1 LI THOGRAPH C APPARATUS AND DEVI CE MANUFACTURI NG METHOD BACKGROUND Fi el d
of the Invention The present invention relates to a |ithographic apparatus
and a nethod for manufacturing a device. Description of the Related Art 5 A
| i thographic apparatus is a machine that applies a desired pattern onto a
substrate, usually onto a target portion of the substrate. A lithographic
apparatus can be used, for exanple, in the nmanufacture of integrated
circuits (ICs). In such a case, a patterining device, which is alternatively
referred to as a nmask or a reticle, nmay be used to generate a circuit
pattern to be formed on an individual |layer of the IC. This pattern can be
transferred onto a target portion (e.g. including part of, 10 one, or

several di eq)ITHOGRAPIHC APPARATUS AND DEMIUE/MIANUFA CTURING METHO® pat tern
is typically via imging onto a | ayer of radiation-sensitive materi al

(resist) provided on the substrate. In general, a single substrate wl|
contain a network of adjacent targﬁ@ﬁﬁﬁéééﬁgﬁbthat are successively
patterned. Conventional |ithograp s 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 15 which each
target p@id bfake Invehtionadi at ed by scanning the pattern through a radiation
beamin a given direction (the "scanning"-direction) while synchronously
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al so possible to transfer the pattern fromthe patterning device to the
substrate by inprinting the pattern onto the substrate. One of the npst

chal | engjegipkisAHf ek AQr m cro-lithography for the production of
integrated 20 circuits as well as liquid crystal display panels is the
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individual layer of the IC. This pattern can be transferred onto a target portion (e.g. including part of,
10  one, or several dies) on a substrate (e.g. a silicon wafer). Transfer of the pattern is typically via
imaging onto a layer of radiation-sensitive material (resist) provided on the substrate. In general, a
single substrate will contain a network of adjacent target portions that are successively patterned.
Conventional 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
15  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.
One of the most challenging requirements for micro-lithography for the production of integrated
20  circuits as well as liquid crystal display panels is the positioning of tables. For example, sub-100 nm
lithography demands substrate- and mask-positioning stages with dynamic accuracy and matching

between machines to the order of 1 nm in all 6 degrees of freedom (DOF), at velocities of up to 3 m/s.

A popular approach to such demanding positioning requirements is to sub-divide the stage



m cronmeter accuracies but travelling over the entire working range, onto
which is cascaded a fine positioning nodule. The latter is responsible for
correcting for the residual error of the coarse positioning nodule to the

| ast few nanoneters, but only needs to accommobdate a very limted range of 5
travel . Commonly used actuators for such nano-positioning include

pi ezoel ectric actuators or voice-coil type electromagnetic actuators. Wile
positioning in the fine nodule is usually effected in all 6 DOF,
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absolute accuracy and in particular thermal stability over long travel ranges are not readily achievable.

Position measurement for the mask and substrate tables at the end of the fine positioning
module, on the other hand, has to be performed in all 6 DOF to sub-nanometer resolution, with
nanometer accuracy and stability. This is commonly achieved using multi-axis interferometers to

20  measure displacements in all 6 DOF, with redundant axes for additional calibration functions (e.g.
calibrations of interferometer mirror flatness on the substrate table).

A disadvantage of the above approach is that every time the stage is brought (back) into the
range of the fine positioning module, the position of the stage has to be (re)calibrated in six degrees of
freedom. This takes a considerable amount of time, and as a result the throughput of the lithographic

25  apparatus is decreased.
As an alternative for interferometers it is known to use optical encoders, possibly in

combination with interferometers. Such optical encoders are for instance disclosed in US

2004/0263846 A1, which document is hereby incorporated herein by reference. The optical encoders



3 described in this application nmake use of a grid plate that conprises a
grid pattern which is used to determ ne the position of a sensor with
respect to the grid pattern. In an enbodi nent the sensor is nounted on the
substrate table and the grid plate is nounted on a frane of said

i thographi c apparatus. A disadvantage of the optical encoder type sensors
is that the sensor range of such sensor isin 5 principle limted to the
size of the grid plate. However, the size of such grid plate is physically
limted due to the high resolution required in the grid. Thus, in practice
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measuring 30 system being configured to continuously neasure the position of
said substrate table when crossing a 4

15
SUMMARY

It is desirable to provide a high accuracy displacement measuring system for a lithographic
apparatus which is configured to measure the position of the substrate table in all possible locations

20  making continuous measurement of the position of the substrate table possible.

According to an embodiment of the invention, there is provided a lithographic apparatus

comprising:
- a substrate table for holding a substrate;

25 - aprojection system for projecting a patterned beam onto a target portion of the substrate; and
- a displacement measuring system configured to measure a position of said substrate table, wherein
said displacement measuring system comprises at least one encoder type x-sensor mounted on said
substrate table and configured to measure the position of the substrate table in a first direction with
respect to two or more substantially stationary adjacent grid plates, said displacement measuring

30  system being configured to continuously measure the position of said substrate table when crossing a



crossing line between said two or nore adjacent grid plates. According to an
enbodi nent of the invention, there is provided a |ithographic apparatus
conprising: 5 - a substrate table for holding a substrate; - a projection
system for projecting a patterned beamonto a target portion of the
substrate; and - a displacenent neasuring systemconfigured to neasure the
position of said substrate table in six degrees of freedom (x, vy, z, R,

Ry, Rz), wherein said displacenment neaswing system conprises: - one
x-sensor configured to neasure the position of the substrate table in a
first d'cfo%ﬁh%ﬁﬁ‘e Qeén &m%—&m%g;a&%%ﬁ@mm to neasure the position of
the substrate table 1n a second direction, and - three z-sensors configured
to measure the position of the substrate table in a third direction, wherein
sai d di spl acenent nmeasuring system further conprises a _second x-sensor and a
fourth z-seAseprdingfman enbodimpef ofithesinventian.fherg isrevided & liheawphicaRprralf d fir st
and secogd ¥ssensors are encoder type sensors configured to neasure the
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Sensors cohtallgurec} toqneasm% tﬁe position of each of said sensors with respect to at least one grid
15 plate, said displacement measuring system being configured to selectively use, depending on the
position of said substrate table, three of said first and second x-sensors and said first and second

y-sensors and three of said z-sensors to determine the position of said substrate table in six degrees of

freedom.

20 According to an embodiment of the invention, there is provided a device manufacturing method
comprising projecting a patterned beam of radiation onto a substrate, wherein said substrate is
supported on a substrate table at least during projecting a patterned beam onto a target portion of the
substrate, wherein the position of said substrate table is measured by a displacement measuring
system comprising at least one encoder-type sensor mounted on said substrate table and being

25  configured to measure the position of said substrate table in a first direction with respect to two or
more substantially stationary adjacent grid plates, said displacement measuring system being
configured to continuously measure the position of said substrate table when crossing a crossing line

between said two or more adjacent grid plates.



BRI EF DESCRI PTI ON OF THE DRAW NGS 5 Enbodi nents of the invention will now be
descri bed, by way of exanple only, with reference to the acconpanyi ng
schematic drawi ngs in which correspondi ng reference synbols indicate
corresponding parts, and in which: - Figure 1 depicts a |lithographic
apparatus according to an enbodi nent of the invention; - Figure 2 depicts a
first enbodi nent of a measuring system according to the invention; 10 -
Figure 3 depicts a second enbodi nent of 5 neasuring system according to the
invention; and - Figure 4 depicts a third enbodi nent of a measuring system
according to the invention; 15 DETAI LED DESCRI PTION Figure | schematically
depicts a |ithographi c apparatus according to one enbodi nent of the

i nvention. The apparatus includes an illum nation systent(illuninator) I L
configured to condition a __radiation beam B é dratron or any ot her
sui tabl e radiation), n&§QE§Eﬁ§QRH§¥QNéNUI E@%L@ mask table) MT

constructed to support a patterning device (e.g. a nask) MA and connected to
a first positioning device PMconfigured to accurately position the

patt grni ng BRBbdiMeht’ oBGeABANGEWIM HdW bedkéribed, av A teifiple DhE, app asfaen tal SO
i ncludes a substrate table (e.g. a wafer table) W or "substrate support™

const r udteedcampanping sehesuattis drasingy ie Whichecorigsironding sefereaicoinelofs indisald connect ed
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substraf%ﬁ?ﬂ’gﬁ%%ﬁ Hin Blertain 25 paraneters. The apparatus furt her
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configured tg prOngt a pattern Inparted to the radi ati on beam B by
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The mask support structure supports, i.e. bears the weight of, the
patterning device. It holds the patterning device in a manner that depends
on the orientation of the patterning device, the design of the |ithographic

app?éatus and ot her Cond't'O“ﬁ)EﬁXﬁHx?BEEBﬁnﬁ§6KP'e whet her or not the

pat rning

Figure | schematically depicts a lithographic apparatus according to one embodiment of the
invention. The apparatus includes an illumination system (illuminator) IL configured to condition a
radiation beam B (e.g. UV radiation or any other suitable radiation), a mask support structure (e.g. a
20  mask table) MT constructed to support a patterning device (e.g. a mask) MA and connected to a first
positioning device PM configured to accurately position the patterning device in accordance with
certain parameters. The apparatus also includes a substrate table (e.g. a wafer table) WT or "substrate
support” constructed to hold a substrate (e.g. a resist-coated wafer) W and connected to a second
positioning device PW configured to accurately position the substrate in accordance with certain
25  parameters. The apparatus further includes a projection system (e.g. a refractive projection lens
system) PS configured to project a pattern imparted to the radiation beam B by patterning device MA
onto a target portion C (e.g. including one or more dies) of the substrate W.
The illumination system may include various types of optical components, such as refractive,

reflective, magnetic, electromagnetic, electrostatic or other types of optical components, or any



5 device is held in a vacuum envi ronnent. The mask support structure can use
mechani cal , vacuum el ectrostatic or other clanping techniques to hold the
patterning device. The mask support structure nay be a franme or a table,
for exanple, which nmay be fixed or novabl e as required. The mask support
structure may ensure that the patterning device is at a desired position,
for exanple with respect to the projection system Any use of the terns
"reticle" or "mask"™ herein nmay be consi dered synonynmous 10 with the nore
general term "patterning device." The term "patterning device" used herein
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matri x pajeciogeysent. Aofy weraf thenérmsdrasicled ac fmask” hWhieohmeybe bansidetid\syanyiriops
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Thel®i | véh the ‘F‘?@r%n‘?rﬁﬁiﬁli“? RAtSEYREISYiGen a radiation beamwhich is reflected
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pattern imparted to the radiation beam will correspond to a particular functional layer in a device
being created in the target portion, such as an integrated circuit.
The patterning device may be transmissive or reflective. Examples of patterning devices include

masks, programmable mirror arrays, and programmable LCD panels. Masks are well known in

20  lithography, and include mask types such as binary, alternating phase-shift, and attenuated phase-shift,
as well as various hybrid mask types. An example of a programmable mirror array employs a matrix
arrangement of small mirrors, each of which can be individually tilted so as to reflect an incoming
radiation beam in different directions. The tilted mirrors impart a pattern in a radiation beam which is
reflected by the mirror matrix.

25 The term “projection system” used herein should be broadly interpreted as encompassing any
type of projection system, including refractive, reflective, catadioptric, magnetic, electromagnetic and
electrostatic optical systems, or any combination thereof, as appropriate for the exposure radiation

being used, or for other factors such as the use of an immersion liquid or the use of a vacuum. Any use



As here depicted, the apparatus is of a transm ssive type (e.g. enploying a
transm ssive mask). Alternatively, the apparatus nay be of a reflective
type (e.g. enploying a programmable mrror array 5 of a type as referred to
above, or enploying a reflective mask). The |ithographic apparatus may be of
a type having two (dual stage) or nore substrate tables or "substrate
supports” (and/or two or nore nmask tables or "mask supports”). In such

"mul tiple stage" mnmachines the additiondl tables or supports may be used in
parallel, or preparatory steps nmay be carried out on one or nore tables or
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15  techniques can be used to increase 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 a liquid is located between the projection system and the substrate
during exposure.
Referring to figure 1, the illuminator IL receives a radiation beam from a radiation source SO.
20  The source and the lithographic apparatus may be separate entities, for example when the source is an
excimer laser. In such cases, the source is not considered to form part of the lithographic apparatus and
the radiation beam is passed from the source SO to the illuminator IL with the aid of a beam delivery
system BD including, for example, suitable directing mirrors and/or a beam expander. In other cases
the source may be an integral part of the lithographic apparatus, for example when the source is a
25  mercury lamp. The source SO and the illuminator IL, together with the beam delivery system BD if
required, may be referred to as a radiation system.
The illuminator IL may include an adjuster AD configured to adjust the angular intensity

distribution of the radiation beam. Generally, at least the outer and/or inner radial extent (commonly



referred to as a-outer and a-inner, respectively) of the intensity

distribution in a pupil plane of the illum nator can be adjusted. In
addition, the illumnator IL may include various other conponents, such as
an integrator IN and a condenser CO. The illumnator may be used to

condition the radiation beam to have a desired uniformty and intensity
distribution in its cross-section. 5 The radiation beamB is incident on the
patterning device (e.g., mask MA), whiclBis held on the mask support
structure (e.g., mask table MI), and is patterned by the patterning device.

Havi ng 4L 26h 36H-Jul aNBSKnA, rebftRtilvd) AlhOitcREA AiRriBaFHER algubR ?Bjﬂiﬂe bhe

projection systemPS, which focuses 1the beamorito a target portion C of the
subst r afliuminatdli dah be ladjustied. lofaddibien,ske diuchigmosi L. intayi ingjudievirmas Pihér emapopegs,t | on
sensor IF (e.g. an interferonetric _deyj Cﬁl’u l.i near encoda%/or capacitive

sensor ) sughijs an gntegraer N ard 3 sandenspy COa Sh;BIupiRater maycRer used fg conditipn thgradiation,
posI ti O'Bea(?ﬁ,ft%ﬁ{i\%m[de%ﬁ&gﬁ{i{a?ﬁft. LRy tegsilt)ndi[% %uticﬁ‘?ltnnts% oss REctlopdi ation beam B.
Simlarly, "the first positioning device and anot her position sensor

(whi gh i s nOhe @YptibE bédny Bdeiptidemtnithe frt@tning device @dghmabis PIA )i whidh Gitiet & the
position the mask MA with respect to the path of the radiation beamB, e.g.
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Simlarly, novenent of the substrate table WI or "substrate support" nay be

r eal i zedndipositipnasehson{E &tg. ek énterftoinetria deviee, dineartensadeo kiecapacitivesensdr), ¢le f or m
part of the second pog In the case of a per (as.o
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ti oner PW .Ste posed to a
canfler pubshate tabg Wlean ermovr?gyc%@atelao%é&aw R%lt@néﬁﬁfg?rﬁrﬁéfrﬂsw"é%&ﬁwﬁe

only, o . : . 3 i LS sk
o't o moReTog R adigriealiiS'Sil oty SHAbd R Rimd it BRLHA APBR, AR BA
subst r a{whicklsir@negplicitlyalelsteasin Fiduust yaah @d usiad pycugaely pasieion thamgak MAamithons,

they may be located in spaces between target portions (these are known as
scri be- Fespect & the pathef thegpdigtion jam B.4-g. pfter mechppigalirptgigealifipm gmash libigrye ok han
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and the substrate table or "substrate support" are kept essentially
st at i onaf the findtipbstiamngdevicesPda$imelarlyj mpaanieatiofi the substratadibd¢ Walhotiselrstrate
support" 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 opposed to a scanner) the mask table MT may be
connected to a short-stroke actuator only, or may be fixed. Mask MA and substrate W may be aligned
20  using mask alignment marks M1, M2 and substrate alignment marks P1, P2. Although the substrate
alignment marks as illustrated occupy dedicated target portions, they may be located in spaces
between target portions (these are known as scribe-lane alignment marks). Similarly, in situations in
which more than one die is provided on the mask MA, the mask alignment marks may be located
between the dies.
25 The depicted apparatus could be used in at least one of the following modes:
1.  In step mode, the mask table MT or "mask support" and the substrate table WT or "substrate

support" are kept essentially stationary, while an entire pattern imparted to the radiation beam is

projected onto a target portion C at one time (i.e. a single static exposure). The substrate table WT or



projected onto a target portion C at one tine (i.e. a single static
exposure). The substrate table WI or 9 "substrate support” is then shifted
in the X and/or Y direction so that a different target portion C can be
exposed. In step node, the maxi mum size of the exposure field |limts the
size of the target portion C imaged in a single static exposure. 2. In scan
node, the mask table MI or "mask support” and the substrate table W' or
"substrate 5 support” are scanned synchr®nously while a pattern inparted to
the radiation beamis projected onto a target portion C (i.e. a single

dynam ¢ xRS E&onwﬂ%e‘ﬁ%h%'ﬁwth@ Rohndor §CditeBiforNo thi1@ d3redSiti@L& porRIne Mh beor
"substrate support” relative to the mask table MI or "mask support” may be
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the projection systemPS. In scan node, the nmaxinmum size of the exposure
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essentially stationary holding a programmable patterning device, and the
subst r atagetabition\Wr(iera singlp dynaaie exnosws}- {The velogityand divectionefihregibiiFate tablg WT
pattern i rted to the, radiation i rojected gnto rget portiion C.
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of the substrate table Wi or "substrate support” "or in" between successive
radi at i omaxpuors eize dfithe rgp@useciaaid liffifits shermoidth (of the pen-atanomgclinactinm) o€ thelitdrget

applied to, maskless |ithography that utilizes programuabl e patternjng.
deville, Pettion ik singlpAvAmHRARIOSHERVRGERS thedF@%@Oéhe seafiing mediop determings thfeigve.
20 Conbi i . . i.at i he above descri bed nodes of use or
entirel §m3fl%%§$nelﬁgg{rrm 8}8{%%&@{&8%??{%0%' so be enpl oyed. Figure 2 shows a

first enbodim&dthedmode,dhsmlasicabRMNIT R &aasKisOppddY 3§ leopt assentillyseatiofarl helding a
invention. The displacement measuring systemis generally indicated with the
r ef er en®eogrmBakle patterning devife; gndithesubptratesale W her sylstiata suppert'de siayeder t o
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15  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 "substrate support" 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.
20 Combinations and/or variations on the above described modes of use or entirely different modes
of use may also be employed.
Figure 2 shows a first embodiment of a displacement measuring system according to the
invention. The displacement measuring system is generally indicated with the reference numeral 1.
The displacement measuring system 1 is designed to measure the position of a substrate table 2 in
25  three coplanar degrees of freedom, namely the x-position, the y-position, and the rotation about the
z-axis Rz (the z-axis is the axis perpendicular to the x and y axis shown in the drawing.)
The displacement measuring system 1 comprises four adjacent grid plates 3 which are mounted

on the lithographic apparatus, for instance on a frame such as the so-called metrology frame or on the



z-axis Rz (the z-axis is the axis perpendicular to the x and y axis shown in
the drawi ng.) The displ acenent neasuring system | conprises four adjacent
grid plates 3 which are nmounted on the |ithographic apparatus, for instance
on a frame such as the so-called netrology franme or on the 10 |ens. The
grid plates 3 are substantially flat plates which are arranged in
substantially the sane plane which extends in the directions of the x-axis
and the y-axis. The four grid plates 3 Hie adjacent neaning that at |east
one side of each grid plate is placed against or at |least with a side of
anot her g "gn d?l@ces?B afg(%ggsttzﬂﬁirall hQ@plit@wvhigﬁ hfd alaRb@iSin JubSRMEialIFHRShAOpladé | Y
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table 2. In the present enbqdi ment. the, substrate table 2 js ra under
the gri tepling B3t & leagypnesisle of asditeridipaats is Eedagat § B dasreh aSIdSOEargqu i
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pair of the two x-sensors and two y-sensors (X, X; X, y or y,y) may be used
to detefablee the rotation about the z-axis (rotatlon in the X-y plane).
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20 I'n the present enbodinment four grid plates are used as the physical,
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substrate table is substantially larger than the physical
The x-sensors 4, 5 and the y-sensors 6, 7 are of the encoder type which can determine the
position of the respective sensor with respect to the grid which is arranged on the grid plates 3. Each of
the x-sensors and y-sensors may for instance be designed as described in the US application US
2004/0263846 A1, which document is hereby incorporated herein by reference.
20 In the present embodiment four grid plates are used as the physical dimensions of the grid plates
3 is limited. It is practically very difficult or at least very expensive to produce grid plates of the size of
the working area having a grid with the resolution to obtain the accuracy needed for the present
application. As the working range used by the substrate table is substantially larger than the physical
maximum size of such grid plate 3, the working area is subdivided in four areas, each having its own
25  grid plate 3.
As indicated above the grid plates 3 are arranged adjacent. This makes a sensor take-over from

one grid plate 3 to another grid plate 3 possible. During such sensor take-over, i.e. a sensor first

cooperating with a first grid plate 3 and thereafter with a second grid plate 3, another sensor may



maxi mum si ze of such grid plate 3, the working area is subdivided in four
areas, each having its owmn 25 grid plate 3. As indicated above the grid
plates 3 are arranged adjacent. This makes a sensor take-over from one grid
plate 3 to another grid plate 3 possible. During such sensor take-over, i.e.
a sensor first cooperating with a first grid plate 3 and thereafter with a
second grid plate 3, another sensor may 11 provide a signal to nake

conti nuous measurenent possible. Wien the first sensor is in the range of
the other grid plate 3, possibly after re-initialisation, this sensor may
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is thus one redundant sensor. "This extra sensor can advant'ageously be used
in the dezeidplte dmay hausothaea siggleserssr orcthatriodatibe isu®echpsble ©f measuriag thetpesitien t he

range of the grid plates 3. For instance, il ig possi bl e that one of 15 the
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deliver a signal representative for the x-position or the y-position of the
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hi glps ac gienagksdié S0} KASEPE N JRRDhED GifectTPaRdHr BERSssing of one grid plate 3 to another grid
plate 3. In such case the respective sensor (for instance when x-sensor 4 is located under crossing line
3 between the two grid plates 3, if substrate table 2 is moved in the x direction) cannot deliver a signal
representative for the x-position or the y-position of the substrate table 2. However, the other three
sensors, (in the example x-sensor 5 and y-sensors 6, 7 ) can determine the position of the substrate

20  table 2 in three coplanar degrees of freedom, thus maintaining continuous high accuracy

displacement/position measurement.

When the substrate table 2 is moved further in the x-direction, the first x-sensor 4 is moved
under another grid plate 3 (in the example the grid plate 3 at the top right hand side of figure 2). Then,
the x-sensor 4 may, after re-initialization. again provide a signal which is representative for the

25  x-position of the substrate table 2. However, the y-sensor 6 may now be located under the crossing of
the two grid plates 3. This y-sensor 6 can in that situation not be used for obtaining a signal

representative for the y-position of the substrate table 2. However, since the x-sensor 4 is now located

under one of the grid plates 3, this x-sensor 4 can be used in combination with the x-sensor 5 and the



When the substrate table 2 is noved further in the x-direction, the first
x-sensor 4 is noved under another grid plate 3 (in the exanple the grid
plate 3 at the top right hand side of figure 2). Then, the x-sensor 4 nay,
after re-initialization. again provide a signal which is representative for
the 25 x-position of the substrate table 2. However, the y-sensor 6 may now
be | ocated under the crossing of the two grid plates 3. This y-sensor 6 can
in that situation not be used for obtainpng a signal representative for the
y-position of the substrate table 2. However, since the x-sensor 4 is now
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against each other are not arranged in the x-direction and y-direction, but in one or more other

directions in the x-y plane. These other directions are herein defined as the grid plate crossing line

directions. In such case it is preferred that the two x-sensors 4,5 and the two y-sensors 6,7 are spaced
20  with respect to each other in one or more of these crossing line directions.

Further, it is remarked that it may be possible that in certain theoretical within the working range
of the substrate table 2 more than one of the two x-sensors 4, 5 and/or y-sensors 6, 7 are at the same
time not capable of determining the position of the respective sensor with respect to one of the grid
plates 3. For instance it is possible that one x —sensor is located under a crossing line of the grid plates

25 3 in the x-direction, while the other x-sensor is located under a crossing line which runs in the
y-direction. Such situation is highly undesirable, as this would result in only two sensors being
capable of determining the position of the substrate table 2. As a consequence the position of the

substrate table 2 cannot anymore be derived in two degrees of freedom.



20 with respect to each other in one or nore of these crossing |line
directions. Further, it is remarked that it nmay be possible that in certain
theoretical within the working range of the substrate table 2 nore than one
of the two x-sensors 4, 5 and/or y-sensors 6, 7 are at the sanme tine not
capable of determ ning the position of the respective sensor with respect to
one of the grid plates 3. For instance it is possible that one x -sensor is
| ocated under a crossing line of the grisl plates 25 3 in the x-direction,
while the other x-sensor is |ocated under a crossing line which runs in the
y-di ¥ ect | 0nry SH0e Shdeditbd Glhalich Mad B YIB! J: Rl rtte HothaadtPndors Sthlard
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anynore be derived in two degrees of freedom 13 The above undesired
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rand@ t & andvieom the exposararanges arartge fengpokangingsaid gubstrates and e range fentaisenlignenys
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type of sensors are nounted to obtain a position of the substrate table 11,
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t he meagHg subStrate tables 11, 12 are positioned under one or both of the two grid plates 13. These grid plates

13 cover substantially the whole working area of the substrate tables 11, 12 so that the measuring
system 10 may continuously determine the position of the substrate tables 11 and 12 on a high
accuracy level in six degrees of freedom. As the substrate tables 11, 12 are both directly positioned

20  under the grid plates 13 which are used to determine the position of each of the substrate tables in six
degrees of freedom, the measurement of the position of each of the substrate tables 11, 12 is not
hindered by the other of the substrate tables 12, 11. Therefore, the measuring system 10 according to
the present invention is very suitable to determine the position of substrate tables in a so-called “dual
stage lithographic apparatus” having two substrate tables.

25 Each of the substrate tables 11, 12 comprises two x-sensors 14, 15 and two y-sensors 16, 17 to
determine the position of the respective substrate table 11, 12 in three (coplanar) degrees of freedom
(%, y, Rz) as explained with respect to the embodiment of figure 2. One of two x-sensors and two y

sensors is redundant as the three degrees of freedom may be determined on the basis of three sensor



system 10 may continuously determ ne the position of the substrate tables 11
and 12 on a high accuracy level in six degrees of freedom As the substrate
tables 11, 12 are both directly positioned 20 under the grid plates 13 which
are used to determne the position of each of the substrate tables in six
degrees of freedom the neasurenent of the position of each of the substrate
tables 11, 12 is not hindered by the other of the substrate tables 12, 11.
Therefore, the measuring system 10 accongling to the present invention is
very suitable to determ ne the position of substrate tables in a so-called
"dual t of
the subSEAr £ L hERREE ey BRRR EIUT, ARkl raanldi i g B i 1RpoSERR 7
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redundant a ee de s of freedom nmay be determ ned on the basis of
raBhodn ot 5 SR |

three s thernore, each substrate table 11, 12 conprises

four5z- sens@psSenkBddrQyset @éﬂmq 4t Pead0sidhi@ 16, qf7 Fna? b8 UPkileQictbeg i N Z

position. Wth the signals of three of these four z-sensors 18 three further

degr ees hekinhb@edo mlam)yl tdntshecdaﬂaedmnmteof figneaik [The z-isensmspicssard: preferatihmtar ferandten

about the x axis (Rz), t he rotgtlon about the y-axis (Ry). 5 The

encoder Pulypgy Qﬂ%feaﬁ&%‘éabl%t,ypqss ‘H?Fd‘siﬁ EREBIEr- 16, 17, may be of the type

descri bed un

Z- Sensors 13‘32%59%& er a%?{fﬂl ?12{ gl%P grgg?r%?%#] g)@%g Is%%teg;eb]%)gf ﬁér%% OEIS |0;fa le type

as di scussmdrdiefedumdint. Ghus ASthé BRE thatbie JTehe two-xSeASHRs $4,18 apd cheitded-sensopand) of
said substrate tables 11, 12, one of the z-sensors is redundant. Thus in

t he 18 asd7 aicheneci ghedbur teensars | & canmatdaterming its posisine Withaespegs tg theerid plases 118, the 10

17 and one..of fo e N eterm S|t|on W th
Fespect Pogtonel B r s FET TS T2 E BRI irey £ T QoS RO e 11, 12
can still be,gdcthBIRED dﬁke%ré‘ssﬂ@g&ee’?@ro@gmg hREGBATR th'é‘it&ﬁ%ﬁon mheevﬁi%{ fifRe RKE
crossings over crossing line 13a"in the x-direction as shown in figure 3
possi bl ossthie the saamsars 94,14 aiid thendsenbues Y6,d@nsoarmngéd inlsiclan evagitiran gphobfithess uch
a way that each of these  four sensors 14, 15, 16 17 is spaced in the

x-y- pl af@rsensastldel odhet? tSﬁP%Féd iiththg Xoi-plag fresm theethss thiee i agireption perpepdicular

dir g5t ' ?thhgfchrE&%P%nf% r&gm lfﬂg l%g % tHerf)résQr?t b3amiknt ﬁx@qggﬁé}%q%ct orﬂ%ein%rtﬁ@r

di rection
y-direction and the latter direction being the x-direction. Also, to make crossings over crossing lines in

the y-direction possible, each of these four sensors 14, 15, 16, 17 is spaced form the other three in a

direction perpendicular to the y-direction of such crossing line. It is remarked that the latter

arrangement of the sensors 14, 15, 16, 17 is not strictly necessary in the present embodiment as there
20  are no crossing lines in the y-direction.

Also and for the same reasons each one of the four z-sensors 18 is spaced in the x-y plane from
the other z-sensors 18 in both the direction perpendicular to the x-direction as the direction
perpendicular to the y-direction. In this way when a crossing line in the x-direction or the y-direction
(the latter not present in the embodiment shown in Figure 3) is crossed, maximal one of the z-sensors

25 18 will not be able to determine its position with respect to the grid grating on the grid plates 13.

The x-sensors 14, 15, y-sensors 16, 17 and z-sensors 18 are advantageously arranged on the

corners of an inner rectangle and an outer rectangle, whereby on the four corners of each rectangle a

x-sensor 14, 15, a y-sensor 16, 17 and two z-sensors 18 are placed, the z-sensors being placed in



y-direction and the latter direction being the x-direction. Al so, to nake
crossings over crossing lines in the y-direction possible, each of these
four sensors 14, 15, 16 , 17 is spaced formthe other three in a direction
perpendi cular to the y-direction of such crossing line. It is remarked that
the latter arrangement of the sensors 14, 15, 16 , 17 is not strictly
necessary in the present enbodi nent as there 20 are no crossing lines in
the y-direction. Also and for the same [gasons each one of the four
z-sensors 18 is spaced in the x-y plane from the other z-sensors 18 in both
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Fi gure fuskars @r tlautytasoAdamiisreadvert wholeRaskink Bda %fﬁfre@ﬁbszrlneaﬁme lel MHe b3d t he
present i nvention usi ng encoder - type sensors to neasure the pOSItIOﬂ of a

substr apl@tes hre shbws ireddshet] inestto Thegridjplas @3 anay hier instarfegbawdifdry om whinhgegridnunber
of §L1 SRR B 23, 00K LINes AL L caled it boiLs elershte mummral 25
22. Theji@bkdphic exposure process be provided on the wafers with a very high accuracy. However, since
the sizes of the grid plates 23 are limited another arrangement of the sensors on the substrate table 22
may be preferred, as will be explained.
The substrate table 22 comprises six sets of two sensors (two sets for each corner), in total two
20  x-sensors 24, 25, four y-sensors 26, 27 and six z-sensors 28 , so that substrate table 22 comprises a
redundant sensor for each sensor present on the substrate table 22.
In each of three corners of the substrate table 22, the substrate table 22 comprises two x-sensors
24, 25 or two y-sensors 26, 27 and two z-sensors 28, i.e. two sensor sets, each set comprising a
x-sensor 24, 25 or a y-sensor 26, 27 and a z-sensor 28. Preferably, all four sensors are arranged within
25  anarea which is smaller than the area of one grid plate 23. If one of the four sensors on a corner of the
substrate table 22 cannot determine its position with respect to the grid grating the corresponding
other of said four sensors may be used to determine the position of the substrate table 22. For instance

when one of the x sensors 24, 25 is located under a crossing line the other x-sensor 25, 24 may be used



pl ates are shown in dashed lines to The grid plates 23 may for instance be
wafers on which a grid 15 grating is provided. Such wafers are limted in
size (typically 300mm, but the grating can with a |ithographic exposure
process be provided on the wafers with a very high accuracy. However, since
the sizes of the grid plates 23 are |limted another arrangenent of the
sensors on the substrate table 22 nmay be preferred, as will be explained.
The substrate table 22 conprises six seté of two sensors (two sets for each
corner), in total two 20 x-sensors 24, 25, four y-sensors 26, 27 and siXx
Z- sensoks 488 minf tﬁ$ﬂho§iﬁ8§5ft§é§1b§ﬁ‘?&e‘&b hxconprises a redundant sensor for
each sensor presént on the substrate table 22. In each of three corners of
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For even nore redundancy and as a result nore robustness of the neasuring
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For the measurement of the remaining 3 DOF, namely Z, Rx and Ry, various short range
displacement sensing technologies can be employed, including optical triangulation, fiber optic
back-scatter, interferometric sensors (which can have a very short optical path in air and therefore be
much less sensitive to environmental fluctuations), capacitive or inductive sensors.

20 Currently, capacitive and optical sensors are preferred to the other measuring principles, though
the others may be appropriate in some applications of the invention. The use of inductive sensors
against a Zerodur chuck is problematic, as conductive targets are required for the sensors. Pneumatic
proximity sensors (air micrometer), on the other hand, suffer from limited resolution and working
distance, as well as exerting a finite force on the target.

25 Optical sensors, whether interferometric or triangulated, can be designed with a relatively large
(a few millimeters) working distance, which helps to ease assembly tolerances. Compared to
capacitive sensors, they usually have higher bandwidths, and can be configured as an absolute

distance sensor. As an absolute sensor, however, they do suffer from long-term stability problems due



enbodi ments of figure 2 and figure 3. A typical systemused in the present

i nvention conprises a grid grating with a period oft [mulm or less, with an
interferential reading (encoder) head in 2 DOF and an interpolator of up to
a factor of 15 20,000 for each axis. For the neasurenent of the remaining 3
DOF, nanely Z, Rx and Ry, various short range displacenent sensing
technol ogi es can be enpl oyed, including optical triangulation, fiber optic
back-scatter, interferonetric sensors (Which can have a very short optica
path in air and therefore be nuch | ess sensitive to environnental
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15 The mask position relative to the projection optics can also be measured in the encoder solution
without resorting to a differential configuration. Although placing the reading head directly on the top
of the projection optics does put more demands on the thermal dissipation of the former, techniques to
minimize this such as active cooling or remote light source and detectors linked by optical fibers are
already available and already deployed in state-of-the-art interferometer systems.

20  The encoder based nano-positioning system may also be arranged as follows: A first sensor head is
arranged on the substrate table, and a first grating is mounted on the projection system or on a frame.
In one embodiment, such a frame is at least substantially stationary relative to the projection system,
which means that the relative displacement of the projection system and the part of the frame the first
grating is attached to is negligible. If this cannot be achieved, it is envisaged that displacement of the

25  frame relative to the projection system is measured as well. It is also envisaged that in case the frame
is deemed to be substantially stationary, displacement of the frame relative to the projection system is
measured as well, in order to make sure that the relative displacement actually is negligible.

The first sensor head can be mounted on top of the substrate table, facing upwards to the first



10 the area inmmedi ately around the optical path of the interferoneter beans,
particularly in the case of a |ithographic projection apparatus enploying
wavel engt hs of 157 nm or bel ow. Such devices require to be purged with gas,
t hat does not absorb the beam (which is strongly absorbed in air), and by
avoiding the need for air showers over the length of the interferoneter
beans, the present invention can substantially reduce consunption of purge
gas. 15 The nmask position relative to th& projection optics can al so be
measured in the encoder solution wthout resorting to a differential
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It is envisaged that the z-sensor can be an interferometer, and that the first grating has a
reflective face cooperating with the interferometer. It is possible that the grating comprises two,
mutually parallel reflective faces, for example due to the nature of the grating. This can be the case if
20  the grating comprises two groups of parallel lines. In such a case, the difference in optical length path
between reflection upon the first and second surface (or between the reflective faces) is preferably N
times the wavelength of the beam of the interferometer, N being a positive integer (1,2,3,4, .. .).
Alternatively, the z-sensor can be a capacitive sensor. For functioning, a capacitive sensor needs
an electrically conductive counter plate, that is arranged at a small distance, such as a few millimeters,
25  from the capacitive sensor in the direction of measurement. By making at least a part of the first
grating electrically conductive, the first grating serves as a counter plate for the capacitive sensor. It is

known to make gratings out of glass, with lines of chromium. By interconnecting the lines and

connecting them to ground, such a grating can be used with a capacitive sensor.



by the first direction of nmeasurenent and the direction of the lines of the
first grating. For exanple, when the first direction of neasurenent is the
x-direction and the sensor head sends the polarized 10 beam of radiation in
z-direction to the first grating, the lines of the first grating extend in
y-direction. In that case, the plane defined by the first direction of
measurenent and the direction of the lines of the first grating is the
X-y-plane. In that case, the third diret2ion of neasurenent is the direction
perpendi cular to the x-y-plane, thus the z-direction. So, in this situation

the first gfg éﬂ@lokéﬂﬁ\?/g c?é(;ﬂtigéﬁ gyﬁgﬁ' aé&'ﬁdnggﬁ‘)sﬂ'lé inREntftinS MleaRIBRAGS 19(erf%#%‘ﬁ1e{)er§[

substrate table re proj ecti system 1 n x-direction

al so f ousedeastiEdsingngths displacsimants offthet sbstmtexable adlsivieabthe pr@eaionspstern istrbduced.
projection systemin z-direction. It is envisaged that the z-sensor can be
an i nt efhispiyethe eostapichotinhe m%@lrﬁmP@tsywratanweﬁaéstrate talle pesciefivesds ace

cooper at. w th rfero o]

conpri si:ts} age‘m}ﬁ%ﬁ ‘?§pei {re? Sha eﬁ%/bg eia(t:lé'g o ‘%'Qs;oéécgrgr% e (ﬁiduﬁ&qmth tP fe
natuse @fst h&ctidhahd the-second %in@éﬁbnth‘i‘e ﬁl@@sufeﬂﬁﬁlnlgfsen%@r hé’!ﬂs of Ahding heARPIitBIES t WO
groups of parallel lines. In such a case, the difference in optical |ength

pat h bemhedamenteﬂﬂeéchqgoaphmanaha if ¢qusmeémhm@remqusyetem(qommemmé'mstt he

reflective fac fera mavelen

o or T epREAd Ak ehT g Rt Yo thin Bak dhe et BAemay hefide by o R Ty oy
the z-s

‘ﬁ*;@g@aﬁ%ﬁafé"ﬁé??%?%S*ﬁ&y‘ﬁ%%r@ﬁ???%t@%E{SS?“%‘Q?Fgmeﬁﬁf&@ﬁﬁ‘r@%&%aat
a smal | setord groap of mutiallaparalléldinesickiending perpendicarfto dre sebmdaigeatiort ofve sensor
in the direction of neasurenent. By nmaking at |east a part of the first

gr atl® ngmspseement. i heyfirgigrefingmapebe nrm@dw wgg a ghegkpnbgard patfery, @s uge @@W@F‘Olpl ate

for the ¢ S rati.n with
| Pres onTEEBEuhE s BFTR besond bber IRE 1 R SR S HARH I heBisen e PRy ¢
ground, dgiGaRadofithe thétte®dardpattetn @skedveitha rl@ bt bhdRelIRRS OF the bfatinkn t he
[ thogr aphic projection systemaccording to the invention, the nunber of
i nt er f eAdeatydy, asephritoseqpd guating gnaytve pdiseifacesabttise sstonchensurthsad: The fitsabl e

relative t he projecti i.s reduced.. This wa t he costs of both
{he moadt Dastond stserieat re e S D a 8 el eobabied. 1t s envi saged

tshatl sthe dig %%ﬁf'&ﬂ%&dfn fAbnit ﬁ&g n?éAQﬁE&&{t%%sgé}P k]seadﬁgt'eé‘ﬁd ¥€asufe dififlalhfthR G RN
ystemin bo rst direction and the second |rect|on are measur ed
usi ng seutsRite bitisladive toathelprogectiemsistend in allhhrge degrees of freedom in the plane defined by
the first and the second direction of measurement by using sensor heads. If this plane is the x-y-plane,
this means that the translational displacements of the substrate table in the x-direction and in the
y-direction and the rotational displacement about an axis in z-direction are measured using sensor
20  heads.

For this purpose, the measurement system comprises in this embodiment a first, a second and a
third sensor head. Two of these sensor heads are used for measuring the displacements of the substrate
table in the first direction of measurement and the other encoder is used for measuring the
displacements of the substrate table in the second direction of measurement. Of course, this can also

25  be the other way around. The sensor heads are arranged at known relative distances, so that any
rotation of the substrate table around an axis extending in the third direction of measurement can be

determined based on the sensor head measurements.

It is possible that each sensor head is associated with its own grating, which means that in that



enbodi nent, the lithographic apparatus is equi pped with a neasurenent system
conprising a first sensor head and a second sensor head. To this end, the
first grating may include not only a first group of nutually parall el

| i nes, extending perpendicular to the first direction of measurement and but
al so a second group of nutually parallel lines, extending perpendicular to
the second direction of 10 neasurenent. The first grating nmay be provi ded
with a checkerboard pattern, for use in2@ssociation wth both the first and
t he second sensor head. In that case, the transitions between the |ight and
the  d93kKe et dbmbhc, GORCERPROAThiREA Lebh swthﬁwg&atf@estk&rgh cbitgin
parall e Flnes of the 5rat|ng. Al'ternatively, a separate second grating nmay
be pr eseanbodimentsiaelcayt tivhsersocisads sarsogratieg dvhichhie siitabkt for arasurdneenssciaowad
sensor head are preferably integrated in a single sensor unit. 15 In another
enbodi neigctions, orexarmple due i the peesenee jof a ghpskerberr §atigsBsur e di spl acement s of
the substrate tabl lative to the projection i ees
of fr cedom 11 reosseald B el fsh! SR sk g R kbbbt wf MuSFrETRIS
neassir ef@itve Rythd plof@tis e Hisin MQRdEree ddgréddbsfreddanein itk pIAR defiedbyahefirst 4 the
means that the transl ational displacenents of the substrate table in the

x- di r ecsdcomd dirmgtipmof heasurgmgt usirtg sensoa hehds hedgsotibadiabaed is gbesvishaaheptsersboln  an
axis in_ z-direction are, measured, usi sensor, . 20 heads. For this purpose,

t he nealitesethe %%gﬁ?‘j&?ﬁ%‘i“f"é‘gg‘iPWO%%'E%W%O%PIHEM a first, a second and a

third sensoy, arﬁlfflger alQia@le dEREMSR RO MeR&RSer bR tdis RbrbAlied W AR % debsnd

di spl acenents of the substrate table in the first direction of measurenent
and t heamd dithird ersensderThese z+sendork are armaged dt kgowin eclative plosiciens sd thaddnyt tottion of
substrate table in the second direction of neasurenent. O course, this can

al st0 2thelsubstrate tefle aroung thefirs dirgetionnf meapyee apd aroapd therseeandetiregtion@fown
| ati di st , t hat . t] fot L t d
o 2 e 55y S Pl SRR BB 80 ' bR "

based OpratiR@inSREEMindBadisPRIGHERIBNhS subiratk abRASKLIDE B thé BiojRAGR sys&Ms Ahihead
is associated with its own grating, which neans that in that 20 case the

measur ereswlts is g steasnreroend sy ses capablerod posiaonnbmeastrearait i G dagrees gf freédom (6HRNEV er |
in certain _enbodi nents, .at

Sui  abl o T oReRBAEU MRS S ES Forgh SRFTUMLOn PLfe Rapr o BREOTHOT RS

Pr e$£NC & 1 fate tbRARNE bER A SertRH L GIcH ‘measuring system may however be used for any other
movable object of which the position is to be determined on a high accuracy level. In this respect the
measuring system is may successfully be used for the determination of the position of a patterning
device support in a lithographic apparatus. In particular, the system may be used to determine the
position of a patterning device support on a high accuracy level in six degrees of freedom. All features

20  of'the measuring system of the measuring systems described may also be applied in measuring system

for other movable objects, such as the patterning device support.

Although specific reference may be made in this text to the use of lithographic apparatus in the
manufacture of ICs, it should be understood that the lithographic apparatus described herein may have
other applications, such as the manufacture of integrated optical systems, guidance and detection

25  patterns for magnetic domain memories, flat-panel displays, liquid-crystal displays (LCDs), thin-film
magnetic heads, etc. The skilled artisan will appreciate that, in the context of such alternative
applications, any use of the terms “wafer” or “die” herein may be considered as synonymous with the

more general terms “substrate” or “target portion", respectively. The substrate referred to herein may



It is envisaged that the nmeasurenment system for neasuring displacenents of
the substrate table 5 relative to the projection systemin all three
degrees of freedomin the plane defined by the first and the second
direction of neasurenment using sensor heads as described above is used

w thout a z-sensor. In that case, the sensor heads are nounted onto the
substrate table. In a further alternative enbodi nent, the neasurenent system
is provided with a first, a second andla third z-sensor. These z-sensors
are arranged at known relative positions, so that any rotation of 10 the
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the context of such alternatlve applications, any use of the terns "wafer"
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track (@clak ulthatoldtyDNVg addisticARpki IRsving d \aa/@renge‘h of or about 365, 248, 193, 157 or
126 nm) and extreme ultra-violet (EUV) radiation (e.g. having a wavelength in the range of 5-20 nm),
as well as particle beams, such as ion beams or electron beams.

The term “lens”, where the context allows, may refer to any one or combination of various types

20  of optical components, including refractive, reflective, magnetic, electromagnetic and electrostatic
optical components.

While specific embodiments of the invention have been described above, it will be appreciated
that the invention may be practiced otherwise than as described. For example, the invention may take
the form of a computer program containing one or more sequences of machine-readable instructions

25  describing a method as disclosed above, or a data storage medium (e.g. semiconductor memory,
magnetic or optical disk) having such a computer program stored therein.

The descriptions above are intended to be illustrative, not limiting. Thus, it will be apparent to

one skilled in the art that modifications may be made to the invention as described without departing



resist to a substrate and devel ops the exposed resist), a netrol ogy tool

and/ or an inspection tool. Were applicable, the disclosure herein may be
applied to such and ot her substrate processing tools. Further, the
substrate may be processed nore than once, for exanple in order to create a
multi-layer 5 1C, so that the termsubstrate used herein may also refer to a
substrate that already contains nultiple processed |ayers. Although
specific reference may have been nmade atbve to the use of enbodiments of the
invention in the context of optical Iithography, it will be appreciated that
the invg tggscggé/mﬁﬁegﬁﬁ.ﬂs dePout¥elSy. applications, for exanple inprint

| i t hogr aphy, er context allows, is not limted to 10 opti cal
lithography. In inprint |ithography a topography in a patterning device
defines the pattern created on a substrate. The topography of the
patterning device may be pressed into a | ayer of resist supplied to the
substrate whereupon the resist is cured by applying el ectronmagnetic

radi ati on, heat, pressure or a conbination thereof. The patterning device
is noved out of the resist |eaving a pattern in it after the resist is
cured. 15 The terns "radi ation" and "beant used herein enconpass all types
of electromagnetic radiation, including ultraviolet (UV) radiation (e.g.
havi ng a wavel ength of or about 365, 248, 193, 157 or 126 nn) and extrene
ultra-violet (EUV) radiation (e.g. having a wavelength in the range of 5-20
nm, as well as particle beans, such as ion beans or electron beans. The
term"lens"”, where the context allows, may refer to any one or conbination
of various types 20 of optical conponents, including refractive,

reflective, magnetic, electromagnetic and electrostatic optical conponents.
Whi | e specific enbodinents of the invention have been descri bed above, it
wll be appreciated that the invention may be practiced otherw se than as
descri bed. For exanple, the invention nay take the formof a conputer
program cont ai ni ng one or nore sequences of machi ne-readabl e instructions 25
describing a nethod as di scl osed above, or a data storage nedium (e.g.

sem conduct or nenory, nmagnetic or optical disk) having such a conputer
program stored therein. The descriptions above are intended to be
illustrative, not limting. Thus, it will be apparent to one skilled in the
art that nodifications nmay be made to the invention as described w thout
departing



22 fromthe scope of the clainms set out below 23 WAT IS CLCAIMED IS: 1. A
| it hographi c apparatus conprising: - a substrate table for holding a
substrate; 5 - a projection systemfor projecting a patterned beamonto a
target portion of the substrate; and - a displacenment neasuring system
configured to neasure a position of said substrate table, wherein said

di spl acenent neasuring system conprises at | east one encoder type Xx-sensor
nmounted on said substrate table and cAa#figured to neasure the position of
the substrate table in a first direction with respect to two or nore
subst an i y adj acent grid plates, said displacenent neasuring
10 sysmt?sngiggﬂr/{?pgﬁf ed to continuously neasure the position of said
substrate table when crossing a crossing line between said two or nore

adj acent grid plates. 2. The lithographic apparatus of claim11, wherein said
two or hor e\ §thographigapparatyy e9mpisingiossi bl e | ocati ons of said substrate
table, so i’ at {:agﬁattjonﬁjq S %gisttria%n measurenent of said substrate table is

15 poss"l%Tu strage eI e oérap I'C apparatus of claim1, wherein said
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mount ed on said substrate table and configured to nmeasure the position of

t he subsd disglecetrebl medsnris@systein eanfigdied ée measuren pasitiansyseid substrate table yshengin nor e
adj acent qgci}l q 20 EI ates,. said displ acemjnt maasur(j ng} syst em bei n%fjconf.idgured
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substrate table in sa I rection. ogr aphi ¢ appar at us of
cl ai m 3resprloeto@ivd of otk dibstphtéatly Feitibnaip adjacdnn grid plates rvaidsdigBacearehi geaserdng o
measure the position of said substrate table in at |east three copl anar
degtkessysenfheieoriigyrsd tgconfipyousiyaeasing theapagition 9 paid shstrate fghie whethefossing am
further c%q‘%{li S@Sty con & if itvrvst %r(}ge e orglxa c?aqé:soder-type y-sensor nounted on
sai d suBSPHE BeOsHYE 5%8 <R gure&f1 PO &edstfe the position of the
substrate table in a second direction with respect to said two or nore
adj acent grid
2. The lithographic apparatus of claim 1, wherein said two or more grid plates cover all possible
locations of said substrate table, so that continuous position measurement of said substrate table is

15  possible.

3. The lithographic apparatus of claim 1, wherein said displacement measuring system comprises
a second encoder-type x-sensor mounted on said substrate table and configured to measure the
position of the substrate table in said first direction with respect to said two or more adjacent grid

20  plates, said displacement measuring system being configured to selectively use, depending on the
position of said substrate table, one of said first and second x-sensors to determine the position of said

substrate table in said first direction.

4. The lithographic apparatus of claim 3, wherein said displacement measuring system is

25  configured to measure the position of said substrate table in at least three coplanar degrees of freedom
(x, y, Rz), wherein said displacement measuring system further comprises:
- a first and a second encoder-type y-sensor mounted on said substrate table and configured to measure
the position of the substrate table in a second direction with respect to said two or more adjacent grid

plates,



pl ates, 24 said displacenent neasuring system being configured to

sel ectively use, depending on the position of said substrate table, three
of said first and second x-sensors and said first and second y-sensors to
determ ne the position of said substrate table in said three degrees of
freedom 5 5. The lithographic apparatus of claim4, wherein each of said
X-sensors and y-sensors is spaced fromthe other of the said x-sensors and
y-sensors at least in a direction perpepdlicular to the direction of said
crossing line. 6. The lithographic apparatus of claim4, wherein each of
said x- - i : id:

- sensor L0 SpficEHL KeRERRQL T pAREESHguIcd 1 LT ook, Fhertlng neRlsion ol
and/ or s&d sutsesendblditlirecof sand firét andsecdndixhegsapirdsaapiar @iduscaid yedeabors b,
wherein said displacenment neasuring systemconprises four z-sensors to
neasur e detanipp dietppgiHonpf tajbsubgipae Fﬂg{eénﬁ%iélﬂﬁe? degzeegiof B€¢doh per pendi cul ar to
the first and 15 the second direction, said displacenent neasuring system
bei ng configured to selectively use, depending on the position of said
subsgrate t o BhobapIaE apfardtad 6F diAr4, WheRISALE of QiidlRisisisHAdyhRneNSistshaRd Of
said substrate table in three further degrees of freedom(z, Rx, Ry). 8. The
| i t hogr & the athparfaheisaidk-serisaisrand y-sehrorsit heastdola directgai prpendicular toethe direction
spaced fromthe, 210 ot her of said z-sensors in at |east a direction

per pendPERLFTOIGEIHE- di rection of said crossing line. 9. The |ithographic
apparatus of claim?7, wherein each of the z-sensors is spaced fromthe other
three zgsengpy mhbg}aghc h§gdtuPoidifi R, WhBreREEARR BHfdk Ensb dnl§-deh§ord isapsbe@r
second direction. 25 10. The lithographic apparatus of claim7, wherein said
z- séfsofiemaheothat eithesaidreisensers ahd y-seheord attlénoginaphiecti@ppapaidicslanto slidifirst 7,
wherein in each corner of said substrate table one of said first and second
x- sens oPad/grsaidseeondi iteetigfhg second y-sensors and one of said four z-sensors
are nounted. 25 12. The lithographic apparatus of claim7, wherein said
two x-sensors, two y-sensors and four z-sensors are arranged on the corners
of an i nner TeOKkhogthphic Bk A0 fxlaifal Wheedd Qipdisplaiiehi Sead@riAg system comprises

four z-sensors to measure the position of the substrate table in a direction perpendicular to the first and
15  the second direction, said displacement measuring system being configured to selectively use,
depending on the position of said substrate table, three of said four z-sensors to determine the position

of said substrate table in three further degrees of freedom (z, Rx, Ry).

8.  The lithographic apparatus of claim 7, wherein each of said four z-sensors is spaced from the

20  other of said z-sensors in at least a direction perpendicular to the direction of said crossing line.

9.  The lithographic apparatus of claim 7, wherein each of the z-sensors is spaced from the other

three z-sensors in at least a direction perpendicular to the first and/or second direction.
25 10. The lithographic apparatus of claim 7, wherein said z-sensors are interferometers.
11.  The lithographic apparatus of claim 7, wherein in each corner of said substrate table one of said

first and second x-sensors or said first and second y-sensors and one of said four z-sensors are

mounted.



X-sensor, a y-sensor and two z-sensors, the z-sensors being arranged on
opposed corners of said inner 5 rectangle and on the other two opposed
corners of said outer rectangle. 13. The |ithographic apparatus of claim1,
wherein said |ithographi c apparatus conprises two or nore substrate tables,
wherein on each of these substrate tables at |east one x-sensor is nounted.
10 14. The lithographic apparatus of claim7, wherein on each of at | east
three locations of said grid plate two Xensor sets are arranged, each sensor
set conprising a x-sensor or y-sensor, and a z-sensor. 15. The |ithographic
apparatus of claiml1l, wherein the dinensions of said at |east one grid plate
in said first and second direction are smaller than the di nensions of said
substrat® tHiellghdgraphiu apphratustof alath 7 1whereia caid tatd xesehsons) twd §-seffsoes dndtfnogr aphi ¢
apparatus of claiml1l, wherein said each of said two or nore grid plates is a
waf er, NS a1e arapgddnghe eqhgrs 0§ alpma?fr e putep gectapgleacach d ¢ HPrE8ar at us
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SUbeIfa:%@tangﬂ@dndorﬁth@bﬂié}aﬁ%ﬁﬁtsedwmmldwﬁéremﬁgwI gured to neasure the
position of said substrate table in six degrees of freedom (x, y, z, RX,

Ry, Rz), wherein said displ acerrent rreasurl ng system conpri ses 25 - one
X-Senso ured to neasur i tion J‘ t he substr
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nmeasure the position of the substrate table in a third direction, wherein
sai d di spl acement neasuring system further conprises a second x-sensor and a
fourth z-sensor, wherein said first and said second x-sensor. and ;@I d first

andl&ecbhd Wd@w@nma@ﬁ@@é&amyp@%n ogsAdL It g thiss Ieations ofsald &id t he
Post 11 0flain 8 860 Ner S HrRB09 Wath Whldh sLERRBELinb D Bont AR - r Ik d 7-Rhake:

sai d dl%a ACeNBRL Treasurin s’ys em being ¢ ure y use,
depending on the position of said substrate table, three of said first and
second K5.se€Taitsogaaphicsappdratusrofclaind, whaeindhe dineasiony of saiddt tdasteme @fid phitadin
z-sensors to determ ne the position of said substrate table in six degrees
of 5 fyaikfishand second direction are smaller than the dimensions of said substrate table in said first and

15 second direction.

16. The lithographic apparatus of claim 1, wherein said each of said two or more grid plates is a

wafer, on which a grid grating is provided.

20 17. A lithographic apparatus comprising:
- a substrate table for holding a substrate;
- a projection system for projecting a patterned beam onto a target portion of the substrate; and
- a displacement measuring system configured to measure the position of said substrate table in six
degrees of freedom (X, y, z, Rx, Ry, Rz), wherein said displacement measuring system comprises:
25 - one x-sensor configured to measure the position of the substrate table in a first direction,
- two y-sensors configured to measure the position of the substrate table in a second direction, and
- three z-sensors configured to measure the position of the substrate table in a third direction, wherein
said displacement measuring system further comprises a second x-sensor and a fourth z-sensor,

wherein said first and said second x-sensor and said first and second y-sensors are encoder type



18. A device manufacturing nmethod conprising projecting a patterned beam of
radi ation onto a substrate, wherein said substrate is supported on a
substrate table at |east during projecting a patterned beamonto a target
portion of the substrate, wherein the position of said substrate table is
measured by 10 a di spl acenent measuring system conprising at |east one
encoder-type sensor nounted on said substrate table and being configured to
nmeasure the position of said substrate 2éable in a first direction wth
respect to two or nore substantially stationary adjacent grid plates, said
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substrate table ossi bl.e. 20 20.. The. met hod..of ¢l aim in i
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nourg edgQomal d substrate table and configured to nmeasure the position of
the substrate table with respect to said two or nore adjacent grid plates
in the sane direction as the first encoder type sensor, and wherein, if one
of said encoder-type sensors js,located in a.position, n mh%%HiZS it cannot
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sai d di sdamashed kgl pasivh 6Mhe bulsitateewhdrsin iy fosiioh @ sdid subsrats tble i iaguead By on
in at |least three degrees of freedom (x, y , Rz) using a displacenent

nmeaklr | hdisplacemepsmessuringrpysiesn eaynprising 4t lqagtong gacades e senskr mewated o sid i gur ed
to measure the position of.the substrate table in.a fifrst irectio - a
(rrot sl BBaR bolE sauieiS PR e sSRa o B et i3 fetior
subst r af,gh fe3cBtol tho@dr fREORMstartily'sBfoh&Y adjacent grid plates, said displacement measuring

system being configured to continuously measure the position of said substrate table when crossing a

crossing line between said two or more adjacent grid plates.

15
19. The method of claim 18, wherein said two or more adjacent grid plates cover all possible
locations of said substrate table making continuous measurement of the position of said substrate table
possible.

20

20. The method of claim 18, wherein said displacement measuring system comprises a second
encoder-type sensor mounted on said substrate table and configured to measure the position of the
substrate table with respect to said two or more adjacent grid plates in the same direction as the first
encoder type sensor, and wherein, if one of said encoder-type sensors is located in a position in which
25 it cannot determine its position with respect to the two or more adjacent grid plates, the position of

said substrate table is determined on the basis of the signal of the other encoder-type sensor.

21.  The method of claim 18, wherein said displacement measurement system is configured to

measure the position in at least three degrees of freedom (x, y , Rz) using a displacement measuring



wherein said x-sensors and said y-sensors are encoder type sensors
configured to neasure the position of each of said sensors with respect to
said two or nore adjacent grid plates, wherein, if one of the x-sensors or
y-sensors is located in a position in which it cannot determine its

position with respect to the at |least one grid plate, the position of said
substrate table is determned in 10 three degrees of freedomon the basis
of signals of the other three of said first and said second x-sensor and
said first and second y-sensors. 22. The nethod of claim 21, wherein the
novene teglfcop@ﬁsﬁgpstrate table are limted in such a way that only one of
said t X-sensors-and two y-sensors may be |ocated in a position of which
it is 1% filoamd o Bedndbheens@peafifiredtoseasotk thapnatonddtler substeaté tablepoaifirston wi t h
respect to the at least one grid plate. 23. The nethod of claim 21, wherein
t he posditscton.of said substrate is neasured in six degrees of freedom the

di spl acenegn asuring system-further | Sl f . L. gqur ed
o measdh i 20 § RErgoe e o ds BbaR g sy e ALSFRTALR f A3fd
whergi ngirdcfiopne of the z-sensors is located in a position in which it cannot
determne its position with respect to the at |east one grid plate, the
posi t i owhereifi ssidixebesivbsandanid y-bars ars eniader typssedsars carfigoeedito mehare e gosieen of
freedon&(z, ﬁx,,Ry) on tEe basis 0 si gnal s .of the o}her three of said four
2- sens off<€ach of said sefisors with respect to said two or'more adjacent grid plates,
wherein, if one of the x-sensors or y-sensors is located in a position in which it cannot determine its
position with respect to the at least one grid plate, the position of said substrate table is determined in
10  three degrees of freedom on the basis of signals of the other three of said first and said second x-sensor

and said first and second y-sensors.

22. The method of claim 21, wherein the movements of the substrate table are limited in such a way
that only one of said two x-sensors and two y-sensors may be located in a position of which it is
15  known that the respective sensor cannot determine its position with respect to the at least one grid

plate.

23.  The method of claim 21, wherein the position of said substrate is measured in six degrees of
freedom, the displacement measuring system further comprising four z-zensors configured to measure
20  the position of said substrate table in a third direction, wherein, if one of the z-sensors is located in a
position in which it cannot determine its position with respect to the at least one grid plate, the position
of said substrate table is determined in three further degrees of freedom (z, Rx, Ry) on the basis of

signals of the other three of said four z-sensors.





