DI SPLACEMENT MEASUREMENT SYSTEMS LI THOGRAPHI C APPARATUS AND DEVI CE
MANUFACTURI NG METHOD 1. Field [0001] The present invention relates to a

di spl acenent neasurenment system |ithographic apparatus and a nethod for
manuf acturing a device. 2. Background [00021 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 forned
on an individual |layer of the IC. This pattern can be transferred onto a
target portion (e.g. including part of, one, or several dies) on a
substrate (e. DISBLACEMENT MEASYREMENES ESTEM St HPGRAFHIC APRARATESI vy vi a
i magi ng onto a layer of radiatign- L | i st) provided on
the substrate. In general gg"f@?ﬁg@%@?&%‘?%@ﬁn a network of

adj acent target portions that are successively patterned. Known

| i t hographi c, apparatus include so-called steppers, in which each target
portion is ik radififidq by exposing an entire pattern onto the target portion
at once, ango®Q ThebleGht HAMATSated © aWkpfBerR@E hehsukifint $@feh, Bihok@phic

irradi ated by scanning the pattern through a radiation beamin a given

di rection (tdmearatyeand mefhodyior manyfaayringideBicgy nchr onously  scanni ng t he
substrate parallel or anti-parallel to this direction. It is also possible
to transfer the pattern fromthe patterning device to the substrate by

i mprinting the p&acksroundnto the substrate. 100031 The continuing drive to
produce devi i Pl : L eis a
cont i nui ng o[gﬁrr@lu\ge lﬁtg?gq%{ﬁ% Ech%g%g%% fsgaqglrbgglgs%saég@ﬁg <{1!(13 §f?nat ut glcc%nftf?géug Etghﬁé’

devi ces, t asidlyabios targetposmnef thy eubstatalA kthogaphioapparats oo keoweke fu exrseple f
this is that, i.t is desir . L e jthin
a1 t hogr aptie P RuPERIAS bt 8y oRB) HEp b BBl el ETRAAL BhRal |
'si ze of the dimhtivebt refomedansntnsask or Heetiflormpcbeoneditopigite acrcwlgmtteasebs it

is desirable tq control,  t osi.tion.of the substrat | th eyer greater
preci si on. |fg'[“§8(5’&]an&5ﬁ(}%?#ﬁ8%§ iy Ign(')l\?{ﬁ pﬁ&%&c%"l 5ntra§%§§é(!)gr%n,m§lf§?t Osr?1011
i nt er f er onet(epsincliiyg Paroof] 6, oracweid] dies) Pasubitat (agasdilienenia). Thavevelthe t he

accuracy of conventional .interferometers_ is .limted by disturbances,in the
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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 accuracSr.
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 interferoneters 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 wthin the |ithographic apparatus. SUMVARY 100061 It is

desirabl e tqQ provyide an jnproved pr.ecision asurepent .systemthat is |ess
suscepti bl e [9®4g¥P%Vre§tl%’ﬁllygﬂ’ﬁWr TSy %BTOISOE‘%EWI%GIEE?%%C oy rﬁmvd% space.

[ 0007] Accongduge piitda neaboehdm tHofeviditie htveisy bbtonvémiend intsrfgomvttded a

di spl acenent, neasuring system.configured to peasure t di spl acement

Dot oan T 1 it By Qe R e BT VA e parep e phioe s RisA e BiRest
systemis canti sty eRy iRakde ad nfill&ice BePHsial vaRtials, Mecordibghyt thto t he
measurenent systemis divided into first and negative first order

di ffracted apurcarf envversiong iygrierpetets can ondy b fogiesed By GHBImIAiRE S“_Fhe first and
negat i ve f i Gafuhar Hlelé iz a0t @BaReationds oy it did nastad by
t he second |1¥ractyon grati ng ang subsequently reconbi ned %o orm a
second beamtodllovaidit air fusbilench o deergasgraadienio agw therpmpgretyeerofitheain fg sdftigto sensor
configured € ] ' | ihgt cond
gratings f réﬁ%hg] érgé & ?%a%g’? F%ugksgt& ﬁ%@mggggﬁ?%?@%%@a%gsm%# Cégﬂalng?g’t
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measuring Sythirahe fithograghic appataides at | east one |inear polarizer configured
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 enbodi nent of JUMMARAENtIion, there is provided a

di spl acenent neasuring systemconfigured to neasure di splacenent between
first and second conponents; wherein the first conponent is or is attached
to a first giEpRLiLicgidtld @pkdvadt MlibioRel MEdiaod Reasttealint dybtain thdt § Iedsongat e

direction is parallel to a first direction; the second conponent is or is
att ached 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 beam of radiation by the first and second el ongate
diffraction gratings; and the pattern of radiation is indicative of the

di spl acenent of the first elongate diffraction grating relative to the
second elongate diffraction grating in a third direction perpendicular to
both the first and the second direction. [0009] According to an enbodi nent
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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 gratingsina



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 transmtted through the first prism the second diffraction
grating is arranged such that the first and negative first order diffracted
radi ation, diffracted by the first grating, is incident on the second
diffraction t flrst an tion
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measuri ng system a sensor that ects a pattern of
radi ati on i ndiigaan, dléfr@mdtbméhqﬁ;staratme, irngislamton thedﬁcqnﬁélfﬁmloélgfﬁm&éttﬂrﬁﬁnd

gratings in ds%csiﬁd é,r%ﬁ]gs 88 R Bhd 8{&5&0}1 Gifl, At cg{ %ﬂt G Scbid ARtAcOh Shflol NOS

and perpendi striations Of T on grati ngs.” BRIPEF
DESCRI PTI ON ﬁﬁpfdﬂEngRAMbN(ﬁe@@ﬁbnmnElhbwbmbprtsm igtorfiparadrvarthatgadiation]l now be

ehommt ¢ dri O TR DY RBFEeh i oy UF RePE T oh a8 SPARARL s

cor r espondi nigciféit bs thirdAAd fourthpbiats ondhd &Gdrﬂ]dlﬂﬁiagwn%rdtm@mspbb&re@, ki dnfaage aphi c
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depict a di spl acenent measurenent, _system according to an
er 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 gratingin 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

di spl acenent neasurenent system according to an enbodi nent of the present

i nvention; [0017] Figures 6a, 6b, 6c and 6d depict a displacenent

measur enment system according to an enbodi nent of the present invention;
[0018] Figures 7a, 7b, 7c, 7d, 7e and 7f depict a displacenent measurenent
system according to an enbodi nent of the present invention; [0019] Figures
8a, 8b, 8c, 8d and 8e depict a displacenent nmeasurenment system according to
an enbodi nent of the present invention; [0020] Figure 9 depicts an
arrangenment of displacenent neasurenent systens according to apn enbodi ment
of the preserfo012h¥ante lodepictsatlithagyapbis appasefus secerding imen ¢mabpojiper, obthe invention;

|'i t hographic %@ggﬁ@"g 3%, k2L °f idg@%tﬁd : éég?gélﬁ traQiferRdnt REERBSdRE to an

di spl acenent nent’ 'systens a an enbodi nment of the present
i nvention; [ @adajimkenigtle fdsestdpiention;an ar r angenent of di spl acenent

reasur ement : S@f Peufi ﬁgrsﬂ'z?cgagts %4 0BPed Al Bhin Sref R BRlonPlcbdfhgRS i eNt

i nvention; arrangenent o I splacenen
measur ement  gyHbéifkneufale pesent ihendon;f ur t her enbodi ment of the invention;

[0024] Figure 13 depicts a re] ativel i mpl e di spl acenen r

byt om | n acdbiaLRERre Adepisaneimal Bt et dBy e Ren RS SRER N A R o an
Figure 14 dephh8inRnSeTMe Pttt invanangenent of a di spl acenent neasurenment
system and the sensor unit_used the_reaiézﬁ n accordance with an eg‘o

| ent
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depicts a |i thRgnarhi & tRakatidvena&sor ding to one enbodiment  of the
i nvention. The agﬁar atus ‘includes an illum nation system (illumnator) IL

confi gured t dO0IFbHigures 6m 6k ocarmd Ldidepictrcdisplaserpent greagiemely Susiqbiregicng
radiation); a,3UBRRKofhd &t ifivdnBod]: @ mask table) MT constructed to
support a patterning device (e. 97 a mask) MA and connected to din
{0018] Figures 7a, 7b, 7¢, 7d, 7e and 7f depict a displacement measurement system according
to an embodiment of the present invention;
{0019] Figures 8a, 8b, 8¢, 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 paraneters; 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 illum nation system may include various types of
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el ectromagnetic, electrostatic 0F‘U€%€T‘FV§€§‘U?‘6? ical conponents, or
any conbi nation thereof, for directi nq, shagj ng, or controlling radjation.
[0028] The sUff36} Figurerlshamasicallysispictss lithogeaphis@gpasatphiecoudingtie ovstemborigent
patterning deyje %veﬁtﬁon?ﬁ%@%gaﬂaﬁ? hﬁﬁﬁigsez{rmlﬁlﬂingﬁdﬂeﬁﬁeﬁlQilﬁm’ﬁﬁpﬂfﬁe&ﬂﬁﬁmgﬂaends
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e patterning device i1s ired
position, faresxamuddewaterd W freispandctet do 4 keeoqt wjsdioherdW sydigered tdagunately of
the ternms "reti.cle’ or "nmask" erein may.be considered synon us, with the
nore general pf’sé‘i'?ﬂth?)%ﬂbtstéﬁlﬁnﬁﬁ“ﬁ‘gﬁc%gﬂh CeTAPGICLHE aP%f"R{"J%ﬁ?? é’grp?lmn(ﬁ'gdaevi ce"
used herein sl Peetiondss yystdm S uotigdedi® prdféct a Phtkgn intpartadiyo themdiatort hat
can be used to inpart a _raai atign beamwth a p&%ter.n inits crossd-.s§cttion
such as to CFEnBdyPalienipg avigeM4 quigaatectRorqndy (8- inofiding ane of et digsy o
shoul d be noygd,bdaic whe pattern inparted to the radiation beam may not
exactly correspond to the desired pattern in the target portion of the
substrate, f&#028k3abgiillaminptiensysigmmayrinclpdecvations3ypss 9§ eptical qompapenfsesiich s or

so called asgistve RALLIVESmadieRC LRl MnaghllR, RBIHSR: b 1Res bfopkibg
radi ati on beam Wi T correspond to a 6 particular functional layer in a
devi ce bei ngcenpaesis drany ¢rmbiratige thepsof. tforakirectingethapisg.con comtodlingaedigionei rcui t .
B L L L
pr ogr ammabl e tHe@Bitgraing devicd\irs ksanner 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 suppott 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 pattem‘
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 |ithography, 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 systenl used
herein should be broadly interpreted as enconpassing any type of
projection system including refractive, reflective, catadioptric,

magnetic, elec n I
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bet ween t he pmom@mn@ Ay Ype efwramtlanﬁést@nmrelu@tx@refmﬁ“ienwﬂP%ﬁv&rﬁataﬂlaalinaa nmay

al so be appl ] 0.,.0t.h e

exanpl e, bet \A/eglgeu%heé&rtmﬁé &ﬁelé&oétgﬁeg h{:%%ﬂ%&g‘g%@%ﬁb@g@nth%rgc hansl ques
are well k nomppropnaterfer the Exﬁoemre lradmtleabeln.gu&teﬂs)r rfoméhqr daetors sysh s e aseotf an

proj ecti on SYﬁ}égrglﬁn ggmg ogﬁﬁg & ero a Va(I;I.ISlJ!mO %?e medtegr? gﬁj _ﬁ 29ensh B&B gehat

a structure at'e, Be subnerge I quid, at her
only neans. t baisideted aé anbsymcbmmaﬁlehh zhate\gelmralttérm n)rcmodaon sxsn:né’yst em and t he

substrate dur 0035 Re rr|n the il na or
| L receives éosg]d‘g%l?qr% PBRAF usrlﬁ ISSlge &ng %Bnplfﬂmgggﬁn ce and
the |ithographlg. M@ElysthﬂﬁppamSﬁﬁg&fe@feréil&ttﬁvteltg& (efgoemplayings e when t he

source is an exciner laser. In such cases, e source.i s not 9n5|d Sed to
form part of 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 subsirate
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 alsd
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
the radi ati on beam Cenerally, at |east the outer and/or inner radial
extent (co Ly, referred to.a 7.0 I - . i - of the
Tt ensi ty di JRPrLBEFee i ol B Gt PRfiaoh BRF Rbint o
adj ust ed. | nsadeh $0.0The sbdree ardl thinfithagraphid dpparays imag be skparateaanititiess foy ekample
conponents, sych_as an integratqr |IN and a candenser . _The illum na
my be used n%ﬁ@ir?filﬁﬁn?’ﬁ’ém?rj?ﬁe’ét[? %Hﬁaesgﬁh%et%mﬁ%{fél Oacodlélrsa?rre %t ani P%{r%‘irty
and int en; i tﬂleditﬁ&gﬁdphidztabﬁdiatui; nd thera@iafaisbeaands bﬁﬁedkf{-d)ﬁ)ﬂﬁ]ss\?]ibeﬁﬁacdﬂmti Fg beam
B is incident_on the_patternin evice (e.d., S. . ichis . on
the support d{yijestertl "(@.‘g‘? ?ldr?g§ge ‘gﬂ?@%ﬁs}“%% lp‘ga%é%’lf%rr%ﬁﬂpfﬁf“f% ¢
patterning deub&fg miffeyY bitorld RYAIKALhdEMN B TR kasW¥she sbi@cd Mgy B drDiftep@BFarDE
passes through thé projection systemPS, _which focuses theé@gam O@Cﬁq

ner

target porti dilthographis@praipias: feicsanyyle wenthe surcsiice gercprydame o gourgs

PWand posi tigNy$&nsef i GobifieSvithBhe b efiRrPiBlei ED H9M]uied, nldy'be AdferRAGOseT
or capacitive sensor), tﬁe substrate table can be noved accurately,

e.g. so as terpbationisystem.di fferent target portions Cin the path of the

radiation beghsgr T il Rialof i {11'39 ifeld8 b REShSr AFNRE a@%ﬁn@% ARALPRlngS L1 on

sensor (which T's” not explicit picted’in Figure can be use
accur at el y pdsirthuton ¢ftee radiskionMieami. Granaradlypatdeast the puter apdfon inmer rafiel extedl at i on

beam B, e.g. .after chanical retrieval from.a mask.li . Ok r.ing a
scan i gendaenBERRE -0 M S e Re TR et Al msBifh a0 o
?ic d of a | ongugsit ﬁliﬁkﬁ)vf\'hmdﬁinfﬁinéﬁﬁad’tﬂﬁ aﬁ%cmskc%ilﬁﬂddﬁ@n, aiadmaninsdaommatindk@al rmflul e
i ne positioning iC ormpart of the first positioner. PM Simlarly,
movenent of ARPUE Ot QO&%P@“?I%F‘&%\MaW%mJ&]é*PgEégﬂ‘%g?eﬁg%arf%’lr\\ﬂ'&“ért#°6?’é‘y
nmodul e and ape 5RQkS contiftiok treFation, beh) 16 RavieQrdatiRdruhifeimitymd seashgdip@sitidnoner

PW In the case of a stepper (as 8 opposed to a scanner) the mask table Mr
may be connedt ¥Pes-S¢€Rort - stroke actuator only, or may be fixed. Mask MA

and substr at e Y. B&a@dd IBRD HIARENESKe PhricRMEMNiRE S mMic MN, 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, €.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, ¢.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 alignnment marks P 1, P2. Although the substrate alignnent
marks as illustrated occupy dedicated target portions, they may be | ocated
in spaces between target portions (these are known as scribe-I|ane
alignment marks). Simlarly, in situations in which nore than one die -is
provi ded on the mask MA, the mask alignnment marks nmay be | ocated between
the dies. [0038] The depicted apparatus could be used in at |east one of
the followi ng nodes: [0039] 1. In step node, the nmask table MI and the
substrate table WI' are kept essentially stationary, while an entire
pattern inparted to the radiation beamis projected onto a target portion
Cat onetime (i.ge. a .sin st at 8 .S
then ahi 1 edoPtFia = S aHaNE R b Y PR ¥E Shned P o RB GRUR, oalof . &
portion C camabée fixqosask MArand salpirare ¥emay bealignekismgmask alégnafent inerkedd oddr e

field limts the. size.of the target.partign C i ed.in I e iC
exposur e. [OG‘ngﬁUb?atel gligap %I&EEQ, %) %e’ﬁ{h gé:(h f %E’)"}bg% ﬁ)ﬁ'gégnngleﬁ%%&ggéssl{l?sg%%ht abl e
WI are scanne@stup$ jetedated e lpyrtiohs, ey mayat leeatad imgpares between taipet padira(thesw
beamis projected onto a target portion ,.C.(i.e. .a single .dynam .
exposure). TAEkpeYVREs SPS}'?%HB" %}gp’é’@’t‘ti nﬂﬁ’il%afs“inﬁéﬂys %%Wtﬂlég}‘g%?‘ﬁmw tﬁaéﬁogf’ fige

to the mask §abbRadoniBymie MA! e Hasledighmeit iearKsdBay) et ocaiddi bettden thealid. | mage
reversal characteristics of the projectjon s stemfPS. hn scan node, the
maxi mum si ze [¢938} e depistsd gpraratys Cé’l“[il feiue 18 at Igest qpepifths foHoVRE MOgRS scanni ng

direction) ofggabpl.t ar ggtieppiolis, B thdik Gabfi MUbI wly AdSiic t2BKWS bifekeptebiRARlly t he
| ength of the scanning notion determ nes the hejght (in the scanning

di rection) oftationary; whiyesn gnsre pasam imparied1g the padiatiop bprap ispseigcted ppto A&t t abl e
MIis kept e ' el d ' Ny O W TR HeR SHHt&dn th
devi ce, and @ﬁ@@éggﬁ%&fﬁﬁ%g?@@%ﬂ?ﬁ&%\% Totgsg%glﬁned whi Ig a pattgrr?

i nparted to HXemdoadidreiton shdzmhs difepmbfagst rationt eancberexpepet. Ipstepmede,dhe | n

t hi s node, eneral |. ul b Akl ' : :

pr ogr anmabl e%ﬁﬁlt“f rsrluyenog tlFé)f’ee\}/‘ ?%%n{@eqa g%ggplggﬁgéﬁ@%%fﬁe?g@hg%tegwg%géﬁQ%ﬁ%}grrent
of the subst saficexpadmkee WI' or in between successive radiation pulses during

a scan. This e, of erati gn .can he r.eagi | i

|'i t hogr aphy Fﬁg& At | icigé?nﬁfogﬁ’r ‘H?ﬁsgﬁ %blf)gﬁaéﬁrﬁﬁeﬁsglhﬁr:a\% %‘gel?wglﬁc 6%51&2‘““5“

pr ogr anmabl e syfichiofidusBrwialg a paftera imjydied asthe afimricebbanas alvjaeeed ofito[ 08xg@]portion
Conbi nati ons and/ or vari at.i ons o he abgve descri b des, of [,
enti oy i £Ror eNpel U b PGSEe T ety B GRpieayoe Fubs e e W e

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.

[6041} 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 "Hi gh-Resolution Range", Progress in

Preci si on Engi neering and Nanot echnol ogy, Braunschwei g, 1997, i ncorporated
herein by reference. Figure 13 shows a relatively sinple formof such a

di spl acenent neasurenent system 200. It includes a first diffraction
grating 201 nounted on a first object and an associ ated second di ffraction
grating 202 nounted on a second object. For exanple, one diffraction
grating may be nmounted to a reference franme wthin a |ithographic

appar at us anq(magc%ﬁﬁancm@%&/&%h@t@s 99ma%@&tde&fnbwﬁobesto@w&remua

appar at us of I's Intended that the displacenent rreasurerrent system
wi || neasur e diffeeent podéstaf ose me alsd beeemnioyee ref erence frame. [0044] The
first and se iy ged such
that the iﬁg‘g] gkéé E]‘ﬁ&%‘lln? I;&rn%%t?‘% %)%%g rtél'?lg’%gs arog{ngell}géiﬁg@?m%gm@%%@g llel to
each ot her lcorresgiohids itothe ptineplesdesiribied by SPIES, daintiLofear dnd Adighilar Emopi@m for the
gratings, use r o I to one
another. In a%bqt}‘&l?‘egoolumf%ﬁm& f’faérb@g ;sssdlrl\%tegls ngéﬁgeﬁdé@édrlggﬁg{é%héﬁhﬁ t hat

di ffracted r &dambdhowig, iQQdmnomtgomfedhhemgqyatﬂewgsc iBgure t®ihoad aodaﬂ!\hb/ sonpler of

the gratings osition of one ti v y be
reliably rreag?fhb%sll‘]r{‘ ‘i}%ﬁl?g@f‘?t&h‘a“"émel}m&f aﬁdonq 13%&5, ﬁlbfg t tﬂ% aﬁl%%mggl | el
to the pl ane&oofnotulited&liﬁfsa@tt]wnmgmwsmag&dambnd shfﬁamamgraahg 20moyeeicincul ar
to the striations of the diffractig ratings n nterfereptial
measur enent ﬁ?"loﬁ‘if’ P W’FeéFl‘nElﬁrP“&?ldétﬁﬁg}?B%ﬁgf?éﬁi mg’fmtg‘ﬁk’ #5‘??8? g?me
accuracy. Wepmbhelithddriphic Hphhfudadd e o&éﬁhbﬂﬂedﬁ@‘d @6mp@iead dN\e: lithogrdphicsecond
diffraction grating in the direction of neasurenent, phase differences in

the radiati oﬁP%PF%u%éh‘élﬂcélt ép 1ptgndeqddhad threrdisplacsaent &ﬂéﬁuffﬁ‘bem ssteEnglaneasiee Bcei ve

diffracted rggglgg,dlgﬁth‘,gtgr{pletllgﬁréﬂwﬁ.gm@f the diffraction gratings. These
generated phase differences ar e]@gro ortional to the displacenent of one

di ffraction dﬂ&éﬂl Rl firsteand sopad difirackien eretiegs 201,002 g1 nlapagandyagrapggd such that the
arrangenent, t beam
which is subgﬁa%t I a I?CI d;%g?%;%%ﬁlgg%grsgﬁsg&%uﬂgﬁpﬁlggolegn (%?‘g n%lgéshg?&eohneoﬁ% and is
i nci dent on ttetidrisiofeach df thé diffractiom gugtingsi wsgd ROGmWhe gratings, ars substantialtytrerdllelThe
positive and, ne atL r r ed
signal to t h& 2 srg:congg fh# ?‘f&z'attlz og dbfira iloﬁéh%g%s ﬁ%ﬁﬁﬁg@%@@&%&&%acﬁ%dfr %C[rl%% i on
grating 202, fibheorkiof e gelitihfyiaedceisled omgiht oftiegetahe gratifgar t her di ffracted and
refl ected to[&

Oglgfnfhe 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. [0047[ 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
necessarily correspond to the physical arrangenent of the conponents of the
di spl acenent .. surenen St t.1s;usef ul. d .ni i-ngci pl e
of operationdgggfﬁgggv@%ﬁgg ﬁéﬁﬁhﬁﬁgggﬁﬁéﬁ%%ﬁlE@@?@ﬁ@?ﬁﬁgﬁéﬁgfgﬁﬁﬁﬂkﬁgﬁ an
enbodi ment ofa stdond gife st signal efticisecond 048N shmakih@riares binthe fieadiffhctioadi at i on

210 froma radi at| ource is.divjded by a f.ifs di f.fraction..grating 211
into first aﬁﬁa@gé@ﬂﬁlﬁb%éﬁgergffﬁ?ﬁ tﬁg? t&‘i‘k‘?‘%@&g&gpgs B’g%'gﬁrﬁﬁlf@?ﬁ iS@?l
and ngggt iveif d;clife’éied gi_’dj@_hsdﬂ hgﬁgggdrgdam@d}tmé phvio %@a:]?ﬁmdsvgm@( 207Thet dkd uisgd toand
secon eans 0O radi atiq , ar urther diffract .a secon
et o GheaRirh e Dhse AT nEss cheh aUTborbind Rench sfenp TeBpyt dipiaceent

di ffraction gog) P%rm%m;,scﬁe@gaii@;lmd@pite@aﬁ @ifitigB@eht off tHeQisphik érfidht GRMuRIntEhN g,
beam of radiation 215 that is input _to a_sensor 216 in arder, Eo det ec{'?m ne
the rel ati ve SY¥Rm i aeiAdee wh 2p abeqiment of iy iwvertinty e drRichan 18 figyreal 496%

211, 214. As gi,pEMSSEfly BRRYSond 1B Eie pRARSPITAdEnGebEELaRiSonkRe of Bt akply@ment
di spl acenent of the first and second diffraction glr atings 211,214 from

phase di f f er errossenenh systerelit satsofkiar explaining the prpdple abeperajian pf the displpcgment
diffracted radiafl] ; %gg Rbddisdd: DL Shheieadnt he first
order and thé&gée'géarﬁ?l\??%?eﬁéga&g(ggﬁ [ ??éract edédrt.gpli a?i gn_ 2n12, 2?3, according
to an enbodi e8] &f shaves, the dsam of jadiatient 2bhirom eadigtipdisenrcoiy divaded by alfirfiear | y
pol ari zed su t hat the i entat i f i : j i .

Prret order Furachshfe Ll S8 ARl Rond B PR PL STk ARt My
| i nearly pol and aepdtiver fareli cader diffradted dadiatieg espoetvdly.r e fostded setiohd baotsef

radi ati on. For..exa - 1l n.the r angenment icted i.n Figure 14,. 1§ near
pol ari zers 21371,”211’% gl 3&?%%5‘3&%%8@5@# Steﬁoéldgffﬁgé%m& SFaip %gl‘?%lﬁ rec rrng{nfclrligorﬂl
and the secorgamiié itthchidsOdiffgcadn giating14 1) to fafttere-dombineddaohyatipatcanthinmgt he
first order _and pegative fjrst, order diffrgcte radiati.on in nutually

ort hogonal dibFaR pf i@fation [ thatfs ippyifo @ pa5qrd 1o mfadst o dtarpyinsdherefalive hat it s

relatively eagylabndnportthefitstdid sbRRIdFFaiol £ TQIMINEIdiscussedabsve dhagl v,
they may conveniently be used to form di splacenent measurenent, systens that
have a |arge s%pq@lﬁgeﬁegwg@s_ the relative 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 difiraction
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 211 to formthe information-containing bean1of radi ati on 215.

[ 0050] Accor i nf ormat.ion nj.n eam. of i

i ncl udes radc&({]“?{)ﬁs}%@ﬁe\ﬁé’a refie ﬂ]tl}aﬁ%lﬁfo @b !’im% ThEY |v2e1r7 ?$ %{e Oglggeé]étedm
diffracted ragied i 4beiwdeasiefiisi ané sycondditiactiGogpons anl bm mgh itianthafiksy and

pol arized in an orientati stantially.,ortho ona he ther each
conmponent beiRetY¥s st prafr ‘ﬁ‘%"aﬂ‘i regiatap %Je?r’%l:it?éﬂ% aélzerﬁ'%@]%ﬁa
difference hefyaeithiniehd sBorQiiiEa B dating 2il41d11e(3f&%ﬂ ateerqhd hépativefiat drie

di spl acenent of the first and_second  di i

2 2 0
The sensor 2Tifpgied radiaiion213243 Bigy BISS H1ong @??j}%lte!%r%g a%iz Hzlg%wtaflfé‘foné fl{}ﬁe([ﬁggﬁg he

i nformation- (B@l'il% RIFFARG H?,ﬁﬁé'%e%ncf cﬁﬂia@ﬁdn?at&%@lh BéfBredeig@e®imbliict gt thafight second
i nf ormati on-contai ni ng Sub-beans of ation 221, 222. These sub-beans of

radi ati on 22111‘&@@@[1 r%ﬁiym& alketotfpmn @a@owﬁ@mqt%m&ée%@f radiation 215.
|nformat|on Qb RL dnPhikelRamSF e RItioh PRX irchuded AGGMM LY 1
di vi ded bet 2@9323?'%%%% in Ir:1| gdre flélll bot losub- t)gan% ofI

radi ation 22116;12\2:2 f@nethdﬁrSé@mcb@g@tmecfmjhr@r #jﬁ’r@mdz@iatm&eﬁm’tlvq% eaghr anged
with a polari

ori ent a1 ons “GEPEE e rPRly iclyBla S SHATME kP F MloaYL Lol Wb ang |
i nf or mat i on- efmintcamlpomagt lbmmmanzﬂlel adhmthﬂanll@mglatcoshmn axish d'haphase diffgrence t hat
separate such polarizers provi.ded-f o I n
the case of t ﬁth %Fi °u %1 asrﬁsé iy gﬁtﬁ%%laggﬁﬁﬁs@#% ggpt%f%lﬁtaa%g%cﬁ%
directed di rel&&hgtloﬁrgmmngmmeam spli tter 220 to the polarizer 223. In the

Cpi it er 220 NGTDRedsmor AP et asbepharas D pivbr L bt aie - o

pol ari zer 223uformbkien-YentARin uaemﬁaﬁramsuamsmtedt1saschrst ﬁlﬁ{tse&dma fast axis and

the sl ow axis of the waveplate are bstatl the
ori entation &OW@O‘I"F%%[PIF‘gs%Pe&F"iSQE ’raHQH 723 ﬁp e L‘ éar‘ilﬂaé‘o’éf t he

i nformati on- eenja ﬂaﬂ&v@%%ﬁa propetied dsqe ﬁ%‘ématmwoﬁﬁuﬁmsm driddeideh 21 he
pol ari zer 223, " the 'sub-beans of radiation are directed to respective |jght
intensity derreepghas ity rensitp is divided 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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[ 00521 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 + 2nn,
where n is an integer. As the first diffraction grating 211 noves relative

change of | iR TbE SRR PLTORRR RO et AP URD R ERRRARGRTMLRRE Lot |

225. Accordi rcgh]ponem of the nnfagmtlhscom&mng bern afiradidtiont?d5 corresperiding tolthe dict antl by

G Spl acenent PSERYRARY Pt SOEY SR 2740 s MRp D S SRRRULLEE
di ffraction rgaddedigladdfient w&é&ist Illiteses@ﬁmaaml g&itingﬂﬂ It ldnsd isydesighapat @r

226 detects a _correspondin gnal . Howev the waveg(lqate 224 is
confi gured t olheimiensiyelthgr Wﬁg%d%tPﬁt?dthdhe Stlfﬂﬁ‘ﬁlo“ eI 9eiFCo5 22h i nt eger .

Accor di ngly, BrEaBnd ©ehEsbeEas behdtahat 2418 4 50 BhsSediBiodgh 8 tabpldid) Bas a
radi ation intensity sensors 225,226 as the diffraction gratings nove

relative to evaximen isnsity whang is 6F- Jsnaslere f isen svegan e thsfirstgiiffraction geaiineAtl v

wh t t ty detect f
R L D L R S
the magni t udefafensiiedetsbictbyatefiltndadiafion 1hﬁnsf1ﬂyrdetectdr $15; aadcomdingty, atohmmgzﬁe

Rl S e e S SR AR e PgPL A b R 60,
accuracy of tRRcIBAGHIRRRBAL of HRrfirevddfattfon ghdink Rel feldtive talhé tecand difffactomt | Ng

211 noves relative to the second diffraction grating 214, of the radiation
detect ed by @iP&£14-he radiation intensity sensors 225,226 reaches a

maxi mum the | @(ﬂi@[‘ 9fe §e@0dd%ﬁﬂ§dﬂ1ﬁteﬁ§fy%fe@l@r P dehtts ad8irepbAding Afnad HEGWER

rel ati ve novenen first and second diffraction gratings 211, 214,
becones snal Itk waveplétméi’r rﬁgconﬁglreﬂb@um&lﬂ}wqmﬁ@ﬁﬁtﬁh& PR QM dIcHaRiiRR integer-

o onal st r om o2 b S e el Ut B st BNEeo BB BiaBR RRNSR, £t
the other of mﬁezsﬁdh@dlmﬁmmmmvm&mwmsaui dtherate dae ofisasc far agantpheby
maxi mum r adi atl on i ntensi tg at the sane time _and ccordl ngjlé%@mthsﬁecp bl e

to provide arf0acdenagagentyeyBen BARINING fheipienstty Fl%fF‘?t oty
first and seqafgiofiddsRE tiiioRodnes D3W) % i2doksiBid % nck3nly 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 nmay be achi eved by providing
further sub-beans of radiation fromthe radiation beamsplitter 220 and
arrangi ng the additional sub-beans of radiation in the sane manner as the
second sub-beam of radiation 22 but such that each sub-beam of radiation
has a waveplate 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
radi ation intensity detectors (nanmely those including waveplates in their
beam pat hs) are about 120 and 240, respectively, out of phase with the

si gnal det ecr[@ﬁgfﬁ’m{hglehﬂgirév%heﬁt@ﬂi el ég'rﬁaatl?crh%hﬂe‘)/ed%t;ﬁ&\]&i&ihg gdrﬁhel_séﬁglbleéin&ge

appr eci at ed any convenient nun of sub-beanrs of radiation may
used. [0055] rafirdior fromdbs ediatondessnrsphivat 230 anvkerangiag thewddifiona aghubeamg ohhase
di ffer ence b?atd\fv‘?' Di tfl@gz{n?ehﬁ elda%rtﬁevs%gorfcdrs%éatﬂ‘%tf h(ﬁiﬁf;]onobqﬁ'f s&éhft}{a¥ @a%fned
radiation fré&mtne t1Fs ItTfraction grating and 'fhe negative first order
di ffracted r ash-bdaimoif rddiasion hivea Waveplatedviftf a differentthigkress, norresPorslingta dufferent
difference is,de dent .on the relative position of th ti d
changes as oRB: Bﬁgfeﬁ‘&e‘ FO%%?p%eeﬁnﬁflﬁl\'/r%"gF %e'ir‘\% hers Sull-)lbb\f\:%\r}geér%a%%t é@g%&%@ in
t he envi r onmeng aky sodafipiredsocaithaothe séeadundihirdradiatiai intensityodasrairh@amelyay

reduce the accuracy of the_ neasuyrenent, peci al | ecause the . pathl ength
for which thdoseRpiding MrygRiasie g&egg_g%a%tﬁé WOHé%Pg?H@LAﬁaWB%‘W@ﬁoW pbn of
the total pahlab enatH sphallRELRl b theifist kdiatidh S RRL IR orMRARHIIE BRAYprezARTFOT -
[ 0056] Accordingly, a displacenent neasurenent system according to an

embodi ment  ofhat #ey copreaisatnunbeyeffubdrameef rgbidionmgde ey Such a di spl acenent
measur ement f6S5ETR e%gaﬁg'aghgﬂribéa abbl SR BvelPmedilire a%ﬁlfaﬁpgfhggrgnc‘ﬁﬁ‘k%e@r e,

respectively, p view o e system a side viewo > system a front
vi ew of the sadstieneived fopahshwterderaliffiactod ratliatipre frem sheolipst Jifipsin gratingrasd
beam of radi gt 10 - I . 2 i af | ; I Y | be

appr eci at ed eﬁlggauggﬁgs?i?rgﬁ f&é{;]ﬂg%g ?z}caéa%fﬁ ?g{r?gfy}é ?ﬁ%@%ﬁg‘j onl'bé() nTeh\f%Atp l]‘stgr

gener ati ng t Hifferenck iatlefenddne amihie Qelativelpositioradf thetwpo, gratings bbehaondes padicgritmg nay

be generated external to the displac nt surenment .syst d re
Uhe “ai spi aceMERts HRak > auRE BoBPd @B ices MBS RPRE S b AT 08
appar at us, pesh irditive exdrdtheg Imayaeduoe the iatduegy apthi meapioan i, especiaie béchusertharhi ch

EESERL A NN TN AR TR ENR X R .
of radi ati onpdflehdh 6f ragigfi@0n e d¥acoherd nfchsusémeneldnegt or 12 to a first
diffraction grating 13. The first beam of radiation (Jﬁo i s incident ofn t he
first diffr aﬁloiSBInAf;fP‘éi[“Pgrlﬁg 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 diffraction grating 17. The second diffraction grating is

specifically conhbgiul B The UFhadiBRErabihd {78 Gh@chidsndiand 4 B3t sL8,bedlaoF MaH bl psm
the positive first order radiation 15 diffracted by the first gratin

i s reflected ¥WHEROPBRTA RSN BFsh erdes §ififagied rasiptign érf)mn%e firpt diffragtiongraiing o. nt

20 on the fijggt, s@éoﬁmﬁ"s@ﬁfvéaﬁfbfgécﬁéﬂoBQGlc%negioﬁ Hgﬁ)enegﬂivfeff{rﬁ%[f&gd{fﬁ&'teﬂt' on 19,
derived fromthe Qfg(?atlve first order radiation 16 diffracted by the first

di ffraction gedietiengdiffacied figmfthe frst grating13; wre incideaiep 2 yeend gigfing A 7adhe second
reflected bac %Bﬁr%fltﬂser FEGRRITROLBLbeMs Qﬂaﬁlgr?oefﬁrl%t Tdﬂe%ﬁcfn@ﬁ%'t@’gl ?i?&%fd@g 13.

Bot h sub-bea |at| on 18, 19 are su quént racted by
the first difdiffmcted oliagioneidige n%tlmwﬁrsmrd@dtfﬁv@¢q/rad@M¢ redldciedarfdolifivagted

second beam r i in
to the poa t1dheftld Afidon FRGRIH 29 tecofL HRSAG wh Y S b SRRRREN N9
order diffractueldtheaiiffatiedradfation§, dblh\ced/@tdnahdj:dsitianeﬁm oplat fadiaton B ¢gifiractied by of
their respect h

fotl owed a1 1o Bret achen s PG P B s P ool ieloncBiarath 12 1d iRarioi 1

di SE: acerrﬁn; dm\il\?ﬁlrsmh ; u?yghtﬁ@wl Likpavide] difftagted ratdliwtoﬂﬂgpiéfﬁ/?dﬁmr@fhetnh@tﬁf@t al
at hl engt ich the fir and negati v |rstorr r

Padt at i on 1 ol e Fedaban b iy 6 Bt istioniraie s Headifiyribs tecond
according to grmgqmagaitdmeaéd Bick tdie setvBDpdiRIDOtIAGR: m@t diffRictiGPE @R 130 THkh
arrangenent. Accordi n\miy the system according to the enbaodi nent of the

present i nverPorAmtRiFidation if glara&‘fswbsgq\epnﬂ& fqr@ggdlﬁf@ﬁwby% firg diffrpstion ptng n

the air throughnWoirsdaivell R oRBRA %ﬁ@ﬁsec@ﬂ&&aﬂﬁoﬁr&mQWnQ@C@xc%}él g@eﬂﬂa@hgh
variations. [0059] A convenient way confiquri ng the first and second

di ffraction dgrditiaagerrespondiagiodhg mzﬂve ﬁrﬁéoﬁda 1HfactsA rasliation apd the ppgativefirst
positive fir %rde?ﬂﬁfrmgdlﬁﬁmfﬂa{}éﬁ)ll%% differbf ARG, ﬂo?[ﬁin%tf'ﬂ‘f%ﬂ rd gQJiﬂve feH?tlé 2 by

first grating coincides on first grating once It has been diffrac
the second grth lergsh pEthe pah ﬁfe W@Gﬁfﬂ theychavq ol owerdhdifferentaths & rfalfahmbt short CgmB.'ftrﬁCth

such that th t qr t
of the first %o QF énﬁg%t |n81n£ a? @%’g%eﬁ%{%ﬁ‘j@& %% (I,) ?%18 h}SeH) #’E)Ocr)lc? §r¥1§ ﬁ{)tgﬁ
Fi gures 2a-d ,paﬂlhagthefmamhicfb‘d!a ifirsd End wegatiste fost oPder dlf&adml radlatlon 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

15



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 cornercube.
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
diffraction grating 17 and radiation, corresponding to the first order and

oAl e I T ké&ﬁ@%@&&ﬁnm lrhob Sabtillytgafalll Gl Gfich s By 11

first diffraction ent ona5|n gomt 24 on the first
diffraction gyrcarﬁdedgqthe\meuqdmn The sdcend beamindradiafion 21 emu gpquandly egribrafeeied o

form a S N9l Sy Y kol SEHIOL 31 Ak AL llidibal Pof RIMEALCMaRE fahE  T11 !

refl ector hSEY conventi ona det er m nes
the rel ati ve [omyammgiy théecbidreemaif dadigon?d udddriocadicisome gmess agthe figst 17,

[ 0062] As a conse nce Qof n f t i rected
{hrough the PEPRCLHRBRTh PGy Paitanar Fhgs i SO0l Bumd PRk Rd Pl 0%, 0
i s made | ess r&RoRi by the séconddiffedction gratirpeld ab&raldmllam |conne3spaid1mgte t@cfmﬂ@rtbn&nd
relative to another, fqr a e of t T ffra

rel ative to tnﬁ%“%f%ﬁﬁh?fgﬁfi d?é?gtg% fagitige E?‘P ffsﬁt ddlL[f ﬁ%ﬁrﬁ% E‘%@@% GEE ow
of the enbodijngyihci@nt bAE sielbis PhRAEBNSthe ﬁ&ﬁ&ﬂﬁ‘z&:ﬁ&ﬂﬁraﬁﬂ@%ﬁkup@hﬂi&ﬂﬁﬁfﬁr Fi gure

2d, shows the orientation of the striations of the di i.on %i% &@
13,17. It i s difffactestand sampaed idorma singlp thiyd; hsampf raqiatigh %‘r‘( 1° ettt ;Lhy ement

neasur ement  $Yst&Bor IN@ thleh&r bb QRichS in MMBHRMiofd) Banhe?, JERAGINESthe RYativBe
di spl acenent neasurement systemis relative novenent of the two

di ffracti on gracihenyof the fitsy andisegond; dilfiaetiongraligsl hht-i al |y parallel to the
pl ane of th‘f({(ﬂib { AL 2E4ds eﬂéeﬁ'ﬁ%%co%ﬁ%?ﬁ'@ﬁ%&%é@iﬂ %n&%cﬂlﬁ‘e@éﬁ%&@grh tho the

di rection of e striatl ns 0 action gratings, which are
mut ual |y par aystas of Jiffioetidn gistings 4343 & satondbime tha Sygemllsmlﬂ@t:'éﬁémﬂtﬁﬁé%eﬁ@ﬁent

syst em accor di 3t b oBlion IEALLY cémﬂleafmﬁm % DLERRR!fol BURBIY e T dAfratiRd ! O

measure the d1'€ ograp I'C appar at us
relative to @mhgle:frelﬁ@eto&kﬁﬂ@b@dxﬁfradu@pgraﬁmgrﬂﬁnt measur enent system

Gepeted | RSEHS RpRaP RV SER T SR PR TR R e BB
reference fr gf®vnin Figare 2dpilows teeripatstidn dflthe&fnahbﬁ (ﬁlﬂb&hﬁfmttﬁmt@zhing 184¥.aktisve
to the refer ?onlgeem;der:rgtggd gla Y mbl?ned\% ecrorererr]l%gnal 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. Insuch 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 franme. Accordingly, nmeasurenent of the displacenment of the
second diffraction grating 17 relative to the first diffraction grating 13
corresponds to the displ acenent of the substrate table relative to the

reference franme, The ation r th 6

nmounted to tﬁ@apﬂg}egﬁggdfﬁ?%ﬂ?g gr éginqlt}‘ fﬁganr(rjasg?l%(raqgf?m gsslc %mg‘!’a ove in
relation to témecsdrodion®ainptd, ai étge iofithe sttistoate sdblzvand theI'SeFm@lﬂllfﬁsctfbﬁ geatidg 124, in
t he di spl acene nmeasur epent st em of e

i nventi on, ﬁ%{] ?)‘Toé?‘ir?’éﬁ ggﬁ’aéﬁgg?ﬁ“n?cé%st? I’Sﬁ%erc?flceq??é“en ?rd{}léi}fl et “’%“e‘a‘ of
radi ation anﬂlefdﬁﬁlacd?ﬂlﬁlt bf tM@sefcbﬁchlffﬁbﬁkﬁfgrﬁtﬁxﬁl latrelmtﬁwdb ierfasttdiffraétionrprdting 181 r st
diffraction grati ng be pol ar ar.rangenent..as shown

o
ol e Sameeids § e Gspipmencr Siribiraty S B E Ukt SR P T8 oront

system CO[ :' eﬁaﬂﬂtﬂgﬁ %&q 1'5h@ the 88nsSL2 AN akéo)be tRGUnItE e FefSlenctOirdiRey
conveni en Yy

rovi ded on the second grating 17. As sho in Fig re 4,
i f desired, mﬁﬂﬂgmﬂﬂ@?wﬁvﬂb@ abﬁyw,r%g@ntt%%gﬁg@p@mpﬂ@ %IBVCBP
radiation. Prah r@sbﬂayandtll@qn PR P #Ebnt 3R astPenfR §BRROSTILID BmbQlimbNSf fher St

order and negat first order radiation 31, 32 diffracted fromthe first
diffraction pxgseat mngmms, the palprization efiay leass onegf thenagative sk cafr griqtian ant el | y

ort hogonal cgsﬁﬁte #%I‘delllgggﬁé] FEEHC8 Fronfthe Bt diftacARHor3nARE) l?etpo?antz&p Mhew,

a side view, view and a perspective view, respectl vel'y,
di spl acene Nt conversent enmrgbmsmﬂs drwmom Bigdieddwhish & aqattish &oetwmﬂ@fmlwlmmcm e

t t f t
Phe aboar nktsanimebt SheR ol paRIRO R, 28 lan b G il sl s hudy Heh Al | ©
lr: epeat ed2 Tgbe ﬁﬁitadd![ cmtstl;é secafd dritingris ABahmkrthf@r@df ﬁfrdﬂmrr]etdhm aémzrbdgoﬂm bgg .
igures 2a-d in a COMer c a ism
A benof it of P ngt% b %ZFW eaéﬂéiz %P Pf&f%ﬂ@’I‘Yc ﬁ}erPé?W”iZ%fs kPR "?Tef‘%"é’r‘%‘"%g"

formed as anthe®rRoaRE @dqegmeeiﬁﬁt ordeprad@f@nill, 82 bﬁmangi frdie e s diffiegiohon such
as shown in Figure 3b buyt exiendln the full E’n t.h of . the .object to which

it is attach®gling k3 regprepydys pofarize thy 13618%}‘““‘8%1‘ hogonal Aifeetions. an el ongat e

form Accor djgogbrighbes-eds 3t g Edﬂk@m@@f@ﬁueﬁrh@@id@ vieey, ARt wely ada d}idi@eﬁﬁzﬁe

obj ect as the second diffraction grating, a prismmy_be nounted to_either
obj ect view, respectively, of a displacement measirement system accordmg 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 |ength of one side of

t he 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 |ess sensitive to rotations of the substrate table. [00681
A further benefit of a displacenent nmeasuring systemusing a prismis that,
al t hough not depicted in Figures 3a, 3b, 3c and 3d, the displacenent
measur enent system may be further configured to sense the zero order
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therefore on |[M)619]"Iﬁs ehiohwinein Euess, bﬁh&\ﬂspiadehenﬁmmamadlsm $s tovinlehsulbethe
deser b A Ot B R 08 21, bhe cor et Pl st oLl gt ron
41 of the priopihe4thtibgK @S addieonhl AARiz6f 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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the reflectors in the enbodi nent of Figures 3a-d. Likew se the corner
between two further faces 42,43 of the prism 40 takes the place of the
corner prismof the enbodiment of Figures 3a-d. As a further benefit, the
first grating 13 nay be formed on a fourth face 44 of the prism 18 40. If
t he di spl acenment neasurenent systemis to be used to neasure the

di spl acenent of a substrate table within a |ithographic apparatus, for
exanpl e, this enbodiment nay be particularly beneficial. This is because
only a single conmponent, nanely the prism40 needs to be nmounted to the
edge, for exanple, of the substrate table. This not only facilitates the

manufacture gf i@ﬁee&iégg&ggglﬁma&ugrﬁaﬂgfsie%is%Ji;e B3R Ml R AEmARBEL

requi renents of acenent neasurenent systemw thin t
| i t hogr aphi c selspate &tbleswittriala Hithographie sppatatus, foo sxantpld, iHisembodimend may bei ng

i ntroduced by variations.i.n-the positign. of t f - i ment
reasur enent _ SPSPARY tepaodn TS oRRbt bha ek PORGMER, forfi biPusfl a0 Bdef
gpaslur ement %y siodfted {0QR ddge Hooenaaplebbf tamhbst@tdepiecﬁ‘hnsaoscﬁéyzfabﬂimméitlm/\s of5 a
i spl acement measurenment system corresponding.to that shown.in Fi e 5a.
00721 A" shawReHE g iR teaRraa ana s et M st Sai el e oF
52, 53. The dishlaSémennledshich@nChysiphaaReme linoasphic fipatatusays fiiimifed the53

measure the relative disp]acenment o the first and.second diffracgtion
gratings 54, Pessibilgy af‘%ﬁqr%'&ﬂt"i‘%)‘ﬁtr%‘i}’&%‘{ by yarigiiens llbélf’ﬁgﬂﬂ‘i’rb‘iff)c&?lp?lﬁ’“{sﬂg&epl ane of

the diffract igapladn@dnt AeS&uRMhenDystetirelifivelto BfietddRipeAdndl withih RldipREatEe t he
first and third displacenent neasurenent systens are separated from each

other in a dimedweant 8§¥8% antially perpendicular to their neasurenent

directions, i PrghResParSdcepict REVRWE of £H3plhdtehOhadsiRPen@fsibde two
diffraction gyiﬂgltlfn%g 54, 55.c T glg:é%gﬁd di sploacerrar%nt r?easur em&*ﬁrt1 gsgsystem 52

is used to wceuespensingte thapshewinveFigiglaacenent of the diffraction gratings

54, 55 in a gt?(g?fkk %ﬂ?fﬁggﬁﬁe@% he%l Ye ﬁ’l@}%l%eh%{}t thé&s gxﬁe !s?ﬁfin?gl,ujf',eﬁ. The

di ffraction ngs ubstanti a perpendi tul ar to their
striations. [iad@R] thirddiaplaemesrmasremsposydieng 51,63 nkeasurelihs celasive disaloesment of

relation to Eiqure 0 i zers 56 Tae .59. ar i to
t he second diﬂfef ﬁltcafl?%eﬁ&bdr‘gﬁ aﬁgo%gattl%s Bg’l sgrllggglr?ﬁ%gﬁlts %{%{1{3&4@&;‘%&%&%@% Eg{é
radi ati on usethnt of thediffiracdos platngzB8niS. Mewilireappratiatey stacbachuse thet first ang third

O L e A5 e L B AP SRR B

to absorb th@epeidiculi eetheif Adhsaten@at difections, it is also possible 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
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t he second di spl acenent neasurenment system 52. [0074] Figure 5d depicts, in
cross section, a variant of the arrangement of Figures 5a,5b and 5c. In
this case the prism65 is arranged such that the face 65a of the prismon
which the radiation fromthe radiation source is initially incident is
substantially perpendi cular to the beam of 19 radiation. Consequently the
radi ati on does not refract at the boundary between the air and the face
60a of the prism [0075] Figures 6a, 6b, 6c and 6d depict a top view, a
side view, a front view and a perspective view, respectively, of a

di spl acenent neasurenent system according to an enbodi nent of the present

i nvention. | nmaiaiisn. erdaeejubR the Ratalioflidel haGtirRNaldhebdun sy BRWeOEhE 8t higTthé Ve.
This may be artlcul arIy beneficial for use with radiation that is readily
absorbed. It %& Ke¥iSBase the manufacture of the diffraction gratings.
An addi tional obﬁs]qfigd;edcfa st andaadebicsa gﬁ%ﬁw h Bl JicSPh AERNERNE alfBARIHEIR AT
direction is substantla fy par al | the direction of the beam radiation
provi ded by tVewseteeitvely ewaplacﬁmwmeaw@éem s¥stent gocendingde an epbadienhef B 70
is directed S ond
parts 72, 730;5}%&11 lggesn ielglg n%’ tglls %%Pgﬁc%):agn%%? g’%ﬁgd%‘ﬁ%‘%gﬂﬁqﬁ r%ﬂe?ﬁea??goﬂgp
grating may blee Haticetarly henefioi! fermse mathyadiaijon that s refidily absotbednlt grap furthgseasy themy
be fornmed as at, The
first diffr ac@%uzgcagé tﬂé B%“%&l‘ i) Anqul%‘m’g"eeggﬁéﬁa@ ’ﬁp’% %9%3 of the
second diffr adJSpl@nmgnamaaﬂgetam diventibn gpusntantialdshpard ket tottlmedlfﬁcnsn ofghaleaam
diffracted radl aﬁ.‘éon di ffr gezed by the first diffraction grating 71 is

i nci dent on tHe- nrp5r9 :frtfy S the second diffraction grating and the
negative firspond] d@thxsobaﬁe‘ tlﬁ(ﬁtr@ﬂearnacﬁradmtm 7dus‘cf1featet1 efto ihe firfidliffrhétionlgrating 71

diffraction ti ci de he se art 73 t he cond
Qi1 acti on Heyeeh st and Soondipafls 2. 78 Bl SerBiTintchan brafhis. hestont Atemtan
parts 72, 73 Qﬁtuﬁghﬁay&ﬁ&'@rﬁﬁiddk fvbd c’iﬁ'&dlpﬁtpaﬁfeaﬁﬂfﬂa&l@rgeatﬁ@mtl@Wlﬁﬁfoﬁﬁ@ﬁshhat

radiation is diffy ﬁcted at eacg] and . refl e g_a commpn oi nt _on
the first dif B ERtinggvitha gap i e pstsutastiongrating 44 a%'ée first st

order radi atin@Becdndlpdrii@2) n@,gﬁme\é@cohu aﬁﬁac@ibﬁgfauﬁgaab 8drbred shdhltRE R Gird ¥rdeh ©
first diffraction ?I‘atln a common_beam path to as great an extent

as possi bl e. qifieted ragjagon @ﬂ‘ra‘mdbn}w fipgt diffractipn gealipg €1 is dncidspt ap thefirskpagizd of
view, a fr ontmyge@aﬁdmaal&egrang%a ¥ ne%atmvﬁrsE Sl%zglecﬁf]ﬂamh Yadidtion Jitfhce w}q&@ﬁnt

measur enent system accordi ng t6 an enbodi ment present | nventi’on.
shown, a fi r shrstséffastion gratimie F1 ivincidant py thesenpnd patt B ofithe sagomdedififactieogratinigon

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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80. It will be appreciated that, as with the other enbodi nents of the

i nvention, the radiation source 80 may include a conponent for generating
the radi ation beam 81. Alternatively, the beam of radiation nay be
generated external to the displacenent neasurenent system (and, where the
di spl acenent neasurenment systemis used as part of a |lithographic

appar atus, 20 possibly external to the lithographic apparatus itself), in
whi ch case the source 80 will direct and/or condition the radiation as
necessary to provide the beam of radiation 81. [0078] As shown in Figures
7a to 7d, the beam of radiation 81 may be directed by way of a reflector
82 to a f| rst

arating 83 ; PN REma B Bho R ppd iR in htp balethe St SEFAL et
appreci at ed tduefor condition tieeyradiaticn agapceSSaettvwm’vldehbe lﬁqanmf retiidtion&&t i on grati ng
83 and the fi rism 84....Ho Fi re
may be no sep@ﬁ‘}s | osﬁﬁ% %Fl%ur%%| r’s el%fm?l:‘,wrgéac a}tlglrllggrg |b%ﬁlr%f%e% bﬁg'”"‘tyh"ggn rst
prism 84. | nrefxardri82 td afirst diffeacfion gratingy 831‘. nﬂa;cshom tiopr Tt dlﬁrasﬁomgmdges:ifls)r med on

the surface on the fir radi at.io nci dent on a
irst pornt oeuEsird PEcoRieRTIEs FrsBRat o adeanhen el At red Bodnsl, o
fi El st or ger aj&de&ﬂgﬁ]Eﬂrstﬁlffrhd’tﬁ)h gﬁgd%? aiidftﬂerfaatpeﬂnrsadﬂatvmm, a8bhowihGn Fighes fd r st
order an ive first order diffrac r atjon 85, 86 propagate

t hrough the ftggért thexe ma @8‘2933%3‘?0%1 e?"??&’ilﬁi‘@%f“a&f&%%ng@li%ﬁy mdft%r akArisy 84
grating 87 atIn%:_hﬂh&ﬁlaxathg fiBs® GFRELLPR bitife $miy IR FEREAMA thl dubfheknl R firsiHrdini 839,
respectively he second diffractron grating 87 is also transm ssive and

attached to d00%9¢dbntsdigtpainirglentan a\ﬁrﬁtmmph@ the fisst difffactiongrpting 3 grddifigteda
and the first Hérsnﬁ@fﬁﬁ,or&e@%@&%am ﬁrsllo&fe; AARN HdiaddnS, 8 mqirm?de%%ond

prism 88 may gge connected such that there is a ga bet ween t hem or such
there is no gugativefivebesder diffracted iradiatios 85, 6treongeatentaroyeh thedettipgsm §ft and ng 87
maybe forned K |§18cm ved
fromthe fir gﬁ&%e?&%@ﬁg%gg%%ﬁgl ve m t8|7§{r]ﬁ er % &? g&)llcq[l%ig&}glg?éact&ltl %ﬁﬁéagﬁéﬂ

di ffracted byerating, itipegtivethi ﬂfhuea@pnd)duf@acaom ergtig@B8Gin dlsp treisgdssiveand ettrshdd to ot
and second QLGS pflly 6Beas SREMNGY ik aRH P03 e Bl pTGSREGH MELY T

further diffrac ‘he” secon and propagates
t hrough t he wdiaa:mbn;gratmgﬂ%and thiasecond pristh Wmmmmatmadeﬂaﬂhﬂh is a dapt
radi ati on pr he. first on the. second

f rom con oi nt
Tt race i on GPREFRYSE A SR bdF jnsoidh bARe B e e Soond BERFiRTRIAE on
t he second digf7iaadkifehedbatifig oBt'beaécoh@pﬂisﬂl gnd fourth p0| nts,
respectively, £C0 r |on at|n
Cubotant | | JOYBLThs mERSfriyed g Pl B iag Letiston 85
propagating fgsaifrhdi&l Uﬁthﬁrs&ﬂﬂraﬁ@ﬁ{ﬁﬂm@ @3 E!f&cﬁmmdent 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
paralle! 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
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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
poi nt, the second point, on the first diffraction grating 83. This
radiation is further diffracted by the first diffraction grating 83 and

propagates fromthe second pai i I i th e s
comon di rectT3f a8 ‘2 Seco r?g mtt)’gﬁa'3 n%%g%ndﬁ}gglt’ é{l ?%trtlmg 8{%“?1%& g%g§@ g%eﬂlﬁ%? _Igtclzc?led
to the sensoris S@herSiffisaedignthe first dififractinmgratng $8sandipsepagatesdiran thg second poisiets or

90 may determne e relative nmovenent. of t i ikl ion
gratings 83, ﬂ?fﬂsﬁd%tg@‘itionﬁrq;twgﬁlbﬁcor%lflonséﬁ)e\?\%oﬁ aggﬁ‘igc& E?Ié%aﬂ{;(gﬁtg %Q%,Ckgﬂhflé;hhngﬁ d
be under st 00Ghe tdRtted toehsienioabd.ofubsafuenttyhia afmansér aa ddcseaimbdve itefsermot $0omay

gratings 83, 87 are,arranged in i,rection substantially. ndi cul ar to
the plane of detyEnias the <l ’%WSWI‘%iOg“ﬁ%ﬂP% SFB‘?H%SKE@@?{&?% tilrfggt%ryénbodi nent
of Figures 530681pAANNERSoAhIWE M RgRRETY to/TEASsHoaRIER unet sibahntthd stiEaticRs
the relative displacenment. of the diffraction agléa%ljﬁng.i n.a dLre%tlﬁVon

paral l el to thediretigpdescpphdiffractiprertinghidss’ Fogrdes addingeioRsbyRrlialye sour ce.
[0082] As Sh%\é%eﬁdiufdrwﬁae 1BRe of thesifid View sRIvSIHTFRAdRY ARorlifph gRGmbudimchhat
a first face 84a on_ the FI rst prism84, to which the first diffraction
grating 83 i of Eignrse&a-d@rovisya gisplgeament Beaspgmgnt syder ot mgprag Al tglptivene £ r st
prism84 fro ' biER1ci0h S8fin@Ra MeaRhipkANEl b Ble dHeORIn of diclbbamet | Ve
radi ati on 85@%@%&3&)%&% els 'lggf oglg Iril%aimi S inci é’ent on the secl:lc?nd edi ffraction
grating 87. rghativemicyiled py thersewte.r st pri sm 84 may have a rectangul ar cross
section. [00 r. u . Lat.l L i fLrom
tho first andoabasdSEiarsRl AR drlihich 38 rh B BB i RELRAGEILLSad b
refl ected sudie firktatrisinl8d, toefiiccthe first diffrantiorograting’3i isl eorineged, iver bee Ipnalde! tand

fourth points, respegtiV n.t econd, di f§ raction, grafi i

subst anti al | ﬁé':ﬁﬁ&g‘ﬁ g#b ?fg{l%/%répp i (rjk?‘:ia ?I%‘r’lvﬂlﬁlpglﬁa%sétﬁr g aqd %r%g‘{l%egg Ftlorr%tr and
second poi nt gifehctivh eadineion BE 8diptdpagatdsibeforait AlincidgnBin, the deeondsbBffanibnpratmgB83
may be a corner prism, | artigular, as _sho in Fiqure 7a to 7d, the
second pri sg%e%‘sg’lwagy’ﬁ‘éeﬁfﬁ%l%h%%@”%ﬁ%?“%f‘é@?ﬁ“%ﬁF °Hg the di spl acenent
measur erment q(lmsgjam drder td mh Eteat ﬂh'g ﬁdalia]sc’ﬁfﬁﬁmpfttpagﬁting Rremfthe Bist ahid kédoad poitton the
grating 83 relative tq the secon iffractio ating.87 at .an i nt.

al ong the | eftfoRd giffrachien gratinmy 'dFﬁfngt&éf‘icgﬁhaﬁa’ﬁt‘%[? teg 7adiation. lﬁ‘é&ed%mm‘@ﬁmd

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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second prism88). [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 Iength of the beampath, for a
significant portion of the beampath 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.

Accordi ngly, because the portion of the total pathlength, for which the 22
first and negative first order radiation follows different paths and passes
through the air, is considerable shorter in an arrangenent according to

this enbodi nept, c ar.ed .t for.,. ex l e, . | apent,

t he di spl acen@ﬁ&anﬁgg%ﬁﬂf%ﬂgﬁ?rdgvg ek ?%ss%&%glﬁ??@%[\?}lg& f)a;gé(;gé\lt/hel{rSlLlrlé;lf:} ?%ns’ In the
ai r through wunsitlerhtiestoataninpa agargpemsnicicading tortbis leabodimanicbotriparedd, for
variations. [0085] As with the previously. descriped enbodi nents,, it w.l] be
appr eci at ed 'E?i‘éf“piﬂh@e 'F‘?W%‘inongi ’F%?B‘tef’toﬁ‘eé’rsg]f’feﬁbeng@e%vmﬁ% Sg%%‘ffﬁé%‘ésa S5
first object @Rdrithas meroOAdiheiuigh mdthitRrbeginghaisag sih as atrbuledvednd theanatecond
obj ect. Accordingly, neasurenent of the displacenment of the first

di ffraction gf?¢teH§- 83 relative to the second diffraction grating 87

provi des the [agsuSHihe leviolidlf debcaRldaaRpBifientfit whEbd dpprtiakljiec thefigdtat | ve

to the second object. Conveniently, the first Erm 84%{31%(f be conne(c#{ed to

the first obj&tacterdereting Seearhy PrsheaiapinPIsbaddin et B e dtEsd

obj ectThe 1 ARt ORsRB @echOAcdRingP IRASuIRABLE BBpREkIAEOCh: B where
e

used, may eac connected to the second object. [0086] Although not
shown in Fi gudiffinctien grafingd3 r@lhf@fed?819ISE@é@f@ﬁﬁfﬂcﬁ%&fﬂ?@@m@é‘%@ﬁwaé%ré’@ﬁﬁioﬁg
to this embo gﬁ{g‘glace ?ﬁ (ﬂ‘?heﬁrgi' c{b;e%gre'laﬁv@tom%ndco@{erc@S@cﬂﬂgﬁi@[ﬁlyt e R@prigove
to provide addrtionally a di splacenent measurement sensor that measures

t he di spl acen®hhaydfe cotrectedl iorthe fidt dtfechartditisrsegmd piisng 88 May b¢ eaningated to thefsecond

second diffragti rat.ing 87 i di rect i r i ar
to the pl anesgbé‘?cg?ﬁ% rﬁ‘%l YRR ic%ﬁo’gl?eas[e}lsr?géb %@,th‘g%%‘}tﬁlrggé%%ﬁl eglf nf?ﬁg%lcﬁ'ﬁlz
arrangement naymndtedps theisebedd bbjatt. is simlar to that shown but nodified such

that, instead I S Il as,.co [i t irst order radiation with
t he negative Wﬁ%@rﬁ@P@%no\f@m“akngiﬁuﬁ%%%HF%?SPL@E%‘%%“ BY N ?ys‘?{em
diffracti on giceérding td@is entbogid¥pa bR be iddifled ihembnnes torpsapbnidiagad thaeabbie ot

order diffractive radiatio 5, 86 is with zero order radialion
propagat i ng fPeyfs *tF’PﬁL‘ﬁa ‘gffsﬁcfsﬁﬂti“%ﬁqsurﬂ?%ﬁt PEREPr gt mepsuzes d;\???aﬁ?lpgﬁ%%nt,
the di spl acengi difffactdiGorftidz B3 rélbdivetd el s8¢bnd Gfrhdtion 8htin@B RN &/@rection

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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to the second diffraction grating 87 nmay be neasured by conparing the

pat hl engths 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 enbodi nents di scussed above, the displacenent measuring
system of the enbodi nent of Figures 7a-d relies on conparing radiation
derived fromtw beam paths. Accordingly, in the manner di scussed above,

pol ari zers may be provided to polarize the radiation of the two beam pat hs
in substantially nutually orthogonal directions. 23 [0088] Figure 7e
depicts a variant of the arrangenent of the displacenent neasurenent system
depicted in Fi tQ. : i I . rd \ in
t he arrange NE[RM? %ugﬂf ljjrg %lgg §§Lﬂ[ibgrt Q’:jﬁﬁ %éé%&lg&ﬁggé?%tﬂngﬁﬂeﬁé@re lgtsdéégﬂer %?né%iegﬂ d

t he refl ect ordeBiRted ireFigenss Zcteddbyn thhissiarignitethe frst prism$Y whicham e drrangementvdt t he

b f di at.i 1 i . af | f
"nel i ned facd Wis,df 78RS 4Gl oBhe 35 LA PLAR, SIS Sl p RS Sl
reflective gndmal8dangedd euchitime therbedm nbadiatiore] 81 eviddd tylthe yadiation so@rce

A dingly, t b .0f. i atd 181 | &, 4di . i i
pooor g, S SEPRRpL Ao i et P AP et ghior
radi ati on 18%nd8banpedp@thaietinédiaufida bhéae prisos 184l 84ccarithghy yheleapalf sadiatied by

ti lari 8,189 d f 184b qof, th i
164 For ' exoni & ElisEed by s it foRaraa R P RE B LR and treBagPt T o
187. [0089] HirgWwider fddiatieR i 83, B6dprofakhtadthroubithe peism 8 89 aniiaayt e jdieizad byangement

of the displacenent neasurenent system depicted jn Figure 7e but rep|acing
the reflecti v@spaetwpale{l%%lgérléﬁaﬁalgfésnamﬁwf bect Highortegron @ﬁfﬁ%ﬁglﬁn

grating 183’ b@f&@ﬁ@.%ctnaaeﬁbﬁn{egs&naaﬁﬁaqtﬁﬁ glalifg Pg7.sm 184' on which the
beam of radiation 181" is initially incident. Accordingl g t he, heam of
radi ati on 1810089 Eigyrer Hdgpictea viyjant Hiat qorrgspondsdie theargngamentof thidigplagemsyt 183"

and the fi rStm&Eg%exﬁQ%téﬁ?@é%riétéﬁqaniéu% Te 1 ABlacilp {He! B8R G diBFHcAbA Sting 183
185', 186" propagates thr ou_% the prism 184" "are separately refl ected by an
i nclined factwitlBuimnsissivhdilfpactiemeraug 183harangyd erethp Hicad B4k ef thy priegm d8¢ tony e
pol ari zers 188§'. ' | NQ - - a6l der C i i >
Grati ng 167 oyhofapd TARhEalE) 10 Rl SR EAL AP S LRG0
syst em depi ctiediffracteBiby theamndipissinadiffdctiongrativg 83 barsldhefimsortiérosd nepivetist i n

79U 7% S R LR N AT AR O e e
accor di ng t o bgan érhiod fasn8420bf the prige €8P ahd By Edolaized by gopeetivedeblaiacks B8,
depict a par t188’fbe%or}cia Eeing incident on the second diffraction grating 187°.

[0090} The arrangements of the displacement measurement system depicted in Figures 7e and
7f may be the same as those depicted in Figures 7a to 7d unless otherwise described above.
[0091] Figures 8a, 8b and 8¢ 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 5¢ as discussed above. Accordingly, the first and second
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di spl acenent neasuring systemis nore detail. The displacenent neasuring
system of the enbodi nent provides an exenplary arrangenent conbi ning

di spl acenent neasurenent systens as described above. It should be
appreci ated that other conbinations of the displacenment nmeasurenents
systens di scussed above are possible and any such conbi nati ons should be
considered to be within the scope of this application. [0092] The system
i ncludes first and second di spl acenent neasuring systenms 91, 92 that
function in the sane nmanner as the first and second di spl acenent

measur enent systenms 51, 52 depicted in Figures 5b and 5c¢ as di scussed
above. Accordi.ngl the first e i

yst o, o1, Stekpr ety SRRARFELD? sfft a R BHERRIh AR Y B econd
di ffracti on gfifftacticn Rdtingid amt asasuee thévelatiet displeenansyf|thcistemt sefond figfrdction t

and second diffractli . gratin 93..94 in a first.direction within.the
pl ane of the @f{HE g@?d‘?ﬁ&ﬁ%ﬁ"i"%ﬁ@ ygl,“ngl}f’ Fg% Ofghfﬁiéqﬁgﬁtfoﬁa%& %tfjlgf)g\gr’tggn I cul ar
to the striatdgubstiafly pdigerldicuhit toathelstiaivands e fifst anitseamdgiffihctioner8idgs 94 94 and

a second direct.ion, bstantially perpendicular, tq th | ane of the
diffraction gﬂnétaiswggi g@?"“"@éf}‘gsﬂaé’}sl'ﬁlg’c‘i’fﬁféﬁ &“ﬁﬂé@ceﬁﬁ?erogg{éi r%ﬁrgcté%gr%}gag%%% to
the y and z dig Rehdcavbly. BRReEitdcicsYofl@pbiid 16 thel yund ZidrestRnS@speb H3depitied in

system further includes a third displacenent neasurenent system 95 that is
simlar to tHgweddodi ment of Figures 7a-d discussed above and neasures the

di spl acenent @hox} ThB gfsﬂ:_m fithd iRt de@ R tHEH Alsh ARt MeAsBféRt sySteid 96 EHak isRimilar
diffraction gratin 7 in a direction substantially parallel to the first,

second and f dathetpmbogimeatefiFighrer7atd digrasangd abayg andymedsytes derldspiacement fa third
per pendi cul ardiﬁﬂcﬁ%ﬁgr&th{g% DEARYS a@&.{rﬁlgﬁﬁ_&ﬂog%ig@;gm asir@h@?smﬁﬁtﬁpt ially

perpendi cular to t iffraction

striations on th hird "and fourth di :
gratings 96, @il Withefirstosecerdrmddeurthalifftagtion gratings 83.i9%n?IShibswbstagtistiygur e 8a.

[ 0094] Figure . i . S i f i ivel y,
of the syat et AaPaE Gl b i SRt hRUERT, Aol R AR R
pat hs for t hestidtiondordths fhiid@edfourth difradion gméings ¥y 8T)e bhgSorpspondsitathe xni t h t he
enbodi nent of.FH%ﬁrgs 7@wﬂ a8bean10f radiation is diffracted by the third
diffraction d?gf 6 3%“{ PR %orresponds to the first diffraction grating
of the enbodijoes] Fifurdsisgduneé 8e depictl ) sidadliciviang b fandvieegadpetivelyi ofthe systter

G racted "1 2t O R OBRgRLcoe! ILOUGLLREBE SRt M 5l

di ffracted ragisgbreRentisPstdnngs. daBémMBn Wwith Se eMbOdimeaTHigafds M4-d, Dtieam 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 fourth diffraction grating 97 (which corresponds to the second
diffraction grating of the enbodinent of Figures 7a-d), is further
diffracted by the second diffraction grating and propagates through a
second prism 99. 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 substantially parallel to the direction that the radiation
propagated fromthe first and second points on the fourth diffraction
grating 97. Th i he
fourth di ffr%aﬁn%gggég%vﬁﬁthe s Btr(ﬁ?ééﬁ% 7%1[21 r glg ridglogq?%‘%)éggg)?ie@g? ﬁ?%ﬁ%
the first pr |nsgauQBﬁﬂmfdershﬁﬁracmdimdtatwmdl&r@@dbndlelﬂmdﬁlff@ntﬁtmatmm%detms ioa

diffraction 25 gratin

radi ati on derf “P?%ﬁl“?'ﬂ%lyﬁ% Sg‘fon neg%ftﬁfiil {/Cgﬁﬁarc g{) gljﬁ%g di]?’?rr%(l:attltgg

radi ation di flﬁdic&ﬁt@ﬁhbsecbﬂlﬁmﬁﬂuondledhﬁd diffesciimpoprapirat 96rig filter diffactad by the third
comon poi nt, narrely theé econd point, on thg third diffractio e [f:) nt'ﬁgt 96.
The radi at i ofilTAFHOP GEARE B3 and RIORABEY 258 RPD ’ﬁeclnﬂléai Ehfeﬁfl P PA PR
grating 96 i s dikéclel @l thelbdridsperiagig skot dFahd third dlspldtélﬂdh&mbasﬁfen@nﬁyktﬂg 996 and
propagates in a _conmpn directi gn atie],%@ econd beam o g on that is
directed to tHESEAFphosypdndiigversSatrs fii{erRnce REtyEe %B"Il ? Hasur ement

system 95.  [Q0Q5dm s syshargs dfihdiydldmaepidRd iFiSeres $410 8diahd Be divplcdahveen the
third displacenent neasurenent system 95 of the system dgﬁ te ﬂgl n, Fi gures

8a to 8e and meguremenbiyseanRfibe erpkodingnb Fhown ‘%?@P@ﬁff@)\d i fhat t 198 hown
in Figures 73 a:tiin% §6Lqg{?ecﬁb@a&dﬁh&.ﬁ’ﬁe@'s{l&rtﬁ&tﬁlﬁ&ﬂst Hahilof Rldlia®Bn hféld'éﬁkfan(Yﬂrtie and
nmount ed such I rst beam of radiation incident on a first point on
the third di fobinaen the thizgrdiffiiactipgamating 96 atppegatestthipughythe fipe pisn 88 ingrdeg fg g |
order to be t r r r RROILE: as
shown, the fldr'cé hfjcﬁﬂée 8]33 dh?m&ﬁln gﬁjatﬂk% E&&dag%gﬁag%{l%eggut}re?&%@s IEBst em 95
can be the sahirﬂicbsplesmnaﬁ mehanemmaeswsteor%tmbe thesameprism asetbansedfosibe ﬁ@éﬁﬁnt
measurenment s 0096 the third displ acenent

measur enent §§: ‘gaf%‘%"% tzi?l%%}lru elltﬁgﬁ%l?@\grg% 78, 79, arranged in order to
pol ari ze t he [009€] Ak t;lmwwlﬂﬂe|tMﬁbH1§p1ammtmmehswe3ncnasgdtene@famay/mcmde mlarmedéﬁ

diffracted radi ati on,, respect .eI i n.substanti.al | ual |

di recti ons. %g(f’é‘i“?“]‘ge n8'§1§&0|98 %‘B{fgla 'P?né?%veiﬁ £f°B‘r‘§?/F§L%“ad : tlVBI lésgg%?]t

measur enent  yEh&@A dalliakons gdipecliBPel$ W ®bithgially Sphaltesiinigond diaediionst

diffraction g?ratln rel at | vetci_ia second dlffractlon ratin ﬂ{ llel to
Yystorh g

the first di fl$993L4F descrbediabays, thers inPravideds digplacesat e PPt f2% o t he

pl ane of the peaqure the displacement of a first diffraction grating relative to a second difftaction grating,

parallel to the first diffraction grating, in a direction substantjally 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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two diffraction gratings and substantially perpendicular to the striations
of the diffraction gratings. In addition, the displacenent neasurenent
systemmay alternatively or additionally be configured to nmeasure the
di spl acenent 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 sane
pl ane as the first diffraction grating but with its striations
substantially perpendi cular to those of the first diffraction grating and
by providing ane‘agﬂ&ﬁégn sylleld $h@Ghh 9o et digﬁaﬁﬁgﬁtofm%&%a ﬂﬁm%fﬁfa&goﬁt hon
grating and within the 'same plane as the secon Iffraction grating but
with the stri ®&dtiogébodf conhectdddo pfinst dbikst) whtivoie thy secomiand dipathalitfiactidmgratings
ber pendi cul a1 (han LhaaRedliabldf 15 A0 Hdh AL AR ALAMRYY bhiall 8 PREFRL &
provi de a di splacenent neasur enent system Hat can alsoieasure L Re
di spl acenent dle diffrectidnresatingnahdtshbstantidllyf ferprodicdar to gredirstmpagivandnt diostiectést t o
a first object) relative t.he second and fourth diffraction gratings
(bot h-connect SR e RgeiimpEes I BeS6R B eRRe i ln i pick AihoreBubPian o
par al | SI tf) t hﬂatbdeﬁrmlfoﬂzfer. Rolp exahigiid, ﬁlﬁ:ﬁlﬁth?ﬁalgtcaipbn@ﬁs,&ﬂdp@dfh&ttaﬂieis&éH Asystem
per pendicul ar ;to the first, measurenent directiop. Use of suc .system
makes it possitbPEHE BRBeSipROL FabSEY bls coRsiuetp lasopRoRAPHRE BRtEHE aob) ect
relative to angtde fram@lin S¥&gdhensidn®. @ | it hographi c apparatus, it is

stem tQ neasure the position of a substrate table

possible to uie h a ziy C
constructed t O‘Qgﬁ%g}lrf 9 depigy appssitle papsyement sysiey foraeubstigirciable L fvelhesysiem ee

di nensi ons. [ GR|ks foluddiERacSmeRRdabiBerfen? kil 101 TBASY, AABRY dSYSLRAMLOR The
substrate tabl e 100. The system includes four displacenent neasurenent

systems 101, 165! disnjaceountipRpserementispdem Adbipeludesidifiragtiongratings p0lac Khb that are
measur enent  syshesmdind fbdtadesnidi b mmﬁfaaiogrg@éﬂnggﬁmwxdm%gmgeg%!fmttﬁ@t are

connected to the substrate table 100 and diffractron gratings c, 101 d
connected to reRzence @pmedfteAs shomn, diffctipnerslinean0aginflifl Phchdvostrigliensi ngs 101a

and 101c have i i i.al 1A Xi.s_as depi ct ed
e oo anilabdly BaanLIM RN Alsi a8 ltpleiBAhTiduil o b, AASdndl Ry 3R WEER | ©
subst r at e t ablneasi®@Ghe mbementofithe substratefeble d 02 eldtiva irethd 8FcremetffameX 05 in the x

direction. By Lffraction gratings b, 101d have stri at S
subst anti al | ydﬁpéé%ﬁélg'la%fc({noraSt’tC{@&g“glxgrgtmgﬁh%aé@%ﬁ’ﬂ?%ﬂ??}onﬁﬁ Sﬁgﬂ 4 é’afall‘%%
measur e the mieanetandfacdobdinguhsiy mheed alscasutOe nMoekmént o theQuiishette tabiceroence

frame 105 in %ﬁ@’i % %’ée tion %lg(fﬁgl? The second, third and fourth

di spl acement 2qedhetereys fra | th Halreck have
[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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correspondi ng configurations. Accordingly, all four displacenent

measur enent systens are capable of neasuring novenent of the substrate
table 100 relative to the reference frane 105 in both the x and y
directions. In addition, any or all of the displacenent neasurenent systens
may be configured to nmeasure the novenent of the substrate table 100
relative to the reference frane 105 in the z direction. This redundancy of
i nformati on may be beneficial because, for exanple, it may yield
information regardi ng any deformation, such as thermal expansion or
contraction, of the substrate table 100. [00100] Alternatively or
additional ly, ,.the prqvisi [ Bk e di spl DEEdnasyst ens
capabl e of ma%lls E?Cieﬁlaﬁnr%e\%e%%{tSwlﬂﬁgel%éb]bdsgtr tbg%tgﬁptgetfg%ﬁ?g%gtl vealtso t he
ref erence fr adispli®®@mentrnf theaulstrate taile Hfteletivatayhereferegesiframe Heh abont anaxis
rotational displacepent. or exanplke..._any, di. '

di spl acenent { Stf"ﬁ'élﬁgpwl}eégf ‘;‘%Haﬁlé‘aglﬁﬂrﬂéa@y’@e élﬁér%é%qg:ﬁlse %ﬁ%@n@%gﬁn‘%}ggﬁ%‘éﬁent
systens 101, Ji@3tismf thesubget tble ded elativa® thhefaratrafimonals, mbaspédinetent  of
the substrate table 100 relative to f(ﬁe 0ref er encedttf rane .10&l abotut an axi s
subst ant i al | ydisplpcameRfmaagprement sysigprssl 02 Odimay be psed, tp detgsmpipe, the xortiqnal’ o o< i r ed
di spl acenment jigplideRert of Hiels@sraatdé 100helafius tfeabrehadiramd 005 abeliaiiavie to t he

reference frane 105, measured by the displacenent neasur.enmept  syst 102,
104 mmy be usemalicliodh . R HEHS CHPPHRO Of (b BEHEBRRIR TS RER St PS¢

tabl e 100 rel i hiRe i BErelRil 8 IARE RIERIBahB P0PRAKE x aifeclivh By tHedisplatédent O
the x axis. Furthernore, comparison of the neasurenent of the displ acenent

of the substmeasereman]systanp! e Il & andesepratelyecomygmpsaiy i dhoppeaspremont of they he
direction by &iﬁgaGQhéﬂlo?g%%%ﬁrate% WoehiNe tgﬁtr@ﬂg&gé%amé% iﬁ'ﬂ%% di{eﬁtéon

separately, comparison e nmeasurenent of the i spl acenent o

substrate t abheasti®d by Slealisplacernent nisesuresfent wniems ¢ b3, poovides amprasyrerent ebthe on
nmeasured by the..di ' ; i
TBASUr 6B n%/ Orfoatttﬁr'éa% Hirsé‘l%geg?em o%@&'ﬂ%tfa@@ﬁﬁle UG fefarﬁt@% e Bel’é}g‘hce RaapNi g8 §bo%ban

Ional displacenent o e substrate table 1
relative to tixis paedlleltonieer &xiame 105 about an axis parallel to the z axis.

1001011 The enent..of the rotation of t supst . | ati ve
to the ref er@ﬂi@if rarreﬂfd'%e aﬁ%rf/m net 0& lLlrr’f)z“'(g(r)t téoﬁ]to?%?eos Pgszrf%ﬁ%ﬁeerl@g%gaﬁ%%i tfrilee
general, the pfisintct fameon3hey besimpsitiam] for atampleibebrusdin genapll the nBitidnson the

et ons Dol Ll il kB0 SHE0 B o BB BHE 3 Ll 1 ©
substrate 10fhofrelativetié B rdftrehc fRgieUdb by niduédiediffeenkiienitiepeind bs pl ageamat .
For exanpl e, the point_ of . . .
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
1035, 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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interest 106 on the substrate table 100 for which the displacenent relative
to the reference franme 105 is desired to be known may correspond to the
poi nt on which the projection beamof radiation is projected by the

| i t hographic apparatus in order to expose the substrate. It should be
appreci ated therefore that, in general, the point of interest 106 wll be
fixed relative to the projection systemof the |ithographic apparatus
which in turn may be fixed relative to the reference frane 105.
Accordingly, the point of interest 106 is fixed relative to the reference
frame 105 and, accordingly, as the substrate table 100 noves relative to

the reference frane 05, .the point of inte t 10 ves relative tq.the
substrate t ab'“}sél.‘sc‘éls?dé%’f’\’% 3135'1,1513 FEPLt B r“ée,am’tr?‘fgg erﬂogﬁ f tin"]VI(;lh“(?ho won‘%%& ﬁtﬂnr%agin#;
di spl acenent &fa dispRicanids neafufenicabiyetemQioss eF @texuaplt Min thearmafeateandepictddrimme
105 is to determ ne_the location on the substrﬁe t abl e 1210 %1; thg f0 i nt of
i nterest 106.Figuwp8ihoirshdispipqemepianeasypraet S {Qloneastins e SPRIFEREPT B gur e

9, it is not pessidhite {0 rediiveas tefeoRAGE A 106 i1t SipdcAaesBEEnthIly paralle] to the
substrate table 100 at, the point of interest JI&J[% 4 steagr 281%3 di scusqs)ed
above, the di%Pisatheppint |Wegpuich diffragtion gratings 1(kb, Loldgeasgplts CAPRIEREIFG

gratings of tﬁatféﬁécﬂgﬁ{c%&%f R PSIAF SR kui&E GIB1CI0S6the Foiht EPIAERKEL06 irfithe he
arrangenent depicted in Figure 9, the first displacenent neasurenent

system 101 neditsoiensubsiantiailsprraltsbiosthe ¥ afis eqvals thadislacamentinbe dirggionr el ati ve
to the refer eslﬁﬁﬁzgrftir ra]ﬁ%ﬁmlme f%ﬂgdﬁggmeae &u@ﬁaa@{am@mt Radsilehhe s Qerh 161 Y
n ja_ 1c I ract? b d

axi s at the poi a at on gratings 101b, 101d cross. It
shoul d be apprlecthapreduct bfthe atguiar displpteasetdithe substratedaldoil ¢t relstive teghegsameat e

tabl e 100 at the int of inpter . in. ir 00« i al l
20l 100, 2 . BBk e 8 87k B, 0l L R R ko
subst ant i al | ym@atrambiel10tooftthefrstdisdacomeas mcashrdgert kystefn Fdtand itlsygioint efrmterest

measurenent system 101 = plus the product of the anqular displace of the
Substrate taplth dotrERaryi e6TeReplFte S el s He R B RHE NS £, ¢
mul tiplied byditebgondipshibdd &eth®x ly dnd ztakes, ¥ ischlgoaletitable 1b edcumealy ddierma the anghlar

nmeasurenent 10 1 e of {)he fi rstwg‘_%s | acement neasurenent system 101 and the
poi nt of i nt ¢fplacemanygbouithes; yp ?@S'for an accurate di spl acenent

measurement gpold3f POi Nhs dBfculsld B8 ang@6r dikplactink:R€ bf B Subb@dratabR! 100 ecldthe X,
y and z axes, it 1s also desirable to accurately determ ne the angul ar

di spl acement tadsueferenes famel Oz epybedeierminghiy eraypapiae tosingacdisplacg®e®  angul ar
di spl acenent Sm%ur[ﬂﬁ@r&@ lgl?ﬁ{oﬁﬁt’tﬁ apprebiSted Bt 1he h@uta¥f of the déiBgnih&f Rp@Rce frane

105 may be determ ned. conparing two |inear displacepent neasurenents.
It shoul d be dijpacernemiscistormized b the gequiacy of themepsiscrarat af the Haker displatements

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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di spl acenent is determ ned by the accuracy of the neasurenent of the |inear
di spl acenents and the separation of the neasurenent points for the
nmeasured | i near displacenents. In general, the greater the separation in a
direction perpendicular to both the neasurenent direction of the |inear

di spl 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 splacenent. Accordingly, as discussed above, in order
to determ ne the angul ar di spl acenent of the substrate table 100 relative
to the reference franme 105 about the z axis, one may conpare displ acenent
measurenents ip. I | t hall Vi phar 0 1 i e
firat and  thips ol aipiE hea et e eark Bl Bhedf iy HBhOlS pligfll 5 gk it
measur enent s idivedtions byglfaregamme, tsaufiost aad fovadhl dysppacmadnt eleaguoenidnesysteansil 81,b84. t he
second and fousth di.spl.acement [ n te 102.104. | n either
caser t he. septiPr oy BuE CEER R OF BRI FIRE et BRI R rot 4 reo Rty o
of the subst r displateatrhemdftremients wouldthe ahmroxibatephdsdt thé widtloofitht asbstraeartdne
angul ar di spl acerﬁrggt1 f the substligte table 100 relative to the reference
frame 105 abo8tfHREly Wackdpq MY BH8%FY ng neasurements of the Iinear

di spl iacemeRt }[qmdei]r ecéI [ ?mEOMﬁb?ﬂpiii:cialtﬂ thd1 6t xayde #s&aﬂldt@ﬁieh@lféthb{%gfia@{) .
exanple, the fjrst an our [ enment asyrenent sy ns ,
However, in t AisBlacegeat of%ﬁaﬁ%&a}%ﬁv{f% (et e %W&Wﬂﬁlﬁéﬁrmw et Frt
respective | i gaaiple, & ©6Lac oMo hng A ILpRIRMnSabMLLE 2 Agis ARR HX beBtAliY ofdad
the wdth of the substrate and, accordingly, the accuracy woul d be | ower.

(00104] It shewle sECASBIEY; SoagvaridicrsseraPort hickdarairucn of thearguke t he
angul ar disp hﬁ?l@ééﬁi%t rﬁaykémﬁoe%@ﬁ.tea af &Féera@ h&§ust %ﬁeir %isatabeﬁ?enhﬁeésnﬁnfeﬁ& & ence

frame 105 for its own sake. For exanple, in the case of the angul ar
di spl acenent atdeiie compensatp fqrdhe diffgrenqedbgtvisen the @aint of meagwemen of afigeate correct

overlay. Howeygliace g@g@?ﬁ#ﬁ%ﬁrﬂ rog'@%:ﬁ?nét 10606 AR LT %@E,ﬁﬂe e BRRYRAL

di spl acement may al s order to adjust Ti1near displacenent
measur ement s #igplacgmgermeasurcneg engespends ¢ the hroduétiof thedistamchHBi heterert the pgiot oft

of measur enen i ar_ . di | acenent, ,and.th oint, of i.nterest 106. As
i sevoced abotrusHs fog dnfl ipoied bARESEREN 10 AL bitforl 8 Saath miflhBle i cofietion
corresponds t andthaefpreobtfecodf ahheratiis tha deternibhation bfithe angulle di3placitment, it may be

minimze the SOPPaE BBk B RGBT B P By pllvor g O mnd e BBt

det er m nat i onmedsuichentaltgell Rrgefiérslptha aedtiefy of fht niasurdigent oEE ik Bisplecerfichd, M ze

the distance Hclu i%:c[; eecgrrgcr%i%n (S)ri et an%{llali' gitquar.c%rsntent,lga% b% ?:r?axgrgi%e 19y| nquiI(I)I];Zng 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 101¢ 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
construcied according fo 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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measurenent 101 e. In general, the accuracy of the neasurenent of the

| i near displacenent, including the correction for the angul ar

di spl acenent, can be maxim zed by nmaxim zing the size of the separation
bet ween the points of neasurenent 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 10le used to determ ne the uncorrected

| i near displacenent. It has been found that an adequate accuracy nay be
provided if the fornmer is at |least twice the latter. [001051 It should be
appreci ated that each portion of a displacenent neasurenent system as
descri bed abo t hat is.use 0. neasure i i I

di rection naﬂﬁggm consﬁ?@g?g%aﬁ%%§?§ﬁ%gm SgéﬁgggﬁgagP§¥%£ﬂ%%@gggﬁgﬁ%?
descri bed abgu@surt thegositibiloff turekemiiplf @ sutmsppte exbicait @dithdgerphicappargug At shown,

enbodi nent has, been degcribed with reference to sur.i ng. .t he —di Spl acenment
of a subst rattBlsts%f’Eﬂ“égaf s FeélP%qai“%thFIb&’S SFE%&@W@%%S%V%H i%gmln?]o glg{u%@' ¥

l'i t hogr aphi ¢ p.aRERF, MerSare i difapkncamRaiudmas sysemsntosys) B desbrsi bed may,
in general, be used to neasure the displacenent EB aqrﬁ% cocggg?r%&n{)trtelta%tlive
to anot her coligppsenent mepsurewpnptyplem Jihas abrstyingld Vacqmedid {pstrate able
nmeasur ement  sy3tem {aid diAci SR8 140 cONBRMA S tHe hefeRASd frdnel 03 Bofh@ratings
exanpl e, a substrate table in a |lithographic %gparalus. A& sh%nn this
system has | dwse theid sirigtigns priemedsubpantially paralich toshe ¥ axig. ASeRr&ngly efistion to

Figure 9. 1n 4 | fofh 0Sndybe 86eddb SiRhMFENE BisplaBAft SRS KubSiasd eNs
110, 111, 11241%%&%@%11%%& acerreatr)](t neasur enent sys!t)em 110 has  a first

grating 11 Odadohifbelative dhe tetrengpFemal @ inisiectiopgpbsigatially Rastishig the x axis.
diffraction gpatlng, &&?l%nﬁﬂmgﬁhﬁgleﬁ&gﬁgﬁ 1| EhATENCRIifia 860 g 1804 h

gratings have thelir striations orient supbstantially parallel” to the y
axi s. Accor didoghogted thithe fibsgate tablesiPi0aod asssonddiffcagtien grpkingehh1b tonneepd todhgised

to neasure the.displacenent, of ,.the.subst . i t he
reference fr efFr@ref%ﬁ%e gﬂ%diBrogl%‘f' 3‘%‘@“@2@%&%?@%@%@?&8 ??Frfé%) glhﬁ\égre@&gxi s.
The second disygbatershdir staius eriendd mysitemtiikada sAqorfdingty, thtistfondct i on

grating | | | connected to the supstrate table 100 and.a seco

1 acti on GhemaeHme e e RBETo o e e e e BO RIS 00 g

di ffracti on gfBdtiaRAsHlO100 MRtISCOINTretirapé ARRIEIR inrelisttioamarilel t8 styaxishave
their striations oriented parall

el .tqQ the x axis. Accordingl. e second
di spl acement Asaringbrsiirerad é‘i?P‘i‘g‘ils MER mEaXepL ﬁ%sgwpé&lﬁéesuﬁcéﬁ acenent
of the substii@bRaiond 6rddi00 Meahiad i Qispacdnear sahesBRERe fabRTB0 1dbive B the
direction parallel to the y axis. Accordingly, the first and second

di spl acenent aeses Eni0sdy theemsPigiovi de suffici ent
[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 103 in an offset manner. In particular, the diffraction grating
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information in order to nmeasure the displacenent of the substrate table 100
relative to the reference frane 105 in the x-y plane. [00107] The third
di spl acenent neasurenment 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 displacenent
measur enment system 110, the diffraction gratings 112a, 112b of the third
di spl acenent neasurenent 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 neasurenent systen1112 nay, as
di scussed above be used in conju ct|o§ @ the first

?éta

measur ement  sy8b isomnegted o G sRlFroRss fggd fere R ROFIGAY 318#'5 ?‘ﬁ &% o bsaPrt}éet e

table for exajRsgtion atanQI%b Cttdxﬁé“c{uhﬁﬁf ad}’qwﬁtl@f of tid JuBstrued table | §0 about the z axis
additionally, the ditfraction gratings 112b of the first andth%rd

di spl acement rehtiesio rt@rféfﬁfteﬂgfygmrk%l’f@deﬂi‘@@ ?ﬂﬁq’ffﬁﬁe%ceéﬁﬁﬁef}&d“"taﬁm?rﬁ@to
reference fr atﬁ@ %@gccm%yof & suﬁé?ﬁf@:qgrglgijﬂﬁﬁ'laﬁm%d Bfefdn@difrAnd [ thd £ dicdetién by
arrangenent, ? action gratings 11 Cb, 11 are connected to the
reference fr atheﬁmt)@dlthmhﬁsmﬂe@é@t gRAHepent Fﬁtﬁﬁﬁrlﬂpcﬂl ar, the diffraction
grating 31 1 I's cqf) fi S| ffh@'&ﬁf%&ﬁ tatidg 41 ff gpent
posi tion al on%mﬂ%y axi s %ﬁ%&“{%‘f’%‘@a@?f@gﬁ gr ating 1 n%.a C%nseguent ly,
any rotation stondhiésphudysdint anegutmmnesymm 13 b inrdignddewvith témp@m’t olantgreptif6¢ o t he

reference fra entifie ment
of the di spl‘g%gfﬂcé)rfﬁly’fffga? & grtjtgs (rg%’t%)rxen O%’hé gu%étﬁﬂ%@lﬂg? p@’g&{lg{e{&ﬁth re glgcgnce
frame in the fanld 108cthé pointnyf meahigerfiént $Ileaxﬁthetdh|p}ademhn$mmeemmomhmsmt

systens 110, 00108 I n he ar [ e

di ffraction q‘% %P?M%e‘}t ":fea WEengE f’ﬁéem L@c‘%ﬁ& S ?al EEQ,PL the' O%OFlnge?eSt fd&

111 is al i gneflcostdidyly, AR sB}ﬁﬁrmonQJEtWeBﬁ &fea&hsulﬁﬁent pdmmrldﬂmgﬂ q;u; ﬁrseg,aplmuemsm of
t he novenent of the subst {ftih e, 10? veto ﬁ ref eren r{a?n
105, the poi rASRCHENRSYNHbH: anf hqpoil g e élbﬁhsééﬁs fon fypetcrpad P o
by the Secondoftﬁiaiﬁ@dnﬂ&&ﬁmmommﬁw@Mfe&ﬁsd@md 105 abthHldzzadlymylmoMfeaiﬂlgned
with the point of interest 106. Accordingly, the separation gﬁg en t.he
measur ement psSWedyoH the measwregentiof helingar disglaggment i fhe direcien pagp! “%§8tem |
| 1 and the p@hﬂbéﬁ | L LHES eﬁgﬁoﬂen{hé heurhcHbff (REAdt@iadior Of (e aRfhaANY
rotation ubstrate ta relative to the reference trane 105
about the z adismacaient ofithe salfstrate tablh 00 relativerte thy referenerciramsm i irabaudke oaxisipe

| inear di spl agene gme db)éthtqupage[tiroﬁ@t ﬂ'ﬂac u%kt Q%lbe{v%eﬁhﬁﬁéuﬁﬁ%ﬁneasdr%é@gl As

di scussed aboV: ccurac eterm nation of angul ar
110e,112e of the linear dlsplacement 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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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 nmeasurenent | | Ce,l 12e of the linear displacenent
in the x direction of the first and third displacement neasurenent systens
110, 112. Accordingly, adjusting the position of the diffraction gratings
11Cb, 112b that are attached to the reference frame 105 in order to increase
the separation D2 nay increase the accuracy of the determ nation of the
angul ar di spl acenent about the z axis. [001101 Al though the use of a
determ nation of the angul ar displacenent of the substrate table 100

relative to the. %fog{hgﬂﬁ&rﬁggﬁ&%gﬁ b Fhe X LI GARELEE b AR GAd @lrgP) acermen!

measurenents to ensat e érence in position between the point
of interest 106pla£a=mdnttﬂmsmmnmtsyab¢mmﬁ§sld2 trthalinehndistiacenentiis hesghitgctimaihe in

certain ci rCUnBlanGese il e Yeibgﬂ%%ﬁgglafcﬁl&ﬂle[cggem%ﬂhe SURHRE Bapld %8590%15’13

arr angenent d8p|cte tron gratings
the first andzhhsrﬁmﬂm&phagﬂmauﬂmmmmﬁmanmﬂnmpswsmenmmﬂammﬁﬂ®mﬂhauwaue

connected to the reference f{ }@ EOSI j.one sg g thaH

respect i ve meRSHTHSHEAE HEbGQ: PRI S émB Oy mguipt F\pacfglt%

di spl acenent ﬂﬁﬁﬁuﬁﬁﬁgnimsy&h@ﬂﬁu&ﬁ@nﬂlz are on either side of and
equi di stant f he poin ere 106 in the di rection. cordingly,
T 35" aver alfBTH ¢ no A tisdiessdibiientis dbRpecront Bt ahT SEERD e Phour e by
the first andcddfiglirdd t&h@a@b@@mmwerm@ﬁmmemm@yﬁb @iffractibf glalidgd T at he | i near
di spl acenent in the x direction at the, point, of interest, 106, re ardlﬁés

of the angul afisplpcsprnidassanemest syshan W asiertinnsubsiantiallirsepeadisular otk plane o

Simlar arranggaRpbs aﬁigsbgcwramglsiq@mta b@Hé%ifhlﬂ@to%ﬁﬂ t theldipR@Ement
di spl acenent neasurenents hat are not susceptib 0 error caused by

angul ar di spl m@mﬁmnﬁsmtemﬁéb{k Ut ertdhsuchithat pmfevrymmmf thesgicpomeasyredhe eboye 11
As di scussed aRONG. {18 ripeh v@ﬁ&ﬁ?&%n%ﬁ%ﬁ%&ﬂﬁ%ﬂ%ﬁﬁ%{?&ﬁﬂa (OB s, ﬁpmhguged

to neasure the relative spl acenent raction ratlns (0}
di spl acenent mamﬁ@rthenposgﬂslﬁ trmeéasurg tei mwdﬂcammtgﬁthsﬁmtratamb;e Wergetngite ik ar

o the pl ane gf e dhlh6aR AR AhIAGN: 185501 Blifon bl PRYeRG HRLESD! o

to configure i TRcEneit nent sy s suc hat
one or nore oplatehds eddmum beasupaeng the dnselaactmmm tht)x/ dimEnbn détemﬂlmedrfemprfve
diffraction g s in a direction o.the z

systemit is {h%tg{ﬁp gggpgp%aswgmﬁgggﬁqgalilﬂy 1§|l %%r 'égé’ﬂ’%sﬁlflgé & eﬁgmg ﬁﬁé‘?{%ﬁn

tabl e 100 rel @t bwstritotabled 00 Feddtive enbe rdférame fth@d 10hatuthihe @ahd p Axdsakabidaiglyt o

the z axis | nlt ?sdpcci)lsstitlalg tr(]) grgw ea BL%%:%E%Q} sy!stgmtt}?at can %easure 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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pl ane. In addition, by conparing the displacenment in the z direction
determ ned 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 neasure

di spl acenents in six degrees of freedom [00112) Figure 11 depicts a
further enbodi ment of the invention. Simlar to the arrangenent depicted
in Figure 10, the arrangenent includes first and second di spl acenment

measur enent systens 121, 122 that neasure the displacenent of the substrate

table 100 r tive to the reference fir : i e i j ,
optionally, fgﬁsatt EF‘I%en&ffnﬁ eeton eﬁﬁs Stgm ltzﬁi%r%aljsg?%dﬁptgéEbn%%fe(}ér{é%gbﬁlragﬁnelﬁ?gsyst em
120 that neasiung@se hibextingpinacthretivin sobstinkiellyspasd ket tattke x £:a4) irethk@@sersebstaniivléy t o
the reference fra 105.in.the x direction. wever s._shown, the

i 1 er ence. baERERIEIHAS if PR eAToUBRA ot P R it TS ARG ymplndats of the
arrangenment deplagéeéht mdasubdngat stk éxentibgfrointike fefer@ice fatle $@Tmudirection

di spl acenent negsurenent  systens 121, 122 are arranged , such that the .

i ffraction grENphide s Shota ripagemgnbmay i badplical i oRE AL ASRRLIC il
105 are el onggt Sorhpbndntslbf, B lekAhblS WiRSIitRsHraphld appRatal | el to the x axis,
nanely in a direction substantiall arallel to the striatjons of th

di ffraction dPtilBhgs. 1A fueiprdenciitnbsugh pr pEangrraent greaihahderigphin Sieurhlo igdat
first displ aGRIRRLOEGSHY GORREmSHIE A rdRRor @lpliSme RV BclsGB5 R thHI€100
reference frame 1057is elongate and extends i'n a direction substantially
paral | el to tréletive tashiegefeience fame 105 9bow @b xiaparpligl fojthe pexip srisipraypdr Thivisi t s
striations. j RN £8478 : t he
displacenente%%%%ﬁ?g%%%?ugig?éﬁgg&?@ﬁﬁ?ﬁéa%g%hﬁ? g&$8 ef%ncé ?@gﬁ%ﬁﬁgg in a
direction pameabirghent d2kefl@2yoftké displ8wmiantad thersnbstrgieriabie 100aylabes todvatliesned i n
order to avoi flict. Wi I ey

1 thogr aph o SBR4PSMA 5 isbiiRpr G+ R aRERRART bR Shent by AR Rk 121,
over that depd2 isadgnificakilyggreaerio thisconfigiratidnitbaratbe sapamtionpfin thhg directmuy @ilent  of

the rotational, di spl acenent .qf the substrate.tabl relatiye to the
Fofer ance. {1 SRt SOBeRGHIE o4 he drp sy P fipsPrte B3 s R mBa T <
is because tfaged6parthé k dedddn of the ArstlandxBird GisplacshrhBmédsadenyntzastahd B0, 112 t he
x axis, of tge ,E)o%ntPs of nmeasurenent 12l e, 122e of the displacenent of the
substrate talfRcHE Hgralfve to the reference frame 105 in they direction
of the first [gnd4pecongy glinaphed @RNERMHespRRASHIBRIBRAg s 6MBe dtdnd didplabeindnt

significantly greater in this configuration than the separation, in they
direction, ofnegpgement 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 Figuare 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
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poi nt of neasurenent of the displacenent of the substrate table 100
relative to the reference frame 105 in the x direction of the first and
third di spl acenment 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 in the
y direction discussed in relation to Figure 10, in the arrangenent of
Figure 11 the diffraction grating 120b of the third displacenent

measur enent system 120 that is attached to the reference frame 105 is
aligned wth the point of interest 106 such that neasurenents of the

| i near displ ag toin_ the. i ) O, ¢ N0 f ; . | ar
di spl acenent %)"sg%ﬁleall% 6B8Y T A lear(tEIO a %glte!iq& %é %&?v%na{ngq?%(ggcﬁée@%%ﬁ%g rane
105 about t hemzasacinent fofifiddssate skt fpartt(hnethis beweabort thefz ams) arcreimgetein tAsdare, as

that depicted,in Figure 11. in ich measuremenis. of .t he displacenment of
the substrat P ﬁi?fﬁ@lg'%ﬁﬁepra@flg’f PVEQPSanePtZ?Oé&%@ée Woaq}isaulafﬁgerii%eagmﬁl?n t
direction (i nsysfains, thegeaterttheadyudéy. destionld Hoyipprbdatbd that thisrfehtsre @mmdlso be

di spl acenent asyrement syste 121, 122) at measurenment positions that
are set aparté}:‘feﬁtegi’ﬂﬁé’&q\é‘ﬂ{’%‘ﬁ’gﬂﬁs Oféh'dinf‘)@'&tfqnon substantial |y perpendi cul ar
to the measurjopgielli r ectic Qi bd dpphddiafedGiRs QikeRsONB: dyd@m*couldive Qe kg SuchitBat hitat

by taking the average of the neasurenents of the di slgjlr@cenent int
measur enent  dibf 6¥RRAFEnts af the fisplacemepmeaserement 4y§ian s¥terhiem thesybstateizhit 1 %bout

an axis 34 sufst@tdealphMibas BRI EHnAhotedn h ARedBAPEARMhediakRC i ON and the
direction in which thé neasurenent positions are set apart (in this case

about the z a@PEY7lare ehs wilkhetappprenhqng af ke sevanteenghodgneat, theraghileprabosdiment of
the neasure (o) the =X T Tt @ﬁx‘lﬁ%%@' BYSI 880 sik he
greater thengg@u&adggﬁéfgégﬁgﬁlﬁ%gdgg%r ec?g{t‘ggﬂ{zﬁat thrs Plg turee rrar;l/ﬂal SO
be effected degreehef foeham. enbodi nents of this invention. [001161 It will be
appreciated t | i kewi.se e.system coul d.be arra such .all the
conponent s ofmﬁlgldi sprﬁég"erﬁé%? epr‘r%%%ﬁ’rr@ﬁreag&emsag}sﬁagrﬁn %(r?eg'?igc?o?f%%{ohqg}%tﬁbstrate
tabl e 100 i rengbodincaciciating per bdrell aspeot dffike presxi iavantidn.none in a direction

parallel tot axis.[.001171 .wW Il be apparent, .a as i n the seventh

rbodi ment . (R Gt BESBRASHET mthyesl o GRRR 3o BBl elapemtt

nmeasur enent Sysit:@mBo,n31. ThafiedisplicemdhtsiRagcanankstdnd 130 has figke giidesomlf

[ eedom 100L LR UL & 3 Ea PR Bnol 8 S L LR ok 1R KD SRR
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 parallef 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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enbodi ment relating to a second aspect of the present invention. [00119]
This arrangenent includes a first and a second di spl acenent neasurenent
system 130, 131. The first displacenent neasurenent system 130 has first
and second diffraction gratings 130a, 130b connected to the substrate
tabl e 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 displacenment neasurenent system 130 further includes
third and fourth diffraction gratings 130c, 130d connected to the

reference fra 931 R ' [ ' ' ' arranged wth
its striati onrsk? Sst%l@s%lalnt frgf%gii/ ng%asgﬂlfné?iﬁ% %ﬂg%%{b?/& ééé;igg%gﬁg ,aé %?:gg’} 815 rlg ei}l,e}%nay
be used in cadmjasernéndpystent B0 ecoridmgly, the Hifframiph gratigg &8 angd tlk38eonidn or der to

measure the di f. 1 u rate tahl.e 100 relative 1o the .
ref erence f ra%@%g@f%ﬂﬁﬁ% Sgr%r(n egfsry (Sat(%:?jiqg’%.m ﬁ%usfe ﬁl}f%]'ﬂ’ici{‘?r} ggfﬂﬁ‘ﬁrﬁgs‘t&}fgi“i"ﬁﬁ
130d i s arr angedingil 30 df e festrdisplacement sslisitentehi biey ipardat logdrovide 4 faghet axi s

and accordi ngl e e ysed .in conj.unctjon wi.th the second di.ffraction
grating 130bgt%ca%%res{e&?%ftﬁ?lgiSplﬁﬁeg‘SPtadgéﬁ@H{’s gt t?b:lﬁal JBePYepdhe rgtsrance e 105

rel ative to tea diedceoresubstaitiatipparkd té the & ddedtidg! ThtefoRA BRI the @nilrB® of tRXI S.
[ 00120] The second di ?L@l acenent nmeasurenment sysrté?m,%egol ﬂlnc udes a

i ffraction  QFBAFSREISSEIEmMSRtalFa FEnEHon ARl (o Tthe suestRbiablngnd
arranged such techedre IdagesIhd diBdri(RBS siddsf (R hRaMlOfrdd B YthéPdompordddf of the
diffraction grati ngli_13 | a of, the second displ acenent neasurenent 35 system

131 is ar r ang&thogm Pl appacais, i§ 154l gyssibledo BGHsater by dspizgsmentiaftheaybstriie tabley K90
di spl acenent  rJIRAS W GERMrery Ha0001 53 thés 8RERLE M dihe g]*a%élifokf raction grating

131 a of the second displacenment neasurenment syste nay be used in
conj uncti on wi@¥2the fi Fathegnes,bycomparingghatwordisplRemenimanhmerhéntsin the x

di spl acenent : i i ur I asur enent
of "Fho. di pl acmeant FOR U (UL B Akn bR pBEAIGRS Solep 1 Pia TERRHERS
frame 105 i ntha sefistrele tablsn! 08 utietiverte Hairéforepariimedls hbot Ite zaxiki madieidermined.

Therefore, al N LT felh di.spl ac nt ur enent stemis

arranged on akgﬁﬁg'{gse&glﬁ %‘%’ %IF' a?élﬁe(acgl%%shf ?l%tg rémf‘ag‘l?f’&? {ﬁgﬁag“rf?e’%iﬁp%ﬁﬁ?@t Pé’é@/es t he

ot her three siubsisaiothble 60 sttt tethe rdfatice fiine 05 soudthb @ faxis NRANENMyhof t he
nmeasur e the displacenent of

1oL SEhL ARGy iy b BB e BB el R

direction andsetdrs dispihcémeit ieRsurdnd d4emkuse, i3 nor e, by conparing the two

di spl acement fﬁﬁfﬁ? reme n‘&Ss belfc?re,t bﬁ)?h t)I('ze 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 rotational ly 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

36



direction fromthe first and second di spl acenment neasurenent systens 130,
131, the rotation of the substrate table 100 relative to the reference
frame 105 about the z axis may be determi ned. 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 the y direction between the points of neasurenent
130e, 13l e of the first and second di spl acenent nmeasurenent systens

130, 131. [00122] As before, both the first and the second displ acenent
measurenent systens may be configured to additionally neasure the

di <l ¢ . . . p . Con. A dingl v,
't Ts possr bl SepiPik bohEIBELILCHah Bl R Bsd B el Ple MBS RGLC!Y
rel ative to t keplhemenewitidbeflnairdbg 06 s¢paratineDZ ircthe e diréctinn beteeencthafinstonakiring

about the x and. S, .For X le, the an r..di splac nt  about the x
axis may be dé’? lé’?/mg%d cB@erc@of ﬁeaéﬁ%é“f’f‘uuémg R%lﬁgﬂb@edlﬁlehg‘ﬁ?or@qg% tﬁﬁ%%ﬁf%ofn
the z directi dr defeaninaticanfite aagulandigilicernen hbgn thetyaxis3ey, BeJignificatly laditcdn

case the accuracy of t et erm ned .anqul ar di spl acenent wi ||, again, be

det er mi ned by 1 °u§%°|3é’F ﬁ’tei Stﬁnﬁﬂatﬂjélt%@? o ‘ﬁ%‘ ‘ﬁ%’%ﬂ?@ﬁgﬁ?"é&ﬁdﬁ arﬂssbeg%“éeet,hiSl e
inbt he y di rgleaﬂaﬁnonmlﬁsesignml hajrsrﬁaiﬁpm?@&eeﬂiamﬁfb@mthe y axiz 01;I the g
Ssubstrate ta O relatjve to the feference ane 105 may be determ ne
by comparing t[‘_ﬁ)é%ﬁeasur éﬁfh?‘igﬁéﬁfi“% rgéﬁrcg%rﬁ@mem et“lr‘@wz‘e’“d? Hecrs riithrgesphiced
by the first dhpihaGeiRManiRoGH FNEN G sEYHE 80RlersBol BRHS tHe SRR apRRiaparaaOf

using the diffraction gratings 130b,1 30d that are al so used to determ ne

the di spl acengfierived hersen mgy bave ather anplicafjopss sushpthe manufaparanfantegrated ppticelar
di spl acement s gjsprdshghidantll dfRGeleBibr FaRSHE R nfibned dBRAR Hid iepmap.g&eﬂrﬁpﬁay%?l
e. However, in this case, the accuracy of the determ ned angul ar

di spl acenment Vifwif-crystal disrlays dLEYs)t thin-Slapmagvetiokeafs etcnTherkilledditisa wilbn

bet ween the fj : ug i ' i t.her o neasutd Ng
poi nts. 1306, 1 9P SRR AorbRl oudelerBlt SRORbRS ko B8 P dn it R
angul ar di spl &i€hherdin mbpbe cankidergd assypommmoub with itgmidre ganetd! yerine $sibsthuast ort he

ey o g b R AR SRR RS S
[001231 Al t hoexphswgeéciol bxantphf etk ¢Ltoubdiatingpicniig epplias b Riysr dfeasist tot subgratésad of
g oD ¢ R U L L T el o oL i heod
appl i cati ons, disdésiredfreit@ayBiifipied tolsbcodndiofieP aibatRprodskif@toolsS Vgt Bhe
g A AN e sy b ocesied mors than GAbe. o examplean order to treae & multiclayer 1. o
di spl ays, y be processed more than once, ple in or ¢ 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
apattenﬁng 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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l'i quid-crystal displays (LCDs), thin-filmnmagnetic heads, etc. The skilled
artisan will appreciate that, in the context of such alternative
applications, any use of the terns "wafer" or "die" herein nay be

consi dered 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 netrology tool and/or an inspection tool. Were
applicable, the disclosure herein may be applied to such and other
substrate pro r.e
than once, | f ofhAeeTE it bty e phhfa SHAR L TR0 RASRGREE RS
term subst r at eme@ﬂgﬂen diemangaypf 5128 onw).ef eaellabp@tlcémlbﬂmseaueh :asham bamseadyctron
contains multiple processed |ayers. [00124] Although specific reference
may have been e above to the use of enbodinents of the invention in the
cont ext of op((]'ﬂd:M] lit hﬂmﬁmﬂnylpnsi”twh\iré theloenteyi plewes, aragdeftrhatany bieeori nvent i on
may be used in |icationg, for exanple..i rlnt an
Whar o the. cofraipaian pYAcion: SRR opi ] sBropes e e Nt ROV pdete
inprint lit hoge@fd&mg@etkaﬂ@aéaﬂiaﬁtlé apnoal dmipb@dnty ng device defn nes the
pattern created on a supstrate, % ?B@y of‘%ﬂ@ g ternl devi.ce
may be pressefio a | &pHF se5e! fle g8 inleg3 of e dpvepsi sdrsribNahaye dpon
the resist i SyilEht Herebiicd iRt e Md/efli@ChiyRBENSEECothaddisa A As dieabed. Paressur e
or a conbi nation thereof The patternln% device is noved out of the resist

| eaving a pat pxample, feilgventiqngpay ke the raol p sompylgrprogram Geiaiping|98e PiIpoRe
"radiation” gyauedaeadﬁmauﬁ.ﬁelréaaanﬂe iﬂsﬁ(b‘ﬁ@ﬁmﬁ%bﬁl la [hétp&ﬁas%cloeé@ﬂ)bw@mﬁ ic
radi ation, including ultraviolet (UV) rad |at|on (e.g. having a wavel ength
of or 37 aboustoRssmedis (.2 4gmicondictor EmSFy, TREneAPT eptigaledith) davingsucha- vi ol et
(EUWV) radiati i ¢ velength in the range of 5-20 nm, as
wel | as partl é£@ﬂgﬁfnﬁg5@%dggﬁﬁgn beans or electron beans. [00126] The
term"lens", [ME8 the TCTledesoriptiahd @wsq arnayendei erbetﬂdusamweonm lipriting: Glhs. ritat i on
of various ty of Q tlca ncl.uding refract r.ef | ctlve
mmanet or ol BarvRRgRLeS oK PLET b el PRUGPR AR ORI B BB
VWi | e speci fldesaﬁﬁeddulmwspavﬁngmm\semeloﬁmehw:ﬁs fpeom bdkscr i bed above | t
wi || be appreciated that the invention may be practiced otherw se than as
descri bed. For exanple, the invention may take the formof a conputer
program cont ai ni ng one or nore
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sequences of machi ne-readabl e instructions describing a nethod as di scl osed
above, or a data storage nedium (e.g. sem conductor nenory, nagnetic or
optical disk) having such a conputer programstored therein. [00128] The
descriptions above are intended to be illustrative, not limting. Thus, it
wi ||l be apparent to one skilled in the art that nodifications may be nmade
to the invention as described wthout departing fromthe scope of the
clainms set out below. 38 WHAT IS CLAIMED IS: |. A displacenent nmeasuring
system conprising: (a) first and second diffraction gratings, said

di spl acenent neasuring system being configured to nmeasure a displ acenent
bet ween sai d éé£§%§i32g§= | diffraction gratings, wherein the
measurenent s i red such that: (i) a first beam of radiation
input to the measurenent systemis divided into first and negative first
order diffracted radiati gn beans by the first diffraction grating; (ii)
said first and nedati véﬁ?ﬁ@?mg#&?%s“ﬁngfﬁ&&%od“mﬁﬁgati on beams are further

diffracted by the secopd fieh hiid RESrid@ffigétini ghdings) daid dBpREHIGAL myasufeOIYBlemed t 0
forma second beam of radiation; figured tgmget,erm' ne the

. (b) a sensor ¢ E nﬁ
relative di spheingsphiguresito sisagrs ¢ digglacgmant bgfg@swlg 5t fidgecond giraption gratings,

det er mi nat i onyQlreiR RhA3Gr&hdd: S§RACH BMIRANué it St conponent of said
second beam derr?lv(ehg from sai gfsfi rstC order gi ffracted radi ati on beam, and a

second conponent of said s@oliet bsamef radistipn Bguite Hin mepseeReY AYieRisrdivided
order di T achdliadh ildaoik A8 Her Aiftalitd ralidPitiins B) fhel il Aia RN A iRES
configured such that said first and second conponents of said second beam
of radiation are linearly pdi said festieralmsgaiive Erst exder diffrasted sadigtiondkangs aseit ual | y
ort hogonal di i j gﬁg%g i to
claim1l, conpfﬁlﬁlgﬁtrrqgﬂga?ﬂ?brys@b g%cﬁlgdegﬁﬁg% aF1 26T gg‘%%ﬁr gfd}e g@@ﬁ%@g?@%

pol ari ze sai tefanddtanopfimdiader;f r act ed radi ati on beam and a second |inear

pol ari zer configured tg.linear| ol ari said n tive first d
diffracted radiation g’éﬁﬁ?m%r. coﬁﬁéfr%%{oé%%%lﬁf gjr%eglg%?ee&lﬁ%}ﬁcergﬁ%to g%%mg%rétoarngi ng
to claim1, waenmdignting florat deemsihationnéa phase diffeppatabdtwen a fastapmangadofsaidh

that at | east one_of the fjrst neqgatjye fir .order
seconﬁ beam, degvedl f{'om sa?‘ci1 grst order cili¥ractecli raaltatlon Eeam, 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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diffracted radiation beans, propagating fromthe first diffraction grating,
passes through said at |east one |inear polarizer before being incident on
said second diffraction grating. 39 4. A displacenent neasurenent system
according to claiml, wherein said first and negative first order
diffracted radi ati on beans are reconbined to formsaid second beam of
radiation by said first diffraction grating. 5. A displacenent neasurenent
system according to claim 1, wherein said sensor conprises a radiation
beam splitter that divides said second beamof radiation into at |east two
sub- beans of radiation, each including a portion of each of said first and
second conponents qf sai pation L] LY

sai d at Icast two aub- Daamerernas qefcti &Ah Al @R WALR £ vl Bl Bk
confi gured to andvegativirstaurderidiffacieod rediationdisarug ard Eecuinbined wpmesaid wednddeam of
orientation Ofrad’,f!ltio?l arsaiggl Sqrd;fﬁgctdognr 911;1 t he respective portions of said
first and secon con‘b"onen’trs orSar&¥He&m of radiation, to a first
radiation intensity detector; and wherein a second of said at |east two
sub- beans of radiation is,.passed through a wavepl ate and | ari zer,
configured to have%a pof‘éjfsggf?{ﬁe“é%e? eﬁ%ﬂ[’mﬁgg ngltorcéﬁ'ﬁ‘ZlctB"B’ermts sensor
orientation ofcombA®An rdd@dtidh bzt sdiftethatldiedds 850 8&bhd Beal DS ftrh AR icRfinid ai ast WSt
and second conpopents _ of .said heam.of radiation, to a second radiation
intensity det Shlp-Bramsgf raﬂlaﬂf’%’ﬁf‘%‘d%m?g hReaden A rasiol syjd fieshandsecond pergpansnte plai m
5, wherein saisgld s¥AHERA &F rhdiatidnf i gured such that a fast axis and a slow
axis are substantially parallel to the orientation of |inear polarization
of the respective portiWhereip adiagt gf said & deagtiyo sek-besensob meiienispassed thiedel aheam
of radiation. : ' L1581 ﬁ&&kﬁ'@’ﬁ t ' i :
wherein said przgaigééﬁogﬁélggam s{p’ﬁ ﬁ?t er di V?Jé?@gﬁ@gﬁ%ﬁ%bﬁgéﬁ%%{# ht?%‘%lnl 0g‘ti on
i nto three sullinieanferigtion afithatrdspaetive pontonsto€ sadd first drel sedvind dompimebd afisaid beam

radiation is B?Isaﬁledgoﬁ,rt]({gﬁgp{agiaﬁerﬁ@?e%%i%?eﬁ!o?‘;ta%d and a pol ari zer, configured

to have a polarizing’axis at a espect to the orientation of

linear polarization of wheeein @sqend éfiseid aoledst vssubfbesnd of rhdisthhn iamesed Gaond a

conponents of sai beam of , radi ation, to a third radiation_intensi t%/

det ect or. 40 Wwaveplate and a polarizer, configured to have a polarizing axis at about 45° with respect to the
orientation 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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8. A displacenent measurenent system according to claim7, wherein said
first and second wavepl ates have different 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 beam of
radiation to said second and third sub-beans of radiation, respectively.

9. A displacenent neasurenent system according to claima8, wherein said
second and third sub-beans of radiation have phase shifts of about 120 and
~about 240, respectively introduced between the respective portions of the
first and second conponents of the beamof radiation relative to said

first sub-beam of rad|gtd§ ﬁcer&&tnﬁaﬂeﬁ%h@%@gﬁ %Wﬁﬁﬁﬁ wibrehPdAMd fipst

accor di ng to cIa|m5 eln sal SupD- ans radi ation are passe

t hrough a coramdsecpad wa\iepbte_s have different thicknesses such that said first and second waveplates
introduce different phase shifts between the respective portions of the first and second
components of the beam of radiation to said second and third sub-beams of radiation,

respectively.

9. A displacement measurement system according to claim 8, wherein said second
and third sub-beams of radiation have phase shifts of about 120° and about 240°, respectively
introduced between the respective portions of the first and second components of the beam of

radiation relative to said first sub-beam of radiation.

10. A displacement measurement system according to claim 5, wherein said

sub-beams of radiation are passed through a common polarizer.
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