngﬁleg%é \éggrl‘ﬂ? ?éosnglt %Sﬁo(g&t %ééﬁ%b ’3’2%&?\/@ {vEet h
respect to Meg(r}bgphat_ (sh‘é)a:ivé]&.st?lé lnathr apﬂcriﬁcc i@t gippeor(1 Hpaat teusceiver
conprising: - a radiation systemfor praoviding a prgjection beam of
radi at i on;g R0} pangl @P@Fri@e-Po)é“ﬁBﬁﬁP’EO"gqeﬂlﬁ’étﬂﬂﬁ ’%c?‘c‘jgr @hbporti ng patterning

nmeans, the patterning neans serving

8.  Transfer apparatus according to any one of the preceding claims, wherein the
difference in relative velocity between the gripper (15) and the receiver (20), at the

second position, is minimized.

20 9. Transfer apparatus according to any one of the preceding claims, wherein the
difference in relative acceleration between the gripper (15) and the receiver (20), at the

second position, is minimized.

10. Transfer apparatus according to any one of the preceding claims, wherein the
25 measuring device (22) is adapted to measure the relative position in at least two

directions.

11. Transfer apparatus according to any one of the preceding claims, wherein the
relative position error is also determined using information about the relative position

30  of the object (W) with respect to the gripper (15).

12. Lithographic projection apparatus comprising:

- a radiation system for providing a projection beam of radiation;



to pattern the projection beamaccording to a desired pattern; - a
substrate table for holding a substrate; and - a projection system for
projecting the patterned beamonto a target portion of the 5 substrate,
characterized in that the |ithographic projection apparatus further

conpri ses aP_fer@qﬁBer appar atus accordi nggto one of the preceding clains.
13. Method of ‘transferring an object (W, in a transfer apparatus by neans

of a gripper (aSyppoEpsiichst g sappdrins patnting meghs, e piteithieg Mepmcerviy at a
first position and 10 rel easing the object (W at a second position

proxi mat e t & Batrest te\nspieetian beaRpccardingstodglesirednatisct (W at a first
position after grjwpi | ( . econd position proximte to

t he receiver (28)311%2‘?%2‘8{’@??‘?@&&@%“ﬁ%%g‘hemgﬁg the relative position of the
gri pper (15) w talpréjeqpmalystem fohprojedag terpattéimed BEm ontoad tatgeapsrtionef the
dinmension, a relative position error being defined with respect to a
desired ? el aebsiiatepelaragtenizedin thay thelitheganhic projestion apparatam furbs eanaprisespg

adj usting r@aﬁéégagﬁpgfdﬁftedcg&d tB%ﬁegf'f'hQ%%nce?%g)cla?lﬂg the receiver (20) for

mnimzing t osition error i second position. 20 14.
Devi ce manufacturing nmethod conprising: - providing a substrate (W that is

at least partially covered by a | ayer of radi ation- sensjtive erial to a
desired posil#i off€thogye fergngane s d¥)o %#e(pg;argps HH1°48 Yt using a

radi ation S@Qﬁ}&‘( ((IlD gf 'CO "singzd% IcastShd 9F @‘?ﬁptn?é Me%j&? (SL5) a %Smﬁm%dt he

proj ection W a pattern In its tross secti'on; an proj ecting
t he pat i@r necedsamnthé BBjecofW) ada sicond position prokamajeto posceiven(I0Tandfel¢dsmg
| ayer of radiatj.on- sitiye material, characterize 30 using the. net hod
of ol ai m 13 1 ObiRE-AF bt pHESS BRI ARer BJPHGE L PG TLa pos T grpsTion

proximate to the receiver (20}

characterized by

. measuring the relative position of the gripper (15) with respect to the receiver
15  (20) in at least one dimension,

. a relative position error being defined with respect to a desired relative position

based on the relative position measured, and

. adjusting relative position of the gripper (15) and the receiver (20) for minimizing

the relative position error in the second position.
20

14. Device manufacturing method comprising:

- providing a substrate (W) that is at least partially covered by a layer of radiation-

sensitive material to a desired position;

- providing a projection beam (PB}) of radiation using a radiation system (EXx, IL);
25 - using patterning means (MA) to endow the projection beam (PB) with a pattern

in its cross section; and '

- projecting the patterned beam (PB) of radiation onto a target portion (C) of the

layer of radiation-sensitive material,

characterized by

30  using the method of claim 13 to transfer the substrate (W) to said desired position.





