DI SPLACEMENT MEASUREMENT SYSTEMS LI THOGRAPHI C APPARATUS AND DEVI CE
MANUFACTURI NG METHOD 1. Field 100011 The present invention relates to a

di spl acenent neasurenment system |ithographic apparatus and a nethod for
manuf acturi ng a device. 2. Background [0002] A lithographic apparatus is a
machi ne that applies a desired pattern onto a substrate, wusually onto a
target portion of the substrate. A |ithographic apparatus can be used, for
exanple, in the manufacture of integrated circuits (1Cs). In that instance,
a patterning device, which is alternatively referred to as a mask or a
reticle, may be used to generate a circuit pattern to be fornmed on an

portion-(DIFLACENERY BEASURERERNT SySTRVETL HARRFARRAC ShRARARUST.

a silicon wafer). TransfgNpPHEVIEE Mgtﬁ@pggmﬁmq@tmgpa i magi ng onto a
| ayer of radiation-sensitive material (resist) provided on the substrate.

In general, a single substrate will contain a network of adjacent target
portions t hat 1:arg successi vely patterned. Known |ithographic apparatus

i ncl ude sd-cal Ifad steppers, in which each target portion is irradiated by
exposi ng E[OO(ﬁ'TtTHe‘%)r&%htt iRV EntRALrBlateld §o b AlsPREeRGt tn @Burdhent¥ysRm, Hitbgensal | ed
scanners, in which each target portion is irradiated by scanning the pattern
t hr ough aapa@m‘alsaodmammlmdﬁwrmagufaemldglaeiwmgn (the "scanni ng"-direction)
whi | e synchronously scanning the substrate parallel or anti-parallel to
this direction. It is also possible to transfer the pattern fromthe
patterning. dewg&ké@,uﬁdpe substrate by inprinting the pattern onto the
substrate. Q&23003 The continuing drive to produce devices with ever higher
conponent [0@HdiA h@@gmhwgpp@mts is maraghiing that apmics adesice dpattgrmorio @ substrate,

creace vdriaRiEEs B pition ol TAShARS WTiRAERRRE iR cdh Red TpEerathpte,
desirabl e jh ¢he rﬁé}ﬂifidﬁhretomﬂlt@g}ﬁteﬂ|cﬁ6u1@sf(l@%nﬁptﬂ§tﬁh§taﬁb!et Rbhtténinigtdeome APKILE is
apparatus with ever greater accurac or exa . 'as the size of the

snal | est @&m@@h@iy sefegedbie Fsarmesk R ratl@lﬁsbm}fbﬁ @edé@g@wﬁ@g a cireuit pattegie &) bcabl e
to cont roI e r re

[ 0004] Convenctl on?ﬂ ﬁld Il<du my%rr%fitﬁ%f%n?‘fégﬁ‘é%%rg C%\S’E%HQ%SZ?I n OIR %r peorrtéOn may
Dnvent | onat ot e oL ey oy ot ﬁi%?ﬁ:ﬁ?ﬁ’ﬁ:"?“%e“?:srf“t"ﬁr‘%eugh
whi ch t he Dedernds ypiral s yia igTagingontg @YP@Pﬁiﬁé‘PB‘PH -pelstive material (resist) provided on

the substrate. In general, a single substrate will contain a network of adjacent target portions

that are successively patterned. Known lithographic apparatus include so-called steppers, in
which each target portion is irradiated by exposing an entire pattern onto the target portion at
once, and so-called scanners, in which each target portion is irradiated by scanning the pattern
through a radiation beam in a given direction (the “scanning”-direction) while synchronously
scanning the substrate parallel or anti-parallel to this direction. It is also possible to transfer the
pattern from the patterning device to the substrate by imprinting the pattern onto the substrate.
[0003] The continuing drive to produce devices with ever higher component densities means
that there is a continuing demand for lithographic processes, which manufacture such devices,
to be able to create ever smaller components. A consequence of this is that it is desirable to
control the position of components within a lithographic apparatus with ever greater accuracy.
For example, as the size of the smallest components to be formed on a substrate decreases, it is

desirable to control the position of the substrate with ever greater precision.



Such di sturbances may include air turbul ence and thermal variations.
Accordingly, the accuracy of conventional interferonmeters can only be

i ncreased by mnimzing such disturbances. However, minimzing such

di sturbances, such as by introducing delays in order to allowthe air
turbul ence to decrease and/or to allow the tenperature of the air to settle
to wthin a required value, reduces the throughput of a |ithographic
apparatus and, accordingly, increases the cost of using the apparatus.

[ 0005] Furthernore, any neasurenent systemmay only occupy a limted vol une
of space [0004hiContdigiohallhgvappiecisnpansatd) suchSIMMIBHRYronjdd9Ghay proviledesi r abl e
to provide an inproved precision _neasurenent systemthat is |ess .
suscept i bPEEUHe ppsiiprmepsurciney, Howevesdhe aequasy of coayegdionpidnistermelsrsise.
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di spl acene I'ng system configured to neasure the disp

bet ween f iSush distutbaneenmay dichideadrtturbnlenge ad thgsnalwhsatdim. Aveordiggdyrtkerent
systemis configured such that; a first beam of radjation _.input to the
rreasurerreﬁ?C‘%Wt(EﬁPP‘éen&PWId’é‘GrfFW“FF Faft OTHh fe HISERASFY BY MIRIGHZIBE gdh di f f r act ed

radi ati on I.r st dif | g L NG, i : t ]
first or dggﬁg%cp%c$gﬁe¢ég a ?nélg?%lfrl]é %ggrrs ar él?c;elgj?tg %%%41%’ Hiog%%lggg%%?%ﬁedrés{egcond
di ffracti cnalipvatheraiy tartahlesiab seedgoecase ynd/orto alibiwrtbel tempetaum o tikedotocselileam of
radi ati on; .the measurenent stem further includes a sensor configured to
det er ni ne %qqatr?@éﬂﬁ?,srsfée% rifroyghrut T ¢ {ithographis appatsHis 4atqen '8.0m a
det er m nat. I f e between a first conponent of the
second begﬂnc?&éée%tpég%ﬂg?rﬂéﬁg%egp??%gﬁ order diffracted radi ati on beam and a
second coff93¢ Furthérntone any corasurbmant systeharmayecnlf oenpyteelimaedtolumefof spdce or der
diffracted . radi aﬁj on b%?m and wherein the nmeasuring systemfurther

i ncl udes dfithinsthe Jithneranhic,apnaraly ar i zer confi gured such that the first and
second conponents of the second beam of radiation are linearly polarized,
oriented in nutually orthogonal directions. 2 [0008] According to an
embodi ment of the invention, there i SUMMAREd a di spl acenent neasuring
system configured to neasure di splacenent between first and second
conponents; wherein the first conmponent is or is attached to a first

el ongat e qadol] ¥GE UestraBleath iph@yidd Al Revelsibeisibh leabilrSmehy SR thal ik @&t i on is

parallel to a first direction; the second conponent is or is attached
susceptible to errors but which does not occupy a large amount of space.
[0007] According to an embodiment of the invention, there is provided a displacement
measuring system configured to measure the displacement between first and second diffraction
gratings; wherein the measurement system is configured such that: a first beam of radiation
input to the measurement system is divided into first and negative first order diffracted
radiation beams by the first diffraction grating; the first and negative first order diffracted
radiation beams are further diffracted by the second diffraction grating and subsequently
recombined to form a second beam of radiation; the measurement system further includes a
sensor configured to determine the relative displacement of the first and second gratings from a
determination of the phase difference between a first component of the second beam, derived
from the first order diffracted radiation beam, and a second component of the second beam,
derived from the negative first order diffracted radiation beam; and wherein the measuring
system further includes at least one linear polarizer configured such that the first and second

components of the second beam of radiation are linearly polarized, oriented in mutually

orthogonal directions.



to a second elongate diffraction grating oriented such that its el ongate
direction is parallel to a second direction which is not parallel to the
first direction; the neasurenent system further includes a sensor
configured to detect a pattern of radiation generated by the diffraction of
at | east one beamof radiation by the first and second el ongate diffraction
gratings; and the pattern of radiation is indicative of the displacenent of
the first elongate diffraction grating relative to the second el ongate
diffraction grating in a third direction perpendicular to both the first and
t he second008]exdcoating {00 biRentdifnige inveraivnethierds Providedf a dibglacamwint i on,
there is provided a displacenent neasurenent systemthat neasures the
movement ORCAUERG syistegh@digures tgmeasure &lwl@e@ewcb%‘ﬁffe@cffrst andReFQNSl GORENERtEiS
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diffraction grating; the sec fraction grafing Is configured such
that: at lipelsdesa seasdr coﬁﬁgtlred fa al&td:ctarpdm:m ro&mchatlounrgenénamm tyttbe fliffra¢tion of at
diffracti ratin urt dlffrated econd diffraction grating
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i nci dent ahe sdvend elongate ﬁdfrad:tmrgraﬂrr@ ini arthird diré¢ticmqiermmdpubar ito othamaifitsoarid
radi ati on Herlveﬁ? from the first order diffracted radiation fromthe first
di ffract i dA€ 3FeeRY AEHOR: r adi ati on derived from the negative first order

di ffract eg(m@i'@édo&finé PR dhodimEstordhd b afionOthe i ptd\§dddSa divplhdilent
diffracte by the first diffraction grating and propagates fromthe second
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first obj eséeragl @Ega\tﬁletfﬁs@r&eﬁ@ﬂﬁc&ﬁlr&ﬁﬁuon is incident on the second diffraction grating;
the second diffraction grating is configured such that: at least a part of the first order radiation
from the first diffraction grating is further diffracted by the second diffraction grating and is
incident on a second point on the first diffraction grating; at least a part of the negative first
order radiation from the first diffraction grating is further diffracted by the second grating and
is incident on the second point on the first diffraction grating; and both radiation derived from
the first order diffracted radiation from the first diffraction grating and radiation derived from
the negative first order diffracted radiation from the first diffraction grating is further diffracted
by the first diffraction grating and propagates from the second point on the first grating in a
common direction as a second beam of radiation; and the displacement measurement system
further includes a sensor that detects a pattern of radiation derived from the second point on the

first diffraction grating, indicative of the relative movements of the two diffraction gratings in a



including: a first planar diffraction grating, connected to a first prism
and nounted to the first object; a second planar diffraction grating,
connected to a second prismand nounted to the second object; and a source
providing a first beam of radiation; wherein the first beamof radiation is
incident on a first point on the first diffraction grating and diffracted
such that first order and negative first order diffracted radiation is
transmitted through the first prism the second diffraction grating is
arranged such that the first and negative first order diffracted radiation,
di f fract ediideytidnysarliel $d thgpddnernd the diffravtibn gritingsandygerpacidoudardo tie saxidtions of
grating at_first and second points, on the second diffraction grating,

di f f r act edhd{iffradion g&3@sdi ffraction grating and propagates into the second
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grating is urther diffracted by the second diffraction grating, passes
t hr ough t Isecdndrabjecrand msawae psoviding adiesttbeam of rakatomg wherem therfirstteami ofst

diffraction,.grating.and is further djiffracted such that . radiatio erLved
from ¢ he. FRIGoTsdgdethan aifkshnoghionshe fisf QFtFes b erying: ad ffap R Bt ke e
by the fidi&dr afli hESAREIRR SIS HiRRACRE FRBEVES rhh b BrrSEAPME RQIPAmOthet he
first diffraction grating in a conmon direction as a second beam of
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i nvent i on and [propagstehimtalthese¢andcprishy thesspearid prisanisicenbgurgd sydhthat radifberence to
t he acconpanyi ng schematic. drawi n .n whj,ch correspondi ng..referen synbol s
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| i t hogr aphhé&déR Bakidkd!sndeoarh Golifs sPthe Re@nE AABINGN Shtih) GedpyEVHly, @Pan addl®13]

Figures 2a, 2b, 2c and 2d depict a displacenent nmeasurenent system according

to an entrotillebietthoradidienprepagating figmrihe Grst and@eand poigisransthgsgcosd diffactipnd 3d
depict a dgirgtpnlg? & 15 1§1tior}1ei%§1 CHt On the ﬁXr%ta%H] e\t Oproqriltrs] %ntt}(lje &lond diffraction grating is
further diffracted by the second diffraction grating, passes through the first prism and is
incident on a second point on the first diffraction grating and is further diffracted such that
radiation derived from the first order and the negative first order radiation first diffracted by the
first diffraction grating propagates from the second point on the first diffraction grating in a
common direction as a second beam of radiation; and the displacement measuring system
further includes a sensor that detects a pattern of radiation indicative of the relative movement
of the two diffraction gratings in a direction parallel to the plane of the diffraction gratings and

perpendicular to the striations of the diffraction gratings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011}] Embodiments of the invention will now be described, by way of example only, with
reference to the accompanying schematic drawings in which corresponding reference symbols

indicate corresponding parts, and in which:



enbodi ment of the present invention; [0015] Figure 4 depicts a detail of
part of a displacenent neasurenent system according to an enbodi nent of the
present invention; [0016] Figures 5a, 5b, 5c and 5d depict a displacenent
measur enent system according to an enbodi nent of the present invention;
[0017] Figures 6a, 6b, 6c and 6d depict a displacenment neasurenent system
according to an enbodi nent of the present invention; [0018] Figures 7a, 7b,
7c, 7d, 7e and 7f depict a displacenment neasurenent system according to an
enbodi mrent of the present invention; [0019] Figures 8a, 8b, 8c, 8d and 8e
depi ct a di splacenent nmeasurenment system according to an enbodi nent of the

. acer ' e ( |
Peasur enent00ghf e LA s pigeFanbic TBGhR AR RGAO AR EREbe et b A BEHEA
that may ba3pHigufes@anpbinetan@nd\depiat @dis{)lhé@ﬂélﬂlﬁiﬁamremﬁmyaﬁeuﬁaccbﬂmb an

Figure 10 dEBIQtS an_arrangenent of displacenent neasurenent systens
accor di ng tmbodimeahefdhe presentdnventienipr esent i nvention; [0022] Figure 11

A e R e o T e

ar r angenentmebdifieapbfate préntiBambeent systens according to a further
enbodi ment of the invention; [0024] Figure 13 depicts a relatively sinple
di spl aceme 01k Eiguretdenicts g Sedthal par oF & difplaeementmaasysmeRbyieHEfcOrUng fgan
i nvention; aﬂgih%g%QthbﬂH&ﬁi&émﬁggiCts a schematic arrangenent of a
displaceneﬁp ﬁ%asurenen systemand the sensor unit used therein in

accor dance [0916 Fasureasa0 o, iR rind 34 depiet & Bisplatément nfeablirdkhiysS(ERbITON an
[0026] Figure 1 schematically depicts a |ithographic apparatus according to
one enbodi AaRedimgnt efifhe prasenftinRtionhe apparatus i ncl udes an illum nation

Lot ! O GRS SRR GG ARl Gy Y
const r uct edmbodisieppof the preperittinventing, devi ce (e.g. a mask) MA and connected to
[0018] Figures 7a, 7b, 7c, 7d, 7e and 7f depict a displacement measurement system according
to an embodiment of the present invention;
[0019] Figures 8a, 8b, 8c, 8d and 8e depict a displacement measurement system according to
an embodiment of the present invention;
[0020] Figure 9 depicts an arrangement of displacement measurement systems according to an
embodiment of the present invention that may be used in conjunction with a lithographic
apparatus;
[0021] Figure 10 depicts an arrangement of displacement measurement systems according to
an embodiment of the present invention;
[0022] Figure 11 depicts an arrangement of displacement measurement systems according to
an alternative embodiment of the present invention;
[0023] Figure 12 depicts an arrangement of displacement measurement systems according to a
further embodiment of the invention;
[0024] Figure 13 depicts a relatively simple displacement measurement system in accordance
with an embodiment of the invention; and
[0025] Figure 14 depicts a schematic arrangement of a displacement measurement system and

the sensor unit used therein in accordance with an embodiment of the invention.



a first positioner PMconfigured to accurately position the patterning
device in accordance with certain paraneters; a substrate table (e.g. a
waf er table) WI constructed to hold a substrate (e.g. a resist-coated

waf er) Wand connected to a second positioner PWconfigured to accurately
position the substrate in accordance with certain paranmeters; and a
projection system(e.g. a refractive projection |ens system) PS configured
to project a pattern inparted to the radiation beam B by patterning device
MA onto a target portion C (e.g. including one or nore dies) of the
substrate W [0027] The il |l um naDEDAIEKBIRESCRIPTION ude vari ous types of
optical conponents, such as refractive refl ective, nmagnetic,

| ect i | ect f t | .. .
conbi nat; JREFisHe  rermalrali fonic LRt aPbugRi atfirving WHA Shpgimehe "
[0028] ThepiBRAVehtiSH. r"ltlﬁta'fbf)ﬁraﬁid RIQEES an il @ninBES Sy st (INBIndkorP{L cérttRured to

patterning device. It holds the patterning device in a manner that depends
on the ori eonditioronradiatiohdepath exHilhy ratationeor FUAE radisingra sm)porﬁetrucrtuwdgga@hr C

DAL or i o™ Heb Bl FAT RERHH SIS suriih ERor Pt RARE e Bk Tt U kst an

use nechapifedpositEcdd PRI c&{fﬁg@ﬂédotstaaéur@te@rpo@&lbﬁrhecﬂa&emlﬂgdéve&hﬁlaw&aﬂc@whml d
the patterning device. The support structur Wy rane or a table, for

exanpl e, whérthn pargmpiers; axu,izstr@te talto bog-@ Wader teldglViTeapnstrunsedstoholst 2 S®§w@ fage
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‘mask”  hepedifionhy sb&tﬁ&ﬂﬁlad@cfrﬁﬁho%&(ﬂﬂf%ﬂﬁﬂﬁpdﬂrﬁ&eﬁsh&ld@pﬁj @608 SPterh €6.9) a
"patterning device. [0029] The term "patterning device" used herein should

be broadl yTgffcayppeiestiontens sydem) Ry cmﬁgua%ywdwp@:tea RGN aparisd t@&@da(il@tlon
t
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that the paietsabsiraté Wparted to the radiation beanrnay not exactly correspond
to the desired %‘ttern in the target portion of the-substrate, for exanple
i f the pat {¥RA] The llnisatitiasysteghingy inedidedatiopeypesy ofxptical) qogwpongmys;syeh as
features. I fb t

correspond o%g r%%erc%lpg’u E ﬁé Qelétcr ona%&ﬁlc &eétpoﬁt%ﬁg%v?%gwg%gb Jea!ﬂt ed in
the target coppdrents, osatq/rboasbmamdnrthegasfafcﬁdhrecmrrgculnatpmg, 00 3&Mtrollimg fadiatien.ni ng
devi ce may be transm ssive or reflective. npl es ? patterng:ge devi cg

i ncl ude nadi28] Fhe synpeREHMEtuR; rqpeprt%meal;eﬁrs taﬁave 16 §F- dhsredsteanipg e yiss di kolds
Masks

the patterning device in a manner that depends on the orientation of the patterning device, the
design of the lithographic apparatus, and other conditions, such as for example whether or not
the patterning device is held in a vacuum environment. The support structure can use
mechanical, vacuum, electrostatic or other clamping techniques to hold the patterning device.
The support structure may be a frame or a table, for example, which may be fixed or movable
asrequired. The support structure may ensure that the patterning device is at a desired position,
for example with respect to the projection system. Any use of the terms “reticle” or “mask”
herein may be considered synonymous with the more general term “patterning device.”
[0029] The term “patterning device” used herein should be broadly interpreted as referring to
any device that can be used to impart a radiation beam with a pattern in its cross-section such as
to create a pattern in a target portion of the substrate. It should be noted that the pattern
imparted to the radiation beam may not exactly correspond to the desired pattern in the target
portion of the substrate, for example if the pattern includes phase-shifting features or so called

assist features. Generally, the pattern imparted to the radiation beam will correspond to a



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

al ternating phase-shift, and attenuated phase-shift, as well as various
hybrid mask types. An exanple of a programmable mrror array enploys a
matri x arrangenent of small mrrors, each of which can be individually
tilted so as to reflect an incomng radi ation beamin different directions.
The tilted mrrors inpart a pattern in a radiation beam which is reflected
by the mirror matrix. [0031] The term "projection systeni used herein
shoul d be broadly interpreted as enconpassing any type of projection

syst em i npartidilagfunefiormat tayeein a ddvicedteingssreated mdho prgdt portiomasuedtasan integrated

el ectromagneti.c and el ectrostatic optical systens, or any conbi nation

t hereof , aS™UWhpropriate for the exposure radiation being used, or for other
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use of the term"projectron |lens”™ herein may be considered as synonynous
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projection system |Inmersion techniques are well known in the art for
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[ 0035] Referr.l gure 1, the illumnator IL receives a radiation beam

froma radl® Pﬂ% hétﬁﬂfeyt@@theﬁm’aa@%ﬂ%%f HFRISTREIVEIYRI§12a PRPLY Mgl A IdsSiYey
be separat fna th‘itleﬁﬁuvélyfth%@ﬁmﬁsm %0 8%?% H&&fggh%e.g{len?ﬁﬁsmgf laser. In

such cases, € source i’s not consi orm
programmable mirror array of a type as referred to above, or employing a reflective mask).

[0033] The lithographic apparatus may be of a type having two (dual stage) or more substrate
tables (and/or two or more mask tables). In such “multiple stage” machines the additional
tables may be used in parallel, or preparatory steps may be carried out on one or more tables
while one or more other tables are being used for exposure.

[0034] The lithographic apparatus may also be of a type wherein at least a portion of the
substrate may be covered by a liquid having a relatively high refractive index, e.g. water, so as
to fill a space between the projection system and the substrate. An immersion liquid may alse
be applied to other spaces in the lithographic apparatus, for example, between the mask and the
projection system. Immersion techniques are well known in the art for increasing the numerical
aperture of projection systems. The term “immersion” as used herein does not mean that a
structure, such as a substrate, must be submerged in liquid, but rather only means that liquid is

located between the projection system and the substrate during exposure.



the lithographic apparatus and the radi ati on beamis passed fromthe source
SOto the illumnator IL with the aid of a beam delivery system BD

i ncluding, for exanple, suitable directing mrrors and/or a beam expander.
In other cases the source nay be an integral part of the |ithographic
apparatus, for exanple when the source is a nmercury |anp. The source SO and
the illumnator IL, together with the beamdelivery systemBD if required,
may be referred to as a radiation system [0036] The illumnator IL may

i nclude an adjuster AD for adjusting the angular intensity distribution of
t he radi at {@d35pBafarrifetodrighdel, thetillhmamtortibecwimes a radiatiar béanmfomraacidatiorxt ent
(commonly refer to as 6- and v-inner, respectively he intensity
ot r i but i BTG Thegsrosgdne logiatici Pl ts e ar bR ey & expbf

addi tion, ey el Wi @f‘ié M e)!clim@iq}isér rﬁlsu&?casy@me%ﬁr&tlbﬁét &RABReREN ﬁ)mlsfsa%fas
an integrator IN anc? a condenser CO. 'um nator may be used

condi ti on thedithegtapitic mppalwamndthe Iralhailoan hﬁtemus pdssemfrbmrthe s(yuramﬂonnttlmnm ty

on”the. pat fbrmingr Hovibdhad§f s bt cbiy vlgte pf bR e amas il ™
structure @fe@in g miRks 4rfddre Bdhn exPpRfddr SIn%ér%ﬁ&fé@%e@buF&@n%é & ﬁ‘l'tég%l%ﬁ'o(fe

Havi ng traversed the nask MA, the radi ati on beam B passes 't hr ough
proj ection tls;lsh@mm appahitos forexampls wiva thesowresis o mEerewy danp. ﬁﬂntsp@me SIO(ﬁndt he

bstrat M f t W and ti
T Ce g atteilmiele e es il e Do AR e s AR ol LD SRR
the substr atgiiitahl §stéh. can be noved accurately, e.g. so as to position

different target portions Cin t_he@i)eath of the radiation beamB. Simlarly,
the first wﬁﬁl Tbmellunﬂmtoaﬂdmmmdi q@@nusteajnﬂ\a éorsadlustlmtl@rangglanmtensﬂy

licitl Fi 1 d t | th
ok v v ERETREREEE RSP SRy, sl fo BRE ARPRTnbeE AR pfnc "
mechani cal f(d héoRy @éfelfréd)fs & JBatér hﬁdo&aﬁﬁer @gpeelwelﬂgofahe%ﬁ@a}sn& Glsﬂﬁﬂ@l’bﬁlm a
novenent of the mask table MI may be realized with the aid a | ong-stroke

modul e ( coangiéplens of the mliltngl)lawmdarabe ahyusted. dn adﬂmommhlfuilbm(lﬁatneﬂpmay irichgieng) ,
whi ch f t of th t PM ar | of th
Substr ate VA SRk s R o TNGG Acpnoviserbhu B Algetor fay

short - st r okguady c6nditibi e rhdiatiddEdain, & hdve dsiedchiRRMity AR Bt digtribliRn
case of a stepper (as 8 opposed to a scanner) the mask table MI may be

connect ed tmitscresposertien.r oke act uat or only, or nmay be flxed Mask MA and
substrate W&BYTPRE raac‘hat%rr]l%%arlrjlsé 1¥4nciRe l&on tiu,gpe{g%rnmg ev1ce PA e.g., mask MA), which is

held on the support structure (e.g., mask table MT), and is patterned by the patterning device.

Having traversed the mask MA, the radiation beam B passes through the projection system PS,
which focuses the beam onto a target portion C of the substrate W. With the aid of the second
positioner PW and position sensor IF (e.g. an interferometric device, linear encoder or
capacitive sensor), the substrate table WT can be moved accurately, e.g. so as to position
different target portions C in the path of the radiation beam B. Similarly, the first positioner PM
and another position sensor (which is not explicitly depicted in Figure 1) can be used to
accurately position the mask MA with respect to the path of the radiation beam B, e.g. after
mechanical retrieval from a mask library, or during a scan. In general, movement of the mask
table MT may be realized with the aid of a long-stroke module (coarse positioning) and a
short-stroke module (fine positioning), which form part of the first positioner PM. Similarly,
movement of the substrate table WT may be realized using a long-stroke module and a

short-stroke module, which form part of the second positioner PW. In the case of a stepper (as



and substrate alignnent marks P1, P2. Although the substrate alignnment marks
as illustrated occupy dedicated target portions, they nay be located in.
spaces between target portions (these are known as scribe-lane alignnent
marks). Simlarly, in situations in which nore than one die is provided on
‘the mask MA, the mask alignnent nmarks nmay be | ocated between the dies.

[ 0038] The depicted apparatus could be used in at | east one of the follow ng
nodes: [0039] 1. In step node, the nask table MI and the substrate table W
are kept essentially stationary, while an entire pattern inparted to the
radi ati on Ommsed ® govconer) the noask vatde MAF gey be pmrtebtad t@Ca aborpuokd aptuatdr.anly, ar

i ngl tati ~ 1N b t th hift i
andfor v AmREbt PR Sk R iRtk inds e dient g ok Dipreasd! mepsodh MY
step node, o \GibstFR ! hlnéﬂﬂlédt 2 P, IP@ RXRGSIH Be SdtRirshe! aﬂ1§hﬁ1§nﬂrﬂ§rk§ g AluRfratbde

target portion Cinmaged in a single static exposure. . I'n scan
nmode, the nmpy dabta;edvtﬁrgm@ottimas,sthct)smaﬁbelqcatbdm Wﬁce&l@twcqmamt portions (these

synchronousl tern | 0 radj at.i on. heam i s 0j ect ed
onto a tar@& B‘BPP? %lb%ga?‘i alkg ﬁ SE%H?’?{%{&‘X b"ﬁhgﬁsrlél) l‘i'}hglo\l}‘gtﬁ%ép?‘i/‘%nd
direction gfy réme@&bﬁkrn@ésﬁ MADIHE nY¥Ek hfpdhéM SharkPmb8e IRatediRbBI&ne dRY. be
det er m ned b éde- mag nification and i mge reversal characteristics of

the proj ec[ﬂﬂéﬁ] Eb@ mtﬁsappamatgtmuldrb@gsedtlhet Igestione af thedellowingheodss; posur e

e si ngl PhEn o bBet TREpaaRe R el it AL ReP e Y "
det er m nessthiishabeivetife ani eﬁtli'reh%t&ﬁﬁﬂﬁ[baﬂﬁd tdlihe @£diht@ih) bedin lpeojé@w@ﬁto raqmtgepn
[0041] 3. In another node, the nask table MI is kept essentially stationary

hol di ng a p@tl@gﬁ@@ﬁ@ll@e@aﬁ eemglersiptig@xpesaire)ahap &uh@triﬂﬁtﬁblerWtTelSﬂ@blsblﬂwln e

oroj ected_ SArlon % resfef sn P b Rert ek TG Yin BERRb SRR Thacky e

radi ati on fRKIAEn kise OMHe@XpokuA Held NEniky thE KiEBRb @arpet poefioh 0ImAgMd ®& disgle
updated as required after each novenent of the substrate table WI or in

bet ween sugigés®ippsurer adi ati on pul ses during a scan. This node of operation

can be reafgyyy 4PP! | B oRRIhE R LIGIORT ARTK: Lol 497 RIQEERATO! e

patter ni ng SUC as a
referred t @rﬁb@ﬁ@usl@w[lﬂ@é%]att@ﬁﬁiﬁpﬁl@éd tonlse Adtion by iggrojeotdontd HEardd pygion

descri bed rcmdes of use or entirel )% di fferent nodes of use may al so be .

enpl oyed. C(i.e.asingledynamic exposure). The velocity and direction of the substratetable WT relative
to the mask table MT may be determined by the (de-)magnification and image reversal
characteristics of the projection system PS. In scan mode, the maximum size of the exposure
field limits the width (in the non-scanning direction) of the target portion in a single dynamic
exposure, whereas the length of the scanning motion determines the height (in the scanning
direction) of the target portion.
[0041] 3. In another mode, the mask table MT is kept essentially stationary holding a
programmable patterning device, and the substrate table WT is moved or scanned while a
pattern imparted to the radiation beam is projected onto a target portion C. In this mode,
generally a pulsed radiation source is employed and the programmable patterning device is
updated as required after each movement of the substrate table WT or in between successive
radiation pulses during a scan. This mode of operation can be readily applied to maskless
lithography that utilizes programmable patterning device, such as a programmable mirror array

of a type as referred to above.



[ 0043] The di spl acenent neasuring system of an enbodi nent of the present

i nvention corresponds to the principles described by SPIES, A in "Linear
and Angul ar Encoders for the "H gh-Resolution Range", Progress in Precision
Engi neeri ng and Nanot echnol ogy, Braunschwei g, 1997, incorporated herein by
reference. Figure 13 shows a relatively sinple formof such a displacenent
nmeasur ement system 200. It includes a first diffraction grating 201 nounted
on a first object and an associ ated second diffraction grating 202 nounted
on a second object. For exanple, one diffraction grating nay be nounted to
a ref er enc@0#2la@embiniatibnsnand/driviatiatjpraphitte apyadatanibed nbdehef wehoeenmeiynt ed t o

a conponent, of the lit hi c ratus of which it is intended that the
di spl acene?al‘tﬂ%FFélég’l?Fi%?&ﬂl gﬂfg'taé?ﬂ}i’/ﬁeﬁgalﬂ%egsure the position relative to the
reference fgp gﬁh& &&Qﬂﬁ&eﬂaﬁﬁehgﬁingasgaeﬁ @nﬂ;oafnaa%fﬂfe ésRhi MYentRAL, 202

are planar and arranged such | anes of the diffraction gratin
are subst acdrieapdnds patlal nreklpﬂ@ @a@ibedtblyéPlES MAdddiLineanand Aegulst Encadersder f:

h of th f th
subot ant i amghiesafhia Refle 188G Rarecfon Ehdintet e i piARTerBiEey.on
gratings aBﬁduﬁgdh%Qge‘d 9§wqﬂcdrp@fatedlhtefeﬁ@ts§ Rdereadt. A0 135hows ndadfely Sighple
gratings is received on the other of the gratin 0045] The position of

one gr at i nfprmaifau¢h/adisplaegiaet areaprympet Sr)/étlema%ﬂoy%h@a el firsh dEfﬁGCtFCétﬁerg 203

orati ngo antt maies aner st A Fseride! FoR BB Pindafn o7 RGH:AEn

di ffracti ogcendbbibés Fot dnipla b difffat @sEratind mayBa sni@fRIND atfeRGicplamehi ch
can yi el d neasurenents of sub- nanonet er accuracy. \Wen the first

di ffracti owithing luthggrnplvegppaéatas pRdthe othen aosatedriel a@pmpamt iobthedithegraghi¢ n t he

d f h d
by Che. di t PRERFON et iy P i anE B AI ol bR G P PG RO B

t he ot her p@suﬁ(hﬂemu%f@ﬁklr@fare@e@fmﬂgs These generat ed phase di fferences
are proportional to the displacenent of one diffraction grating relative to

t he ot her . [00délaEhe first and gﬂspre(bth%w@nmﬁﬁ 201, 203 @reaplpeny and arargedpuctpthat thees
a col | i mat ﬁlgnésao?'tﬁé al?#?ac?%ﬁg}oaung&‘ a&%uhs;t%@%&glﬁtpt%ﬂ%leﬁ rsglﬁ)ggﬁf ngy gdh?orn h the

di rection measur enent a I NCl fra 1 on gratl ng

201 wher e §ttiaticns@if tdshaditieddifffdveion @itingy, &isaitd (@ tileigvatirigs f ¢ subisti@tiallypghiralldl on
passes as a first diffracted m%;\al to the second dlffractlon&gratlng 202.
At the secHrfiieppoler flnaddition. de siffiagtiomeratingsare arraniged ispely that diffractegnadiatign a

I's Turther g gk 3¢ it rafiths i€ fdc 65 E8 In iRk JtBLDE the gratings.

[0045] The position of one grating relative to another may be reliably measured in a direction
203 within a plane substantially parallel to the planes of the diffracting gratings and
substantially perpendicular to the striations of the diffraction gratings, using an interferential
measurement principle which can yield measurements of sub-nanometer accuracy. When the
first diffraction grating moves relative to the second diffraction grating in the direction of
measurement, phase differences in the radiation are generated by the diffraction grating
arranged to receive diffracted radiation from the other of the diffraction gratings. These
generated phase differences are proportional to the displacement of one diffraction grating
relative to the other.

[0046] In a typical arrangement, a radiation source 204 provides a collimated radiation beam,
which is substantially perpendicular to the direction of measurement and is incident on the first
diffraction grating 201 where it is diffracted. The positive and negative first order radiation

passes as a first diffracted signal to the second diffraction grating 202. At the second
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a second diffracted signal. The second diffracted signal interferes on the
first diffraction grating 201 and is further diffracted to forma third
diffracted signal. The third diffracted signal is directed to a sensor
havi ng, for exanple, three photo detectors 205, 206, 207 that are used to
measure the phase differences di scussed above and hence determ ne the

rel ative displacenent. 100471 Figure 14 schematically depicts an
arrangenent of the displacenent neasurenment systemin accordance with an
enbodi nent of the invention. The depiction in Figure 14 does not

necessari | diféactiohsgeating 202, thedirgtidifftacet light e e oithefdiffiacted ang eafleoted toforinhe
di spl acenent rreasurerrent sgst em but_ i.s useful for explaini ggﬂéﬂ& pr.i ncipl e
](r

of oper at i eendidifdragted signak e seconddiffrastad fignal it taresomthe Pt h an
enbodi nent h on
210 from ag 3?2? |1 glﬁ\(?ié%%}éééal}@g%@fbdfg&g %31%%(1 @ﬁrst %I%a?rg}é%lﬁ‘%?dgérfraa?tlggls&%
into first isdittckdtoadersenhsving, foMaaipla;thré’elﬂ;oZdaeteaors@@ﬁpmﬁ 207 that ddenused toand
negative first order diffracted,.radi res ivel The f.irst and
second beaf$agHe ﬂ’reéﬁ‘ia%{' ireses Ayt abp (s ¥HIEE qt¢rRifs thepgslative disglAgement.
diffracti Ol\)(ﬂﬁg M&@Hﬁtl&ﬁ%&@& artdg em@fﬁ%ﬁ?ﬁ@dl@ latd¥ferlt fcaburement

diffractio 211, to fo re- conblned I nf or mat 1 on- cont al ni ng,
beam of r adysaem mnaczmﬁlanbawuhamembothrmamt of the isention. 6 The depidem ind'igioe é# dbere

211, 210 ASHCEREUBFomBREY o HiE PhSR DT O T capon it PLItE Chplacten
di spl acemeeaQfrehbift slybtbMibud [kduséﬁl? ﬁﬁ@xﬁlaflﬁﬁgatﬁE 'pHHc@feQif'o?gﬁtm@ ditih@ Hispldcembnt

phase differences generated between the first and negative first order
di f f r act ed measwtementeyst2hin 2¢@rdance ovithem emabodiimentrod thespresest wyentiothe fir st

order and ative first order .diffracted adlat|0n2 cordi ng
Lo an_ onbodNABhSanowRebs betn A Miviah + 1 Fom Raadiblof e P Ay ety £RED )
pol ari zed gifhciidiBdrafidle2 O inf iRt hse@bnd Bnlsi oFeatiatRAl AN g@tdo%spﬁndtﬂgqo flrdtr St
order radiation is substantially orthogonal to the orientation of the

| i nearly pehdnégative firsi@rder diffracted raseativageespectivélyr dhe dirttand dedond Heamsiof

di ation. Fpr,. lLe, i t d Fi 14
ol ar | zer s TS 30 e bt AL RO H P opa KLl wiPng 2 PR fombib o B,
and the se@%ﬂpl@laf {hedmétl dffragtion bRding 241 itd f@thi€fe-éinbih&E difoym MIrAEIntnihBe
first order and negative first order diffracted radiation in rrutually

or t hogonal bem e€ radintion 2A5 ket éf inputdp a sesiong 16 imerder tooletaring the rdlativeat | t i s

oLt Vel B L AGLA e R WP AR PTRERS B RESSLIE Vi

have a | ar gensvp2 14 d@erﬁﬂﬂ@&he felative displacement of the first and second diffraction gratings
211,214 from phase differences generated between the first and negative first order diffracted
radiation 212,213. In order to distinguish between the first order and the negative first order
diffracted radiation 212,213, according to an embodiment of the present invention, the
radiation may be linearly polarized such that the orientation of the linear polarization of the
first order radiation is substantially orthogonal to the orientation of the linearly polarized
radiation of the negative first order diffracted radiation. For example, in the arrangement
depicted in Figure 14, linear polarizers 217,218 are provided between the first diffraction
grating 211 and the second diffraction grating 214 in order to linearly polarize the first order
and negative first order diffracted radiation in mutually orthogonal directions. A benefit of
using linear polarizers is that it is relatively easy to manufacture them as elongate components.
Accordingly, they may conveniently be used to form displacement measurement systems that

have a large working range.
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[0049] It should be appreciated that although the linear polarizers 217,218
are only depicted in Figure 14 between the first and second diffraction
gratings 211,214 such that the first and negative first order diffracted
radi ati on 212,213 passes through the linear polarizers 217,218 before
reaching the second diffraction grating 214, the first order and negative
first order diffracted radiation 212,213 may pass through the |inear

pol ari zers 217,218 a second tinme after being diffracted by the second
diffraction grating 214 before being reconbined at the first diffraction

grating 2110049] fitwhouldte aippieoiarsttharaitbowghathe lingir pehrivert 21 2di SibteamlPdépict¢dDRS0]
Accor di ngl )f:* the i nformati on-contai ni ng. beam of. radj ati on 215 i nc| udes

radi ati on Témire Vhetmesptherfastandsecepdalifeagtien gratingy skl okAsaich diat fhedérseand
radi ati on, n@%ﬁ%@%ét‘é%«%f’diﬁﬁgﬁﬁ 1§ Qt,zl'@gJaE%ﬁ'tHIB& fh¥ 1R A 1 A8 rd 71 7291 8
orientation Subs I to’the ot

tantially orthogona er and each ‘conponent "bei ng
paral | el t deforereathing tiendcdraldiffeaction grating 244, the fifsherdeh as@neliative fiest oeder

bet ween the.two conponents i.s indicative of the relativ i spl acenent of the
first and ariad ragiepﬁtmgéii%ﬁ Ir&ryaaf%%@u@ﬁ}edwr ﬁ_efsf?fs $i762 G S5pn e her
includes a b@ﬁ%ﬁl{?ﬁaﬂla@{eﬁ ByEke &%aga gﬂggaétfoﬁfgra’tgr% X10¥ersit %bllﬂg%éo%ined at the first

i nformation-c ning”beam o Iation 5 into at ast first and second
i nf or mat i oniffracticn gratige 2 Libtofermshenthforamdtion-coamaiditg, kam of Thdisgors A5 beans of

radi ati on 22 nmay have, the sane properties as.the . -y

i o mat 1 ol EORAEAHIE LD AR TP R eearbalagionatS includenradiiony | s

di vided beljuped e The Mist ARPAGHEG ikt HdOHAgrdded ALRoA YR RRAFAY Alach  adi at i on
221,222 are directed through a polarizer 223 that is arranged Wwth a

pol ari zi ng campsnent heingligearty palirizedrin ambtigntation sibstantiallyt arthogendrtd éhrettbérand of

the linearl ol arized radi at.ion of hoth onponents of th .

i or mat | oD RIS Fo e afRo A ESTRY £ CORBPAdse T ARes ffEd ha
separ at e spehveRf tIRS twbedotnpBRYntd & RARYIEESE thofelfne lispiReReANdhe findamd §RBnd | N
the case of the first sub-beam of radiation 221, the radi ation may be

di rect ed didiféreetion grawpgstHd.2ddam splitter 220 to the polarizer 223. In the
case of th d sub- m of. radi ation .22 t he.r adj,at i . .Lraomthe beam
oo trer 230l TH5 SR OFF BoBes R RaFopRbre Bsam SEHISPUARBEIR poi ar i zer
223.  The \g¥aRAtRINCCoa%ANIhS bearh R tRhtRMN StiRatat Il firg¢sdnda¥tsndand the sl ow
axis of the waveplate are substantially parallel to the orientation of the

| i near |y padnfarmaton-goatiining sub-beamhel redigfiomdhl, 222 Thesg gub-beams of radiation
d

0o 033595 a5, A B AL . A S AR LRI

intensity detepethart Bs dddnsky & ditided between them. As depicted in Figure 14, both sub-beams of
radiation 221,222 are directed through a polarizer 223 that is arranged with a polarizing axis
that is at substantially 45° relative to the orientations of the linearly polarized radiation of both
components of the information-containing beam of radiation 215. It should be appreciated that
separate such polarizers may be provided for each sub-beam of radiation. In the case of the
first sub-beam of radiation 221, the radiation may be directed directly from the beam splitter
220 to the polarizer 223. In the case of the second sub-beam of radiation 222, the radiation
from the beam splitter 220 is passed through a waveplate 224 before reaching the polarizer 223.
The waveplate 224 is oriented such that the fast axis and the slow axis of the waveplate are
substantially parallel to the orientation of the linearly polarized radiation of the components of
the information-containing beam of radiation 215. Having passed through the polarizer 223,

the sub-beams of radiation are directed to respective light intensity detectors 225,226.
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100521 The sensor 216 is configured to determ ne the phase difference

bet ween the conponents of the information-containing beam of radiation 215
corresponding to the first and negative first order diffracted radiation
212,213. This phase difference is determned by the relative displacenent
of the first and second diffraction gratings 211,214 and is designated cp.
The intensity of the radiation detected by the first radiation intensity
detector 225, corresponding to the sub-beam of radiation 221 that is not
passed t hrough a waveplate, has a maximumintensity when cp is 0 + 2nm
where n i s [@052] Thegarsor 2K islvenfigursd tadddtérnand the phageatiffagnél Hetwoarvéhe rel ati ve

to the second diffractio rating 214, the ase.cp,changes, resulti in a
change of CPWP%W%&}_ thretnier Owgmﬂ@% begpn Cﬁgé‘flé‘f‘? i W@ﬁ%ﬂiwg&e%@g&a@zs.
Accor di ngl heedIRBIEQI0rAR diffcte@$5iiAtH 11218 ThitoHa0E GiRfetdnte fedRGHAREDYy hbe
radi ation intensity detection 225 makes It possible to etect the

di spl acenemdlatixfe disydadenrent ofithe first@ahd sevogd diffragtichigratiredsatlil 24 4 taad tiddesmaed d.

diffraction, grating 214. [0Q0531 The  second radi.ation |ntensi tg detector 226
detects a d&eimepHy@f My RiigHan detegige b the firstyadigton pitensty dotecios 22onf i gured to

i ntroduce Shi Q. +2m . 1 I I i ingly, O
can be sel 281?‘%}@52‘&@%"@ ﬂ'lg? [11[) %garﬁiryé?\ﬁls ge?éé}'ghééé %@rbta %%h?%gpgd}%?g@g ?I%%tgh}&gtay
sensors  23mxdRbmastehdisy whichfg BOU 2k, hdtei i an iMsgRr.rAY @t five diffragipsiprafidperilar e
out of phase, for exanple by 900. Consequently, when nonitoring the
intensity duivestedaliveyo hetshcandaliffraction grating R4, shecphase ¢ chatiggs.iresuliing isaghange

detectors 225,22 it sible to not only deferpine the. ni tude of, the
O ept acoment Higsth debried pYaRe prbEeleh Sl febSl? 2 o et ddinghe ordGind ihe

di ffracti ons@naidn e thelittenbity dtbced by e dadifdnl iRRnéify dditidh 2p5 aRBEM possible to
Furthernore, nonitoring both signals inproves the accuracy of the

measur enendetefighe displaperacnt of theferse diffsactign gratiag 2i b melghive torthe serondrdiffraction
relative totfnh‘; ﬁecond diffraction grating 214, of the radiation detected
by one of £hHe"F &I ation intensity sensors 225,226 reaches a maxi num the
change i n i[@0S3NIiht ¥eddat egdigtbrointenkiey deledt@cidordetedls PcorfHisp@itlingdighdl v BlowRveent
of the first and second diffraction gratings 211,214, becones snaller,

reduci ng t e weveplade 329 sonbgused tcoimrcdmiadgmsm@iﬁ 0€ 0 dlnputwhsfe mhsian imdedieat i on
intensity sensor alone. However, because the signals fromthe, two, radiation
ntensi ty ActedingtsSns SiegteR i BRTR Siawal RS hE i adelias iniiviy Sesors
ntensity 995996 g fﬂb'difﬁﬂ&'io%a@ﬁ%s‘?ﬁ VoHilaliietoTah BRUER ark Bl AL FAHeRBRblYbyR!
the sane tinme and accordi ng w1l be able to provide an accurate

measur enen90df Chseqeindy] wkerinspit@irgne intafsity deteéted by bathoths €iesiadd dief ecagdt | on

gratings 211,6214. 13, . ) . .
radiation infensity detectors 225,226, it is possible to not only determine the magnitude of the

displacement of the first diffraction grating 221 relative to the second diffraction grating 214
but also the direction of the displacement. Furthermore, monitoring both signals improves the
accuracy of the measurement. For example, as the first diffraction grating 211 moves relative
to the second diffraction grating 214, of the radiation detected by one of the radiation intensity
sensors 225,226 reaches a maximum, the change in intensity detected by that detector for a
given relative movement of the first and second diffraction gratings 211,214, becomes smaller,
reducing the accuracy possible from considering the output of that radiation intensity sensor
alone. However, because the signals from the two radiation intensity sensors 225,226 are not
in phase, the other of the radiation intensity sensors will not be detecting the maximum
radiation intensity at the same time and accordingly will be able to provide an accurate

measurement of the relative displacement of the first and second diffraction gratings 211,214,
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[ 0054] Further inprovenents in accuracy may be achi eved by providing further
sub-beans of radiation fromthe radiation beamsplitter 220 and arrangi ng

t he additional sub-beans of radiation in the same manner as the second

sub- beam of radi ation 22 but such that each sub-beam of radiation has a
wavepl ate with a different thickness, corresponding to different phase
difference. For exanple, in an arrangenent with three sub-beans of

radi ati on, the sensor 216 may be configured such that the second and third
radiation intensity detectors (nanely those including waveplates in their
beam pat hs[OOS#}eFlaﬂwmﬁmpﬂﬁemnnlts 2l Bgcuraey rnwthe\whiy:yerhy poividiph figthensubhbaales of

signal dete ted .rst radia Jon nsity. det ector.. t shoul d be
appr eci at eff lalnﬂa Ogh e(f'i') Gté?ﬂlé‘?‘?fn?ﬂi n é’é’ﬁﬁ% 4‘9{‘% I?E‘?‘fl% be
used. [ O005pkiafi3R iSHeQHRE MARARIRE g&%ﬁd ahpy&n%f Ralki¥ehY HiEarHRatdadthase
di fference between radiation derived fromthe first order diffracted

radi ati on futebeanhef miliation Has £ wartplase withat differeatidiickness, mmpci)mbng fordiffergnider
diffracted radi,ation fromthe, first diffracti. rat

G 1 or onoapht yiteiciive, POl i attarpbmat Wil 2ut Remg ol aPaRin she ssmer
changes as)pifa@batbihurdPURA tha it deE&uf aﬁldaﬁf?& Peféﬁaudﬂ%’i@}iﬁ[y déiéd‘t&@(@iiﬂ&? in
the environnental conditions of one beam path relative to another,

reduce t hethmscimchdingofavepbitesdn sheietream patlesy pmabam 1205and 246°, trtwectpai)h Ioehagft h
f.ol | ow dif feren at.hs be for a l porti.on .of

f whi ch b
the total PHse GRe et detegied by e tirst fitian apenss deieetone Dolwhibs Apieri g

[ 0056] ACCﬁaﬂhﬂ%oﬁvexﬂeﬂ'xﬁﬂhﬁ?@f’ﬁﬁbﬁﬁﬁ%‘ﬁ&f’ﬁ% m¥sbemeaccording to an
enbodi ment of t'he present invention has been proposed. Such a displ acenent

measur eme nt00§§]s Theren®dels ps deedibed abdvieglifiectsvelameature 2 phasedliferends etweane,

i ew it nidiyln R indh EETRE Ao Bhiofind ke R i usBHfoRBk P o

of radiati ﬁﬁn%@aﬂv% RsOriSeAtR R rmgﬁ@ﬁ from tﬁ@ﬁfs@alfﬂraeudntgrmg PR AR eci at ed
that a radiation source 11 may include a congonent or generating the

radi ati on @ifemnteis dependanhan thegklative p@sltmgacvﬂ ¢ twagiatingoandebanges agone gratiog
external to the E%‘P’gl acenent ., neasu r

i o1 acems e PesbS EIERRIEG, HOTR & BT b TR menl SPRUTPE ofspspsrns,

possi bl y eyitRidlative 18 ahb@et, mdyagdaRheakBRRY af the héaseteinent, Rsy¥eilly beasife tHee
source 11 will direct and/or condition the radiation as necessary to provide

t he beam opathleagthder which the Geaws §9llons didtsesmn pathtmay be fraflargg drepariden affhg total

o oet e Dby R LG R B S|t o 9T aCn9 59
[0056] Accordingly, a displacement measurement system according to an embodiment of the
present invention has been proposed. Such a displacement measurement system is depicted in
Figures 2a, 2b, 2c and 2d which are, respectively, a top view of the system, a side view of the
system, a front view of the system and a perspective view of the system.
[0057] A first beam of radiation 10 is provided by a radiation source 11. It will be appreciated
that a radiation source 11 may include a component for generating the radiation beam 10.
Alternatively, the beam of radiation may be generated external to the displacement
measurement system (and, where the displacement measurement system is used as part of
lithographic apparatus, possibly external to the lithographic apparatus itself) in which case the
source 11 will direct and/or condition the radiation as necessary to provide the beam of
radiation 10.
[0058] As shown, the beam of radiation 10 is directed by way of a first reflector 12 to a first
diffraction grating 13. The first beam of radiation 10 is incident on the first diffraction grating
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14 13 at a point 14. The diffraction grating 13 is transm ssive and a first
sub- beam of radiation 15, corresponding to positive first order diffracted
radiation fromthe first diffraction grating 13, and a second sub-beam of
radi ati on 16, corresponding to negative first order diffracted radiation
diffracted fromthe first grating 13, are incident on a second grating 17.
The second grating 17 is reflective. The sub-beans of radiation 15, 16,
corresponding to the first order diffracted radiation and the negative
first order diffracted radiation are reflected and diffracted by the second
diffracti oh3 gtraapq'imtg 41 The BHéractemograting 3 is flensnoissiye and an@rst subspeagn 61 rediatign 15,

f d h | 1racted t t
Frrst Jor aerorifidiible siye bRl i tFoh Ee s SRR I
back from sites §R6AMsuEIbdan apltaufaﬂoﬁrlatdom daoadhfg 18 negaRRdIrrdér Affracd t he

first d|ffract|on1%ﬁat|n 13. Likew se, fracted radi ation 19, derived
fromthe n@@&’(tloneil Fed froor therfirstgrating b areaineidertioacy segonsl greting 1 7.r She second

diffraction 3.is ffracted b ratl ect ed
bhck 1ot nereRhEan BhshRnb, (e Bk R Pbidfiod FEIB cor Ml blne ity btk

sub- beans afffrm@u Aldiagion h8d thkShehtvestilessraetalifftactddundingon shefréfl@tddethdaiffiabed
first diffraction grating 13 and effectively reconbined to forma second

beam of r ably theisepomdiffetion graml@w 7. dhe senogh diffraefion grating isrspecifeally segfigered he
t f 1.

G 711 act ey BT ec L vl S, SRRy LB E AR ARl KRkl B by,

respect i vetHedhgitdisting 13 réf&:raga‘drbaslt frofmah®adcbnd aiffrmwfatgrath@/l husetald pamao

different paths i1s relatively short conpared to a conventional displacenent

nmeasur enenen dedirsidiffragtipn gratiag|1dr Lﬂtewésep difzagted maiatipntlfedaried fronp e messyen

f whi ch

d|01[ fer Ie(r:l t H:'s? to{]deg ?aduﬁﬂ)q l%e(ﬁﬁ acli,@%i Jﬁ} tbﬁgrs? Hﬂ‘g?}cte rr\:,é]étﬂ?%g%rs é?%a@{eg%?’ﬁféé) ééc&\{@

embodi ment gﬂlilng he ahdill/eﬁm:t:tedfbatlhﬁﬂhé Bedohié poin© DY 61 theofirai dlﬁﬂia@r@g%mmg 13. Both
Accordingly, the systemaccording to the enbodi e

Q r
i nvention S¥bErmsOTEdiiiansl 849 gre; sslbffeag%ntkr/éﬁghﬁr.d&@ras@d\baﬁheaﬁisgwfﬁrwnoﬁ@raéing

t hrough wh § he

100301 A ot BT RARTIRS) oHUR atcqnd tabn TR CEUANG A AR aiNEN, AltRbe-
gratings t mdmnmurcerrtskp@hdmg he tlreamhsaive dimstdbeder déffratted madidteonpeodithe negative fitstand
negative first arder diffracted ti from .the first ratln C|des
on the fi re@gﬁilgﬁr@%@ 13fliadon a‘wafgfl A ifiersni "Eéorﬁyp%@l ﬁﬁEFS@‘%éltVF

to sel ect f 8. f
O A L L L et A P PHT%%&%
grating. [ﬁﬁeﬁﬂ}nvéﬁtmdmbdusplaclemenﬁrﬂnmwaﬂneﬂl syetam. df phtigulagsh@ proghortionef shectotad

beam of adl engt f2 or WHHK tllnje first and negative first order diffracted radiation follows different

paths is far shorter in the arrangement according to the embodiment of the invention than in the
conventional arrangement. Accordingly, the system according to the embodiment of the
present invention shown in Figures 2a-d is less sensitive to variation in the air through which
the beam passes, such as turbulence and thermal variations.

[0059] A convenient way of configuring the first and second diffraction gratings to ensure that
the radiation derived from the positive first and negative first order diffracted radiation from
the first grating coincides on the first grating once it has been diffracted by the second grating is
to select the first and second diffraction gratings such that the pitch of the second diffraction
grating is about half that of the first diffraction grating. ,
[0060] As depicted in the embodiment of Figures 2a-d, the second beam of radiation 21 may be

reflected by a second reflector 22 to a cornercube 23 which returns the second beam of
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reflected by a second reflector 22 to a cornercube 23 which returns the
second beam of 15 radiation to the second reflector 22 in a direction
substantially parallel to that which it was provided to the conercube. The
second beam of radiation 21 is subsequently again reflected by the second
reflector 22 and, accordingly, directed back on to the first grating 13.

[ 0061] Accordingly, the second beam of radiation 21 undergoes the sane
process as the first beamof radiation 10, nanmely is diffracted by the
first diffraction grating 13, diffracted and reflected by the second

di f fract i oradiaténitothelsécamtreflactbn22 o dicetive syhstaitialy paratlélgo that sthidritieas and

negative first. qrder diffract radi ation fromthe first diffraction.b he
Frrat it PESEOHO Gesormieibes The sPrunien obrpisia & SHoreersly Sganaedted o
diffracti 0By HeAeb o1 reNBADLYPAY !a&co!réinéfgfr bik&ted whck bhag iRdiRNgtagRgPE ned to
forma singlfe third beamof radiation 25 which is reflected by the first

refl ector 1006i1p Acherdihs dhe @onhberm of madidtnddnindatgoonthie samampercessdastthe fifshes
the relatiye v nt .aof the fir. nd secaen i.ffraction at.i 13,17.
10662 as Yoo FRLETERL I Fppartss i dblact o6 0P il i hathe B bR BaRaS oo
through t heefleedd by thedecshd diffesetioR Braing 17 A8 rabithtibA, oreSp&titingd tortBe fitsherdsygidem
is made | ess sensitive to errors caused by rotations of one conponent

rel ative t oegative fisst ordesdiféirelep radiagfontfrum therfirst diffractian by dhe figgk diffragjiongrating

relative tg,the second diffraction grati 7..10063] T er spect i Vi ew
of ¢ he embadinBrEeGn fnele o5 & Rt sL R ich e, MREBERRR T qure
2d, shows WifEra&ied efd &drhBife®@fo fohf aSlindl@ihidmza@lofriRatiinf 15 WhichQgirefleated BY the

13,17. It is to be understood that, in line with conventional displacenent

measur enenfirg yeflestas 12t éhe s¢nsas@6ivdriclofin the\coregitionplanannsr, dstesmined therelagae
di spl acenent asur t.s emts.kelative. nt of the two diffraction
gratings 1§f°anh|elr§1t Oaﬁ lg?faﬁ%g(t:flg@%\ecgﬂ%éltffé%tlloglglr aﬁmﬁg? éﬁ?& to the plane of the

di ffracti onompisng®nadt@etdeastibnidcand YeapeoPad@Lion Rabeing rédifectidrtb@iughtheof t he
striations of the diffraction grati ngs, which are nutually parallel. [0064]

As suggest sxpteipefdiffra¢iiondgratingsdenera sependstifpe fhe systapa isapadecless WNsHE Ve 9 oarprs
enbodi nent [ | . t | S nt
of one " coshusaf b ERRUr ohPYGbhithy AT A5 R IRERBL DIl S RGO
exanpl e, aggitiapllacelarvd to the asuné diffrhctinsdratingdepi cted i n enbodi nent 1 and
descri bed above, may be used to_neasure the_ displacement of a substrate

table in a [4063h Jh¢ aprspectiyg yiemnef e Fepadimzat plothe displaseiaprigneasyiegient S5/t hi s,
the posi ti ophaf intfEus YRSHMs thd GRintiofi oRiHe SEidtdnd BEhE AlFfh &Skt s, [P RE

det er m ned.
to be understood that, in line with conventional displacement measurement systems, the

direction of movement that is measured by the displacement measurement system is relative
movement of the two diffraction gratings 13,17 in a direction substantially parallel to the plahe
of the diffraction gratings and substantially perpendicular to the direction of the striations of
the diffraction gratings, which are mutually parallel.

[0064] As suggested above, the displacement measurement system according to an
embodiment of the present invention may be used to measure the displacement of one
component within a lithographic apparatus relative to another. For example, a displacement
measurement system depicted in embodiment 1 and described above, may be used to measure
the displacement of a substrate table in a lithographic apparatus relative to a reference frame.
From this, the position of the substrate table relative to the reference frame may be determined.
Accordingly, in turn, it is possible to determine the position of the substrate table relative to

other components within the lithographic apparatus such as the projection system. In such a
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Accordingly, in turn, it is possible to determ ne the position of the
substrate table relative to other conponents within the |ithographic
apparatus such as the projection system In such a 16 situation, the first
diffraction grating 13 and the first and second reflectors 12, 22 may be
connected to, for exanple, an edge of the substrate table and the second
diffraction grating 17 and the conercube 23 may be connected to the
reference frane. Accordingly, mnmeasurenent of the displacenent of the second
diffraction grating 17 relative to the first diffraction grating 13

cor r espondsitiatiohjtie firs diffraetiengratfg t hendsthb$irstahé s¢cbt ecfleetat il ¥,22% may be

reference frane. The radi ati on ,so 1 and the nsor al so be
mount ed t o SPTHECIed {1 ARiexant eaﬁaedm%@f sq}h%treﬁt?éab{ﬁﬁ?@ﬁwésmés%ﬁﬁ $4ian BRE0E 17
rel ation tgnd g 6HRAYLEB na ?fbetctasnecfe\aqatﬂeqafeﬁéhemmenAFc'c&lalifgi v, deaddmifl off N

the di spl acenent neasurement system of this enbodi ment of present
i nvent i on, theldsphalementefithe snecohd diffraetist gratireg bf refative m@gmﬁrvtedlffracgon gratiog 13

radi ati on and the sitive fir ndlff acted f mt first
Tt ract | ofogsRPisgD i AinSosudal bt B Sehyol ol R i h &R Rge b A hown
in Figure & M¥nGBulce 13 aR@kHd Rhsdr28Mha gvdlm@ﬁloaﬁtedwﬁ@lr@f@%‘e@hameeasur ement
system corresponding to Figures 2c an ol arizers 35

conveni ent [8065b& the ovangerhasateserthed aboysnid rglatam mghqmnb%n@hmﬁthc mveEntge shown j f
desired, an bsor rovided to ab .er o, order gﬂlaatl on.

Oy of or abl o ARSI Tnd 34 HudGspBiGNerl Biat e AR Ricte i o B O

negative f bfeSént@hw@fion aHé pblafPatidh.of 3lefdtlohé BEhRthebatPR firbortiér @lliatlbd AdB@ki on
grating 13, respecti vel y, polarize the radiation rn nutually orthogonal

di r ect i ons posioeBist eidguradiation diffacted fromie Sest defﬁ‘a@ttoregrmpg mﬂé\hﬁ pelagrete Inigew,

f d |
Teasur ementongoeafaaesRa s ol iy R RaebpR B BEERocmen
i nventi on. nddqiteént!shemrodadiponatingab Figuges RSand@cyl posarizZ@RIBS|, 36hay BorvBiently

enbodi nent of Figures 2a-d and the description tﬂereof wi |l not be repeated.
The enbodi keprovi |tlgweésnd;araangnl?féﬁghqwromﬂla@eénﬁ&@fslr@nﬂn alpsorteg 48 arpybg- d

in that the NOL rt(%lfjig g-\;: Z810.9) r%@r raﬁl%l PLs f?a %@%J tlif pgf%rlz%rggsbr ma(r]rlgg %Ehntg 18 f

using a prrsm be Eorng can

el ongat e ceEfrsedtter atnarnegmmi@t drdun ra@latldsm L,r30sdiffee addi fidin ﬂiécﬁlrsﬁ@lfﬁ?aibﬁﬁﬂ in
Figure 3b but, extending the full length of the object to which it is
attached. gmtlesdﬁfrggnectwﬂé, mqlmzeéb@ FRglfatiop dim Aguably Q‘f‘é?@éoﬁarlldaﬁc'f@néngat e form

Accor di ngl OSWE? r 5 taf s n, 2 a %ﬁrd@&ct § ?;LUNQV ba @%veg {rohp\{lga%n?%;ﬁ%rsggét%t

as the sec ing, m rfay rmtm j ect
view, respectively, of a displacement measurement system according to a second embodiment

of the present invention. Much of the embodiment of Figures 3a-d is identical to the
embodiment of Figures 2a-d and the description thereof will not be repeated. The embodiment
of Figures 3a-d differs from the embodiment of Figures 2a-d in that the cornercube 23 is
replaced with a prism 30.

[0067] A benefit of using a prism in place of a cube corner is that it can be formed as an
elongate component, for example having the cross-section such as shown in Figure 3b but
extending the full length of the object to which it is attached. In contrast, the cube corner
cannot be made in an elongate form. Accordingly, whereas the cube corner should be mounted
to the same object as the second diffraction grating, a prism may be mounted to either object
and, if mounted to the first object, is formed as an elongate prism. For example, in the context
of a lithographic apparatus, it is possible to mount a prism on the substrate table, running the

length of one side of the substrate table whereas a cube corner would need to be mounted to the
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and, if nounted to the first object, is forned as an el ongate prism For
exanple, in the context of a lithographic apparatus, it is possible to
nount a prismon the substrate table, running the Ilength of one side of the
substrate tabl e whereas a cube conmer would need to be nounted to the 17
reference frame. The former arrangenent provides a displacenent measurenent
sensor that is less sensitive to rotations of the substrate table. [0068] A
further benefit of a displacenment neasuring systemusing a prismis that,

al t hough not depicted in Figures 3a, 3b, 3c and 3d, the displacenent

measur enmentefergadeciamayThefoimet dreangementfprovidesch displsensat tieasurementaenber that is
radi ation transnjtted through the first g)lrffraction grating. The difference
in path | eff§s PFrl‘SﬁltV\‘?sé‘éFPt%tHé‘SPéﬂt? ybstEte 3Bl ati on and either one of the first

order and &6{%@@% fifthér defib 1ﬂffqgﬁs€{i&gﬁ1@ﬁt‘hrg&sﬁiﬁﬂé Jg%/ }%Ihé?n is thatl althoggh not

diffractio ting, is depen on t sepa atlon irst second
di f fracti odegjctad imBigures 3a, Ih r3e(and 6d thelbtsplanttmait Imeap@emeniiysiehemay be firther

| ane of the and second djf ctio ratln
Bont  gur i ngorhabin3orse 6 268 e s fionramisgivgh thetash SR grating
radi ation vt Rif %&ede@@ﬁgatﬁ 'T@ng@ﬁ béthRePARIZtoVStdE 15§1tat161'i‘ Gnd &ﬁ%%hé’ 6f tfhle rf§§t Ogdéiier

radi ati on, the ment Treasurenent system of an enbodi nent of
present i n\amdmttganvq: Srsdbtder tagliatmasliffmcted dyshpfirsadifractivh grivengiis detpamdeanm the

ratings (and henc h they.are atta in a,.

O et Von. SoHeianor el s BT Sot GrafiBes e i Bo bR Eafy nefpfhlicular
gratings, kdhagghint bpmetfﬁstraﬁawoha Qiffragidh g‘%ﬂhr%@ EMRBdrdingly? by lcbﬁﬁgurﬁfg the sensor
substantlally paral | el pl ane of the diffraction ‘gratings and

subst ant i akd wm@éncnadlﬂleagthtocﬁ thet 2ee0 erder mha@ns vith at ﬂﬁ@smrfef afdbe p«mtl\g:rfasﬁ angs .

0069] As shown i.n Fi ) cenent nt S

reasut e ¢ hEEang s eedhirtision s it RRRT RN e SR CE eGSR O he
subst anti ag{e)éerﬂﬁ‘ﬁ\l%ﬂgh SUbi totRedstil the Separatioh of (iR cﬁff?dchﬂﬁl $ratiaBs gadiheh@nBé
pol ari zer 37 may be provided on the second grating and oriented such that

the zero o p@lteponeaéh tatwhwh ey arechttapled) irea direation spbstantiallppernsgdichiaetof the plane
order radia

the pl ane of ERUTRPUeT radngl B i amteirive O SRRRER TR R m AGh AR~ " 1

ort hogonal sghisteihllPParalldQO T plimeddftRe idfraltion Grainds %h&jﬁubétaﬁa\ﬁ/al(l’f'p endicular to
di spl acenent neasurenent system according to an enbodi nent of e present

i nvent i on. therstdationd ofithewliffraciors giatingy: to t he enbodi ment of  Fi gur es 3a-d and

nererore sy 056 AEFRIREE PO ARG B A0 PR FBIHE iR o

of Fi gur es dB3ptadement of the diffraction gratings in a directlon substantlally perpendicular to the plane
of the gratings, an additional polarizer 37 may be provided on the second grating and oriented
such that the zero order radiation 34 and the one of the first and negative first order radiation 33
being used to detect the displacement perpendicular to the plane of the gratings are polarized in
substantially mutually orthogonal directions.
[0070] Figure 5a depicts a side view of a displacement measurement system according to an
embodiment of the present invention. This embodiment is similar to the embodiment of |
Figures 3a-d and therefore only the differences between the two embodiments will be
described. As shown, the reflectors and the corner prism of the embodiment of Figures 3a-d
have been replaced with a single prism 40. A single face 41 of the prism 40 takes the place of
the reflectors in the embodiment of Figures 3a-d. Likewise the corner between two further
faces 42,43 of the prism 40 takes the place of the corner prism of the embodiment of Figures
3a-d. As a further benefit, the first grating 13 may be formed on a fourth face 44 of the prism
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have been replaced with a single prism40. A single face 41 of the prism 40
takes the place of the reflectors in the enbodi nent of Figures 3a-d.

Li kewi se the coner between two further faces 42,43 of the prism 40 takes
the place of the coner prismof the enbodi nent of Figures 3a-d. As a
further benefit, the first grating 13 may be forned on a fourth face 44 of
the prism 18 40. If the displacenent neasurenent systemis to be used to
nmeasure the displacenent of a substrate table within a |ithographic
apparatus, for exanple, this enbodinment may be particularly beneficial.

Thi s i s bedauHahodisylacersim gleaswempuotrsystem inéned ysetl e measwethtdisatsmentof de

ted to th dge, f | e,. of the substrate Th| not onl
foci | ©tat osirae tle wiBin & BB hicapiaRs Db R G bR Aiod et gy

m ni m zes bmﬁcaaﬁyseﬁe@ﬁwﬂ?ﬁﬁﬁg &cgﬁsetcmyaghglelc ?Bﬁéﬁt my&%rﬁ@ﬁx Sk @Mo
within the lithographic apparatus and nininizes ossibility of errors

bei ng i nt r belumadtedyo theradge,i fonexample,hvd theowibstrase table. (:”anmteml}sfagﬂltathsathe

di spl acenent asure mrelative to other. onents wt

i ShI aceneAtEREs PR LSRG APpuGis bt g i Hiads U SPRGE uffetren® of I
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that shown in Figure b5a. shown, the system has three displ acenent

measur enmenpossitsliyrod egors t&zﬂg @Bodtmé byfvarigtionsrnl thetposioniof ghmpenagnts of the
measur enent,s ste SUr e ative dis nt.of the first
and_ secona GPpFeEHlst e REn RERE, RIns ] S oo iR VAL RS, el

per pendi cuh@hsiréméhi®ystBhane of the diffraction gratings 54, 55. It will be
appreci ated t hat because the first and third displacenment nmeasurenent
systens ar €00dpHisarescbrandrcelepict pempactive vigwaiof 8 displasemenisneastieaiany system

per pendi cular_to gsuUr ene rections, it is also possible to
neasure a F%T%?P%%nggi anl ll%urgbﬂa/vo di ffractl on gratings 54, 55. The

second dispd (mfmi@rshomaﬁ@m@ﬂhamsée&m&&emm MeSlrdnfenieRsehest, e, 5Bl Bhd ve
di spl acenent of the diffraction gratings 54, 55 in a direction

subst ant i alfirsj apgthindidigplacemenemeastrements syplemais { Fxmeasyre e sﬁlatﬁgsilsﬂace@smmft
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to polarize the two portions of the radiation used for, each di spl acenent
measur emenflisBlpseBeRtMrasIEmaN! yystepsRbipARIcddTome caghober ing dirsption wstantlally

pol arizers pér%encﬁgulglq%%énzﬁeﬁﬁg&ﬁ‘éﬂt (aﬂeétﬂ)ngrit R ‘iJ&%‘mﬁie to measure a relative rotation

of the two diffraction gratings 54, 55. The second displacement measurement system 52 is
used to measure the relative displacement of the diffraction gratings 54, 55 in a direction
substantially parallel to the plane of the diffraction gratings 54, 55 but substantially
perpendicular to their striations.

[0073] In a manner corresponding to that discussed above in relation to Figure 4, polarizers 56,
57, 58, 59 are provided, attached to the second diffraction grating 55 to polarize the two
portions of the radiation used for each displacement measurement system in mutually
orthogonal directions. As depicted polarizers 56, 58 polarize radiation in an orthogonal
direction to polarizers 57, 59. An absorber 60 is provided to absorb the zero order radiation of
the second displacement measurement system 52.

[0074] Figure 5d depicts, in cross section, a variant of the arrangement of Figures 5a,5b and 5c.
In this case the prism 65 is arranged such that the face 65a of the prism on which the radiation

from the radiation source is initially incident is substantially perpendicular to the beam of

19



direction to polarizers 57, 59. An absorber 60 is provided to absorb the
zero order radiation of the second displacenent neasurenent system 52.
[0074] Figure 5d depicts, in cross section, a variant of the arrangenent of
Figures 5a,5b and 5¢c. In this case the prism®65 is arranged such that the
face 65a of the prismon which the radiation fromthe radiation source is
initially incident is substantially perpendicular to the beam of 19

radi ati on. Consequently the radiation does not refract at the boundary
between the air and the face 60a of the prism [0075] Figures 6a, 6b, 6¢C
and 6d depradiatmnt Gonséquentlyathsiragdiatioredges aof refmtt ab thevboandary betwespdhe aivend theew,
respectively, aof {a di spl acenent neasurenent system according to an

enmbodi nent f%? 65?\8 th§PESBNt i nvention. In this enbodi ment, both diffraction

gratings npyo78p Fighltdstal 6 %c ahllied deBikt a R RAW 1 Gat @i@{vﬁa ReReYibw Al afRfspecifre
with radiation that is readily absorbed. It may further ease the
manuf act ur giewd, r¢shectivielyf phiz tlisplacemerttinmgsuremantaystiemi asnerdirgetoethiembodiménd of then

this case, the displ.ace t asurement. difection is substant.iall arall el
to the d r BIPTHIMGRICH GBS APIRRNERh Biih Ao o By ot e De el R
this case, pt pgitalhal bORIND foriaddinvithirfatidh that a8y S8kofHdO It M8y furthéf ease the
diffraction grating 71 between first and second parts 72, 73 of the second

di f f ract i omagnfaciungyof thi diffrectomnograingsr 2t additiongl banefityisithat, inghisepseetheas t wo

entirely separate diffraction.qgratings,qr be . f d.as .a i.ngl e

i1 ract | vaSBRaTTHY Mg R eweRiyReRop Rothitau DY pefePlotlt iRl ERen ati ng
71 and t herfdidtih préNdesBEMRAonREL S 72, 73 of the second diffraction grating
are configured such that the first order diffracted radiation diffracted by

the first 0076} bethisonase ke fiisybeam ofgadiniondhis diracted entpithestirspdiffractipngratingyd

second di f{ractign. grating,an negative fi.rst .order. di £fract radiation
G T rract ed TR ebh B FhdeeOfa PRI 3 RPBRLyg libuSt Rfipl rhEREPREBRYR
part 73 of giifiag segtrdofthéd 4ol éfirdy sdpafide difectidhtdiatinpe ophlagbedoiRsd axaNt s,
the first and second parts 72, 73 of the second diffraction grating are

confi gur edswalerliirstive grating Wath 4 gapdn theraiddled The fisst diffation gmtipg ¥ bandiheiirsto a
. b ( . R -
Chat the 7 iyeRBnd 12, 23 ofth sEARE UfaBIcH dritholahe Lo 8 cfi IR GRS 1

di f fract eddiffraétbdraliation ditfhtteady terfirgy difffaogort glatiog@1 isdncidenton theki et 72 dfo
as great an extent as Possi ble. [0077] Figures 7a, 7b, 7c and 7d depict
cl1

top view, #Hesreernddiligctian grabing apd e negative st @S@rcdiffrﬂéted\rﬁéwigm didfracied bﬁéﬂ\;,

of a di spl #E&ARALATATUASIT s iRALA Th IS QeShd Bart 73 SFHnE TORM FefacRin Ldfing.
As with the other embodiments, the first and second parts 72, 73 of the second diffraction
grating are configured such that radiation is diffracted at each and reflected back to a common
point on the first diffraction grating 71 to form a common beam such that the first order
radiation and the negative first order radiation diffracted by the first diffraction grating follows
a common beam path to as great an extent as possible.
[0077] Figures 7a, 7b, 7c and 7d depict a top view, a side view, a front view and a perspective
view, respectively, of a displacement measurement system according to an embodiment of the
present invention. As shown, a first beam of radiation 81 is provided by a source of radiation
80. It will be appreciated that, as with the other embodiments of the invention, the radiation
source 80 may include a component for generating the radiation beam 81. Alternatively, the
beam of radiation may be generated external to the displacement measurement system (and,

where the displacement measurement system is used as part of a lithographic apparatus,
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present invention. As shown, a first beamof radiation 81 is provided by a
source of radiation 80. It will be appreciated that, as with the other
enbodi nents of the invention, the radiation source 80 may include a ,
conponent for generating the radi ati on beam 81. Alternatively, the beam of
radi ati on may be generated external to the displacenent neasurenent system
(and, where the displacenent neasurenent systemis used as part of a

| i t hographi ¢ apparatus, 20 possibly external to the |ithographic apparatus
itself), in which case the source 80 will direct and/or condition the

radi ati on asessitdg esearaytd the pitlmgraphic dppataasritself), imdhichicase B .sofi0e 88 wilkdirs¢town

in Figures 7a to 7d, the beam of radiation 8 be directed by way of a
reflector SQ&Pbc%dftiqns&? EﬂdF?tPé‘@Fin_S?Fs_éarr&tt(? H@v@?ﬁ%geaghm&apﬂg8 irst
diffracti Omo@fs?wsrgﬁo&ﬁ 11;1 'ﬁggtu}és%stHWE,sﬂhé"Bea?}H@f Fa‘&%%ﬁt&%é}ﬂbe;]‘di‘}%cﬁeﬂtbyp&éﬁgf £4.

It wll be appfeciated there nmay be a gap etweeni the first .
di f fract i omeftpcturi8@3do 8 Jirstraliffftahtiorf grating B3.i Asskeiwn, osarsediffragtionigyeling §3 i5i gur es

7 t 7d, there. ti bet t.he fi t i f ti ti
53 and ¢ he UepRSiRF fuhfosmecrsf P R PR an TR Fvereciod Pt BB EN ot Bp 5
may be for meaveRR tHeThstiftfRE6n ?ﬁgh€33 bhd &b it ipSiEmB4. Ho[v@iQnglas affbevrgﬂqﬁig%ém i's

incident on a first point on irst diffraction grating 83 an .
di f f r act ed to 7d¢imze atay hg nbiseparatomdetweemghe Bryadifiractionrgsating &eanddhé firshprisea 84.

radi ati on 85 6. The fi order and,.,negative first order dijfracted
o at i on Sabubgilar il BraeHPR apfie 8350 oo i ha Srigreict he S i 84,
the second g7 rTae tddigtioRigtcii@nfoh 2first pdistondnEfifeGPRECHRRA gt W3 dnliffasead
diffraction grating, respectively. The second diffraction grating 87 is

al S0 transgersiting ftiorder andhegativs frst erdenditirgstddonadigion A8, &4 t Fhet fiiyst gridersand

diffraction grati 8 ngd t fi.rst bsm 84, the se d iffractiqn
grating g7 ™" %’&Wf’ ﬁﬁgsoéi%glﬂgrﬁf{égﬁ?%@l g ég Pé%%ﬁ%t%% @?@gﬁe Pﬁsgfmf[ﬁzg%eanl $a gap
bet ween t hengiddnt SR sbdtRdRliffiactiv Sain®d8! WERE ahBSE8onkipkRid Gifthe b&Rn8 AfAtion
diffraction grating 87 may be fornmed on a face of the second prism 88.

[0080] The graiiatchpastivelyi Taa s¢qoprdifffaction grating §eis absedransmassiveand jattached tejer
o ot e SR g B E ABASo Rl 300 bl BAGH BATmERb e

and inciden seCond porn he™ "secon ! _
grating 87 diffrascirati®d §7 andsthé lsléddilﬁfpri@inf%rrﬁ?i Belcdinetbe seaomchericfis 4 ag i on
grating 87 _and propagates through the second prism88. The second prism 88

i s shaped ®at¥eenthem o sughshareis 18y eapdyhiveandhem o kikemases thesecendodifeactinn erdingt s
on the Sec%'?q%a.ﬁeff%ﬁ'ﬁ%ci%{] ?chtoif% S%Zond.[}ﬁ'isgnegéie(:t ed in such a manner as to be
t |? ra

i nci dent on secon ction grating at third and fourth points,
respect i vel[§080pTht kelistkaaieved frbmaké fisnorgeadndmggdiie flrst crdetidiffieitiedRadiation 85,

substant| a|8|6)c/1iffracted by the first diffraction grating 83 and incident on the first and second points on the
second diffraction grating 87, respectively, is further diffracted by the second diffraction
grating 87 and propagates through the second prism 88. The second prism 88 is shaped such
that radiation propagating from the first and second points on the second diffraction grating 87
is reflected in such a manner as to be incident on the second diffraction grating 87 at third and
fourth points, respectively, on the second diffraction grating 87, in a direction substantially
parallel to the direction of propagation of radiation propagating from the first and second points
on the second diffraction grating 87. The radiation incident on the third and fourth points on
the second diffraction grating 87 is subsequently further diffracted by the second diffraction
grating 87, propagates through the first prism 84 and is incident on a second point on the first

diffraction grating 83. Accordingly, radiation derived from both the first order and negative

first order of diffracted radiation 85,86, initially diffracted by the first diffraction grating 83, is

21



parallel to the direction of propagation of radiation propagating fromthe
first and second points on the second diffraction grating 87. The radiation
incident on the third and fourth points on the second diffraction grating
87 is subsequently further diffracted by the second diffraction grating 87,
propagates through the first prism84 and is incident on a second point on
the first diffraction grating 83. Accordingly, radiation derived fromboth
the first order and negative first order of diffracted radiation 85, 86,
initially diffracted by the first diffraction grating 83, is 21 incident on
a common padndident bhe csmmmngopm; the second pbiat, bn tietfirdl diffrawcidbn gratigg &6 MpisdMiatidn s

radi ati on i urt.her diffracted,. the firsg diffractio rati ng 83 and

pr opagat es ' %‘ﬁ tlfﬁ‘F"'t ﬁi}gg %cé"éfoWdt gjirﬂtdlgécu‘?m%‘_a?ﬁ é% E“B‘I ?@P%@?ngﬁ%?}é‘i ?eg%“‘fﬁo“ét on
common di r ged ﬁﬂﬂdi@ﬁa&ioﬁ%ﬁﬁﬁ% iR 820mAon'Bdb@dd &M SCbath Br¥dialisn BEWhRS to
t he sensor 90. Subsequently, in a manner as di scussed above, the sensor 90

may det er roemeflacted to teasensos 9o Sabsequentlly, infsgmdrnines as dishissaslabouie, dhd fensantd0anmay

gratings 83, 6 87. 081].. Al t hough, n hown,in Fi es.7a to 7 Lt shoul d be
Cinder ot ood CEHERInEEE SRR BRI b SR AP bt S iek kb feSd, Bhin gra | nos
83, 87 are [g§g13298fbubR ndt HoWaGh Wg;u@sumbaa,t it Shduld b® BARSGESE tHaPihelsRiatibRs Hf ane
of the side view shown in Figure 7b. Accordingly, the enbodi nent of Figures

5a-d provi desfist aidyscanbdinaction gsalingsr8pit 87sare nangedan adizastioresibstantialyl at i ve
di spl acenent _of .the diffracti rati.ng in a di.rection parallel. to th

i roctt on dpmendenEs i by bERG of e MR iPo shdutinjbdRabo AP Rihadnb fh&urai,
in Figure @pridudd Jald plovRiek a/ispacEm¥ntiBeBifeRaes) skt that Mdhsudesl the &dlathace 84a
on the first prism84, to which the first diffraction grating 83 is

connect ed, displachmepiznfahe diffracsion grafingdna dirgeteorapmsalisd tq the direeisen irthe heagaof r om
which the fi .stt orrdeirde(ilgd nee%at ieve first order diffractive radiation 85, 86
pr opagat es TR PPy ”h:l eht™ on the second diffraction grating 87.

Conveni ent |[g082] e shotvatin Piduse 78 4heHYst PAME 83 niBeattinbed suehQBa aSast fa@184a on
[0083] In order to ensure that the radiation is gropagatl ng fromthe first

and second thofirst pism Bfeto vehielothg fustditfeactionerating 85 irrepnested. medy kecrasellel i
that the r %Eéo%%ﬁ‘e?% AU By ptishy 29y QRich e Kl bder glgsrtl% i ﬁ{sPS%d% >

respectively, 0 he “"secon action grating, I's's ralrty parall el

to the radiiffitat@ve radiaiag8s, 86cpropapatet befotd it Blinddéht 98 €l wd e difffactibn ghging8gond
diffraction grating 87, the second prism88 nmay be a corner prism In
parti cul ar Conyeripmilin the-finst prisme 84 may dayeja rackangular efioss sasHPEm 88 may be an

o ot U] 7587l A A9 e B ST AT SRR SO By

second di f fse@gididiffiraction grating 87 is reflected such that the reflected radiation, incident on the third
and fourth points, respectively, on the second diffraction grating, is substantially parallel to the
radiation propagating from the first and second points on the second diffraction grating 87, the
second prism 88 may be a corner prism. In particular, as shown in Figure 7a to 7d, the second
prism 88 may be an elongate corner prism, allowing the displacement measurement system to
measure displacement of the first diffraction grating 83 relative to the second diffraction
grating 87 at any point along the length of the second diffraction grating 87 (and hence the
second prism 88).
[0084] As shown in the Figures, although the first order and negative first order diffracted
radiation follow different beam paths for a significant proportion of the length of the beam path,
for a significant portion of the beam path for which the first order and negative first order
radiation is separated, the radiation is passing through the first and second prisms 84, 88, rather

through the ambient air. Accordingly, because the portion of the total pathlength, for which the
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grating 87 at any point along the |length of the second diffraction grating
87 (and hence the second prism88). [0084] As shown in the Figures,

al though the first order and negative first order diffracted radiation
follow different beam paths for a significant proportion of the |ength of
the beam path, for a significant portion of the beam path for which the
first order and negative first order radiation is separated, the radiation
is passing through the first and second prisns 84, 88, rather through the
anbient air. Accordingly, because the portion of the total pathlength, for
whi ch t he Zizstland atgativd finet @addrvadidtionsfiollowsl diffarad ipaths and padst othsoughftheaieris
pat hs and pass%i through the air, i cog;iderﬁble sEorter i n_an arrangenent

S
accor di ng £8n¥¢rdle et anngsmeRtpccerdingdp this embgdiment fempayRd khi9Tonal
arr angermen b SRhRRESRM hrrRRRGE MR Yis pRACSHRM theashRESer® f4%drh iMEss sEbiti
vari ati onstei‘%‘h@ﬁﬁﬂg?%?h?%%"wﬁ# the BS am passes&,ls such g%%‘li ursbulsesncéw;nd
t hermal vao vatationsin the @8 %iroagh which thdbeapr passenisioh aidsgbulebeclamhthomalent s, it
will be apQ]reciated that the first diffraction grating 83 may be attached
to a first 8%?5%?'and_the second diffraction grating 87 attached to a
second obj @g(85] AGGRRIHHR ProtsiodIBRSMCAPRIYmIRIdih Bfts At Ml BE §ppRediated tHal theffirkiSt
diffraction grating 83 relative to the second diffraction grating 87
provi des t deffmetzcngretimg83 oiay belatiachied o a fissrohjecidndtthe sdcond ditéipgtean graenz8 ve

to the second,ohj ect. nvenjently, the first pri 84. may be npected to
the 1ir ot - aBRfAER fecofd SEERL At s inbl mbasiymsdt bk diPIR g R RE ST,

obj ect. TheliffiaekicH draiin SO Feldtive %o tHeRBcondiSPactiéh @atng §Epfofides teahedddrembies e
used, may each be “connected to the second object. 100861 Al though not shown

i n Fi gur es theadisplaceenent pithd ifiss| obisshestativesathersecandtobsaes t €anventandly diha dirstprismi s

enmbodi nent ,, ,may ,be nodi fjied i manner., correspondi tq that ve to
ot o n g TR PR e G el s R AL 0 Sien B PR S8 e hriep Ps R} ' Brpnd
di spl acenenbjeef. THGadhitios bouded §0, Aed deAforP0ant Ak BBettel 82, iWRré OsddNRa§ 64 tE
diffraction grating 87 in a direction substantially perpendi cular to the

pl anes of thenegfedftp ghetseeondebiedtngs 83, 87. In particular, an arrangement
may be proyj} that is simlarto t 0, hu i.fie C
"ot ead”of (0BT AlBRYgh RocBWpT Eldede i THE RBlac FREM M ERURHER: o e

negative fiat&irdiapdethiy @fbadiment, &y bBenodifidd ihachetheb¥orrd®ohdihg to thaf iboe td on
grating 83, it conpares one of the first and negative first order
di ffracti verevads additinnally a dgplacemeptipeasuiesent sqasor thatimeaswes the disatpsemeny of them

the first qiirgtfdﬁi?ﬁui&pgrating 83 relative to the second diffraction grating 87 in a direction
substantially perpendicular to the planes of the diffraction gratings 83, 87. In particular, an

arrangement may be provided that is similar to that shown but modified such that, instead of, or
as well as, comparing the first order radiation with the negative first order radiation 85, 86
diffracted by the first diffraction grating 83, it compares one of the first and negative first order
diffractive radiation 85, 86 is with zero order radiation propagating from the first diffraction
grating 83. In such an arrangement, the displacement of the first diffraction grating 83 relative
to the second diffraction grating 87 may be measured by comparing the pathlengths of the zero
order radiation and the one of the first and negative first order diffracted radiation.

[0087] It should be understood that, as with the embodiments discussed above, the
displacement measuring system of the embodiment of Figures 7a-d relies on comparing
radiation derived from two beam paths. Accordingly, in the manner discussed above,
polarizers may be provided to polarize the radiation of the two beam paths in substantially

mutually orthogonal directions.
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grating 83. In such an arrangenent, the displacenent of the first
diffraction grating 83 relative to the second diffraction grating 87 nay be
measured by conparing the pathlengths of the zero order radiation and the
one of the first and negative first order diffracted radiation. [00871 It
shoul d be understood that, as with the enbodi nents di scussed above, the

di spl acenent neasuring system of the enbodi nent of Figures 7a-d relies on
conparing radiation derived fromtwo beam paths. Accordingly, in the manner
di scussed above, polarizers may be provided to polarize the radiation of
the two bed0088htHhgure fe Seficts ambiiait o themrangement of thh dgphaémentmemsurement s¥Stem

0088] Figure 7e.depicts a riant, of . the arrangenent of the displacenmept
Ereas u]r enegtde_@ﬁ?ﬁéﬁg P&H‘éﬁ%@t@&%i ﬁngllbmr@é‘t’fhfﬁ@t B’%S.mngﬁ’ ‘f’ﬁ'fzg 13, iaafﬂggel?%‘éo irst
prism 84, \Ng%ﬁ& TdYo!72%haR b rENSRA rfdh secﬁba,tan%%hgﬁeéieetomz BASreplat &F bR GMbRT

Cross secti and the reflector 82 are replaced by a single prism18
arranged spcismt I84tartahgedomiamtlot thedutiamt éfoadiadin p§lopoviddd by thewadiatidi aouron

fl ff. an inclined f 18 t .sm 184, . The, f.i .
STt ract! onefeinarhy manedSi PR of R erisaGen rmt At BieAtlhcetind fiodtiPhieive
184a of thendhirsiBed®h thGRANEH RABE Y844 dFahdpadih 984 1 AdERHINBR, tﬂe%emoﬂghaiaﬁ@ct ed

by the diffraction grating 183 and the first order radiation and the
negative fli8l ¢t diffrateed byaidie diffioptiaregating | H apskibe fiest order cadidtiantandgh¢ segatise and

may be pol ari.zed by, res jve polarizer 88,.189 4arranged on,a.second face
Taab of ¢ ndnyrrmrdaton B oPRals ipit R Ee A AR oA B one

di ffracti onegeatciblatizérs 188039]arfahgad ¢h o SecHRPiAet 388 Yfthe PAkm! IBAL fof @kABSIBONS
to the arrangenent of the displacenent neasurenent system depicted in

Fi gure 7e thetore bgihgacident pre theeseranst diffeactipn gratingil8h grating 183 with a

or om 16 10891 TRGER 7 i ANl o GRREEE AF bl o ORE Hisp e I

Accor di ngl ymeabivemgeyysei depilited indFigdi Ve but &plihfrfgrtﬁ@fe@ﬂcwe diffeadtivapgdringdigg e
diffraction grating 183" and the first order and negative first  order

di f f r act ed Wilite Gensstisstesiftiagtion grasingd 48 exranged oy thetfage hi4bs of thgprisgy 84° on
separately ] b ned. f ' 3 i ) , be
pol ari zed B%/h%rﬂe@%tgggpy?apo g)rnlnlz%lelr {sg lﬁlélﬁﬁ?hci%é? %cg;)rélﬁ%q%gﬁ %ggg}“}ngfr g%[%ggr@%/he

second di f fig di¢fractet gy thkitRgsrBive difGAAMN grengar83ange RSt sitlert did rdpsipleafirenment
measur enent system depicted in Fiqures 7e and 7f may be the same as those

depi cted i P giffragted sadigsiond 8anl 8& prenagateqihseuahde prita d 84barg separgtelygafiected
Figures 8a ’by%ﬁ i&?ﬁeg isacfI LS HE R rp?i@ﬁlclt8'4v fnd’ Ilng}wﬁe 8$la1qchf WJe%e%H@@ﬁol%&?ny nt

system
189’ before being incident on the second diffraction grating 187°.

[0090] The arrangements of the displacement measurement system depicted in Figures 7¢ and
7f may be the same as those depicted in Figures 7a to 7d unless otherwise described above.
[0091] Figures 8a, 8b and 8c depict perspective views of a displacement measurement system
according to an embodiment of the present invention. Figures 8d and 8e depict a part of this
displacement measuring system is more detail. The displacement measuring system of the
embodiment provides an exemplary arrangement combining displacement measurement
systems as described above. It should be appreciated that other combinations of the
displacement measurements systems discussed above are possible and any such combinations
should be considered to be within the scope of this application.

[0092] The system includes first and second displacement measuring systems 91, 92 that
function in the same manner as the first and second displacement measurement systems 51, 52

depicted in Figures 5b and 5c as discussed above. Accordingly, the first and second
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according to an enbodi nent of the present invention. Figures 8d and 8e
depict a part of this displacenent neasuring systemis nore detail. The

di spl acenent neasuring system of the enbodi nent provides an exenpl ary
arrangenment conbi ni ng di spl acenent neasurenent systens as descri bed above.
It should be appreciated that other conbinations of the displacenent

measur enents systens di scussed above are possible and any such conbi nati ons
shoul d be considered to be within the scope of this application. [0092] The
systemincludes first and second di spl acenent neasuring systens 91, 92 that
functi on i dispheememanemurearcnasystenes, 91,r%tengploy & et diffelcispl gratingf? andasecordent
systens 51, 52 |Cte in Figures 5 and.5 as dj scusse ove.

Acor d gl iSO SRR SheIOEEHE (P R it eTen SR AETant Sy d diffraction

92 enpl oy @rdtinks 93 G lhraafﬁfsf dlfbc%ﬁwlﬂﬁﬁm @13 Palﬁg oﬁth’%%ﬁfffh‘étwﬂi gfafuhgm @ gggat i ng
94 and neasure the relative di spl acenent o the first and second diffraction

gratings 93ubstahtialy aerﬂ)ﬁnd;culdl togb¢ stoiatioustadithe ﬁltséarpi snendodiffransiodigratings 03.0H
gratings 9 4 an bst a dIC r t,0 ations 0

.l th
Dot "9 1 B B e iR, STPstblinlly BEPBACS 1o e Piand SR Hi AL Bahles o
subst ant i a'9'4}’re@;%’cﬁ%l§“ qﬁé@rdute@uéﬁseboalemd% tHeReandi  difedfibh, @BspaE Rl @Spi&dad in

94, respectively. These directions correspond to the y and z direction,
respect i velljgueBa.cted in Figure 8a. [0093[ The systemfurther i ncl udes a

third displ nent t
of ' Fi gur on 10853 T3 sETER ST BirsTdeR s SO Do AR e Brorios shilerh 98 ETRIEN
di ffracti oo tHeadmtodirRént o€ Fagtwasaat@d@cds@w aﬁavel iid Magdur€ythe dihiademént dfa tkird
direction substantially parallel to the first, second and fourth

di ffracti ordl@ﬁaamm@@u%% pativgto @J@u@u@ﬁr%@n@rmwg Yenpetigrion substaptialhe
first measy ?H‘S't{lﬁﬁ}s't Qe ‘ﬁmnﬁr}?l%r?h &:ﬂﬁgcé@y b gr 'd4>’ g?%@?ﬁ@gﬂaﬁ’c@ﬁ{ St o the

strlatlons Pd "&8hd Four iFon 1ng

corres p0nd§)efpénd1b&lat(to tte fieg imeasuritpodirection Giigel & af subSiaiellypegpundiculid tathd 8e
depict a side view and a front view resp ectlvelé of the system depicted

i n Fi gur es sBitiogpomig t@éd ang foughidytizapiion ergtingseon Bu% ﬁ@“fsﬁﬁn(isﬁé theyt r d

di spl acene em95. In common with the enbodi nent of

Fi gures 7aQﬁCCt aszlglr;ﬁﬁo ugé@%lon is diffracted by the third diffraction

grating 96 [(os4d] Ciguzey SCEWKﬁ‘epi@ atstie viiéw aid ditoht devi @epectivelly| otxhe bystdne
enbodi nent of, Figures 7a- é and first and negative flrst order diffracted

radi ati on pepPisidan Exures &y ghandidc. hut ey showing fips baam paths for the tird displacement
grating 96 nﬁe%sﬁgfﬁgﬁt%ryﬁgm 95. In common with the embodiment of Figures 7a-d, a beam of radiation

is diffracted by the third diffraction grating 96 (which corresponds to the first diffraction
grating of the embodiment of Figures 7a-d) and first and negative first order diffracted
radiation propagates through the prism 98 to which the third diffraction grating 96 is connected.
The first and negative first order diffracted radiation is incident on first and second points on
the fourth diffraction grating 97 (which corresponds to the second diffraction grating of the
embodiment of Figures 7a-d), is further diffracted by the second diffraction grating and
propagates through a second prism 99. The second prism 99 reflects the radiation derived from
the first order and negative first order diffracted radiation diffracted by the third diffracting
grating 96 such that it is incident on the third and fourth points on the fourth diffracting grating
97, respectively, in a direction substantially parallel to the direction that the radiation
propagated from the first and second points on the fourth diffraction grating 97. The radiation
incident on the third and fourth points on the fourth diffraction grating 97 is further diffracted,
propagates through the first prism 98 and is incident on a second point on the third diffraction
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The first and negative first order diffracted radiation is incident on first
and second points on the fourth diffraction grating 97 (which corresponds
to the second diffraction grating of the enbodinment of Figures 7a-d), is
further diffracted by the second diffraction grating and propagates through
a second prism99. The second prism99 reflects the radiation derived from
the first order and negative first order diffracted radiation diffracted by
the third diffracting grating 96 such that it is incident on the third and
fourth points on the fourth diffracting grating 97, respectively, in a
direction LdisigHet iAesI \Iv'yh frereanbodimerg of Reguddsr 7aed, ithmratliagion deevedafdomttheofirst and
propagated fromt and  second I nt e rth diffraction
grating 97.negike ‘é |°é qrglﬁfraptﬁé Irqjquﬂon R{aﬁ@apﬁmﬁﬂgﬂ 8&?3%%&?51?@%9@? &
fourth diffebRgidnqbig! ﬁatxﬁelg {1R7sebSnd pUihtI6h tlie'tfnfrﬂ afftradion g}ﬁﬁ’r@g@t?& talflbgh the
first prism98 and 1S incident on a sécond point on the third diffraction 25
grating 96.incddenton thet deeoreinouti anethe thofd difftpeting grating 96 us@rﬁlandlﬁiracmd tjethé thand
fromtheflr t and irst order diffracted radia n_di acte by
the third diRFASE FAGRG IR HRIOBR st famisn Sregisis A o CeoRLp Y et
second poi n§ ¢irQfed Bhd LrfdpSidifg @mbdrUT (R @lrd @%p%emzﬂﬁné@df@sen@ @ystdnm 95 dent

on the second point on the third diffracting grating 96 is further

di ffract ed [0893 He shhivndn Figiurésr&adpi8enthg deffqrme%etvmu ﬂpﬁthpidgh&pégemnnh common
direction as a sec radiati.on t ted

Cor cepona S RRERN SRR O i G BRI RLRiekfhs Fol 8 & e ittapemen

[0095] As sh@¥iremBntySiehess tBaemBodithent WA ih FenRaCE: -0 @ theehe tHiR] diffrdction
di spl acenent neasurenent system 95 of the system degr@dt ed in Figures 8a to

8e and the gmtml%ds@wtlvmmwﬁ%ﬁucbybatéhﬁ t besan entadiditing Arcidand ap ajfisst

Fi gures 7a-d. t hi ff ¢lio 9 nd
moant od_ sudit Raete isafiratigafling 56 BispaPrerRhiel S freb B F OBTEPMUE R
the third dadifiendeh Itmghﬁﬂeﬁﬂfﬂaetl&ﬁgxaﬁggm@alxe@rmg@u@dﬂsﬁolwh tHer firbt RisnS 98 S&hen
order to be incident on the third ffraction grating 96. Accordingly,

shown, t he third displaeqmant g@wagirempet systamrdy @ndp ltlaf‘o@ﬁ@rnrlsnwsthatéwe% foré%ﬁ@h@@s
can be the t eohirst and second displ acenent
measur errentsgcgogg;gtdﬁ)gl?sascg}f%ﬁbé%uﬁggegs)kgmi 95 the third displacenent

measur enent[0696$ tAsh8Hn iy tlmﬁtﬂlupllecermﬂrﬁmeaerran&& systéfd, 95anapighdeipolagizete 78] o
pol ari ze the radiation derived fromthe first and negative first order

di ffract ed Patirangedin ordesigeolarizsitie adiation deryed; fm gherﬁnsh%nd r}egaw%%bwépr
di rections. f{fr%@tt%é ]ﬁfﬁéot%?geghé&‘r%rgfﬂ}%ﬁs’t%n&ﬁagf éau§ o%'ogg%l Qir &% acement

measur enent Sys ure t nment diffraction
grating rel[6097 e\stdesaritedabode, dhdré isgabvided @dﬂp]aﬁgnent measurement system that can

measure the displacement of a first diffraction grating relative to a second diffraction grating,
parallel to the first diffraction grating, in a direction substantially parallel to the plane of the
two diffraction gratings and substantially perpendicular to the striations of the diffraction
gratings. In addition, the displacement measurement system may alternatively or additionally
be configured to measure the displacement of the first diffraction grating relative to the second
diffraction grating in a direction substantially perpendicular to the plane of the two diffraction
gratings. By providing a third diffraction grating, adjacent to the first diffraction grating and
arranged within the same plane as the first diffraction grating but with its striations
substantially perpendicular to those of the first diffraction grating and by providing a fourth
diffraction grating, adjacent the second diffraction grating and within the same plane as the
second diffraction grating but with the striations of the fourth diffraction grating substantially

perpendicular to those of the second diffraction grating, it is possible to provide a displacement
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parallel to the first diffraction grating, in a direction substantially
parallel to the plane of the two diffraction gratings and substantially
perpendi cular to the striations of the diffraction gratings. In addition,

t he di spl acenent neasurenent systemmay alternatively or additionally be
configured to nmeasure the displacenent of the first diffraction grating
relative to the second diffraction grating in a direction substantially
perpendi cular to the plane of the two diffraction gratings. By providing a
third diffraction grating, adjacent to the first diffraction grating and
arranged wirhdasurehiest Satem mham A mbmsufd the tlisglatémant tof dre fpsbdndnyird diffractidn i t s
striations substantiall %do ndl cular to th se of th f| rsé &lffractlon
grating anc"® gp(i’B@I “tfl’i“ﬂ?jy hobiggt) felative ity eéF%ﬁqd hdifiectiongradmes ng
di f fracti onpghabhit@tdNabhddibR sE&ﬁd%fB%t)Qhﬁ@ﬁe&ﬁm sklﬁstaﬁt?&@rlﬁrﬂlei {0 € blaR of
grating but wth the striations of the fourth diffraction’grating

subst ant i althgdiffsantios editngs and substahbslly pefrpandecube tothd fubtivhgaguteiment dreatiomglsé t

is possible to.,provide a, di. nt 26 asur.enent . s em that .can al so
reanar e Cheanall Slsrtmbieit raiie e s T prutan By e ms R et oAE oPket
connect ed tQladvd {0 sbthepl l@&te)(alhﬁleafd MBhd Qaf)}h@ %ﬁ&zﬁﬁ? iag goisﬂﬂé tusdishdt a’ﬂ‘s%ieﬁﬂ
gratings (both connected attachéd to a second objéct) in a direction

subst ant i altb ynqaarraltheaiosttm)ntdfe spbsirate fable cohgrugiedftp aupporha sphatrategelativadto a

subst anti al I% endl cgrrar to the first measurenent direction. Use of such
a syst em mdRELC raglggp © iSPYO8% ¢ the position in three di mensions of

one obj ect [00%8]atibwe StRpRACE P&NsibldRAEastXHEN Systdnh fék d JubbieaE &b FORPRR! btk
it is possi bIe to use such a system to nmeasure the position of a subStrate

tabl e constineludesdoundisplpgeorent HICBSJE@WIEtSE\St‘Fréﬁi H05,1@2,103, laD4 arélf@rs@me@l abpegrelhen

L bstr ot Al iladent ey Sy tiR 1Pl Incdh e Bt ot EAG N R Y ke ©”

systems 10 Jooillﬁeaema,tﬂ@ﬁb@ﬂ@te (ﬂzﬂﬁ@l@)(bﬁdi dibreaction Ehetingd 101, ldl&éﬂlﬁ‘&@t@@fﬁthe
measur enent system 101 includes diffraction gratings 101 a, 10 [ b that are

connect ed treferdnee ﬁamgtlﬁét dstshpwa, difftacting geatingy Heka avd l@ﬂaﬁlﬂ‘f‘ﬂgﬂrlémlsc 101 d
connected to, th ene f [ Ao’ W, o di ff rach ra 101a
subst e[1&11()3{t rall p’[%gtbl Q?Ilncf“ﬁ i ﬁllgl ee]'9 c{ tafglcor 1n§ )yl fla tb élg%q

and 101c havé st tantl al'ty para Cted

in Figure Sneéddre tﬁélﬁl@ﬁzéih&ﬁ@f,thd@iﬂbstb&e wbkdl amelaﬂeamhe réthf%nﬁ@ﬁﬁﬁ\ie rms o tHehke
substrate table 100 relative to the reference frane 105 in the x direction.

By cont r astdiregion. rBy. epmsras diffraefipn aretmgs Phbol Hehave striptiensowbstantindly narallgl 1oy
paral el 0B Ay SESSS0RL e e S ARERADPOEES o o 0,
the y direatlative to the reference frame 105 in the y direction.
[0099] The second, third and fourth displacement measurement systems 102, 103, 104 have
corresponding configurations. Accordingly, all four displacement measurement systems are
capable of measuring movement of the substrate table 100 relative to the reference frame 105
in both the x and y directions. In addition, any or all of the displacement measurement systems
may be configured to measure the movement of the substrate table 100 relative to the reference
frame 105 in the z direction. This redundancy of information may be beneficial because, for
example, it may yield information regarding any deformation, such as thermal expansion or
contraction, of the substrate table 100.
[00100] Alternatively or additionally, the provision of multiple displacement
measurement systems capable of measuring movement of the substrate table 100 relative to the

reference frame 105 in the same direction may be used to determine rotational displacement.

For example, any difference in the measured displacement in the z direction measured by the
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[ 0099] The second, third and fourth displacenent neasurenent systens 102,
103, 104 have corresponding configurations. Accordingly, all four

di spl acenent neasurenment systens are capable of neasuring novenent of the
substrate table 100 relative to the reference frame 105 in both the x and y
directions. In addition, any or all of the displacenment neasurenent systens
may be configured to neasure the novenent of the substrate table 100
relative to the reference frame 105 in the z direction. This redundancy of

i nformati on may be beneficial because, for exanple, it may yield

i nf or mat i onlispégementnyeaansenctaf systemis W, 1@53umlay he usddetlo rmtermi«mahs ragaticmal

t ti f th trate t 0 Al t t .
addi {1 onal MPTeRRER D IRSTbATGr hir [opreBiiF Spsdbresnts TaBad o ahRRendys ers
capabl e of (BasHKI ggaﬁﬁxﬁeﬁﬁ@ y 8fis! bﬁmﬂ%@sfHeQﬁﬁerEﬁ’&l if ﬂe%)ur‘é@ WablakembR ih R z

reference frame 105 in the same directi on may be used to determ ne
rotational ddﬁstmrmfethesubstratﬁaablei@(hmlzel,veamghedr:fefemcerﬁnamel 1r05t measnpekshy ded

di spl acenen n the z direction ne he 27 d| | acepent, nmeasur enent
ayob e 10Hispligetis feuisB Ry Bin (i b Feiip dsEm e he fatEAbnt o
the substr agldcabbm il §1ﬁ>|sﬁ‘£tb Y£b1d Pod f%?at{v@ft&f}féQ@l%rén&@f?ﬁm%Q@S%BQMtanaa&1saX' S
substantially parallel to the y axis. Simlarly, the difference in nmeasured

di spl acenerparallal toltke 2 axidi Fethérore comparisonted theaneasurement ofHibe disiptacementtad thehe

Loa ey be SHedge B IPE AR ol felfandeuRBne F Ethe R e YRl Re L =

table 100 medagtreM@nt FstehR 102f FoenResdparmialy, kompalsui ofdfe Mehsuremaftdfipl to the
X axis. Furthernore, ‘conparison of the neasurenment of the displacenment of

the subst rdspiacembhteof Tansubsirate itabde 19D rehasive &¢ theaeferente fame1l05 in thetshdirgetion

direction hy the. displ acenent asur e SysS 02, 104 and, se ely,
Conpar i son Tmstird Sy P Rens FeptEmE St 03 peetp AP B G ¥
100 rel ati ygtationdl ARplaeéme@bEehd ubbRatd Bibld T00BRYIVE LS 6 réferencéBame 168 abyuttahe

di spl acenent neasurenent systens 101, 103, provides a neasurenent of the

rot ati onal adlsﬂ@raél@bmath@ Z@Kist he substrate table 100 relative to the ref erence
frame 105 t a 0 nt of

t he rot atigﬁﬂgfl the suhg[n%g uf‘gl{)tl %ieorg%rtlé a #hfesukaratjf%t%lere rFeanlce q‘tggne 105
nmay be i npqéfeite frhime 103 amyl e ibpoasefor exgeplebatausé Hegddesil tthe Posiiort Hiethe

substrate at which the displacenents in directions parallel to the x,y and z
axes of theubyigaat yhich @OGISP@IC@PF%IQ‘éirﬁtcﬁ@nsrl@f@ueéﬁb@efxs)aﬁf@ 20 af thesubsiiaiee d

is differ €Nho frélgtme tg' ?neorgfe%ncg [Prameloglipesﬁléfsheed is different from the point on the substrate

100 for which it is actually required to know the displacement. For example, the point of

interest 106 on the substrate table 100 for which the displacement relative to the reference
frame 105 is desired to be known may correspond to the point on which the projection beam of
radiation is projected by the lithographic apparatus in order to expose the substrate. It should
be appreciated therefore that, in general, the point of interest 106 will be fixed relative to the
projection system of the lithographic apparatus which in turn may be fixed relative to the
reference frame 105. Accordingly, the point of interest 106 is fixed relative to the reference
frame 105 and, accordingly, as the substrate table 100 moves relative to the reference frame
105, the point of interest 106 moves relative to the substrate table. Effectively, therefore, the
intention of measuring the displacement of the substrate table 100 relative to the reference
frame 105 is to determine the location on the substrate table 100 of the point of interest 106.
[00102) As will be appreciated from consideration of Figure 9, it is not possible to

directly measure the displacement of the substrate table 100 at the point of interest 106. Instead,
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100 for which it is actually required to know t he di spl acenent. For exanple,
the point of interest 106 on the substrate table 100 for which the

di spl acenent relative to the reference frane 105 is desired to be known may
correspond to the point on which the projection beamof radiationis
projected by the |lithographic apparatus in order to expose the substrate. It
should be appreciated therefore that, in general, the point of interest 106
will be fixed relative to the projection systemof the |ithographic
apparatus which in turn may be fixed relative to the reference frane 105.

Accor di ngl yas disBesspdativepthe idivptaceaent iOmeasurdd at itk podhtait whicH tovot diffracdbe prariags
frame 105 and, accordingly, as the substrate table 100 noves rel gtlve to the
ref erence fof aiisplacgment ReASHEsTIANL SYSteth £98% sor Eaamplsy isthe arangement deriffed in

substrate tﬁé’dr 9 Eﬂ:effﬁﬁtdl ?Ac\éme}lﬂgl fsfugé'ggentg m 18 ﬁl@ﬁél.ﬁ& @t fdm’f)?a%%leﬂg)fttﬁ'ée

di spl acenent™o subs rate ta atlve to the re ence frame 105
i s to det ersabsimtd tablel 100 adlative torthd feferanch Stamet 1©5timbdaedtd® sobsthitenllypardlebto the

i nterest 106. . 0010 reci at ed 0 nsi d ti of Fi

o' 1 %Ts ot diemean T i ek it RGeSt DI dhFSEENe ot Hi i werems S o
tabl e 100 atBattﬂlfl?d@ﬂhéHméﬁft ofﬂlfe%bﬁﬁfon%ﬁ’@subh@a& eafb 1<ﬂ>8ata§e €é1ﬁ€6ﬁﬁﬁ?es@b@8/§1 .thé he
di spl acenent is neasured at the point at which two dif ction gratings of
a di spl acerthnebtmesa.rbsuanmﬂ){pesa}dheﬂ énthe ryasxss, eqeals t@(diﬁ}pih@,menm irt the dinectaomgenment
depicted in rement system 101

f t. di
o eur a t b paiAlEt S b ¢ bis MeaBea B O finf dePHos M me Ayt oyt fitsm 101

reference f id 0 t, at
e poi nt Thiare pRaub gt ?%%a%g“ﬁ*ifét?"%‘t‘*s@%%y“ﬁ@fa%ﬁédﬁ*c R e e

appr eci at edramecnH}S dbost the g pkizaeuttplieddy thédisppocaD1 omthe rxehmubsn bettveert thb Ipemlof)

at the point of inte n.t dlrectlonsbstant to th
 axis bqudnessusaiet L ot dhfornl Maresien Reet FORCHSabeRATar (OF Rt ieerieh,
they axis nggs wceslrdmgly ffsr ddl 4R hirafd SiBHIACAHERN IncARASHER B THe p%YIﬁto‘f'iﬂtéi@Q{ 108lik'S
t he product of the angul ar di splacenent of the substrate table 100 rel ative

to the ref alizsnidens paradlebtoth&x aband z axes, ivisaldoslesitable t9l acedrats)y déterming therangulmt
in the x diy ml on tbafpg\l\f&ln theﬂ{{)m nt of neasurenent 101 e of the first

di spl acene SEGF S 8RY 18X%%and the point of interest 106.

Accor di ngl 00f(B'] an a%%k'ﬁ@h@sedlas@\l'eaﬁﬁf%'(ﬂﬁtdlmﬂﬁewftheaéubhﬁ*ﬁe P&Ulé?toﬂfelatwe
interest 106 in directions parallel tTo the x and z axes, it is also

desi rabl e tto thegeference IfF,aHI!?ethﬁrmﬁ)hbe datemangup)acrommrmgltwo dimean dlaﬁwmenhe X, Y

o007 2 SRR RGBSR DA M SEERN A TS, 1 e

by conpar i rdisplavemkhiie detetthinpl 8¢ eleaticuracy of the measurement of the linear displacements
and the separation of the measurement points for the measured linear displacements. In general,
the greater the separation in a direction perpendicular to both the measurement direction of the
linear displacement measurements and the axis about which it is intended to determine the
angular displacement, the greater the accuracy of the determined angular displacement.
Accordingly, as discussed above, in order to determine the angular displacement of the
substrate table 100 relative to the reference frame 105 about the z axis, one may compare
displacement measurements in the direction substantially parallel to the y axis by the first and
third displacement measurement systems 101,103 or displacement measurements in the
direction substantially parallel to the x axis by the second and fourth displacement
measurement systems 102,104. In either case, the separation between the measurement points
is at least the width of the substrate table 100. It would also be possible to determine the

angular displacement of the substrate table 100 relative to the reference frame 105 about the z
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measurenents. It should be appreciated that the accuracy of the determ ned
angul ar displacenent is determ ned by the accuracy of the neasurenent of
the linear displacenents and the separation of the neasurenent points for
t he neasured |inear displacenents. In general, the greater the separation
in a direction perpendicular to both the nmeasurenent direction of the

| i near displ acenent neasurenents and the axis about which it is intended to
determ ne the angular displacenent, the greater the accuracy of the
determ ned angul ar di spl acenent. Accordingly, as discussed above, in order
t o det er m neisttyeoangtihgmedsispheamne vetht lintartdigplacsmost irnaiizectiatsl ;mralllwtor thk atarye

to the reference fra 105 ab one na are di s
measur ementd&estPns B, g’? Fé%‘PPlSﬂ'gg bﬁg ﬁ#‘?uﬁ)ﬁl ‘ﬁs aemen e?%‘ "éltﬁy%{?flg @Fﬁe
first and pfdydr, Mt aRe %péraﬁﬁaﬁaw@mte nemreﬁémwm; Ok tRE réébéo@llv@%g&nt

measurenents 1n the direction substantially parall to the x axis by the
second and displacementi isgHsacerentst would s aplamglnnatdy Qaléml!.e wmlzh ofthe substratetdndr case,

t he separation, be en t neas nt points is at least the width of the
substrate Fﬁ?ﬂr@nﬁg\gﬁlela@%?ﬂ Wo'éllﬁsb(?q%%{erpossr ble to deternine the angular

di spl acenenpomiy) t he SHQﬁéﬁlétbﬁ appRtRtelQRatithay be/eesti@brerts kgt eMcgulame 105
about the z 29 axis by conparing neasurenents of | i near di spl acement in

di r ect i ons dpsplagkinent of thet substratetable 10ireleidyd torlee ngﬁererfcg frameakidl fer its dwen $akesForand

fourth displ acepent, neasur.enent

cepar at | on TBRTRSCH e Bl i i ThOPRFEcH Pt Bl Y e e if 8% o
di spl acenerhsiteasée R . Vl%&béireb%s@%@ﬁ@éd AR the idtetmiMaiomod itk safulbhe
substrate and, according Ig% t he accuracy woul d be | ower. [ 00104] It should

be appreci aispircemart may rﬂa«y eequired inadrder tp@dmblslmaedtsnlécengumasuramgmsala;errent

of the subst e table etoth refere its own
sake. For é(eéh%%npcirﬁatf t@ggzﬂ“eéence}]i)gtweﬁ lileaIFOIIc]ir Sp aagur%‘ranep 1ELgﬁo afhe z
axis, this digyace@entsdd thapshtelintegest mumedl@@rssembow&hé ddrredtioney e, lindsr
di scussed above, the det erm nation of the angular di spI acenent may al so be

requi red i Misplasementgnengjngment coreasponsisde thecseduiet ohiba distanee Risbetweendheippint of

oo Rk AT IR RPN ARG o

erag I Scussed

correcti on aho thehdotel the€éffect 8f &l @g it derasinaao®of the afgidaitisslscei@nt, itGnay be
product of the distance D 1 between the point of interest 106 and the point

of measur efesifablgte mininnze the ¢ptance A1 b@tcr@rn ths neintiokiinteresthd6.agd thepeipiof and
t heref ore sr?r%&?rgi 1 (ﬁfg "I’ngelﬁeﬂl?ﬁle a@c&&?f Meeﬁlgﬁslﬁ%% o?{hetlnl%alaﬂgﬂgcaeﬁnent,

di spl acenen
including the correction for the angular displacement, can be maximized by maximizing the

size of the separation between the points of measurement used to determine the angular
displacement relative to the size of the separation between the point of interest and a measuring
point 101e used to determine the uncorrected linear displacement. It has been found that an
adequate accuracy may be provided if the former is at least twice the latter.

[00105] It should be appreciated that each portion of a displacement measurement
system as described above that is used to measure a displacement in a single direction may be
constructed according to any one of the embodiments described above. It should further be
appreciated that, although this embodiment has been described with reference to measuring the
displacement of a substrate table 100 relative to a reference frame 105 in a lithographic
apparatus, the displacement measurement system described may, in general, be used to

measure the displacement of any component relative to another component.
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desirable to m nimze the distance D1 between the point of interest 106 and
the point of neasurenent 10le. In general, the accuracy of the neasurenent
of the linear displacenent, including the correction for the angular

di spl acenent, can be nmaxim zed by nmaxim zing the size of the separation
bet ween the points of nmeasurenent used to determ ne the angul ar

di spl acenent relative to the size of the separation between the point of
interest and a nmeasuring point |0le used to determ ne the uncorrected

| i near displacenent. It has been found that an adequate accuracy nay be
provi ded i f[00M8] f or neFiguse Q d¢paets v displacementandagutement §y3EM0RRt nay bhosdddobe

appreci ated that each.portipn of dIS I nt. neasur e em

Goscri bed MBI HLRoH R o eSemBlsst S Ps GEE TS inchBReraPpre 2PRITH o AD P& on

nmay be congi rsﬁs@érﬁ%a@[é@:@fe@hﬁﬂhnk?tlﬁﬂ)fh@f}@teﬂf df%él@,s&fm% eI AioHas q:i%@@d above.
er

It should furt appreci ated that, although this enbodi nent has been
descri bed wattlculagftbereracethres dtsdmmengnmﬁelremﬁrg pyseresneHl, 14, bl%tﬂﬂ@tﬁratt e table

100 relativ o a reference t ho hi ¢

di spl acererieRatgh anEtEreairal SAR L RP s At trial BB ofas AR s fvle
neasur e t heodiafdh 3608 ﬂlffl@étlcﬁf@faﬁ@g’fpmb%hnéc@éd&b lth/eeref@e@aqidﬁeer 10:50@5@151 gfitings30
[001061 Figure 10 depicts a displacenent neasurenent systemthat nmay be used

measur av%ﬁlepdﬁiattliom on¢nted yibstaptiahhy parallel sahetyraxie Aegordingly, the first
l ' t hogr aph'dcf gzaggr%r @ttrﬁgasuf%ss {38}"‘{‘10 m% hbi}lsse&% ﬁ‘g:] ﬂﬁg tﬂe l{lc%q#; sﬁ&ﬁ’gﬁfet he

system di scu ove I'n 1on ure I cu ere

three di SpHﬂﬂem&(ﬂfeld’fB@&utl@mﬂirerﬁzyfiaﬁmilo:ﬁlﬂa dlrﬁduorﬂsllBstaf[ﬂlﬂlyf parsllel to the x axis.
di spl acenent mneasurenment system 110 has a first grating 110a connected to

t he subst r dihe seeamdalisplasgmaRimeasyEsRssg SYHam ﬂhl:b’l'soahﬁijF diffragjion gratyg kldanect ed
to the refer &E‘e%‘?edftp%ge #)9@% Ba%ﬁé‘l&f d 4 s%éonci‘&ﬁ*ﬁa}chﬁﬁ lghatﬁqgl'ﬁlg c8xg[§ec%'t8me‘3d

subst anti al y parall axis. Accord spl acement

measur e systferentd Gaitie)l 0be B@&ediffmum gsatings bhthe de@mﬂ&h‘@lﬁmmem‘ medraremepst r at e
table 100 relative to the reference frame 105 in a directjon substantially
paral | el t ¢ysta® bavethey striations edenlpdpaaksiia thenerts. i acidivgmthesgedm 111 has

afirst di dep‘rI’a‘e“c%{nQﬁ‘t HEAh At F)Ls én?llf:f?l@ ‘B‘étue%i t‘b‘?nc% Q&re%ﬂ??fsfél@&&nérﬁ%kﬂleloo and

a second di Ion grating b" con ect ence franme 105.
Bot h di f f r zabstrare tgb]atlIOﬁgsla'ﬁrf'e tohhe ﬁeremé feinsg | Gicimnedite ctioa parataledtthe v ysik.em

have their str rleé ral to the x axis. Accordingl t he
second di ¢M Yrtt &‘éﬂ? QVQ é?ﬂlﬁqin%‘ye%nh%’é@mtsd’r%é%ﬂ% Cieple

di spl acene%fo%atwhelfl 0?('[’(@{[ o I Eﬁu& fl BsphAmiefil SMthd SublsBafeIEbIE FDGEANGR b e 105

in a direction parall ey axis.
reference frame 105 in the x-y plane.

[00107] The third displacement measurement system 112 has a first diffraction grating
112a connected to the substrate table 100 and a second diffraction grating 112b connected to
the reference frame 105. As with the first displacement measurement system 110, the
diffraction gratings 112a, 112b of the third displacement measurement system 112 are oriented
such that the striations of the diffraction gratings 112a, 112b are substantially parallel to the y
axis. Accordingly, the third displacement measurement system 112 may, as discussed above,
be used in conjunction with the first displacement measurement system 110 in order to measure
distortions of the substrate table for example, in the x direction. However, alternatively or
additionally, the diffraction gratings 110b, 112b of the first and third displacement
measurement systems 110, 112 that are connected to the reference frame 105, may be
connected as shown in Figure 10. In this arrangement, diffraction gratings 110b, 112b are

connected to the reference frame 105 in an offset manner. In particular, the diffraction grating
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Accordingly, the first and second di spl acenent neasurenent systens provide
sufficient information in order to neasure the displacenent of the
substrate table 100 relative to the reference frame 105 in the x-y pl ane.
1001071 The third di spl acenent neasurenent system 112 has a first
diffraction grating 112a connected to the substrate table 100 and a second
diffraction grating 112b connected to the reference franme 105. As with the
first displacenment neasurenent system 110, the diffraction gratings 112a, 1
12b of the third displacenent neasurenent system 112 are oriented such that
the stri atidob iofornbeedid the acfeiente framt i10§at ddiffereni pdftioraaleng tesyt atis thah lthe

parallel to they axis. Accordingly, the third_displacenment asurenment .
system 112 Wetl%gm@g&é%léd%rﬁswnﬁm@mg@am A B Apbiats tahle 0P abeidha £ s

di spl aceﬁe%{?pe@fo%s ?&@}enfeyﬁarﬁ% é%,QS id%aﬁﬁé’c?ﬁy L gifBaRy %@twé@h%ﬁ@ﬁﬁe&ﬁ?&nf}ﬁ okhe
substrate table tfor exanple, 1n the x direction. However, alternatively or
addi ti onal Itie dishlacenéftiofidiel smbsteptatablegi)0trdlatie tolthe ke ferfentchirarhe krsthe andirection bly

di spl acenen measur.e t systems 110, 112 that onnected to the
ref er ence ft%%ﬁégt%‘gfhlﬁg&p&@%nﬁ%ﬁ‘éﬁu&n% S’?ﬁ%ﬂﬁ}:ﬁﬂ—' gure 10. In this
arr angenent[r{]mphg‘]f ract 'Ix?ﬂleﬁhrrﬁhgé}ili%lt%%ﬂéted%&?&u% f0, t(ROMPESLRA dridg"A 16eFffcence

frame 105 in an of fset nmanner. lcular, the diffraction grating 31 |
10b i s conrsectreldlismadeent mfasueeroent Sysdere 1105 aligned siithfthe point pligierésd 0@l ong

th is t .h diffraction gratin 2b.. Con | .any rotation of
the) sonstr dhaordinely. aprdlag ot (e g amentaf e gibsiie gt Oh iR ds STel s
105, is ideptdd i@ typdndil@bGemenbel VR theldig ARARHY RNEOY dﬁf:ctic;nhf‘yfthe seconc

di spl acement of the substrate table 100 relative to the reference frame in
the x dir ecdifplaceinent mhasufémentt spstemtihil mdll diveays e eligmad witha therpems rof inforestelifd.

110, 112. 1001081 .In.the arra ment . depi cted in Fiqure 10, .the diffraction
grating i iATErgRelibe SuRbiE HRERILE RBA e dpaEnd TLG St b HioplicBRbnag
with the p%éﬁsu&inehﬂ?@fe%ﬁl 1118 the %ﬁﬁﬁ%ﬂiht@ﬂ:‘sm 0618 g HdiessioRis deh@aringFBRAtioRf
the substrate table 100 relative to the reference franme 105, the point of

measur ementofthe subsipdte tabde Hilsislagize trethe réfarenereffamie 1 6% abaw theyz axiewibaasadfect the

di spl acenent neasurenent systemd11.wll..al ways be .,alj.gned with the point of
i or o5t 10CURAL b PR PiRgRPe TR Ry ishlaf e s AR RS el g s on
111 e of theofog)st di 9l AERERAtaboE AL BHROY oSthe [deftrhibhtiandf teanp@ant of
interest 106 in the x direction is zero and any rotation of the substrate

tabl e 100 rdispladement of thpsubstinigrtable d 06 relativetotheastruence ieame H3G about the znaais is

afect the 4 RCGHAY 8L NeIRISHLSNE D inlid ek MORE plh R ASETE b £ e
110e,112e of the linear displacement in the x direction of the first and third displacement
measurement systems 110,112. Accordingly, adjusting the position of the diffraction gratings
110b,112b that are attached to the reference frame 105 in order to increase the separation D2
may increase the accuracy of the determination of the angular displacement about the z axis.
[00110] Although the use of a determination of the angular displacement of the
substrate table 100 relative to the reference frame 105 in order to correct linear displacement
measurements to compensate for the difference in position between the point of interest 106
and the points of measurement has been discussed above, in certain circumstances, this may
not be required. For example, in the arrangement depicted in Figure 10, the diffraction gratings
110b,112b of the first and third displacement measurement systems 110,112 that are connected
to the reference frame 105 are positioned such that the respective measurement points

110e,112e of the first and second displacement measurement systems 110,112 are on either

side of and equidistant from the point of interest 106 in the y direction. Accordingly, the
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[ 001091 As di scussed above, the accuracy of the determ nation of the angul ar
di spl acenent of the substrate table 100 relative to the reference franme 105
about the z axis is determned by the separation D2 in the y direction

bet ween the points of neasurenent 110e,112e of the linear displacenent in
the x direction of the first and third di splacenment neasurenent systens
110,112. Accordingly, adjusting the position of the diffraction gratings 11
Ob, 112b that are attached to the reference frane 105 in order to increase
the separation D2 nmay increase the accuracy of the determ nation of the
angul ar di sptragenttht liabarutisnlztnerrmntwhﬁlexdiwlimmwltrhd)bgﬂletﬁmt fmﬁdhhiﬁ a

determ natipn,of the angul ar I f Ihe bstrate

ol ot vert ahiemein it St el it g e togs iShladiient b Refemiona s
measur eWentp%lﬂt@fmnéetregéralresst cﬁﬁhéjérfgix% ﬁﬁﬁﬁcérﬂerﬁ QF iHel sABstRRS WBRN 0bABoR ANt
of interest 106 and the points of neasurenent has been di scussed above, in

certain ci rzcaxmtSimmlesarratnglememaynayrhﬂprb'adccémro@de a¢rate kiapgs displacemichie

t d t 10,., the diff t 11 Ob, 112b of
Phe e T e ESBafieRS shd sl e P ittt & p Ror kbR Py ol 5Pt £ 6 ©

connected H&QstRRehRiURNESS 7 bR tidAS are positioned such that the
respective neasurenent points 110e,112e of the first and second

di spl acemerd®0hiddsur enéﬁtdlS@}@ﬁé abovel thedisplagementmedsutestent systemomaz hel
eqU|d|stant f interest 106 irection cordi ngly,
the 92" averragie B FmbRRus ol diilieshid ot Ao Sirfibf ER 4 8herdial: ea by
the first &mi)lécemteﬁlt méHsERNRAE SR HRAdHCE0R MibstEh B Perpdidlidul @ tb $he fignd diMiigar
di spl acenent in the x direction at the point of interest 106, regardl ess of

the angul ardifffasiiomgraiingn Agcordinglyyibmay de desirablestoxoofigwsihe displacement| s .
Simlar ar rrﬁer%gﬁrgﬁ }fs X}sbﬁ oP{ Pl"'l‘i'gguc%[clhﬁro% e REGHY 3%‘ eeca'n'rﬁ‘eeal%ﬁreqhes%'laﬁ‘%”e”t

measur enent's suscepti O efror cause

di spl acenmentovefent @ﬁ&smmﬁné gifirictioneratingB th 2 dﬂedtmtpamm to[ tﬁ@ 2hiis. Mesucha
di scussed above, the displacenment neasurenent systens na¥ configured to

measur e t heystemait istberipessibigerraensursithe displacament pf thg stbsdig egtnablﬁlﬁg gelafivedo the
di spl
I Sp ace”‘?gé g@@? ﬁg&gﬁp? ity At r@éﬂdn”p 1%& {oetﬁg&‘aglséHQ&{uﬁBB hf&%%laé’qgﬁe%ﬂh%‘é 'ibfe
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t o confi gurptarichén ddcﬁpbmdgrmntparlﬁgam&@mmeﬁymttm dik&anonldbilcrm:hiea feaig bwd bt
one or nore, of these can neasure the relative nt of its respective
diffracti oﬁ ‘?gﬁhéﬁ Assgent measwieek sy semp bl bi112gt tsrp@sszblai@ detenmjng H@Hotatlon of

t t b
fg;l gmllO o (B e[ %l{%%aetg?«%% ﬁioerefa‘ﬁvg‘?&‘ﬁﬂé "Eref€ HAmPH 65 B theX add\Pax¥PRIORifigly,

it is possible to provide a measurement system that can measure displacements in six degrees
of freedom.

[00112] Figure 11 depicts a further embodiment of the invention. Similar to the
arrangement depicted in Figure 10, the arrangement includes first and second displacement
measurement systems 121, 122 that measure the displacement of the substrate table 100
relative to the reference frame 105 in the y direction and, optionally, in the z direction and a
third displacement measurement system 120 that measures the displacement of the substrate
table 100 relative to the reference frame 105 in the x direction. However, as shown, the
difference between the arrangement depicted in Figure 11 and the arrangement depicted in
Figure 10 is that the first and second displacement measurement systems 121, 122 are arranged
such that the diffraction gratings 121a, 122a that are connected to the reference frame 105 are
elongate in a direction substantially parallel to the x axis, namely in a direction substantially

parallel to the striations of the diffraction gratings. Likewise, the diffraction grating 120a of the
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reference frame 105 in a direction parallel to the z axis in addition to

di splacenent in the x-y plane. In addition, by conparing the displacenent
in the z direction determned fromtw of the displacenent neasurenent
systens 110, 111, 112, it is possible to determne the rotation of the
substrate table 100 relative to the reference frane 105 about the x and y
axes. Accordingly, it is possible to provide a neasurenent systemthat can
measure di splacenents in six degrees of freedom [00112] Figure 11 depicts
a further enbodi nent of the invention. Simlar to the arrangenent depicted
in Figure figst dishRcanemmypseementyistede2(f thatsis camstcedtotint rdfesqicadmment0S is

measur enment, syste 121, .122.t hat asure the djsplacenent of the bstrate
Labl e 100 cloabilt MEeyigds e s iperuB AR Piguel FTbRS s Blersragnaly
opt i onal | ﬁggeg&l&iaﬁaﬁo%fs&%ibﬁa ABr@inglyNitindlind fds869 W@H&ve’@‘?&!«bhﬁ%ﬁéﬁts shgkem

120 that ures the displacenent of the substrate” table 100 relative to
t he ref er edisplateraent nk@Surementrystemoixtastingiinom Hmmweferencefeansh bifnin a diegction

di ff b he . depi i.n Fj e 1 d t. t
depi ot od | RS e Y4s <ORD TREsPRPLMSs Soebial it IR anene FeBLRERen:

SyStens 12bhed doin@ln@g A8t lbGic ilidbrabli® afpihiact i on gratings 121 a,
122a that are connected to the referencé frane 105 are elongate in a

directi on $0M48hnt i al Ayumlzardehefit of suchirm axrangéneent nserghst depicteddin Fegire dhis that

bstanti al | arallel to the striati f..the diffraction ti.n
i kew se.  tiraeeRaey B oirtghapeietBunpagiisriement e sihudletab 300
nmeasur enente] §uee MeléferéftRifrante NBUMGE ACaiPpdrilfe]l G THRIAAGLisimprBvedOPhisSs
el ongate and extends in a direction substantially parallel to the x axis, in

this case bedagsatheiseparationdds,gnadirecticar subsiantiadlyqarallgl foothe x axbscof epgingsofi t i s

ot enal ng FHCRE ot 1 2ace P A i e ol IR aRT00 R e iR ™

axis. Suchframedi0b dhGRAEdIFeciBN ob thelfRieind ¢bcndidisplicdfient edvitintent spsdithd 121,
with other conponents of, for exanple, the l|ithographic apparatus. [00113]

A further b2histsigniligandlyereater in s peiearmtiopkan the sepagtising ingthe iy wlireptin; of ;be |h s
that th f . f ' i t
IR R R R R T

paral | el t @akldd 08 iRiiex difectibR bOiRirst AL Shitddisplaceause nichureaparsgttens 108,112n a
di rection sub,stanti,ally(garallel to the x axis, of the points of
nmeasur ementepioted & Higpreal (Gof ¢ he di spl acement of the substrate table 100

gngtnijVSi ;gq(fal?%ﬁz e;@a%‘s’rﬁ?%&% ?]1?5‘? gé@%sg?r@dsatg %evarﬂinfg%&ﬁ@d} 0 sdeBd bispiRbenfdld
measurement system 111 for measuring the displacement in the y direction discussed in
relation to Figure 10, in the arrangement of Figure 11 the diffraction grating 120b of the third
displacement measurement system 120 that is attached to the reference frame 105 is aligned
with the point of interest 106 such that measurements of the linear displacement in the x
direction are not affected by the angular displacement of the substrate table 100 relative to the
reference frame 105 about the z axis. |
[00115] A further benefit of an arrangement such as that depicted in Figure 11, in which
measurements of the displacement of the substrate table 100 relative to the reference frame 105
in a first direction (in this case, the y direction by the first and second displacement
measurement systems 121, 122) at measurement positions that are set apart in a direction along
a direction substantially perpendicular to the measuring direction (in this case, along the x

direction), is that by taking the average of the measurements of the displacement in the

measurement direction, errors introduced by a rotational displacement about an axis

34



122 is significantly greater in this configuration than the separation, in
the y direction, of the point of nmeasurenent of the displacenent of the
substrate table 100 relative to the reference franme 105 in the x direction
of the first and third displacenment neasurenent systens 110, 112 depicted
in Figure 10. [00114] In a manner that corresponds to the arrangenent of the
second di spl acenent neasurenent system 111 for neasuring the displacenent
inthe y direction discussed in relation to Figure 10, in the arrangenent
of Figure 11 the diffraction grating 120b of the third displacenent

nmeasur enensutsystielly petPerdiatlar to thd inassuesindnd dirbstionahé tiendiecctiva ie whith the
aligned with the point, of interest 106 such that nea urenents qf the_linear
di spl acenemeawemﬁé pRsitigns ¥ SeiAPag(in hisicass shout By Zwl& RE H’@‘&P‘&a As before,

di splaceneqf 4 éatéﬁﬁﬁg#}%gﬁtliro ‘o dhARLRufk Alﬁ{s'o\f?hétqvotaﬁplaée%e% fESrdhafie 105

about the ene an arrangenent such as that
depicted i sydt'engsﬁtle: griatet the wbduricy. rieamutcbhmmpmcm‘ted that msﬁahmmemuymlsobet he

substrate t e relative to the reference frane 105 in a first
direction (3 t%é%%@éjéléﬁre d?“‘?zﬁ Sr%ﬁ:tgl}sdﬁ"eﬁi}ortlhe first and second
di spl acemerpgjgg 'i‘&‘}é‘sure”ﬁ%ll%?é%h%%&gﬁcg%haﬁ%@m?ett SEHEITRIY bPARI gh@ﬁ\ﬁchttﬂﬁtallare

set apart |n a direction a irection substantially perpéndicular to
t he neasur ithegeothpoaertts oﬁth(eldﬂsgléfciememaneasumhmngsystm gxtentl fremtthesybstrate tatlad 0by

taking the, average of th asurenments of e displagcenment in the

measur ement? %Iﬁ ‘Ppé’ﬁrah@ﬁ"gﬁ%y'a‘msra& qegyt IEPCPBIEE‘I‘riag%éPnIbq Xpfl8cenent about
an axis S4gasf anti ahl il6e RS NARs hitnt B8 cMBASRTREL, @k LREiH GRbdtleine
direction in wh measurement positions are set apart (in this case
about the maabes)anﬁgweéto piomieadneassrebehosystem thatcagrmedsare dispdaccepatsdnisian  of

t he rreasur ?ﬁf& s of the two displacenent neasurenent systens, the
greater th e%f& éjﬁ‘? Ot should be appreciated that this feature may al so be

ef fected bydyg) ot her FiRiHRO dBRSa Alrtichhiferhdl@AHaAem ROkl 10 dikinbe
| R

appreciated tha | i kew se, e system could be arfanged such that al t he
corrponentsembOdlmndre@pingdemmondﬁamt efr@ntpr@ymlavnmnend fromthe substrate

(200100, il 91 o TRl et 16 2R DSk REED,
embodi nent gyddig 196,aR N mertmﬁldiﬁﬂﬁcem@ﬁﬁ/m@@ufeﬁm gkl IB@hWﬁlﬂét 811 Reond
measur enent_ syst emthat can neasure di spl acenent’s in six degrees of
freedom  diffraction gratings 130a, 130b connected to the substrate table 100. The first diffraction
grating 130a is arranged with its striations substantially parallel to the y axis. The second
diffraction grating 130b is arranged with its striations substantially parallel to the x axis. The
first displacement measurement system 130 further includes third and fourth diffraction
gratings 130c, 130d connected to the reference frame 105. The third diffraction grating 130c is
arranged with its striations substantially parallel to the y axis and, accordingly, may be used in
conjunction with the first diffraction grating 130a in order to measure the displacement of the
substrate table 100 relative to the reference frame 105 in the x direction. The fourth diffraction
grating 130d is arranged with its striations substantially parallel to the x axis and accordingly
may be used in conjunction with the second diffraction grating 130b to measure the
displacement of the substrate table 100 relative to the reference frame 105 in a direction
parallel to the y axis.
[00120] The second displacement measurement system 131 includes a diffraction

grating 131a connected to the reference frame 105 and arranged such that its striations are

parallel to the y axis. The diffraction grating 131a of the second displacement measurement
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1001181 Figure 12 depicts a further alternative arrangenent, according to a
ninth enbodiment relating to a second aspect of the present invention.
1001191 This arrangenent includes a first and a second di spl acenent

measur enent system 130, 131. The first displacenent neasurenent system 130
has first and second diffraction gratings 130a, 130b connected to the
substrate table 100. The first diffraction grating 130a is arranged with
its striations substantially parallel to the y axis. The second diffraction
grating 130b is arranged with its striations substantially parallel to the x
axis. The sydtemtl3diisatagedentheraruidimhie sbstraeribbO100uast the first displadermetthi r d
and fourth diffraction gratlngs 130c,  130d connected to the reference franme
105. The t HRGapurgment sysiemol? gr‘%&cpffbnglgdée Aufracfiongratang 1 lpipfithessegpnq at i ons

subst ant | alajopi Ak A idash Rt gfloﬁgg be a&&qhgg@%&mm h B #Sedftdtion

conj unction I'fr's ratin ain or er to neasure the
di spl acenenptating 180eof &uﬁsﬁtr&ﬁﬁadeﬁeh&n&ﬁ&Mnasysveen irordbetorprbade ndertierame 105

in the x direction. The fourth diffractjon at i 130d i.s arran
its striat iguIEmERtefihg displge %@%P% Splstiptedanle 1P gelaiye @éﬁ%@éﬁrﬁ@%ﬁ%w%

used in cony HﬂﬁEétﬁJﬂ %E?nﬁa f% e & 15 rRGH dnO T HIFRbreN Bt gﬁ tﬁé)erm?@t? Bfﬁhet he
dlsplacerrent 0 e su stra e 100 relative to the reference f

in a di rectdnsptacemamtahd:ashremnt msteyn mmnge[dlﬂﬂ@ﬁmglfheieﬁahmsjlbdir&pltdﬂcerzmaht
measur enent, system 13 es a diffraciion i la connected to the
ref erence el re’l‘@%"eé §des o thersy St‘iafestag{eq%cétr}gbﬂ CLEQEIPERLS O Eg}e to

the y axis 11t%%‘?a§ﬂéczf %ﬁ&dsoﬁ 1§3§tﬁ1tﬁd§§ib§3to hf%aﬁfée %Ha%@%e&@npdﬁﬂé &bSHRBtable 100

measur enent 131 IS arrange sanme si de of the substrate
tabl e 100 ae;lain‘haetofthaf sfferdncegrane bhin therr deoctement] they g taectio®0. Accor di ngl y,

the diffracy] rat| 131 a f t he second | acenent neasurenent system
153y bo TAB1 P12 o RikReog, Do mpuies P e epBeRREn Bensiereniih thsbs of

the first di3plRORsEMe ﬁi’@taa%klrs%lﬁﬂtdm?ﬂ/ LR rRealidRient é&rsféhﬁ\’lB@el'ﬁ {Her5886n of
measur ement of the di spl acenment of the substrate tabl’e 100 relafive to the

reference ftlneamstmstabilml(&) r¢latize to i rstbmgceframallf)@ alpeut alhd 24xis mayfhe determined.

di rection. ref or.e hough the nent ur enent
systemis ﬁ W&éﬁ?d&ho%le il? }érag?' 8@ M’éﬁ E@Fé ‘38@ Plagfapent Rgﬁiéf ore

| eaves t he sghdn@fe thbleq60 %1@@@ Bfthd Meréx‘x’&sﬁdi@é f04 z?d%'u?thfe rze&sf@nmﬁieh% the
conponents of the lithographic apparatus, it is still possible to neasure

t he di spl asepasaiiondp4 imibe sdirstiien betwadr @e POt cvfeheasummem)lweel Flefof tterforst dndame

105 in the séco%ld rd?s%}a{cgrrﬁer?tnrgez}sﬁr%n}éngsys ems 1%% 131.
[00122] As before, both the first and the second displacement measurement systems
may be configured to additionally measure the displacement of their respective gratings in the z
direction. Accordingly, it is possible to measure the displacement of the substrate table 100
relative to the reference frame 105 in the z direction and rotationally about the x and y axes. For
example, the angular displacement about the x axis may be determined by comparing the
measured linear displacements in the z direction, for example at measurement points
130e,131e, in which case the accuracy of the determined angular displacement will, again, be
determined by the separation D4 between the measurements points 130e,131e in the y direction.
The angular displacement about the y axis of the substrate table 100 relative to the reference
frame 105 may be determined by comparing the measured linear displacement in the z
direction measured by the first displacement measurement system at a measurement point 130f
using the diffraction gratings 130b,130d that are also used to determine the displacement in the

y direction, with either of the measured linear displacements in the z direction measured at
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[00121] Furthernore, by conparing the two di splacenment neasurenents in the x
direction fromthe first and second displ acenent neasurenent systens 130,
131, the rotation of the substrate table 100 relative to the reference
frame 105 about the z axis may be determined. As discussed above, the
accuracy of the determ nation of the angul ar di splacenment of the substrate
table 100 relative to the reference frame 105 about the z axis is limted by
the separation D4 in they direction between the points of neasurenent
130e,13 le of the first and second displacenent neasurenent systens

130, 131. [ ehadinghsoimel 80613 lRotHowdver, fin tisd cazadhé becusry @i thad s@indnaimigular
measur enment _systens nmay be confjgured to_additiopally measur?1 t he )

di spl acemerispircemer;willbedigutedbydhgsenniatign Do an thea directipn betpeemthe Apgtapegswing, |
it is possi [ . Of b

rel ative tc?gtnﬁégglfe e%gﬁ%ﬁoétﬁg?r@%ﬁﬁéfsﬁlﬁﬁgﬁém% t | rg 23? goékgﬁgﬁgg?gﬂteﬁag%gﬁqmd
about the xhedueryhigatizg.of for angalaadppiacembre abogthay aglis apdyaloesipmificatkydesstthen x

axis may be determn by comparing the neasured |inear displ.acenents in
the z diredf§ %fﬁ}‘raFlSPF&%éléf?F’@l loﬁégg’ﬁﬁéﬁ%‘ﬁﬁ‘%ﬁﬂﬁwm i@‘?}léfli%’ig’,‘lsi?’ﬁca\%ﬁ f case
the accura : : er 8] | SEENE. W I 1, again, be

determ ned% a?%t %@%%&E%l%%ﬁggﬁﬁgﬁvgé%q{eﬁgﬁﬁeasuri'ments points 130e, 131 e

in the y di[0@28] on. Althoagihppeaificdefsphecmapbe madeurt thisteyt taxhsussfofditlegraphic
substrate table 100 rel ati.ve to e.reference, fra 195 be .det er m ned
by conpar | (GRS LR BINTHE SF [Ch L Paua B rarRoph 1o e tPareryn SHRSAHN o
by the fir SlEsd#ib&ﬂ’ heefIRaY hmﬁér%ggﬁ&la@%ﬁtsﬁm Al thd nﬁﬁlaﬁuﬁﬁ@sﬁﬁm%%u optRal

using the diffraction gratings 1 that are also used to determ ne

t he di spl acgstems, guidanbeand/daféatiootpatserns firtnmgaetihdéomaih mdneonsafatrpael disgays,
di splacenents.in the.z dir l neasured at .36, neasuri ints 130e, 131e.
Hovvgver i ICIH#'@Y%QISC&P@X%(E%EBH Yan mPﬁ‘ﬁ‘ﬁ&F%‘?W%ﬁ%ﬁﬁﬂ?‘ﬁ?“‘% %'gf acenent
will be |'ighh@eiaRhithe BEBatEkt FRudtPaltetndtiVe afplitatifss, h@PuREIMBE erhb ewhicPsér

measuring point 1301* and either of the other nmeasuring points 130e, 131 e.
Accor di ngl y'diet’ heresrcmay he yonsfiderechas syeveyméusavittothe ofiore igencaalgeinas “subsipitedocement

bout the y._ axi “be significant i th F ot
detor mi nat | Bespofig drer ey 35 Pbsbaiste easd B herva b e feSisted belopg ate
separ at i on elBodufe, fi P ekdhABEIdacR gﬁaﬂobﬁﬂgatt@ﬁﬁ?l}llfﬁppt‘ﬁ%ﬁﬁ'l%tef t@ﬂre% to[a(%]gﬁﬁl%le and

Al t hough specific reference may be nade in is’'text to the use o
| i t hogr aphidevelepsghe expesed resishea metrafogy teol end/pr arGmspéctios hentl Whies applieabis, thed

Lt e, AR SRR 5P RSP PPuSREp R SO0t e
substrate may be processed more than once, for example in order to create a multi-layer IC, so
that the term substrate used herein may also refer to a substrate that already contains multiple
processed layers.

[00124] Although specific reference may have been made above to the use of
embodiments of the invention in the context of optical lithography, it will be appreciated that
the invention may be used in other applications, for example imprint lithography, and where
the context allows, is not limited to optical lithography. In imprint lithography a topography in
a patterning device defines the pattern created on a substrate. The topography of the patterning
device may be pressed into a layer of resist supplied to the substrate whereupon the resist is
cured by applying electromagnetic radiation, heat, pressure or a combination thereof. The
patterning device is moved out of the resist leaving a pattern in it after the resist is cured.
[00125] The terms “radiation” and “beam” used herein encompass all types of

electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of or
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systens, gui dance and detection patterns for nagnetic domain nenories,

fl at-panel displays, liquid-crystal displays (LCDs), thin-filmmagnetic
heads, etc. The skilled artisan will appreciate that, in the context of
such alternative applications, any use of the terns "wafer” or "die" herein
may be considered as synonynous with the nore general terns "substrate" or
"target portion", respectively. The substrate referred to herein may be
processed, before or after exposure, in for exanple a track (a tool that
typically applies a layer of resist to a substrate and devel ops the exposed
resist), a abputr3dlSpdfs, 24%)119andy7ar 126 nim) spkeiticore WoaivioMEEDS ) aipdiatiane(blgehaviitge

di scl osure herein e appl | to.such.and ot her substrate processin

Loot s~ Fur (HE gl e BOpS a0 s Sred B Sadir iy Righ 25 TRAEDeariS 0t ELECHRN o
in order tqgegmeate a nulti-layer IC, so that the termsubstrate used herein
may al so refer to a substrate that already contains nmultiple processed

| ayers. [0qa@K26] Al t holhh temedersi’ cwhert ehestontextaljowsavmylrefen trajeongliove t o t he
use of enbodinents of the invention in the context of_.optical, |ithography,
't will be CRBTEDPROLETIHSLPE ALOPYRALFATRRTERS, MeEAledgiithvs Rdpctve Mapiclc
appl i cat i ongectrbRaghtRMRAR1dciBEtiE o;%;tiéah&ﬂﬁ&dﬁ'éms. and where the context

allows, is not limted to optical Tithography. In inprint |ithography a

t opogr aphy [P0I274 pat t dYmiespecidieicobodinid théimvpetianchave beemdesdribed above, it

bstrate. T. t th tt i .devi ; b Lnt
Tayer of - r Ui SRHeRE e Ghe i tafiflieh Py i rEl TR TEal ST E. B 00y
appl yi ng eleggipRiB@Nedntion athyahikOMe FHRAGS a EUNBSAH R0 mAoRBITHInG 8hé BPmbler eof .

The patterning device is noved out of the resist Ieaving_a pattern in it
after the rsegiesiees of maphing-readabie mstructieas describingragaethed andiselasedabergror aslat

herei n enco ss_akl _type f | ect romagneti c..radiati {ncl.udi n

Ut e of ot e mPdi AR Serticondilef Wl RN EALRAL BRI Do) BEINELARA
355, 248, 19dpulkh prodiam dorédheritd extreme ultra-violet (EUV) radiation (e.g.
having a wavelength in the range of 5-20 nm, as well as particle beans,

such as iod08E$ls or dhedescoptionseahoye afegotenddd twibs itlestiative. a8 timitigge r Bushié
context allgo fer ne oppination of various .t S _Of
opti calcongimeAPEheh e RyBT i PRGrhu SRFARh: Bl B alflee Pl ihvEREn &

el ect r omagnibdribedMdthoheddpattizigafior tidpicopabdf thovRaNe st Sut bdde*27] Wiil e specific
enbodi nents of the invention have been descri bed above, it wll be

appreci ated that the invention nmay be practiced otherwi se than as descri bed.
For
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exanpl e, the invention may take the form of a conputer program containing
one or nore sequences of nmachi ne-readable instructions describing a nethod
as di scl osed above, or a data storage nmedium (e.g. sem conductor mnenory,
magneti c or optical disk) having such a conputer program stored therein.

[ 00128] The descriptions above are intended to be illustrative, not
limting. Thus, it wIll be apparent to one skilled in the art that

nodi fications may be nmade to the invention as described w thout departing
fromthe scope of the clains set out below. 38 . .................... Ce
VWHAT | S CLAVYNBD IS T AIMPDASSpl acenent measuring system conprising: (a) first
and second diffraction gratings, said displacenent neasuring system being
configured to neasure a displacenent between said first and second
diffraction gratings,, 4 i 1Hﬁ% R eXgLEM i s configured such
that: (i) a firét beé%$%@§%§%$%%?%% [ §g?gto %ﬁ%ﬁﬁgasurenent systemis
divided into first gdirsegdtsevendfdiffeiction geating, k4id alidptad emanki ratdsaring eystan by
the first diffraction grating; ,(ii) said first and negative fjrst order

di 11 act ed ERBICAREHORAEASHS qllﬁﬁlfi%renabthwﬂé@ﬁw andecond dishaction@ralings on
grating an ﬁﬁﬁhp econd beam of radiation; (b)
a sensor c%@%ﬁ&gﬁﬁgbrﬁg{eﬁf 1 ne ?’%gh{r?%‘%g{%%tg?épl acenent of said first and
second gratings from a det(®rafirsticamofobdiatighiapet tdithd measucende systean isadifided t
conponent of said second beam derived fromsaid first orﬂi diffracted
radi ati on BRAMSIARE NGEURE Sy € Fl‘t‘*g rfl?{‘at_éoé’i a%‘éé’éfﬁ]isﬁ" fiesy %afémﬂéﬁ% om
said negative first order (j{id ARt g AQMIR FRPoREPEKITAAL fidlariBh bkaAShreone

| i near pol arizer configured such that sard first and second conponents of
sai d secondutteadifihcted by shd soomt diffritiengtatingahd subsequently reednatrinetitoi farm a
substantiall%'ﬁll tuallﬁgfrthogonal directions. 2. A displacenent neasurenent
system accdf H&e% of 1 conprising a first linear polarizer configured
to linearly polarize sl &nfdrhfighdeho QtblliaiRIelhBM @spALRGRBY d fitst and

second linear polarizer configured to linearly polarize said negative first
order dif f semndgratingeliftatri odetbmaination of a phase difterence between a first component of said

second beam, derived from said first order diffracted radiation beam, and a second component
of said second beam, derived from said negative first order diffracted radiation beam; and

(c) at least one linear polarizer configured such that said first and second
components of said second beam of radiation are linearly polarized and oriented in

substantially mutually orthogonal directions.

2. A displacement measurement system according to claim 1, comprising a first
linear polarizer configured to linearly polarize said first order diffracted radiation beam and a
second linear polarizer configured to linearly polarize said negative first order diffracted

radiation beam.

3. A displacement measurement system according to claim 1, wherein said at least
one linear polarizer is arranged such that at least one of the first and negative first order
diffracted radiation beams, propagating from the first diffraction grating, passes through said at

least one linear polarizer before being incident on said second diffraction grating.
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3. A displacenent nmeasurenent system according to claiml, wherein said at

| east one linear polarizer is arranged such that at | east one of the first
and negative first order diffracted radiation beans, propagating fromthe
first diffraction grating, passes through said at |east one |inear

pol ari zer before being incident on said second diffraction grating. 39 4. A
di spl acenent neasurenent system according to claim1l, wherein said first
and negative first order diffracted radiati on beans are reconbined to form
sai d second beamof radiation by said first diffraction grating. 5. A

di spl acenent nedsur enedisphyahamnaasmreshentgsystomcdcaomiirg, towlhamel, iwleadinl sad fis<ir

conprises a radiatiqn beamsplitter . that divides sagi.d second heam o

Fadlati on oAt gesive Sauerder g iasisd Bigien arp%lerﬁa‘fqoaﬁzm@eﬁom&l@&7%5 feam of

portion of raﬂ%ﬂ#%ﬁrsﬁhffﬁgct%dgrmnd conponents of said second beam of
a

radi ati on; erel irst of said at | east two sub-beans of radiation is
passed through a polarizer, configured to have a pol arizing axis at about

45 with respect to the prjentation of Ilinear polatization of the respective
portions of said-firg<}disR C%‘B%ﬁ%?%@%ﬂ%ﬁ@“‘o&%%%tﬁéyﬁn ]oqueéf'd’i‘é*llag‘?ﬂm’io

a first radigthi &rd Kgﬁfaﬁ_@h b¥ark Sp B Fat dm&bs\eﬁi%rseédhdaoeaﬁqqngdiggo&ﬂdﬂa@&as{ gt

two sub-beans 0 adi ation 1s passed through a waveplate and a pol ari zer,
confi gur ed sub-beausofragiation,ieacnipchiding agtortdioefieadbofmatdfinstaplesecorndconipenents of
orientation of |inear pqglarization of the respective portion of said first
and second SBErSEHEME™ ra‘i‘&le‘&“’beam of radiation, to a second radiation

intensity detector. GyhefeifllaSREGISERINL: [ABANSSAEBRAMS ¥ BERAMRBAGOPLEEDthEughladl M
5, wherein said waveplate is configured such that a fast axis and a sl ow

axi s are suosrizzat, cahfigureditocdiavela potarizing axordt@bowt4iSd withfrespenttarthgotientatimat afon

of the respectiv ortiop. of said first and .second conpqnents of said beam
of radiati WearWO?%XPZ&P%Pg@Sﬁ%WFCtH@M tsa@ gitéﬁfié‘é@&a&f)ﬂ’é’o’é‘g‘t%?éﬁ am

wher ei n sai @ didfindld LArsP M tRliheh &y dkttdesgsai d second beam of radiation
into three sub-beafs of radiatl 5n; and whereln the third sub-beam of

radi ation is passed twheneigh secaadodnaldwbleay inaio sub-bemhscofyadiatiois passed ffroggirad
to have a pol arj zi n% axi s, at about 45 with respect to the orientation of

linear pol a¥avsalateandsrpalatizer. copligired i IAyF RiPGREIZINE XLy 41 aPPyishS° YU resneaig the

conponent s ffe,88bf of linear polarization of the respective portion of said first and second components

of said beam of radiation, to a second radiation intensity detector.

6. A displacement measurement system according to claim 5, wherein said
waveplate is configured such that a fast axis and a slow axis are substantially parallel to the
orientation of linear polarization of the respective portion of said first and second components

of said beam of radiation.

7. A displacement measurement system according to claim 5, wherein said
radiation beam splitter divides said second beam of radiation into three sub-beams of radiation;
and

wherein the third sub-beam of radiation is passed through a second waveplate
and a polarizer, configured to have a polarizing axis at about 45° with respect to the orientation
of linear polarization of the respective portions of said first and second components of said

beam of radiation, to a third radiation intensity detector.
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beam of radiation, to a third radiation intensity detector. 40 8. A

di spl acenent neasurenent system according to claim?7, wherein said first
and second wavepl at es have di fferent thicknesses such that said first and
second wavepl ates introduce different phase shifts between the respective
portions of the first and second conponents of the beamof radiation to
said second and third sub-beans of radiation, respectively. 9. A

di spl acenent neasurenment system according to claim@8, wherein said second
and third sub-beans of radiati on have phase shifts of about 120 and about
240, respecti vel8y imdispiawnbdbmeamaﬂnemtesystemmemrﬂixg tpetaimdh svhefein $rad first st

d d t the b di at la g
Clib- beam ofid MIPRY MaHeP TG Pt PR biRkArsreaeh e 65 bl sehed iRl o

claim b5, V"“ﬁ{:&fu@e éﬁfegent ?nggﬁﬁ&%eﬁ%eﬁeﬁé ﬁfsbé?:ﬂv@f)&t1l8ﬁ§§f3ﬂiletﬂ?§t%€f§eébnﬁomm”
pol ari zer. di spl acement measuring system configured to neasure a

di spl acene mbmpbmmﬂedrthé beasn ofiradiation emshid ssepod emd thirdisub-bghmp & rdintion,
measuri ng system orrprl sing: first and second el ongated diffraction
gratings, \R%‘Bf’glﬁ dhe first component is or is attached to the first

el ongated diffraction grating that is oriented such that its el ongated
direction is substantially parallel to a first direction, and the second
conponent is or %s atA d\l@ﬂecbmﬁrﬁmeh@r%@mﬁﬁst@h@ngud@é telrlrim cwhereingeis seerpd

that is oriented such tha s. el.on tion

paral l el t&"dt hs"éjc%ﬁ ams & fei 1%ha¥%8]g%seﬁ@p gqqtéhgt@dlt]*ﬁ’é’ufﬁitreagercgg?lyon;
and a sensqky ARl BithEdh e répkasle B plRcHs iR ﬁ}fst R %d@dbn%ﬁ%ﬁt@fo?% adltE
diffraction tr&@ at&lqeast orrlgejs%beam 0 adi ati on by te he first and segon

el ongat ed dadifiticmatlatime gr suiid figs sub-bdwen ef admépal pattern of radiation is

i ndicative of the displacenent of the first elongated diffraction grating
relative to the second elongated diffraction grating in a third direction

substantial Iy pappendy gidb@berhnt BRlaburbRent syt a%e&dm%eto%@aqﬂrsi whetgg tdign. 12.
A di spl acenent neasuring systemaccording'to claim wherein said pattern

of radi at i onb-bsanhsiofitadiatipmadicqrsiedéhrofigh heOMnmplpata@nent of the first
el ongated diffraction grating relative to the second el ongated diffraction
grating in the first direction. 41 13. A displacenent neasuring system

according to claim 1 diplae&hdnt sidabdigdstemi configured to measure a displacement

between first and second components, the displacement measuring system comprising:

first and second elongated diffraction gratings, wherein the first component is
or is attached to the first elongated diffraction grating that is oriented such that its elongated
direction is substantially parallel to a first direction, and the second component is or is attached
to the second elongated diffraction grating that is oriented such that its elongated direction is
substantially parallel to a second direction which is not parallel to the first direction; and

a sensor configured to detect a pattern of radiation generated by the diffraction
of at least one beam of radiation by the first and second elongated diffraction gratings;

wherein said pattern of radiation is indicative of the displacement of the first
elongated diffraction grating relative to the second elongated diffraction grating in a third

direction substantially perpendicular to both the first and the second direction.
12. A displacement measuring system according to claim 11, wherein said pattern

of radiation is further indicative of the displacement of the first elongated diffraction grating

relative to the second elongated diffraction grating in the first direction.
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the first and second diffraction gratings are substantially perpendicular to
the first direction. 14. A displacenent neasuring system according to claim
12, further conprising a third elongated diffraction grating attached to
the first conponent and oriented such that its elongated direction is
substantially parallel to the first direction; and a second sensor
configured to detect a second pattern of radiation generated by diffraction
of at |east one beam of radiation by the second and third el ongated
diffraction gratings; wherein said second pattern of radiation is

i ndi cative of the displacenent of the first elongated diffraction grating

| ati toth hi I ted diff ti t] in.at. .l east. qne.of t.he
relative to the unird glonaaled dillaclion Arauing Lot ) shst G0col he
claim 14, ywhegei hdtdagoRBARL tioR 8tdiRENaR subastitally PBrpeadicadt fbﬁthb fﬁ?st‘direéttﬁﬁlé

di spl acenent of the first elongated diffraction grating relative to
third elongated diffraction grating in the first direction; and the

di spl [ . ] ' | ,.di spl f.th
Fi ot component [Fel att dab RS TEBRBIg ST ORpAREAr o st O g %) |

paral | el t%iﬁdﬂ@longalféddifﬁﬁcﬁ@ﬁg’ramgfa&mcg 16l el fRrsSdahonbnttdnd odiesel 3eaBALiss i n
the first direction indicated by the first and second patterns of

radi ati on. elodgated diregiionde mhstantinlhy parpiie] te thetfash direstiesi arfl t o cl ai m 14,
wherein the second pattern of radiation {s |ndicakive of 2 di s t
of the first e|ongat8&°%¥Pﬁ?&%¥ﬁ8&‘%?%f?ﬁ%ﬁmt%F%?ﬁé8“%3“Pﬁ%£@%¥Pé£é%§ﬁg§ ed

di ffracti oniffh&idn&f dt Teabithetdehmthfehdigedn Wthe 86dnll Aed diifddlas@iteIdiffiReEsHr | Ng
system deternmines a rotational displacenent of the first conponent relative

to the sec@ralinggnponent about an axis substantially parallel to the first

et on 1om U1e L5085 SPLERSIRL el 05r AU udler o

i ndi cat ed bythefiré”f cond*pa ns o

di spl acenefirstRaghiecd AFfayidEsfaane flaivego the thir@elonddted Hiffrhdtivn oty insk kgst  a
fourth elongated diffraction grating attached to the first conponent and
ori ented s@Bnofhadirstrand dhighdisgandi rection i s substantially parallel to the
first direction; a fifth elongated diffraction grating attached to the
second conmponent and oriented such that its elongated direction is
substantial ly pasal | & displatdnters aranding systeini aetordigdo claim 14, wherein the second

pattern of radiation is indicative of the displacement of the first elongated diffraction grating
relative to the third elongated diffraction grating in the first direction; and

the displacement measuring system determines a rotational displacement of the
first component relative to the second component about an axis substantially parallel to the
third direction from a difference in the displacements in the first direction indicated by the first

and second patterns of radiation.

16. A displacement measuring system according to claim 14, wherein the second
pattern of radiation is indicative of the displacement of the first elongated diffraction grating
relative to the third elongated diffraction grating in the third direction; and

the displacement measuring system determines a rotational displacement of the
first component relative to the second component about an axis substantially parallel to the first
direction from the difference in the displacements in the third direction indicated by the first

and second patterns of radiation.
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a third sensor configured to detect a third pattern of radiation generated
by the diffraction of at | east one beam of radiation by the fourth and fifth
el ongated diffraction gratings; wherein the third pattern of radiation is

i ndicative of a displacenment of the fourth elongated diffraction grating
relative to the fifth elongated diffraction grating in at |least one of the
first, second and third directions. 18. A displacenent neasuring system
according to claim17, wherein said third pattern is indicative of a

di spl acenent of the fourth elongated diffraction grating relative to the
fifth el ongated1di ff padisplacengindireaguring syitemtaotordingito etalimarl; fiathdr tdraprising:

di spl acenent neasurenent system deterni nes a rotathggﬁkﬂgjsplacenent of the

first component rel afifQwth gopgateddiflzrdion sptivgeatiache shyqmRAneRAdi n ¢ he

di sp! acemenigeh QuchiifariflichgliddSicbAh is AR Bty BiraliBRONA ikt BRELRI

patterns of radiation. 19. I spl'acenent neasuring system according to

claim 17, wherein st nifefth cosgacdd diffreetibograting atiachied fid thedieédndawiiponenfraadi ngs

are substant. al erpendicul ar. 1o the first directjon . and the third

pattern of CsPARBRaR cheneaticidi@etat s subin ol pil e b aepbdfirgphons and

el ongated diffractiop ygatdnigr Jo%lﬁghfeu% B@edihanfrd bhifers lof AR nUehérRAlyaRe

grating in the first direction. 20. A displacenment neasuring system

accor di ng dffrattainnef® Jeastmedicamsdiratlitionsty thp fourtr anddifthr eldhgateddiffraction

i ndi cative of. a displacenment of the first elongated diffraction grating

rel ative t84HM8%second el ongated diffraction grating in the first direction;
_ ler r39 tof fidindfeati ; : \

and 43 the di spl acengife dik a\hird gattots bEFAdHRIOR 1InARALTSE JUsPadsREmRBE tHRT t he

first conponent relative to the second conponent in the first direction

from an avdoutheclofgatddadiffdictiph gratimg melgtivertotthefifth ebngaled ddfraction grafimgined ldagt

the first and ird patterns, 21...A displacenment nmeasuring system according

to claim 1??6\9{#@?5&?{’ %ﬁcp?‘é?’?%%agfrec 98 fourth and fifth el ongat ed

diffraction gratings are substantially perpendicular to the second

direction;, and the third pattern of radiation is indicative of a =

di spl acement of 18he fAodisplacenadnd myaswrthgdysttmaceordinggo slaimg 7 aihareinvsaid hindne

fifth el On%gttteenq isdilnfd{cra 2t 2 andi%laaéelmne%t bt ?o%rt%ee c?nnggted diffraction grating relative to the

fifth elongated diffraction grating in the third direction; and
the displacement measurement system determines a rotational displacement of
the first component relative to the second component from the difference in the displacements

in the third direction indicated by the first and third patterns of radiation.

19. A displacement measuring system according to claim 17, wherein striations of
the fourth and fifth diffraction gratings are substantially perpendicular to the first direction;
and

the third pattern of radiation is indicative of a displacement of the fourth
elongated diffraction grating relative to the fifth elongate diffraction grating in the first

direction.
20. A displacement measuring system according to claim 19, wherein said first

pattern of radiation is indicative of a displacement of the first elongated diffraction grating

relative to the second elongated diffraction grating in the first direction; and
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direction. 22. A displacenent nmeasuring systemaccording to claim11,
further conprising: a sixth elongated diffraction grating attached to the
first conponent and oriented such that its elongated direction is
substantially parallel to the second direction; a seventh el ongated
diffraction grating attached to the second conponent and oriented such that
its elongated direction is substantially parallel to the first direction;
and a fourth sensor configured to detect a fourth pattern of radiation
generated by diffraction of at |east one beam of radiation by the sixth and
sevent h el ongat ed di filieg displacemeng rehsuriang;sysirardetenmires theodislacenaint of the dirst

radi ation is indicative of a displacenent, of fhe, . sixth elongate grating

rel ative t GOMRRNGIEIRIFVE t@lﬂéfni‘f&?%‘gc%?l?ofnf%tdpit 15t %?W@n:}’f?r%lfm g%eégge @Ee of the
first, secqe k i I Lo 3 1 ring system
accordi ng @%$gﬁgﬁﬁﬁg??gﬁﬁk?ﬁﬁﬁkggfgm%%ﬁgﬁﬁqhigkﬁ%?ﬂﬁﬁglgﬁg?%étive of a

di spl acenent of the sixth elongated diffraction grating relative to the

sevent h el ongat diffraction grating in the third directjon; and the
di spl acenent - meadur erbAFPEGRRIIEEUE Heemacrading Gielmcl s hRERaHeigs oft ne
first C0”pQﬁltPf?)hnB%h@ﬁﬁ%ﬂ%il&f%afeﬁ%iﬁ%&t@&ﬂgxﬁm%@ﬂibsfahﬂ&‘ﬂ)a%&bé&ﬂ&ﬂi}q@ thesecond

di spl acenents in the rd direction as indicated by the first and fourth

patt er ns ofdireetthnatandn. 44 24. A di spl acement neasuring system according to
claim 22, wherein strjatigns,of the sixth and seyenth diffractio atings
are substantially perbemidnsn ofcimion s mefene Bbt pisnacempty e Pafbrh
pattern of oJf3Eh@H dEfrabifor é}‘dﬁ&%aidlé{ﬁ/e% tiR fHsAbRGeEdfrRtioh ?Qatﬁllg?iﬁ fhe @bsHagat ed
diffraction grating relative to the seventh elongated diffraction grating in

the first dieettmtion. 25. A displacement neasuring systemaccording to claim
22, wherein striations of the sixth and seventh elongated diffraction
gratings are substantially perpendicular to the second direction; and the

fourth pattern @b rad aispRberhéntimtdbaig systedf acBordirPoACAREN, fithet B6mpisihgt
elongated diffraction grating relative to the seventh el ongated diffraction
grating in the second sixthelongated diffraction grating attached to the first component and
oriented such that its elongated direction is substantially parallel to the second direction;
a seventh elongated diffraction grating attached to the second component and
oriented such that its elongated direction is substantially parallel to the first direction; and
a fourth sensor configured to detect a fourth pattern of radiation generated by
diffraction of at least one beam of radiation by the sixth and seventh elongated diffraction
gratings;
wherein the fourth pattern of radiation is indicative of a displacement of the

sixth elongate grating relative to the seventh elongated diffraction grating in at least one of the

first, second and third directions.

23. A displacement measuring system according to claim 22, wherein said fourth
pattern is indicative of a displacement of the sixth elongated diffraction grating relative to the
seventh elongated diffraction grating in the third direction; and

the displacement measurement system determines a rotational displacement of
the first component relative to the second component from a difference in displacements in the

third direction as indicated by the first and fourth patterns of radiation.
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direction. 26. A displacenent nmeasuring system according to claim11,
wherein the first direction is substantially perpendicular to the second
direction. 27. A displacenent neasuring systemaccording to claim 11,
configured to neasure the displacenent of the first conmponent relative to

t he second conponent in six degrees of freedom 28. A lithographic
apparatus arranged to transfer a pattern froma patterning device onto a
substrate, conprising a displacenent nmeasuring systemaccording to claim 11,
configured to neasure the displacenent of a first conponent of the

| i t hographi c appar at usdispletemiany mehirmgsestenciccardingrie niaimf22t tvbedeirt dinaticas lof c
apparatus. 29. di spl ace t .measurenent systemthat sure venment of
a first obj’[}teét"‘tﬁlaéqi awev@l 1 a&“@’é@fﬂ‘l‘&g%ﬁf:éﬂﬁta’ﬁ@ﬁ%PFWH@E‘?}?E)O tge ?‘Fsgg'lreﬁ}oé‘nar
diffractiog,grating nounted to said first object; 45 (b) a second planar
diffraction grating nmounted to said second object and substantially

paral l el to the firsthediofifthpetiérngf cadittiongs indivdtiyedf adisplacaneenpobthedinily a

first beam of radiation; whereip the first heam of iation is i.ngident on
L et porietid gtk inaraing e fo b scvealt dgpeaied Bftritiiod eetire f Mt
first ordeygagnnegative first order diffracted radiation is incident on

t he second Jiffraction grating; wherein the second diffraction grating is

configured such that: at least a part of the first order radiation fromthe
is further diffracte

first diffracti grat. . by the cond diff.ractign
grating and is gﬁci d&%‘sagceén@éwﬁﬂ“%iSﬁftemc?ﬁccfr E‘g}‘[f’lpg‘t‘méaf Wﬁ&‘&t‘} YHAS O ng;
at | east agpayitth@hd sbRkniedaidavd diffftioR fl@ings Adisabdtatially perpeh@ichilar ®lthe
diffraction grating is further diffracted by the second grating and is

i nci dent ownecoail dirsdtmmdindpoi nt on the first diffraction grating; and wherein

both radiation derived fr said first. or.der,. di.ffrac radi ati-qn .fromthe
DD P Lot ooty Bk (ol e AR oF HtioRG S FairdliVe PATASRIbARGA bF i sifth 0y
order differabed diffadtRini @iidd Rt the k&tentl {1biigaedd diffr@tish ighging i tHelseddiar

diffracted by said first diffraction grating
direction.

26. A displacement measuring system according to claim 11, wherein the first

direction is substantially perpendicular to the second direction.

27.  Adisplacement measuring system according to claim 11, configured to measure
the displacement of the first component relative to the second component in six degrees of

freedom.

28. A lithographic apparatus arranged to transfer a pattern from a patterning device
onto a substrate, comprising a displacement measuring system according to claim 11,
configured to measure the displacement of a first component of the lithographic apparatus

relative to a second component of the lithographic apparatus.
29.  Adisplacement measurement system that measures a movement of a first object

relative to a second object, comprising:

(a) a first planar diffraction grating mounted to said first object;
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and propagate fromsaid second point on said first grating in a comon
direction as a second beamof radiation; and (d) a sensor that detects a
pattern of radiation derived fromthe second point on said first
diffraction grating, indicative of the relative novenents of the two
diffraction gratings in a direction parallel to the plane of the
diffraction gratings and perpendicular to the striations of the diffraction
gratings. 30. A displacenent neasurenent system according to claim?29,
wherein the pitch of the second diffraction grating is about half the pitch
of the first diffract(b)orsegomt plagar @Etacwomg@ﬁn&mmﬁqg toregid second ebjesiandem

according tqg claim 29, er.ei second . diffraction grating is

reflecti ve?‘?*zféa@%@ I&afallégg?&Fﬁ‘éﬁ&%ﬁ&%ﬂ&%ﬁtaﬂé\/st em according to claim 29,
further conprising @c)faiSrogiece@%\qajngqrﬁrgmhmgqlr@dimmﬁ the radiati on of one of
the first order and the negative first order diffracted radiation fromthe

first diffracti on grati ngwhegin thedirstdicanatfsadiatinngs incidenhen a fisst painher thedirsig

to claim3 erein.said ..pol arj zer .i unted to i deS i ction
orating. s rcesruneain AR Bl nED SRR nd SR ARTERAT aftide
further copgfidtfinngincilch6®MHe sendrdifRictibhgdatin@l ari zes the radiation of the
one of the first order and the negative first order diffracted radiation

fromthe first diffracti onvhgrein thegeeonstdiffenction giatibais candigniedisheh that:st
pol ari zer; wherein the first p ri.zer Is.canfi ed,. | ar.i Latd on
inafirst orientation and th%l %%%8??3“6%fhée&ﬂgteor%érsrg%ltgﬁ??gﬁlr%ethg? Bsrt gg?g%tiogle

radi ation igftiag 3eRether Giffr@idby @B sedondidififiactiobgrlating il Is\incidérd 0ganatonidpolite
first orientation. 35. A displacenent nmeasurenent system according to claim
29, furt heondsnist diffaeetion g&ateie; nor e opti cal conponents configured to

re-direct the second beam of r q?"ﬁggth rgtsoqg%é%g{g},e hg@oﬁgfpaqqatgﬁgpqng{he first

radi ation is again incident on Ion grating an

di f f r act ed diffraction gratiyg isiferthidrrdéfifradicd by aled seoondgratingignd ishincidan ondaidistéondct i on
grating and then the first diffraction grating in a same nanner as the
first beampemtpnheditsiotifiractigp geatingoatsenerate a third beam of radiati on;

wherein the third beam of Jhagdhabh@Radigidd Ered frofsdid first SREP Hiffracted radiation
from the first diffraction grating and radiation derived from said negative first order diffracted
radiation from the first diffraction grating are further diffracted by said first diffraction grating
and propagate from said second point on said first grating in a common direction as a second
beam of radiation; and

(d) a sensor that detects a pattern of radiation derived from the second point on

said first diffraction grating, indicative of the relative movements of the two diffraction
gratings in a direction parallel to the plane of the diffraction gratings and perpendicular to the

striations of the diffraction gratings.

30. A displacement measurement system according to claim 29, wherein the pitch

of the second diffraction grating is about half the pitch of the first diffraction grating.

31. A displacement measurement system according to claim 29, wherein the second

diffraction grating is reflective.
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36. A displacenent neasurenent system according to claim35, wherein said
one or nore optical conponents configured to re-direct the second beam of
radi ation includes at |east one of a cornercube, a prismand a planar
reflector. 37. A displacenent neasurenent system according to claim 29,
wherein said first and second diffraction gratings are reflective; and said
second diffraction grating is divided into two portions such that the first
beam of radiation passes between the two portions of the 47 second
diffraction grating, the first order diffracted radiation fromthe first

di ffraction grasng iasdispleddnemt ectahyerhér sfsters tacqodingom claim 2R efustherorechprising

diffraction grating and the.negativye first order_. diffracted radi ation from
the first aif\%?trpéztaﬁzswh@‘r%fﬂ?f%@sg@f@ @Fl%%Pgﬂl%vqﬁ%@f% ardsh And, e ciegiivafirppader
second di f WishGLi®Paddh Rén tRtirs Uik RAbAGRARR! Measurement system accor ding

to claim?2 erein the sensor Is adapted (o detect radiation derived from
zero order radiation generated when the first beamis incident on the first

diffraction grating and, based on said detected radiation o _determ ne the
rel ative ITDVEITEE} - of a‘t%éplé?eé’f‘?“ﬁQ%Eaflﬁel_&e’?}is?'g’c’:’f‘iaﬁﬁorgﬁﬁg?é%f‘fﬂag]tzl’ Vgﬁrgfnp%ﬁgl cul ar
to the P' ar SlaHEeFiQ%ouﬂieﬁfté%H's%ngrdﬁffﬂa&% Q){ti nparing a beam pat hl engt h of
the radiation derived fromthe zero order and radiation from at | east one

of the first and negative first orders. 39. A displacenent measurenent

system according,to claim29 erein the first nd .second,pkt anar -

di ffraction gr agﬁngsﬁ%ﬁ@ag Beasen Sggﬁgtﬁlfcqrg]é’gtt?l&%@g?nfugtﬂ?]i fogqprising
di spl acenentsesmalRIBNthaSREHes HRAhdARGP O tBS ohdI6f the figdt lo¥der ARY Bi¥RRbatble firkte
first and second diffraction gratings in a first direction, substantially

paral | el t ordendiffrhetadrasliationdrai therfirst diffractign grating shai isined potariged by theyfirst
per pendi cul ar to striations of the diffraction gratings; and the
di spl aceme R HESsur enent system further conprises a second displacenent

neasurenent sensor, Rakdig tHeMirsCpoMithef RUohNgittd fRpolaiiZd fadfativth ghsti Ngs,
mounted to the first and second object, respectivel substantial ly

paral | el t eriepfation andethoseaond pplariger iamenfigisedbiacodirtze rrgsﬁ@tii@hin@rsa@mﬂb@w@mioguch
that stri arﬂ:la?rﬂsssuggtaﬁtgaff%{ﬂrglﬁtggrgﬂ?%t;h%gﬁgt%rgh{atigﬁct' on gratings are

substanti al Ty "perpen riations of the third and fourth
diffraction gratings; wherein the second displacenent neasurenent sensor
measures the relative novenent of the third and fourth diffraction gratings

in a second diréetior JiSRIBImEN MERTUFCIpERtAY YR aceprding tpPlaia 28 furthpreromprising
di ffraction,gpAhbRASRACHIRAEAT oM dwe PSRN Heoh@bbddE of Ladfitiof i hhoN:

the second beam of radiation is again incident on the first diffraction grating and is diffracted in
turn by the first diffraction grating, the second diffraction grating and then the first diffraction
grating in a same manner as the first beam of radiation in order to generate a third beam of
radiation;

wherein the third beam of radiation is incident on the sensor.

36. A displacement measurement system according to claim 35, wherein said one
or more optical components configured to re-direct the second beam of radiation includes at

least one of a cornercube, a prism and a planar reflector.
37. A displacement measurement system according to claim 29, wherein said first

and second diffraction gratings are reflective; and said second diffraction grating is divided

into two portions such that the first beam of radiation passes between the two portions of the
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40. A displacenment neasurenent system according to claim?29, wherein the
first and second displ acenent neasurenent sensors share a common source of
radi ation. 48 41. A lithographic apparatus arranged to transfer a pattern
froma patterning device onto a substrate, conprising a displacenent

measur enent system according to claim?29, configured to neasure a novenent
of a first conponent of the |ithographic apparatus relative to a second
conmponent of the lithographic apparatus. 42. A displacenment neasuring system
that nmeasures a novenent of a first object relative to a second object,
conpri si ng:seomyl diffrbcticat grptig) dre ﬁi"su‘ drderctiffmoated ratiativg, fram thecfotsedi ffragtian gratigg is

pri smand nount t said fi r a second anar fraction

P e imand SRty Re i ebeohce e Srot it ebio cting dnd B s BL SeE L and
(c) a sour Qerrideey rHitn¥rdrh 'il§et ﬁﬁ?&@r&%oh%@dﬁ%h@fbﬂe%@'b?'tﬁb §e|86nci b&%n QPE’HE‘ of
radiation is incident on a first point on the first fraction grating and

di f fract ed sseond diffimattidni gratingr der and negative first order di ffracted
radiations are transmtted through the first prism wherein the second
diffraction grating is arranged such that said first and negative first

order diffractedgr adl@aispraéemart iﬁeraaﬁ&ﬁelm@yst&mcédra&tg t8 eaﬁm g, wﬁérem(thé sensor -
incident on the second diffraction grating at first and second points, on

t he second isiidapted ¢e desectgadiationgderived fromdzrefcr crrécttredrlabqn generatedwhen e fikst heam on

< conti guradssbn e RO bR S apATRRE o iF e R ik G AR B

poi nts on trélgtivemendt bf fRcirh@ipsGh aldiredionSubfhhtRely §drRRdicuRr kd i @i 0P the
third and fourth points on the second diffraction grating, respectively, at

an angl e su¢iiérastion %nauygs hyagcanpaging adeamepatiienesh piothe prdigsingatarivgd fiopnthe Aerof i r st
_and_ second (felﬁgl%liﬁ %mgﬁaorr?% ?t%‘n@ ];)f gtﬂr Pﬂg gttlvg%r%}%??r in t_he radi a.t' on

i nci dent off pornt's oh secon raction grating
is further diffracted by the second diffraction grating, passes through the
first prismand is incident on a second point on the first diffraction
grating and is B8t hek displapemen magswempntsysiemraggerainesa clpmi APetvhereinihe disst

first or der 8@&:0}19?)Ia'ﬁglg(?irffrélc%otl'g'rastﬁlgg,rtﬂg EoJr@edAn%tthg Sensor together form a first

displacement measurement sensor that measures the relative movement of the first and second
diffraction gratings in a first direction, substantially parallel to the plane of the diffraction
gratings and substantially perpendicular to striations of the diffraction gratings;

and the displacement measurement system further comprises a second
displacement measurement sensor, having third and fourth planar diffraction gratings, mounted
to the first and second object, respectively, substantially parallel to the plane of the first and
second diffraction gratings and such that striations of the first and second diffraction gratings
are substantially perpendicular to the striations of the third and fourth diffraction gratings;
wherein the second displacement measurement sensor measures the relative movement of the
third and fourth diffraction gratings in a second direction, substantially parallel to the plane of

the diffraction gratings and substantially perpendicular to the first direction.

40. A displacement measurement system according to claim 29, wherein the first

and second displacement measurement sensors share a common source of radiation.
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first diffracted by the first diffraction grating propagates fromthe second
point on the first diffraction grating in a common direction as a second
beam of radiation; and 49 (d) a sensor that detects a pattern of radiation
derived fromthe second point on said first diffraction grating, indicative
of the relative novenent of the two diffraction gratings in a direction
parallel to the plane of the diffraction gratings and perpendi cular to the
striations of the diffraction gratings. 43. A displacenment neasuring system
according to claim42, wherein said second prismis a corner prism 44. A
di spl acenent nedsur i dglithygtaphicappoatis agangeddd tamsfer patleny Eom agittdrming davice
prismhas a rect %n ul ar cr.ossé?fﬁction agd t he sai g fir

| f )
BT 1 aot; ORGP EALE LomPr T Hirlpaeeabmetsitaarh Senan afc o flaim 30 1 e

first prisgynirredtodhSRIACENBNMER3SH Tl domPSAERNLAME UL REPHIO aspardtii dfative
wherein at |least one of the first and second diffraction gratings is fornmed

on a face ¢ asdvend compormtiofthe ditltbgpapihemgpparagespect i vel y. 46. A di spl acenent
measuri ng system according to claim42, wherein said second prismis
configured such that |ines connecting the first and third points on the

second diffracypon oy @kplageniéil nfc@\RRGIsyRBmithA BeEaRE a sl chRut dtha iRt HbjEcton
the second diffraction ggiatl ng are substantially parallel to striations of
d

the first aeletiedoamndcatididbjesttdomprigingt i ngs. 47. A |ithographic apparatus
arranged to transter 4 paL onn LA PRLLEL Nnck oML GE AL, A PHBREALS:

conprising a displac g system ng to ¢
confi gur ed shid fiFerabice @ di spl acement of a first conponent of the

|'i t hographic apparatus relative to a second conponent of the |ithographic
appar at us. 50 (b) a second planar diffraction grating, connected to a second prism and

mounted to said second object; and
(c) a source providing a first beam of radiation;

wherein the first beam of radiation is incident on a first point on the first
diffraction grating and diffracted such that first order and negative first order diffracted
radiations are transmitted through the first prism;

wherein the second diffraction grating is arranged such that said first
and negative first order diffracted radiations, diffracted by the first grating, are (i) incident on
the second diffraction grating at first and second points, on the second diffraction grating, (ii)
diffracted by the second diffraction grating and (iii) propagates into the second prism;

wherein the second prism is configured such that radiation propagating
from the first and second points on the second diffraction grating is reflected and is incident on
third and fourth points on the second diffraction grating, respectively, at an angle substantially
parallel to the radiation propagating from the first and second points on the second diffraction
grating;

wherein the radiation incident on the third and fourth points on the
second diffraction grating is further diffracted by the second diffraction grating, passes through
the first prism and is incident on a second point on the first diffraction grating and is further
diffracted such that radiation derived from the first order and the negative first order radiation
first diffracted by the first diffraction grating propagates from the second point on the first

diffraction grating in a common direction as a second beam of radiation; and
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(d) a sensor that detects a pattern of radiation derived from the second point on
said first diffraction grating, indicative of the relative movement of the two diffraction gratings
in a direction parallel to the plane of the diffraction gratings and perpendicular to the striations

of the diffraction gratings.

43, A displacement measuring system according to claim 42, wherein said second

prism is a corner prism.

44, A displacement measuring system according to claim 42, wherein said first
prism has a rectangular cross-section and the plane of said first diffraction grating is

substantially parallel to one of the faces of the first prism.

45. A displacement measuring system according to claim 42, wherein at least one of
the first and second diffraction gratings is formed on a face of the first and second prism,

respectively.

46. A displacement measuring system according to claim 42, wherein said second
prism is configured such that lines connecting the first and third points on the second
diffraction grating and connecting the second and fourth points on the second diffraction

grating are substantially parallel to striations of the first and second diffraction gratings.

47. A lithographic apparatus arranged to transfer a pattern from a patterning device
onto a substrate, comprising a displacement measuring system according to claim 42,
configured to measure a displacement of a first component of the lithographic apparatus

relative to a second component of the lithographic apparatus.
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