25 SEPTEMBER 2006 1 Transfer apparatus for transferring arsShpeeMBer2006
nmet hod 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 |east one of gripping the object at a first position and releasing
the object at a second position proximate to a receiver and releasing the
obj ect at a Triansfer pppamatmhfcuftrmsfqriq@mn@jeﬂ@ndbpethpdaxf uae ﬂmmfchqdosi tion
proxi mate t té t invention q% & es qﬂnethod for
transferri nal ?ﬁrBBFE&""J%f ‘PPﬁPB&F%fBﬂF%‘“P'i‘E‘“EFBf &t T”dﬁ ;}1%“5‘[‘ & conpri sing
such a transfer apparatus and a device manufacturing method. Such a
transfer apparatus can advantageously be used in a |ithographic projection
appar at us, conprlihgipagsent ingentoa rgkafesio 8 yransfps anperaisoier érm%elamgnam i &1t beam

of 11201 atl 0kondfe e PRI A IAE HGHHS, GPL RUARALLIIBORRELR DAY raags, the

patterni ng neans rvin accor 1 ng tO

desired pat t®kifion-and &wasitngathe dbjdek et faosechad @osigion Fobiiatatea @6 ver @hd
projection systemfor projecting the patterned beamonto a target portion of
the subst r d¢leasing) thenebjeels #h 2 Hiatt trosition fiee gRBPIngsthp @beck ghp speRndsPRSIfICR be

broadly int r@){l%ta?eq eﬁ?erecgfvﬁr”' ng to means that can be used to endow an
i ncom ng radiation Beanm i a patterned cross-section, corresponding to a

pattern that is The ibentibedeitkrirélat@s tad gethoddor tramfertihg b @bjul) s titlalgedphidhe
tern1"I| ht valve" can also be used in this context. Generally, the said
pat t er n Wi | IPTRiFHESIRPAEIYSOCUNRIENAG SUFh o TASHE BPBATATuS |aa9@rdqvweazner§\fa%@%

bei ng creat gf {hthe target portion, such as an integrated circuit or other
devi ce (see %e ow). Exanples of such patterning nmeans include: - A nmask.
The concept of sunhal«trainsfempparéstnmm advahtagdooglydphysed anallitHograpbicydesctiomsk
types such as bi nare/ al ternating phase-shift, and attenuated phase-shift,
as wel | as 3PBIPAYSSCORMBISIE mask types. Pl acenent of such a mask in the

20t on, oA A RS PLSRR I RS o 1)
radi ati dA i npi ngisogpanstrirduredsiksupportiog gattening ndass,jh¢ patterniog ntehrs serving
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,



mask. In the case of a mask, the support structure wll ge2eSBEPTEMBER 2006 sk
table, which ensures that the mask can be held at a desired position in the
i ncom ng radi ati on beam 25 SEPTEMBER 2006 2 and that it can be noved
relative to the beamif so desired; - A programmable mirror array. One
exanpl e of such a device is a matrix- addjessable surface having a

vi scoel astic control layer and a reflective surface. The basic principle
behi nd such aadtlmbﬁianaatbasmvsdtrdaﬁve(tbdhebcemriflse)desirbdr essed areas of the 5

fl ti f fl dent di.ff ) wh
e ebeed oy ea ProeBhmgatle GG ERy. OnfitkadBlent S it AmiX e ae an

appropriate atmiefs@me guhﬁc%aﬁn% WRftddlastie cBhtrdli1BRE at@R rdIRchivd Sipfag6l Tt Oof the
refl ected beam | eaving onl he diffracted |I|ight behind; in this manner,

t he beam bed@m@npamieebqb@di %@b@n@pp@ams)mtth@ (fa ¢kesplienaddrpssed avens offthe he

TR 240 SRR UL M ) A R SOR RSB ReRRTT o

be i ndi vi dugkflset iﬂdlde;ﬁdhg}wmnaﬁfra@twhgy ©§iRE Yh Bgprapsate Fikt, end el | zed
electric field, or by enploying piezoelectric actuation neans. Once again,

the minors amdiffragted ilghfé@érbéé'ﬂtﬁtﬂde)m@ﬁﬁlﬁ r@ﬂmtedévmb@wgmn}wbﬁ diffepted r of | ect
an incom ng&@%%}%@ Flf?mangé} Bre Nl B %’%%?t aEt? %cr:‘cotr mu?o gu%lraﬁ Segs(?n mrrors;

in this man beamTs accor

addr essi ng Ratte@rdT ted matx- mtréslsabléldﬂfa%sS/&Ibhl@erﬁatf\fe%od'lfh@t ofequi red nmatriXx
addressi ng can be perfornmed using suitable electronic neans. In both of the

si tuati dfs EEAMBEGlHRHEY RERE cIPIYS gapatx AT agemeahel tea/rmmrqa%ofone or

nor e progrqmp & ¢ s here
referred to can J:%e glﬁjaane%ﬁg’?%tr%dgg@{rtr%?é& ;B 5' ’5@#% e%ll atl(g({sahg&{ag g@US

5,296, 891 arfitld)Sr by 2Riplchig pieLbeddvttidF4cTuatiah erdana ik agiinoths MiDoR&H88597 and
WO 98/ 33096, which are_incorporated herein by reference. In the case of a

pr ogr anmabl dn#fixrageressabley suqhﬁgatsaéipgpsge@ﬂgms Wi} rreﬂéﬁtmnénmmséa%ﬁwcheé@ as a
frame or t a%%’dliff%%ﬁe&ﬁfae%%r?to MHﬁlfés&P H‘f?} A Bk RinnelRUERIR AT be&AW red; and

- A programabl array. An exa a construction is given in
25 Unitad StpattemefPat@nding/t ﬁl,e%a&ne&mg pastericof the mand:oaddresshibld nhieross. Théy
reference. As  above, the support, st cture in this case may be enbaodi ed as
a frame or tr&fHieed maix addigpmingcanfy Oﬁ*ﬁ Bung w@% lelectronigneanssinbegh ofr ed.

For purpos €3ho &tu%'uHRé H&bltlyed ﬁé?@ab'b@é,tthé)]gat{emlﬁg heXds J}lﬁ)(:om%hsé: &hd 5’1’ rﬂmjeoc ations,
programmable mirror arrays. More information 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



specifically direct itself to exanples involving a mask angs SeskEMBIR 2006
however, the 30 general principles discussed in such instances should be
seen in the broader context of the patterning nmeans as hereabove set forth.
Li t hographi c projection apparatus can be used, for exanple, in the

manuf acture of integrated circuits (1Cs)3 In such a case, the patterning
means naey generate a circuit 25 SEPTEMBER 2006 3 pattern corresponding to
an i ndi vi dua:lattexay@rremondm tp @n indhddedlilayepaf thed@, aalthiseaitamead beamageda t ar get

portion (e. Si ne or IMOr e di es) ubst r.at e, ( con fer)
Phat has bechCoRPEPRDR S SRt el g Rs LR bbb SRARE s Tt )

I n general, tHat h&s Béneonrtievitha lab/eICdIﬁﬁcﬁhtﬁbrﬁséﬁ@mlven{h@érM(r‘és@tﬁ lageagent target
portions that are 5 succeSS|veIg irradi ated via the projection system one
at a tine. IsmguvrBnwilhpenipiatagghole éwozdypm;hwmtémt PRytiBys hah#iek on a mask
table, a dIS If chine. In
one type of PL¥%%3$2IﬁggmgfgﬁgngQﬁ£§§%§Ft ngea%: tar%%¥$§ tF%% i's

irradiated tbmmﬁ@gpﬂgarﬁlhg b@atmdsk oﬂ&&hasaaaﬁlerarulamcnoﬁ ben bamget bgosketr on i n
one go; such an apparatus is commpnly referred to as a wafer stepper or

st ep- and- r ef®adi i@e@ﬁma{f gaaching. larpng tynerof dithagaankinoproiaction apRag#HS SRSH
referred to

i rradi at ed b%%f)tﬁ)o%{r@glssﬁgg?é&gc%gnqp ftﬁyﬁ%rgﬁﬁé\sﬂg%ﬁerg%&]bog ettérgﬂeﬁ Ogt%"éi Bction
beamin a gionegor ficknanppardiug mtdnnﬁor(ly Ifnﬁ“er‘irabammarvgi'fer déppec bt siey-attdirdpeat

synchr onousl y scanning the substrate table parallel or anti-parallel to
this dirct idpparalisaan altismative ppnaratiyye- Wa@w%fﬁrrg%% SR $kFR- Pnchm a

magni fi cati or 5 \ ps@@éil,

substrate t%@?e I'S sgé%ngkaée{?\?% i i¥ra ??:E)tdofg}ﬁfél nmes %/% ng%& IC the mask
tabl e i s scaattenh. unﬂbaruhelprdjmtrmtbemm m/atgivenegtaraﬂce dlredtnohhjmgr‘ sqanmgtievi ces as
here descri bed can r exa from 46, 792, or por at ed
herein by réfEFapey Arieyag chﬁcm% Sifpsgiale taeerpgragl F?&%g?aaﬂf%?

proj ection apRALRLh, sﬁc@% Efidtal, &8 pt&edionls stén%ﬁ@avé%rﬁ%@mtlw}“&to?

substrate that Is at |east %artla @overe by a layer
radi at i di- séﬂig&nev‘élynﬁt)etheﬂlpeqd Esit s/lh)c;h the subsstrate tdbie & sncamgdrvgllﬂjeerfactbhe

substrate under go ro dures h as n si st coating
and a softnggﬁ’é“es,&?"ltg?wngi‘dg @‘ ag as §Q?B§?‘f§§ PrB ‘gilé géﬁisttoo ot her

procedures, |§ aphic 8eHQSlas ﬁé&%%rﬁ)ed Rakse él@ﬁ@d fcﬁ%ﬂ(ﬁhgﬁ”ﬁﬁﬁ] U 6*0@6 9ohake

and neasurenent/inspection of the imaged 25 feafur his array of

procedur es iiscarp@dted heribbgieferencepat t ern an i ndi vi dual | ayer of a

In a manufacturing 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



device, e.g. an IC. Such a patterned |ayer may then under g25SBEPTEMBER 2006
processes such as etching, ion-inplantation (doping), netallization,

oxi dation, cheno-nmechanical polishing, etc., all intended to finish off an
i ndi vidual layer. If several |ayers are required, then the whol e procedure,
or a variant thereof, will have to be repgated for 30 each new | ayer.
Eventual ly, an array of devices wll be present on the substrate (wafer).

These devi cetbe hpek tMimodhipBatgication:rd Rrasteal sivedierSemicendueion Rragassingich as
dicing or sap o i-ndi th,ﬁ! LAV : b unted on a
carrier, connec({]%%mp%’ gi nest%r%leltzégi’é{ljr erﬁﬁ\rﬁuﬁgkﬁ?gﬁ"ﬁgg’;’r di ng such
processes caiSBde0-0OBLH7280M4, osrpereesitietsin by esfer2bcSEPTEMBER 2006 4 t he book

"M crochip Fabricatjon; A Practical Guide to Sem conductor Processing",
Third Edition, BTt wakephsimplisity the pyoigetipp systesy B1ay disrsigpfics be refered tojasp
0-07- 067250- 4. +j.NGO : ' : : implicity,
the proj oot ins g hARLE e tEme bRy b ol FAErpr P of dRoBRIRIA vl
however, t hitgpésarfiprgjbaidnbybtermh irchdling tefibetiveropties refleceine optiassndig vari ous
types of projection system_  including refractive opticgs,. reflective optics,
and cat adi dPAQPIEG SYsETRS, fqrcﬁxa@pgﬁﬁ%mdmen FYRIFRIIAPISQ 8pluds RefPeneats

i ncl ude conp ted i : I for
ireoti g, SHaTn scORElR b B BEALIcRRn b lcolilE S bbb BER 00
such conponetht prayectioalbsamlvd racétenm; entl uch beinpunentOmeypblse be rafedrgd wrbelow,

singularly, as a."lens". Further, the_ |i1hographic aratus may, be of a
type havlioyng ?%Ctb‘f‘el%ﬁrr%n@ﬂﬂ f‘%tf‘elefl%tbﬁ%’glt‘?ratg‘ﬂillﬁ?ogwg‘?‘g?ppﬁ{ﬂt‘és IH%%/W ?fa?pl es).

In such " mubl phenSHADEH mOR%uB&Ratd 14818 ¢lidldr W8 or hithd RRSIBBIRE IWSRA | N
parallel, or preparatory steps may be carried out on one or nore tables

whi | e one or“mutiplectage’ devtdsgbe additidyail tahles msaydbefused axprosllal ew. prépasdtoryt age

| i t hogr aphi c .appar at us ar escribed, for.example, in 15 US 5 969,441 and WD
08/ 40791, bOTHo ROOIBrATCt 08 e Y Biprs Bpish ST ot At Bomo e ahes s beine

i ncreasi ngl yuss®d &podiRéd WuBBstaghd litho drasHi€ Asabahy ark ldR&ibRAL b Exbenple,tihe
positioning of the substrate and the nask needs to be very accurate. So,

during tlfe WBaR0Ad1@nd IMONS 45P], bantle incarporated sseindygeisrenge.nask, from one
position to another accurate transfer and.delivery.position.ng of the

bb; ect “needs t o Bttraf R BeluanEly S Tetisfrds S sRSistle ko oflinrer e
by a robot ofheBBétiBkihabOthe shbdfatdirdkibie sk h&ds e V@l Accurhte 'SA dafing flel ed
gripper. The robot conprises a robot drive and an arnset, to which the
gripper is aranstinedan pejepiasiphes grybyieass o1 aonaskh Eosuenstpoaition toaeotheranst er

apparat us pu&c%u}apeetransfer 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 Dby 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



substrate down on a receiver, e.g. pedestal or a chuck, cOXPSEBTEMBER 2006
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 arnset and/or the gripper, - wear in the bearings of
the robot, - limted accuracy of the robo§ and - tenperature expansion. 30
The velocity differences between the object and the receiver during takeover
can al so gdhesubstatadse srpper ¥ibswgeizen b yoshani¢ad liak is esteblishesrheaweandhe t he

system 10 Ul &R AIREERSE 1L 0SRREHLATH. Ol nBOLE LIS M EaBEt FRLS

relative to S TPECel VEr & mechani cal  dockK! ng ion en deverl o

Bef ore t he atdd¢Ringliefaseprotided obBRTEMBER &Q0Mmplibntiriechanisstis alse pRyvidedgr i pper
at the receiver, a nechanical link is established between the gripper and
the recei verbetwesa thegrppsr aad thejarmsststoglesoumirathe srpviementsraf thregrinne WiBcks i nto
a docking i L I i Lsm.i.s al so
pr ovi ded® baFieene R THECAS Yl e cal ol ey O B oF o

t he gripper ti¢ giiprer,raad phwad the sulishreteawith eéspedido therresdivdr ioinctdagedrdddoani cal

| ink, the accuracy of the positjon of the gripper,.and thus the substrate,
with res pectVll?rétl?WeaIF(E’é‘é?%u?‘FéL‘? Trlatyg yahyations of the grippenandyihe recgivgr ang

particular tr@tﬁm‘é& bad -{q\éqnlyt-h?lra%[:ﬁﬂ%opt e E&&B@feiaﬂg Ble I%Qé:lvilrb%n 8 GrdRLa, e

reduced and the nmutual accuracy of the substrate and the receiver can be
i ncreased. Wourseoiie secharfienl dedting sdatiordaankalsohesskdi forahe aarsalpsawetheelized f or

the reverse procedure, i.e. 10 picking up objects, as for instance a
substratld, fHEHNE MR OPigets) T in W‘ee\/ae?u%mtrﬁ?’sf? GIEFSPANET docki ng sol ution has

a few drawbacks gyh&aRr, e md¥Ratedlideating salstiH hdshere@r drRRBAckS "FREF thet NE
docking interface, a relatively large “deceleration can occur. In order to

prevent t he rsedhsnicatlmkfafdhe gnippiengngagehthe degang intexfacehaerefptivehdargas a resul t
of this dece]eration, the gri r.has to use relatively |ar 15 c¢] anpi ng
For ces 1 o ol EREST pkeur an BREESOREY B IRSPRRHE R HBE AT BeELoar e
difficult tqhoenssahsaaditionenisasRdritfons MRleripherl 1S S Wt RMkivEN 1&gy acuum

environment, vacuum cl anpi ng not possible,” so often ot her cParrps are used,
such as 18] eclamypisg farces tOdiblschgiQ sapstratedmposibas.ich highrlampiog fordemereer , t hese

o P e R SRR TS AT B O R ERC (1e
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



20 gripper. The docking interface on the receiver needs to29SEBtEMBER 20@G der
to be accurate. Therefore, the velocity of the gripper when approaching the
receiver needs to be Ilimted, in order to reduce the decel eration during
docking and to prevent danage of the nechanical |ink and/or the docking
interface. Lower velocities decrease the 5 throughput of the system Danage
and wear, due to nmechani cal contact between the mechanical [ink and the
docki ng i nt er f adle transfercrpgaislisds durper prayvided witlae neesawramienbdeyicesranggdsitoem | t

is an objec bnyvent. . QV] n par t hat
provi des an%%%%%gﬁ%p{lm o(as';t{b\c{)lf&ta{dr}gggf"g%w I%y}egg?cgé%:&%e%?eq&frtai ﬁ ag 1‘?%#% S vel y
hi gh vel oci tdymensséh whi | e reduci ng rel ease of contam nating particles. This

and ot her objects are achi.eved accordi gg to.the invention in a transfer
appar at us speci i EHUVH PEFIEOR SEART RGNS delgrhpyHh respsetalor edesied relativgpgsityon

SEPTEMBER Zq)gged&lthwaaﬁ‘;eggﬁft% AORal4g is further provided with a
. e ;

measur enment devi ce arrang neasure the relative position of the gripper
with respecte to thdelatvegiowition iofi theet grippasandathe recdivee issddjustedafor alimiixiag eesi t i on
error being defined with respect to a desired relative position 5 based on
the relati véglﬁ%? PYSYHP LR 4R @&,Semﬂlwmnr el ative position of the gripper

and the r ecel Veis,if o dhuSt fhakdhis aflefhkhile bt Biten ABSKpbOD €rTOr in

t he second position. Such transfer apparatus enabl es accur posi tioni ng
bet ween t he cgmipppiag the clyegtha ingartsheredpjrelahe tdvatver. Sincearosherharidal cantict he

receiver,.. Since no nmechani cal contact .10 between the gripper apd receiver
o requilPed beREeRdR SHRITRANG PRt drwiresp sBtampennoatiridésmegber « “of such

contact and cidcBehs Mpeult 8R5RN RAtabOMdRRIthérchBFcRBmihSifAsREc18sba esul t of
mechani cal inpact, while relatively high transfer velocities may be

achi eved. Accloasdil ngatresulirof andsbatiicsd mmpast, wiite relatizely ihagh tratiséer objoetties imsya
substrat e, sbuch as 15 nmask or a wafer, and the receiver is a substrate
tabl e, such %5&°WCH¥kK table or a wafer table. In the Iithographic industry

there is a greataddsrBdsof M endsodithéit @ tHeaRednEion BB BBREUS a shbiratd, 8 £l
apparatus according to the invention can be advant ageously
15 mask or a wafer, and the receiver is a substrate table, such as a mask table or a wafer
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 either 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



used in that industry. According to an enbodi nent of the i 2SSEPTEMBERIR606
relative position of the gripper 20 and the receiver is neasured by
measuring the relative position between a first reference point of the
receiver and a second reference point of the gripper. Using reference
poi nts enabl es the sensor to accurately determne relative position.
According to an enbodi nent of the invention, the measurenent device
conpri ses ato thegappesard Bemeesivesy andi alérgt igfererive poind e previdad @n shef grinper or

reference pojnt. .i rovided on th nsor. .and a second, referen oi nt
is provided a&h°‘%1%°§ Ogrtgep%r&peg)rgn%%geocﬁflgé{feerglﬁceﬁ?é& l%Pfoﬁb(ge‘ra;ongpe {95& VR enment
devi ce conprhs @feadiremesdeviveheSds O ifodporsted irdd ah BListify madtdhe, iBddAIEbd | I st
reference point is provided on the sensor, and a second reference point is
provi ded on difficultde Postipn thosiepspr ondbngrnper or tha recgiver.oh fragwsouldiiedbe i ve way
of det ersm' n%'garﬁ?[-oqlarel ative distance. Many ki nds of sensors can be used, for
i nstance,” a 1°%30 sensor, an interferoneter or a |laser sensor. The sensor
can either be poAtdordingdo an dnftedirgéntpfahe anvdhton, tthe tiansfer M@yaratdccariptiseg t o
an enbodi ment of the jinvention, %he measur enent device . conprises at | east
one sensor pRehapial dacking rmeans tos gnehanically dogking e aBiRPeytoha fEsse dhe 25
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point is provi on the gripper or an object on't gripper and a second
ref erence poieitively gpabde mdehdrespect e theegrgppee and Weereceiviie ang astefezenentpoile\is ce
needs to be incorporated into an ex'.stiﬁ\gs machi ne, it coul d te difficult to
posi t i onl® hePre¥Idsdr OB nthen ECiViEhp&locking: HIE BEERSTy &R | 2 Amerhamicat oty 338 Phe 5
sol ution. Ac i i i 108 ool .

Sopar s eoitaltaBehush), Shef MO BHIRE brrfes bBord EGRECIOR, arkb8, SRS Chripper |
gri pper to andedanewaitter theeasaivaterarride hecmednanpal desking cdnelas dorenwitls éovs or

rovided on a frane, .that is, relativel ble wth respect, to. the gripper
Bhd the. r acersjenion king pupd e Getypniaeet;d By merBmicl doghine Mesribed e
Docki ng the gxd P&Ighplt 6F tﬁ?%i?si‘é}hciéhot"iﬁﬁu&ﬁé’d Bg_thié,q;‘ﬁﬁiéttﬁgﬁﬁﬂf%l ¥f thehehivehe

gripper arrives before the receiver arrives. Since the gripper needs to
wai t forld heistleckntimg fagoarri ve, the nmechani cal docki ng can be done with | ow

veloot L1 es. L2k RGBS S SaNANLR0ES O ey oG RN el SO0 08 iy
since the argdtvaén e dripper AEPIhEQEceiver at the second position, is minimized. Minimizing
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.



15 is the limting factor. According to an enbodi nent of t)eSEPMEIBERDO0E he
difference in relative velocity between the gripper and the receiver at the
second position, is mnimzed. Mnimzing the velocity difference between
the gripper and the object hel ps ensure an accurate and snooth takeover. 20
According to an enbodi nent of the inventign, the difference in relative
accel eration between_ the gripper and the receiver at the second position, is
mnimzed. M niA§c2rdiag ine Baspeett the inventipr redatestopdithpgraphip erqjedtioper and

t he receiver pgglja&% coﬁn?)ﬁ*éirn .an even nore accurate and snooth takeover.

Accordi ng t 0 PAn “enbodrment of the inventi on, the neasuring device is adapted

to 25 neasure tadradiatbmtysven furrovidingiaprejectiotatsdam ofaadiati@ct i ons. . Measuri ng
the relative position in at J]east two directions hel ps ensure an accurate
and smoot h t-ake ARPPOASEYGHegr SHPAting PaBemngRcays. the BatferYIBE 3RS s HBS

relative SDOZth:hR&n J]?r"ojécﬁ%&‘bééi’n a&%ﬁ{ﬁf@”%ﬁ%& Bgt% 'rﬂ;f ormati on about the

relative po fon o he object wt spect to e gripper. The object
coul d be handed asmbstnate tpbigfoe holdingea betrabiapder . Such a pre 30 aligner could

provi de information. about the_posi.tion of the ohject with respect to the
gripper. This i rﬁHPl?ﬁE‘?‘bWSEeghfogQr‘ﬂg‘ﬁH’gtt GH%YCE‘?%%émtq%O ftest oartom of the e

posi t1on of &BGraigWIRRGR MY io&EHREhoidBioh REpAREE NI Bier cbfip M TirahfrcPSt abI | sh
a correct relat iravg position o? hesoot%j egt gftﬁﬁr espgg'? t% teﬁe 1;ecgtlever. 25
SEPTEMBER 2CfpparasisAaccowduligriig theanwerftiont her aspect, the invention relates to a

|'i thographi c projectjon apparatus conprising: -.a radiation_ systemfor
provi di g & pr oj AROTHRE A RFGET F5Ray ol Bresont HvesiigBariaics {4 4 Eetol of or
suppor ting RankRiMdsh HBEASIn o thisfeAbbRi ity ﬁ%ﬁ{b%ffaeg‘rifyg@ﬂ coépﬁﬂngﬁﬁ feghn the
proj ection beam according to a desired pattiern; - a substrate table for

hol di ng a sulnstof gtippingtlee object jpt o fiest PPLIHOR grut wsteasiog ther adjjest Bt meecond pat t er ned
beamonto a target portion of the ubst r at wherein the |.ithggraphic

o o] ect 1 on- dA5puRReEEaPle RarecsVis and a8 B o NER € Bt Reon ABEARANE « o
the inventi qRe oBiect¥ aQEEHNADokiPiod pldximBRIto @fResdiverichfableAsQ¥y | nventi on
relates to a method of transferring an object, in a transfer apparatus by

means oflSa gri pp‘gqaqsuldngrﬁ‘pei gﬁla;ﬁig'ea*{ositi@ang the gripper with respect to the receiver 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 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



one of gripping the object at a first position and rel easi 29SEPEEMBER200GL a
second position proxinmate to a receiver and releasing the object at a first
position after gripping the object at a second position proxinate to the
recei ver characterized by 15 neasuring the relative position of the gripper
with respect to the receiver in at |eastgone dinension, a relative
position error being defined with respect to a desired reI ative position
based on theacwﬂmgltvéhep@wttmnn msagwé@pturanﬁlcmq shguklrbg explicitly vedgsgievd i on of

the gri pper her m.ni m zi t|v 05|t on error
in the secor% ar& ﬁ’%?a 1(lzs‘cor é&%’ Ott%ergo?SIbq?ﬁépmcgéo% E ei nvention

relates to aenqﬂavye@en tHHiﬁaﬁlﬁEdtuhfeldf@ltthﬁ&Q@pﬁWdtéihi\ @uldanw A d&d&ﬂoﬁ
substrate that is at |least partially covered by a |ayer of radiation-

sensi tive neademsforpagnetie dpmag rp@@@lﬂ¢$ohquléﬁrys¥qédt§pladunagela thinofilstt i on beam
of radiati on,y eﬁ@{lﬁadéaéi‘é aitﬂe%ﬂﬂi%}ﬂ%h w111ug;&rgaamﬁ&teﬁl’lhé‘go%%?sﬁc% endow t he

proj ecti Oon bea ern’ini cr 0s sect projecting the
patt er ned bedwmafive q;jﬂmhmm ot wedf tiwertgeits petidle"oMwatkrtdre dledyrethioext

radi ation- senS|t|ve mat erial, 30 characterized by using the method of

t ransf er ri ngha#ddsjcansidered b?lﬂ%rqu‘if é%@ﬁtgelilmléﬁlf%ﬁn%sg SERFERST  t he
substrate t a d Although specific reference nay be made
inthis text(:Ja ng {a? eqsggig)%of£ e&%éggar atus 25 SEPTEMBER 2006 9 according to
the invention i rntheepromntifiaaimeme thé tehts | radiatistibandd ‘bbame xgelised td gncom@assst ood

e e L G RV e A
panel 5. -t hi T T e TR & 1 R A B o L b e
t hat, int he(exgomVeng awbvdmmgth irathe eangatS-2Aenrap pk weltas pagiclarspmss|icbfas idwe t er ns

ret| cle", "wafer' dté " in this text should be considered as being
r epl aced by bceﬁ’@SHBPlSC&éIh S‘terms "mask", "substrate" and "target

portion”, respegifyflidients of the invention will now be described, by way of example only,

15  with 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 radiation (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



In the present docunent, the terns "radiation” and "beam' asSEusEdBER 2006

enconpass 10 all types of electronmagnetic radiation, including ultraviolet

(W) radiation (e.g. with a wavel ength of 365, 248, 193, 157 or 126 nm and

extrenme ultra-violet (EUV) radiation (e.g. having a wavelength in the range

5-20 nm, as well as particle beans, suchigas ion beans or el ectron beans.

Enbodi nents of the invention will now be described, by way of exané)l e only,
1

15 with ref chaldiag atsgbstrage Wc@sgmawstwgatgé midigen Wefea), and ﬁ@;@lepwd\hms@ﬁ
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enbodi nent Qfd the invention; - Figure 2 dep| cts a transfer apparatus
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system aI SO conpris dation source LA; firs ect table
(rmask tabl e)trMEnpssmardaxlt)thdmmwhskhdapbahamsfnmy dnoplay mgpther kimbéf pditelningy. a
reticle), and connected to fi rsi9 posi ti on| neans PM for&gccuratel y

posi ti onthg TREISHIHSR AipPROFAFERLE TREror ARRY atypeas el ridosBP¥Eet tabl e
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10 holding a substrate W(e.§. a resist-coated silicon wafer), and connected
to second ppshof amchgromlmam mw#t@nganngmmyeﬂyopmslatlam ptagmtarseulsg bsémw at e
Wth respect tg itemP

t . . 0.
refractive offCCHIH I1%{3fa5n §%?@r?f%cﬁlrcgg ?Tﬁera;ng{ylfr% i3fjp % Jﬁblsg rfgéfr&‘gmgn :
irradiated pgrhiRdioafsyétb® (TRSHKnMdr)aN! QtiRr 8REA9or BREL AaRiheGrdvRr8d

15 conditioning means, such as a 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 c-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



conprising one or nore dies) of the substrate W As here d2pSEPEXiMBER2006
apparatus is of a reflective type (i.e. has a reflective mask). However, in
general, it may also be of a transm ssive type, for exanple (with a

transm ssive mask). Alternatively, the apparatus may enpl oy anot her ki nd of
patterning 10 neans, such as a progrannaune mrror array of a type as
referred to above. The source LA ( exci mer_ | aser,

undul at or presed éRerpcaradliaosifien tfﬁa@%kiﬁAdﬁme&qan mheea%qfﬁheabepb?%geeg ring or
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ot her corrporxmpbsed tsu(sltcpamd -§Hlan mppaegusa)tthc miabk mbht MTcma}djeslslmrcoﬁﬁbctddtotahi s way,
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ety o CORISBkS Sroar. of mag P et teoNA i Shistie, Woimeg b ehthiiinge gar o
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I'i t hographic projection apparatus (as is oft the case when the source LA
is a nmer cury | arifhe dezprct@(axpptaegscablbtusﬂhmmbdmﬁgremlra@ddse renote fromthe

| i t hographic. pr etlona a rad ation beam which it pr.oduc
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mrrors); thisgh & A8lecR@GRNBAE Bo (i%e. ki@ “flafie") 6aR% wg%ﬂp&ﬂ&en@mheeuﬂs&ates an
exci mer | aser. The current invention and clainms enconpass both of these

scenari os. ThbleB¥Ens %mhulﬁséqmémﬂ and/antyeditsetpons sorbatedi Kenont tavget portios Chel d on
a mask tabl &n I—‘i? 8% & veers%g %@ mask MA, the beam PB passes through
the lens PL,® 1% 18t X}Eue & am PB onto a target portlon C of the
substrate W2 W tif st&itmatél esdentility hecamid sshié hslicd ExvBRNBatBAWita@Ndrget
interferonetric neasuring nmeans |F), the substrate table can be noved

accur at elSy, pordon €ds aet axposrdsineisgleli fashy éﬂﬁtea{daﬂlgétlaSkﬁdﬂ@ Mohis movahlein@ pat h
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the path of thhehdpaediBn bead-PB Richeed 1@ sdaaniveitd mask inhféatorRhirrédtty, RSk MA
froma mask library, or during a scan. In
substrate table WT is simultaneously moved in the same or opposite direction at 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



general, novenent of the object tables MI, WI will be real 228dpTEMBER BB0GI d
of a long- stroke nodul e (coarse positioning) and a short-stroke nodul e
(fine positioning), which 5 are not explicitly depicted in figure 1.
However, in the case of a wafer stepper (as opposed to a step-and-scan
apparatus) the mask table MI may just bejgonnected to a short stroke
actuator, or may be fixed. Mask MA and substrate Wmay be aligned using
mask al i gnmelit harang s radiys tht iamebstantistly deternahedybyrthetlengtln kEtheBrm$23, 18hAs

depi cted apparatus .can b sed i different nodes: 10 1. In step node,
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is projected lnm\%%r%el(ls R-ar@ngdd8lctimy dredtjeot, K10h Qs A sitt@RusB@iid on C. The

substrate table WI"is then shifted inthe x and/or y directions so that a
di f ferent t dithegraplue prapestion apparatye In theembadamensydepistedin &ing- PBhe grippe2 151 n scan

node, essent.ially the sane nar i, o lies,,except that, a,qgiVv target 15
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direction) with a speed v, so that the projection beam PB is caused to scan
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noved in the,sane or,.opposite direction at.,a speed.V = M/i..i.n which Mis
the magni fi Glit BORPf! St ALCTatile ebedinenty siid s ¥ Blaip pased ofyfrickin Or'a gy 11 ¢
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to conprom se on resolution. Fi (I:; 2 shows a transfer apparatus, conprising a
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robot 10 can - o) i I 0 a
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nunber of ar - ty:dri : i r bly
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rotate the arns 13, 14 around the dotted.lines R agsindi cated in Fig. 2.
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desired posi2d can beiatdjustedarsmgrkmoenaechmivphes.he support 25 SEPTEMBER 2006

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.



12 11, having a radius that is substantially determ ned by23 SepTEmgiLi2606 t he
arns 13, 14. As is apparent, also other kinds of robots may be used. The
gripper 15 is arranged to clanp an object, such as a substrate used in a

| i t hographic projection apparatus. In the enbodi ment depicted in Fig. 2 the
gripper 15 5 is arranged to clanp a wafqs W but the gripper 15 can of
course al so be used to clanp, for exanple, a mask MA. C anping can be done
in several ways,Itw#lb¢ nedessioad helUsesdensatsdve aﬂmntqdrssnmgerea,méhgmcpmar 15

can use a | Qw.pressur suc the fer Wto
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advantageous to provided the second reference point 16 on the wafer W instead of on
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 can
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 control device 40 is provided to communicate with the

sensor 22, the robot drive 12 and the wafer stage 20. The wafer stage 20 1s usually

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



di mensi on or in several degrees of freedom Also nore than2®SEPEEMBER 26064 d

be provided, as will be understood by a person skilled in the art. 25
SEPTEMBER 2006 13 It will be understood that nbst sensors have a limted
sensing area, so the second reference point 16 will first have to be

brought in to the sensing area of the sengor. The sensor system can further
be arranged to neasure the relative velocity and/or acceleration of the

gri pper 15 whuch arconpreldevias 40manyief arstagice de a20mpOfer devics,eoniprisingla be 5

under stood that t.he s?ns(gr 22 with.tthe first ref ereng.i] Oiﬁ’% can be
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determ nation of the relative position of the gripper 15 and the wafer stage

20 wi t hout resgsfierilngrontierse and adiysted therelgtive gosifion will be pbrest fized gosblvgher
nmechanical ly, This. cC or i hi iV r .10
recnart o3 ety A o, IBLAIF B B8 4985y AL A BBREHD By B bl

el ect r omagnetss or Vice iversa!ise0 aip 86t nd GndiR ghippihbeilearABEWefrof thexrafencoder .
Such sensors 22 are known to a person skilled in the art. In nost cases the

rel ative posstagediy the guprervaf er Wwith respect to the gripper 15 will be
known, since theA%ﬂthe?%rrnbﬁgfinPén? lé?tthﬁgnx&gﬁoﬁvﬁzﬁﬁ{)\gx\{i%gig?p&zﬁér%'tliegs%g%oa 250l s pre-
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gri pper 05, Frefegahly,dhgEamg 30 antelajiwslystilovigy isspegtte the gripprdadnddheyveite poi nt
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posi tionlser rgippeans.t han be determ ned by finding the difference between the

desired and the neasured rel.ative position. The rel aﬁyl ve position error can
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It is, for instance, possi
wafer W, similarly, the 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



adj ust the position of the gripper 15 or to adjust the pos23SEFTEMBER2Z0GGS er
stage 20. It is 30 also possible to adjust positions of the wafer stage 20
as well as the gripper 15. In order to nmake these adjustnents, a control
device 40 is provided to conmmunicate with the sensor 22, the robot drive 12
and the wafer stage 20. The wafer stage 26 is usually provided with
actuators, that are arranged to adjust the Position of the wafer stage 20.
25 SEPTEMBERY26iysting the pogiHon of e wafer wesfifetheovaierstagedi0 qapdeapryied uptl a
conput er_devhag;s ROFAIISHARVE poBfBRERSE A HBWardW cn BEFBEKe Y e BagdrS knOWN
to a person skilled in the art. Since the relative position o the gri pper
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waf er stage by the gripper 15. A further e the inventfon'is
shown in Fi gn al3imidrevay ashbeabnieseritied abeve. provi ded on a frame 30, that is

i ndependent of L gri r 1l nd the wafer stage 20. . 10 Preferably, the
rame 30 1s ol WiLepRR emboftients 0T pEtnvoh Ry heen deroribsd Sheres Retilat or
stage 20, fqj JpPstARAGhat SROBOECARS ey Bt HasRel otHARisd RMNE deddibed OTRL | VE
position of the gripper 15 and the wafer stage 20 is then determ ned using
t he sensor 2i2sdriptioeasnntiimgndddeo diplitthevevepben.ti on of a first reference point
31, prggided on the wafer stage 20, and a second reference point 32

provi ded”on the 15 gripper 15. In practice, the gripper 15 hol ding the wafer
Wtypically arrives at a position for release of the wafer Whefore the
waf er stage 20 arrives at a position for receipt of the wafer W simlarly,
the gripper 15 picking up a wafer Wfromthe wafer stage 20 may arrive at a
position for gripping the wafer Wbefore the wafer stage 20 arrives at the
20 position for releasing the wafer W In that case it could be preferred to
use a nmechani cal docking system for docking the gripper 15 to the franme 30,
as is depicted in Fig. 4. Since the gripper 15 will have to wait for the
receiver 20 to arrive, this nmechanical docking can be done with relatively
| ow speeds, taking away nuch of the drawbacks of nechani cal docking as
descri bed above. Al so, possible wear particles 25 generated by the
mechani cal docking will be less harnful, since these particles are not



created close to the wafer stage 20. The gripper 15 i s nov2S\BEPERMBER 2§06

coupled to the franme, of which the positionis relatively still and
determ ned. Coupling can for instance be done by neans of a nmechanical |ink
25, fornmed as a part of the gripper. The nmechanical link 25 is arranged 30

to be engaged by a docking interface 26. The unwanted di sturbances com ng
from arnset 13, 14 are mnim zed by applying a conpliant nechani sm 24
al ready mentioned above. As a consequencel®f the conpliant mechani sm 24,

the relative position error can not b . ni mzed by adjusting the position
of the gripper 15, but will only be po e 25 SEPTEMBER 2006 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 W

can be rel ehsedTranstencanparatys fef Jgpnstaying anh, Obigst W), s thsi dresfer; pPpYratuse

gri pper 15.Cc‘égﬁdﬁﬁg§or 22 can determne the relative position of the wafer
stage 20 by etermning the relative position of a reference point 31
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above. Wil st specific enbodi ment.s of the inventjon h?ve been. descr.i bed
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obj ect (W, rdchiwet 20hsf er apparatus conprising a 5 gripper (15) for at |east
one of gripping the object (W at a first position and releasing the object
(W at a seele)aﬁg“ﬁ'b@fitm’c}ﬁatpr oximate to a receiver (20) and rel easing the

obj ect W ., at fi i1 af Wefoy he 0Rj 0
posi ti 0}16 pr oxi n%eeh?%gf?lﬁgﬁb&rr%@gi 1§e§:??1518;pkd§ﬁ%éragg{1 @r iazgiggﬁ?ﬂ%rﬁg%&% t@%g
transf er appaargedso neafure theerelapive positon of thh gappedd by with méspeeito e re@dyer

arranged to grasure he relative Rosition of the qripper (1) wifh fgspect
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 the gripper (15), where
15  the interaction between the measurement device (22) and the first and second reference
point is contactless,
. a relative position error being defined with respect to a desired relative position
based on the relative position measured, and

. the relative position of the gripper (15) and the receiver (20) is adjusted for

20 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
table (MT) or a wafer table (WT).

25

3.  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).



(20) in at |east one dinension, wherein the relative posit2®SEPTEMBER Q00 per
(15) and the receiver (20) is neasured by neasuring the relative position
between a first reference point of the receiver (20) and a second reference
point (16) of the gripper (15), where 15 the interaction between the

measur enent device (22) and the first and second reference point is
contactless, a relative position error being defined with respect to a
desired relative position based on the Yelative position neasured, and the

rel ati ve pogiti ﬁ&n?fe %{}far%'s pa@&{rdﬁak% Ahth 1% ﬂ%ﬁ?'ZVWh &%Q)thét ﬁqeﬁﬂﬁéjﬁén‘?d for
20 mnim zing the Pl athve posrtioff error In the sétond position. Z.

Transf er appeviad (R)awngriten @t leascbas Berdsor pheridddnoi ke @bippert (153 aadsdilfisstr at e,
such as a mask (MA), or a wafer (W, and the receiver (20) is a substrate
tabl e, suchrdgence p@ipt is; provisded \am ths sensofdRel and i gecongryefereyee point 4Hyrisr

appar at us aﬁlg)q,{&gh%gt gse@ay,ep@g)'of the preceding clains, wherein the

measur enent “ devi ce (22) conprises at |east one sensor provided on the
receiver5(20) and a first reference point is provided on the sensor (22),
and a second reference point 30,(16) is provided gn the gripper (15) or an
object (W on t“ﬁ@nggr (FpR3ralug pecorgmede Wgtwr 3,17vh&relﬂn%§\eéﬁur%%r at us

accor di ng t geta(%) LoRfpristPhtMedst ow,eﬁélgg'op }mdéae&?wm@gzo dgui fgeregaaeél
conprises at |east one sensor provide OR the gri pper ( 5} and a |rs¥
ref erence pstable with mspact de theogrippee (15¢ asd the( 229iyera36), and edosdrefeéreegooe poi nt

(16) is provided on the receiver 0). 5.5. ansfer apparatus,according to

Giatm L of CIAMPEYEARh EORESASL R et (O Lo BPoe d AL 85eandl cast

one seng@r %f&%%%??)iﬁ%?){iﬁ@%@déd@the}&@fvef@205.e| atively stable with respect
an

to the gripper d receiver (20), and a first reference point (32)
is provided on the gripper (15) or an object (W on the gripper (15) and a

second 10 referenc oi nt (31) i.s prqvided aqn the receiyver 0). 6.
Transfer apPara _E?é‘séf: gﬁﬂaﬂ?tﬂ_%a‘i%“h?%ﬁrﬁqimb oﬁaéli“?rsﬂ","ﬁ%@rtg? Hﬂgﬁ%@‘)ﬁppgﬁ'glﬁer
apparatus  cofpfides %ﬁedﬁﬁﬁi@él”d&%ingﬁﬁ@éﬂs%r RAAMiEAy JBRENEHE ed@sikdg the
gripper (15) to a frane (30), the measurenment dévice conprises at |east one
sensor provirdmd @GA),tthe measurement device comprises at least one sensor provided on the

15 frame (30), that is relatively stable with respect to the gripper (15) and the receiver

(20), and a reference point (31) is provided on the receiver (20).

7.  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

20  second position, is minimized.

8.  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.

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

directions.

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

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



15 frame (30), that is relatively stable with respect to t2feSERTEMBER 2005
and the receiver (20), and a reference point (31) is provided on the
receiver (20). 7. Transfer apparatus according to any one of the preceding
clainms, wherein the difference in relative velocity between the gri pper

(15) and the receiver (20), at the 20 second position, is mnimzed. 8.
Transfer apparatus according to any oneV@f the preceding clains, wherein the
difference in relative accel eration between the gripper (15) and the
receiver (20), at the second position, is mnimzed. 25 9. Transfer
apparatus according to any one of the preceding clains, wherein the

measuri ng delvi detlozpaphicsprartapioreappamtuecmprisinghe rel ati ve position in at

| east two directions. 30 1Q. Transfer apparat us cording to any one of the
br ecedi ng cl ai ruTsdiEaR srver i prp B Asso e gt B RGRIPET Al 0o dt or i ned
usi ng i nformat i PgppsAYtuéthe fb?b@%bﬁﬁléﬁﬁ&bﬁﬁ eddls, thi a@&hﬁﬁ%tméam s/ fnB
respect to the gripper (15). 25 SEPTEMBER 2006 18 11. Lithographic

proj ect iSon tapetiemtthe propeetion beamy aceordingitama destred pettem f or provi di ng a

proj ection beam of radiatign, a.su r{ structure for supporting patterning
means, the pat t%?‘{l?fﬁﬁe ﬁ%’;%gorglgfq}?%ggu%é&?t& tern the projection beam
according to a gesjdcAsn Batdne fdtiprojedtiripths pittdrfed ahforftoh ti1gttPortorPofiHPSt I at e;

and - a projection systemfor projecting the patterned beamonto a target
portion of substrateshetacterized wHhatdhe bhogeaphicprejpetion appatafusHoghersamprigesdy ect i on

apparatus further conpri . tran a according to one of the
plrogcedi gg Cﬁrjasﬁeg'apﬁ%g@%&%gcpﬁ%ao J(;)r?e cﬁtg%gl%gﬁé%gg@]&obj ec!t ?V\) in a transfer

apparatys by nmeans of a gripper (15), conprising at |east one of gripping
the object (W at a first position and releasing the object (W at a second

posi tion prbiki ndethod of rapdesingan obxgl (Whdn p dpeyer sparatusdygppasoligw at a
0t 0T RE e PORPH ] RLFSTpbi i oBcEPORT: PR o b
releasing the object (W) at a second position proximate to a receiver (20) and releasing
the object (W) at a first position after gripping the object (W) at a second position
15 proximate to the receiver (20)
characterized by
. measuring the relative position of the gripper (15) with respect to the receiver
(20) in at least one dimension, wherein the relative position of the gripper (15) and the
receiver (20) is measured by measuring the relative position between a first reference
20  point of the receiver (20) and a second reference point (16) of the gripper (15), where
the interaction between the measurement device (22) and the first and second reference
point is contactless,
. a relative position error being defined with respect to a desired relative position
based on the relative position measured, and

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

the relative position error in the second position.

13. Device manufacturing method comprising:

- providing a substrate (W) that is at least partially covered by a layer of radiation-
30 sensitive material to a desired position;

- providing a projection beam (PB) of radiation using a radiation system (Ex, IL);

- using patterning means (MA) to endow the projection beam (PB) with a pattern



measuring the relative position of the gripper (15) wth r2SSEPTEMBERRB06
receiver (20) in at |east one dinension, wherein the relative position of
the gripper (15) and the receiver (20) is neasured by nmeasuring the
relative position between a first reference 20 point of the receiver (20)
and a second reference point (16) of the gripper (15), where the
interaction between the neasurenent devigce (22) and the first and second
reference point is contactless, a rel atd ve position error being defined
Wi th respect jtQréssd8sidednd €l ative position based on the relative position
measured, and 25 adjusting relative position of the gripper (15) and the
recei ver (20) fpojesting thiezatigmed heam ¢PRY ofiredipiosri ¢niton tangeioportion (C)eofslecond

position. 13. vi ce.manuf acturing,net hod conprising: - providing a
substrate ( a?ﬁg?ﬁwgnﬁﬁﬂ§€%§fnqﬁﬁgﬁaJIy covered by a layer of radiation- 30
sensitive material {fr@tdpelibgd position; - providing a projection beam (PB)
of radiation using a radiatioh system (Ex, IL); - using patterning neans
(MA) to %ndusing the mathydef dlaim b2tortranPe) the substeato@l) tr i@ 8esBEPPRIBER 2006 19
inits cross section; and - projecting the patterned beam (PB) of radiation
onto a target portion (C) of the |l|ayer of radiation-sensitive material,
characterized by 5 using the nethod of claim12 to transfer the substrate
(W to said desired position.





