1 LI THOGRAPHH 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 nmethod for manufacturing a device. Description of the Related Art 5
A lithographic apparatus is a nmachine 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 manufacture of integrated
circuits (1Cs). In such a case, a patterning device, which is alternatively.:
referred to as a mask or a reticle, nmay be used to generate a circuit e
pattern to be formed on an individual |ayer of the IC. This pattern can be
transferred onto a target portion (e.g. including part of, 10 one, or
several di esLIBHOGRAPHIC ARP ARATUSAND DEVAICER ANVFAUTRURING METHOD
pattern is typically via inmaging onto a |layer of radiation-sensitive
material (resist) provided on the substrate. In general, a single
substrate will contain a network ofdﬁgkﬁ ]%arget portions that are
successi vel y patterned. C‘onventior‘E3 Fﬁ@éﬁ phi ¢ apparat us i ncl ude
so-call ed steppers, in which each target portion is irradiated by exposing
an entire pattern onto the target portion at once, and so-called scanners,
in whi dHcldathetlayegten portion is irradiated by scanning the pattern through

a radi atd,on _beamin._.a qgive irection (the "scanning"-direction) while
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direction. It is also possible to transfer the pattern fromthe patterning
device to the substrate by inprinting the pattern onto the substrate. One
of the rRsstriglalof drdletaged &qui rements for micro-lithography for the

prodgction of .integrated 2Q circuits as well as liquid crystal display -
panePs is tﬁehtbﬁ%‘? IOFRPREFIESS £ g13ciige thetapplissmdasied patistm odo AfvbstrptesRilphy
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ot ahi g bt Vi aayt RESIRRR A BEAREHAGER o be NG R PEEE B cedom
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position”g& requirenments is to sub-divide the stage 2 positioning
ar chi t ec¢iEes torig 8 mpsk e teéiclsompy bowsed do grogiates ¢iesug patern X6 be foabédoroan a

gantry EMiﬁ&al \M.yglhof 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.
Convel},tional 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.
One of the most challenging requirements for micro-lithography for the production of integrated
20 circuits as well as fiquid crystal display panels is the positioning of tables. For ekample, sub-100 nm
lithography demands substrate- and mask-positioning stages with dynamic accuracﬁy 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 pesitioning 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 el ectromagnetic actuators.
While positioning in the fine nodule is msually effected in all 6 DOF,

| arge-range notions are rarely required for nore than 2 DOF, thus easing
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encoders. These can be single-axis devices with nmeasurement in one DOF, or
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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
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 ment the sensor is nounted on the
substrate table and the grid plate is nounted on a frane of said

| i t hographi c apparatus. A disadvantage of the optical encoder type sensors
is that the sensor range of such sensor is in 5 principle limted to the
size of the grid plate. However, the sizg of such grid plate is physically
limted due to the high resolution required in the grid. Thus, in practice
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two or nore substantially stationary adjacent grid plates, said

di spl acenent neasuring 30 system being configured to continuously neasure
the position of said substrate table when crossing a 4
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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 hdlding a substrate;

25  -aprojection system fdr 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 positioﬁ 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 neasumi ng system conprises: - one
Xx-sensor configured to neasure the position of the substrate table in a
first di N s p : f .Ul to measure the position of
t he subsE@g%%@ghgb%gv?eﬁtsgﬁs%g%ﬁ%%%@éaggﬁcgﬁ,ﬁl%aﬁ - three z-sensors configured
to measure the position of the substrate table in a third direction,
wherein saij‘g di spl acenent neasuring systemfurther conprises a second

X- sensor an °a°°¥°§'i‘ﬁ torpnembedunant of the Eyveitipns tiert is proyided mditlmgraphicerppardtus
x-sensorc(gﬁlfqisﬁi%%d first and second y-sensors are encoder type sensors
configuredto asure the position of each of said sensors with respect to
at | elst - osubstgté thbeSophdlliag as@bstha@di Spl acenent neasuring system bei ng
configured to selectively use, depending on the position of said substrate
tabl e, thtReesfonssys@msfor projeghing s pasmidbese natrastagatpatomof the sibsistet apgcond
y-sensor_sa(?Ea\g éeh{eete of said - Sensor s to determne the position of said
substrate FEMRt BrRURG ST qopligyred Iyypasuk taepesitiog of said sulstrpis diblesivof
the inv te@fof fr&rab/ ¢ revi : CE.: KR i onprising
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pat t gy ned_beam onto targoet portion of the substrate, wherein the
posi t1 on ‘6F yésﬁf"ifr%??&gilg?@fi EHE the Peaticn pidee wstepteriablelinme serend directionrand g

Syst em CQpget Sl T sor nt ed, on,sai.d .
SUbstrat e tab o paRcl uaRG R ARIE Y BEnR SSfi TR IRR 156, wasren
subst r atseidtdiplasemontandasuriy sgbteR dinitien cohplisel @ SRBAY x1sensbWehd foultR%Kensor,

substanti al I. s(&)ﬁti onary adjacent grid plates, said displacenent neasuring
system B’QTEFFQX s HFSE gt v segondomrsanaricind Isgid fiesi st secoivby-posorsiacnenobdes aipd

substr at C ' a crossing line between said two or nore
adi acentsglbs%fgg:log?%ggt.o régaiﬁlle%]e posﬁlon OF eatdl of sald $ensors w1t?1 respect to at least one grid
I5  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.

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 described, by way of exanple only, with reference to the acconpanying
schematic drawi ngs in which corresponding 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 neasuring system according to the invention; 10 -
Figure 3 depicts a second enbodi nent of & 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 1 schematically
depicts a |ithographi c apparatus according to one enbodi nent of the

i nvention. The apparatus includes an illumnation system (illumnator) IL
configured to condition a r@ﬁi ation beamB (e.g. UV radiation or any other
suitabl e radiation), a maBR %W%TLQ%QE@%BR@.WW% mask table) MT
constructed to support a patterning device (e.g. a mask) MA and connected
to a first positioning device PMconfigured to accurately position the
patt € ni ng déwbaimens cfikoindanioa will hiw be 8éscabdll, BAaTBE&hMple DRE, ARABEHS to

al so includes a substrate table (e.g. a wafer table) W or "substrate
suppor t "the Brempartiagischempiin drawings irswhigh eortaspepding refesinse syalatlendicater ) W and

connecte osit.i,oni ng device PWconfigured to accurately
posi ti on&fllﬁgpoggﬁgﬁr%g’gm?ﬁl%lgﬁ irdance with certain 25 paraneters. The
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the radi-ati diguseddemciy fisdembodimegt deviesurlii systamaceortiap gethepovehiian C (e. g.

i ncl.udi ng ong or re dies) of the substrate W The illum nation system may
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opti cal conponents,ﬁo? any 6 co |na%?lgéls%ﬁh%?}zsgeﬁé%?)&n&%ec ™ ,log’hapi ng,
or controlling radiation. 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 jshe Iithographic apparat ”S’Dﬁhﬁﬂﬁﬁsﬁﬁf}d{ilb}\rons’ such as for exanple

whet her or not the patterning

Figure 1 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 mésk support structure (¢.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 environnment. The mask support structure can
use nechani cal, vacuum electrostatic or other clanping techniques to hold
the patterning device. The mask support structure nmay be a frane or a
tabl e, for exanple, which may be fixed or novable as required. The nask
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 ternms "reticle" or "mask"” herein maygbe considered synonynous 10 with
the nore general term "patterning device." The term "patterning device"

used her gighishH! yoinmerpreted as referring to any device that
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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. Exémples of patterning devices include
masks, programmable mirror arrays, and programmable LCD panels. Masks are well known in
lithography, and include mask types such as binary, alternating phase-shift, and attenuated phase-shif,

as well as various hybrid mask types. An example of a programmable mitror 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 nmask). 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 |ithographi c apparatus nmay
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 "multiple stage” nachines the additional tables or supports may be
used in parallel, or preparatory steps nmay be carried out on one or nore
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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.
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 1L, 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 radi ation beamB is incident on
the patterning device (e.g., mask MA), wgich is held on the nask support
structure (e.g., mask table M), and is patterned by the patterning device.
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target portions, they may be |ocated in spaces between target portions
(these dFPeiiols path ofths igdiatiambeag) Bggrafier meahisiral r@irinial fiohya mask litiriryadri ons
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to the rsf'iﬁaioﬁt' im%9 bQ ?ee}':lrlri]zci:dS 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
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 ali gnment 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 Gilf@ a target portion C at one time (i.e. a single static exposure). The substrate table WT or




projected of 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 WI
or "substrate 5 support” are scanned synghronously while a pattern inparted
to the radiation beamis projected onto a target portion C (i.e. a single
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or entirely ent no 0 nay al so be enployed. Figure 2 shows a
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the 15 mode, generally a pulsed radiation source is employed and the programmabile patterning device is
updated as required after each movement of the substrate table WT or "substrate support” ot 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.

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 axi s shown
in the drawing.) The displ acenent neasuring system 1 conprises four

adj acent grid plates 3 which are nounted on the |ithographic apparatus,
for instance on a frane such as the so-called netrology frane or on the 10
|l 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 age adjacent meaning that at | east
one side of each grid plate is placed against or at |least with a side of
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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.

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

pl ates 3 are arranged adjacent. This nmakes a sensor take-over from one
grid plate 3 to another grid plate 3 possible. During such sensor

t ake-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 make continuous neasurenent pogsible. Wen the first sensor is in
the range of the other grid plate 3, possibly after re-initialisation,
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nmeasur enent .
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
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 obgyai ning a signal representative
for the y-position of the substrate table 2. However, since the x-sensor 4
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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-sensots 6,7 are spaced

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.




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 sane 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 lijge of the grid plates 25 3 in the
x-direction, while the other x-sensor is |ocated under a crossing |ine
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wor ki ng Tae substgdte tahles 4 S tarexositioatd wrleddne ofl Both of the abo fiidplaRa s31Mhed grid plates
I3 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
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 1 1, 12 isnot
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
(%, ¥, 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 wunder the grid plates
13 which are used to determ ne 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 neasuring gystem 10 according to the present
invention is very suitable to determne the position of substrate tables in
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freedom Further, in order to nake crossings over crossing line 13a in the
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-the present enbodi ment the forner direction being t
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
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 are no crossing lines in the
y-direction. Also and for the same reasomss each one of the four z-sensors
18 is spaced in the x-y plane from the other z-sensors 18 in both the
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of the dithegtaphicexpespteepra@ss Bygrogidedion 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
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 expl ained.
The substrate table 22 conprises six setjg of two sensors (two sets for each
corner), in total two x-sensors 24, 25, four y-sensors 26, 27 and six

Z-sensor .S0 fLhat substrate table 22 conprises a redundant sensor for
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be pyoveglesh fof BRR4XSENSOrs, y-sensors and z-sensors may further be designed

as described inrelation to the
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.

Currently, capacitive and optical sensors are preferred to the other measuring principles, though
the others may be app.ropriate in some applications of the invention. The use of inductive sensors
against a Zerodur chuck is problematic, as conductive targets are reqﬁired 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 tafget.

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 wwth a period of 2 [mulm or less, with
an interferential reading (encoder) head in 2 DOF and an interpol ator 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
sensi ng technol ogi es can be enployed, including optical triangulation,
fiber optic back-scatter, interferonetriizc sensors (which can have a very
short optical path in air and therefore be nuch |ess sensitive to

envi ron : : ' L . ' cti.ve.sensors. Currently,
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cont§ol of 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.
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 inmmediately around the optical path of the interferoneter
beans, particularly in the case of a |ithographic projection apparatus
enpl oyi ng wavel engt hs of 157 nm or bel ow. Such devices require to be
purged with gas, that 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 mask pogition relative to the projection
optics can al so be neasured in the encoder solution wthout resorting to
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substrate_ table relative to the projection systemin a
measur eFEHECtNRI ch is perpendicular to a plane defined

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
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 bear of the interferometer, N being a positive integer (1,2,34, . .. ).

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 neasurenment 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. 1In that case, the plane defined by the first direction of
measurenent and the direction of the lines of the first grating is the
Xx-y-plane. In that case, the third direcfg on of nmeasurenent is the
direction perpendicular to the x-y-plane, thus the z-direction. So, in
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capacitive sensor. 19 In the lithographic projection system
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substrate table relative to the projection system in all three 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
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




5 first direction and the second direction are neasured using sensor heads
or reading heads. In this enbodinent, the |ithographic 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 parallel |ines, extendi ng perpendicular to the
first direction of nmeasurenent and but also a second group of nutually
paral l el |ines, extending perpendicul ar ggo the second direction of 10

measurenent. The first grating may be provided with a checkerboard pattern,

for use | b AL ' . first .and the second sensor head. In
that cas ed,ge ?%Z%%Lg%\ﬂs]% iSB(IJArQ%ntl E%I?glé%ﬁta?? 2 4 segond a&ﬁ&tl?lﬁdegraﬁgg.. e efs ertpife
checker banbcdimeaitd, ar lbast Bkesedy@hebdishiRlaring! WEcPAAlthifk [drini@Sur8hedidf two
grating. . Alternatively, a separate second grating nmay be present for use

by the sHESHRNSSORS¥AMMRdLE to Thropresensg of aghdckethoarsdamttan. sensor head ar e

preferably i . I.n.,a single sensor .unit. 15 | n _another enbodi ment,
t he neasur er%gfr%t% 9@?/%? gtmhan’eg&?&f)‘ﬁ%‘?}e’i'tﬁysﬁgﬁ&frr@aﬂfrg‘ﬁl Plareets gf the gubstrate table

substsr atrelatiadlohd RbjeétionQyétom Al M@ Rty fé&%hfﬁ‘th&l%é #@?f@& 1@1? g e

freedomin the plane defined by the Tirst an e secon
measur erfégandisiirectninng meenvsonent esidg sensér hehdssis pésaribed sbot b used/ wRh@Ng z-serdsbi. $n
means tf‘h’;}t t he.transl,ational disBI acepents of the substrate table in the

x- di r ect T8 EntiesFsPHIFadsarg mounted 9Rtotheisubsieats @blst i onal di spl acenent about
an axis in g dipiBet i | G For ..t hi.s  purpose,
t he measur err%nt sys%lgﬁaﬁgﬁgﬁ@g{e%t*ﬁ%&éﬁ%ﬁ?#éer# %}%YIF]%{)‘,W agéséc?ﬁag" d a
third senderthitbastnsofivbhest zstesms E&emaPIge&lﬁacdSw@f@at%?_@siﬁ@ﬁs_, BB Sty Petatifeof

[

di sp acei%re%s of E]ge substrate  table in the first rection of neasurenent
and 'he "t foPtrainigplgaround thedigt dirsetiopefanqaswemen andl prophd therseennd datctiohef

l'so | paesin Ll bR AR hEF ke Ry PRERD B & crppaigsterst ihun

al so 25 be the other way aro Bwn

rel ati verafing iramesssring the diptacanynts 6gh@§db§ﬂaat9{abkh@1a§%t¢ﬁ@ﬁ%jetce@l s?st%&)mg an
axis extending in the third direction of neasurenent can be determ ne

based ofF*tHiiNgdresiemendyTensupaelranfpssitional ineaspramhting defyats effededsar (DOFhead
IR 7 TS RO T N S
Howe¥ er subistiate @bletiae been described. Such 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 thisr 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
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 “dic” herein may be considered as synonymous with the

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




enbodi nents, at |east two sensor heads share a grating, which is suitable
for measurenents in two directions, for exanple due to the presence of a
checkerboard pattern. It is envisaged that the neasurenment system for
measuring di spl acenents 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 neasurenent using sensor heads as
descri bed above is used without a z-sensgr. In that case, the sensor heads
are nounted onto the substrate table. In a further alternative enbodi nent,

t he neasyr temis provided wth a first, a second, and third

z- senso?‘% e%d’%z%ﬁgE)?@ergf‘%osﬁ?er %fém’éﬁ‘aﬁ'ﬂji%%%if (? QOZ&%@PH_@@Y ?H@ﬁ%? layer qfpyat

any rot aeiigiio @fubstkile b d&Velsph HRlR SRR &ish! 9!15@?01&2?60‘1 Eﬁifmddnriﬁ%%%t% 81,

measur enent and around the second directi'on o asurenment can be

det er ni n¥bcrByppliseble, thedisdpamrehersin nRydfeappliddyito alidh and oees elstrare QRzERINg wéls.h a
suring the displacenents of the substrate table relative to

grating 4n,nme : i

the proj I“é’é‘!‘f"’o es?k&%‘iﬁfg'iﬁm ‘?esprg?% IpIe [hgn gnefe FE GrAIRRIA N SRSk lerpreatgraphlt-layer
posi tsi onal s WA LHR SbstAte Qs SRS f @@A - [ & habove ...
measuri ng F')systems for tshe eglgt er m&ﬁglta‘?glr?gg tﬁ?sggsg:g%%anta?ea yhcémﬁglginﬂlt&?‘}eof
a 15 suivsessad byembl e have been described. Such neasuring system may

however be éi‘ﬁd for any other novable object of which the positionis to
be det er mi nedNBEhSPeGIHRredfrengedRay hawe been madeahpvs tp dhwpise of ebodiments of theg

system ijg, ; g . .t determ nation.of the position of
a patt erlnieﬂg&11 g&f@g&%ﬁ%ﬂp%ﬁpg fgih#%g%p?gﬁto‘ﬁﬁﬁgbﬁ ﬁ!’%{e%igeﬁgﬁ&f g@.m‘ieﬁt‘?ﬁﬂi% l&%‘sﬁ n
the systodrer appliciibnsiSocedamplieidiifit Mogishy, mﬁér@ﬂleQBn@xmfoh%!AiF r&ginﬁﬁs\ﬁ'tﬁ? e
suppﬁrt on a high accuracy |level in six degrees of freedom features
of tHe mrE]kthagraphys (e impsint {ithograpbisa tipngraplysin ermsticremgrdebied defines depattira
applied ] i system far her novab) e, objects, such as the
patter nic#legt eggg?lg&eﬁssﬂgtﬁp%ﬁ? t%f’%‘i‘lﬁwgﬁﬁe HEpmedeyise Bley RE erassny ipte ardeyseof resist s
text toshigpticdimah®fubbiritd ABERBRCHARRAL Rlted b %;h i ; ; it
shoul d be understood t hat thgﬁlithogr aphic gS aglggE%%é@%#ggﬁakg#@ﬁmﬁay
have oPfefureqpicomaination thowot Mhepattehdngeavidedcinuve ouk of thé RgIstle@dn©Ppdterl in
systensita?tlejri&ﬁance and detection 25 patterns for magnetic domai n nenories,
f1 at - panéM'dPSPPaS Ufqui d- crystal di spl ays (LCDs), thin-film magnetic
heaqs, et c.THEh&mEKiddiBRdnAkhid ¢ | reci that ., in the context. of
such alternative appli ga%’?doﬁjg@n?rﬂ%h B%gﬂgﬁ &%ﬂﬁ%a% egﬁl‘){gés%lﬁgtlmmq@emma ation,
her ei n malpding uonRild U] raationiaHADIE aWdvbleh AR of SMWBuLRI3EI A, 16N or
"substr " or "target portion', respectively. The substrate referred to
her ei n %m) and extrente ultra-violet (EUV) radiation (e.g. having a wavelength in the range of 5-20 nm),

as well as particle beams, such as jon beams or electron beams.

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




21 Dbe 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 nmay 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 nulti-layer 5 1C, so that the
term substrate used herein may also refen to a substrate that already
contains multiple processed |ayers. Although specific reference nay have
been ma V. o} f iments of the invention in the context
of opti ca?lﬁplfétsﬁ%%eroap%?ﬁﬁ% S\%\tncful?gﬁg‘gappr eciated that the invention may be
used in other applications, for exanple inprint |ithography, and where the
context allows, is not limted to 10 optical |ithography. In inprint

| it hography a topography in a patterning device defines the pattern
created on a substrate. The topography of the patterning device nay be
pressed into a |layer of resist supplied to the substrate whereupon the
resist is cured by applying el ectromagnetic radiation, heat, pressure or a
conbi nation thereof. The patterning device is noved out of the resist

| eaving a pattern in it after the resist is cured. 15 The terns
"radi ati on” and "bean used herein enconpass all types of electromgnetic
radiation, including ultraviolet (UV) radiation (e.g. having a wavel ength
of or about 365, 248, 193, 157 or 126 nn) and extreme ultra-violet (EW)
radi ation (e.g. having a wavelength in the range of 5-20 nn), as well as
particle beans, such as ion beans or electron beans. The term "l ens", where
the context allows, may refer to any one or conbination of various types
of optical conponents, including refractive, reflective, magnetic,

el ectromagnetic and electrostatic optical conponents. Wile specific
enbodi nents of the invention have been described above, it will be
appreciated that the invention may be practiced otherw se than as

descri bed. For exanple, the invention nmay take the formof a conputer
program cont ai ni ng one or nore sequences of machi ne-readabl e i nstructions
25 describing a nethod as disclosed above, or a data storage nmedium (e.qg.
sem conductor nenory, nagnetic or optical disk) having such a conputer
program stored therein.




The descriptions above are intended to be illustrative, not Iimting. Thus,
it wll be apparent to one skilled in the art that nodifications may be
made to the invention as described without departing 22 fromthe scope of
the clains set out below. 23 WHAT IS CLAIMED IS: 1. A lithographic
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 displ acenent neasumgng system configured to measure a
position of said substrate table, wherein said displacenent neasuring
systen1qgg@hﬁ?Qil ﬁq$1 one encoder type x-sensor nmounted on said
substrate tab nd configured to neasure the position of the substrate
table in a first direction with respect to two or nore substantially
stationary adjacent grid plates, said displacenment nmeasuring 10 system
bei ng cdnfi guiitheerephi¢enperatssonipyisingasur e t he position of said substrate

tabl e wh ] a, £f0SSi i ne between said two or nore adjacent grid
pl at es. %E“ﬁ%ﬁ"@éﬁ%‘{lgg"éﬂ‘aﬁ‘mgca gkéart%tt us of claim1l1, wherein said two or nore

gri d5p! abesojeaioRiystih (RREEAINE 2 gaRd B Ao 37rfle URBHIR U Rl o8P !
conti nuous position nmeasurenent of said substrat able Ts possible. 3.
The | i t hegisalshérsend preasuaing syssém coreigurdd, towhvasieé b psstich ¢ saidl sab@rnGblapasdih Ng
system conpri ses second encoder-type x-sensor nounted on said substrate
tabl e aﬁﬂ@&ﬁéfﬁ?ﬁﬂga‘e?%mﬁﬁém CQIRRriscH aldlpast e eREoden BYPS abiensarmeounter o siid
sai d fi ggstreheh } g ; bfl ot dj acen rid .

pl at es, oAl gﬂe(ﬁé&g@ é’ﬁfé%‘?eﬁ’zg‘%ﬁfﬁg& %%t%%ogg}e%gb%%ﬁ?lgaﬁ%%ﬁ{%d hgepithel v
use,  depwspebt rgtvoror nfvge sybsmhtidllyrstaionsiadjasetd siid platstsaldl @splRRRAf mERlishf 1 1 St
anduéecond X-sensors tQ determne the position of said substrate table in
sai dU1i Petemybeingeqnbigured to qepsinpeusligyeaspisithe posisian af said obstritatablSwhetheossing 2
sai d di RN, el emis 25 .configured to neasure the position
of sai déx?h%g‘lr: at et‘?%gl%gditﬁgaof%ﬁéea@acf%@g P@f’g??r anar degrees of freedom (X,
y, Rz), wherein said displacenment nmeasuring systemfurther conprises:

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 !, wherein said displacement measuring system compriseé
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
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
(%, 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,




- a first and a second encoder-type y-sensor nounted on said substrate
table and configured to neasure the position of the substrate table in a
second direction with respect to said two or nore adjacent grid plates, 24
sai d di spl acenent neasuring 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 to determne the.
position of said substrate table in sai 4 hree degrees of freedom 5 5. The
|'i t hographi c apparatus of claim4, wherein each of said x-sensors and

Y- Sensor s.:i S t he other of .the,said x-sensors and y-sensqr.s
least inohd %ﬁ@é’%ﬁ%ﬁtnm%%?%%% el e h e Rae el ey S paaing e PRYtion e
6. The | sdibadttppbiableadps cFshid MRt abll dcbhdhx-s¥3siseha s58 %t 3fid sabil %—' iR ¥ S
and y-sensors is spaced fromthe other of the said x-sensors a d y-sensors
at | east d¢terminethe pesitionrrfiseidpubstiatahble it saidsthied dégrest of faredéar sai d second
direction. 7. The lithographic apparatus of claim4, wherein said

di spl acenent neasuring system conprises four z-sensors to neasure the

posi t§ ons.of 'p}{gqitﬁ%p?q,[ |8 o1l i i endi - first
and 15 the secon ifg%??%ﬁ?ogg%gngfg%%gggﬁﬁgﬁgﬁé%ﬁ%ﬁ%ﬁgggvg%éﬁﬁggfﬁé%a
conf i gur e the ek of the vaik k-seasrs siebesdborgatdeast e desiitd Rpaidicai & BebeédRhe

tabl e, t%reig of .sall.d four z-sensors to determne the position of said
subst r at ¥ SPRABTES PR hree further degrees of freedom (z, Rx, Ry). 8. The
|'i t hographi c apparatus of claim?7, wherein each of said four z-sensors is

spaced f6.0mTHaGthogphiciigpartis SRLifinf2 SARRAN Sich dr i kSBRbr Pl BRLION asgd o

perpendi cular to the direction o crossing T ne. ogr

appar at usomfheaithwr nf the ssill arensoreanty-ahsdrhat 1ZassRnsdifestibbpaPaRIRliat fovaid fiet
other three z-sensprs i.n at |l east a direction perpendicular to the first
and/ or saé’ég’ﬁﬁalwerc figitions 10, The it hographic apparatus of claim 7,
wherein said z-sensors are interferonmeters. 11. The |ithographi c apparatus
of claim7, wherein in each corner of said substrate table one of said

first ard sdbotithoxraphinappiatas oSdiith 4, iwheleirptl AQAKRMeHT HERSRASsRRMA QRfrits
said f oyr Z-sensors are nmount ed. 25
our 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

70  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,

1. 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.




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 inner and
outer rectangle, each rectangle conprising a x-sensor, a y-sensor and two
z-sensors, the z-sensors being arranged opsopposed corners of said inner 5
rectangl e and on the other two opposed corners of said outer rectangle. 13.
The |ithographic apparatus of claim1, wherein said |ithographic apparatus
conprises two or nore substrate tables, wherein on each of these substrate
tabl es at IZasThedogtaphR3$PrathSofBRHRAL 1Q.: he,di t&&gﬁ_ ' m?ch at us
of claim?7, wherein on eg% of at |eg§ﬁh?ﬁ%ggéﬁg%g?§§%§’o s%@%hgrl pl at e
two sensorZEBfEs gicarngpged og 8w, comastoi e itsier arslatitec oangle,ieach ecngle 0eRprisitig a
y-sensor, and g z-sensor., . 15. The Jitho ra%hic apparatus of claiml1,
wher ei n t He @ TehETahe" a0 b0, 7-§ensers, theepensors being yranesd en orposedomers of said inner

second 5di regid IR tRd ®hdr@do b Qcééb?negé %ﬁﬁid&&?f?%&@gi d substrate table in
. e

said first an 15 second direction. 1 I'T't hographi ¢ appar at us of
claiml1, wherein said each of said two or nore grid plates is a wafer,-on
whi ch a gr,id ating is provided. 20 17. A lithographic apparatus

conpri si nd.b' 9{‘% ‘@8%%?‘1‘%@@3@% oEclpist Liywhensin spidlithographia srparatusponipeissitan or

systemfo i i e m on t.ar ortion of.the
SUbst 1 at o ob o RR) BleE ARl ELGEh BARRL bR 5 st Pat R Resth e
position of said substrate table in six degrees of freedom (x, vy, z, RX,
Ry, Rzg%, @@er ei n said displacenent neasuring system conprises: - one

x- senfbr Fonfihgdithagrapsicappasatneotidmimp sihetebmomodach biiat fatighieal@atiaislof sdidgrid
first dir i -t -sensqrs configured to. measure the position of the
subst r at &5 bEsensor Y8 % SRENGA! el PO S CPMIPTISHE & - S£008 ALK PeSeD ARd HUPBOT 0
nmeasure the position of the substrate table in a third direction, wherein

- sai d di sgbac@helithogmpisiv bpagansyTcRith il ivhéteh ROTREASIGS of s88 GOBL: $rSEREAL:E ;2Nd
a fourth z-sensor, wherein said first and said second x-second a sal dl

first andtid&esand secarddisctionnare smalloo then theydimensensdsad sdnfritg wbidintsaid TRASH €

t he 995:/\}]éc8£'d8’1frec?i ﬁ.h of said sensors with respect to at |east one grid
pl at e erern, I't one of the x-sensors or y-sensors is |located in a

position in which it cannot determne its position with respect to the at
| east one grid plate, the position of said substrate table is determned in

t hree delfr eckhedithdgrapbitoppamntus biclhiasi svirfeit kgNadch offaid AR SHGE ghilpBRes@f 5 sai d

first and said second. x-sensor
walcr, on which a grid grating is provided.

20 17 A lithographic apparatus comprising:
o - a substrate table for holding a substrate;
- @ 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:
- 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-sensors and a fourth z-sensor,
wherein said first and said second x-second and said first and second y-sensors are encoder type
sensors conﬁgqred to measure the position of each of said sensors with respect to at least one grid
plate, 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’
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; and




and said first and second y-sensors; and 26 wherein, if one 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 position of said
substrate table is determned in three further degrees of freedom(z, R,
Ry) on the basis of signals of the other free of said four z- sensors, said

di spl acemeghe R AP LR [ configqured.to sel e tively use,
dependi ng on the 683?‘% ?%%E%’Fqsg(gcfﬁgénuaﬁm gy g i “ecamt% HEmye lféa?%twrn“ﬁ@tresam

second x- s@i¥o &y pere Fidivdptd, thegpsitonbf said mbsiratqﬂﬁlﬂeﬁsleﬂeﬁmﬁdddn ihbde G tHRf degﬁbéjof

Z-sensors {QJSeTLERR 1 R vRRSY subst e table in six degrees
of freedom 18t( Ad Rey\?f)ce n%gnuflcgl turi nhgeoﬁrr?fﬁ%eﬁ g%ﬁ\‘gﬁ”t‘%ﬁ ¥0%°Br oj ecting a

pat t er ned BEdPErencatnesiring sptrmobeing conffevtedad @ Jecintelriae, Memaditly sathstrate is

support ed gitian SMRIF khRERe L16b) roject patterned beam
onto a tarlﬁ)glt1 ortion of the tgrtﬁ@gftgﬁlg?%tt %’f%lg%% Ithrsa“ %%ﬁ a8‘$se§°a‘t%

subst r at e X B0 and thge0f Eﬁ“eﬁseﬂ'@"m q d#@pn%bemﬁmn n’esasiwubsngte sapietie Bk dedigek bsi ng
at | east dredemncoder-type sensor nounted on said substrate table and being
configured to neasure the position of said substrate table in a first

di rection 18 thdevirepeantifab@rih@re@bd OBNEYistEYThRA e daitm%@@ﬁéaﬁﬂﬁ*ré(d%ﬂzjnao%?dﬂ'ﬁ

grid plates, said displacenent neasuring system being configure
cont i nuousHistRieaeherein s3id sybsisate isoupistted an d sehstase tableat teads Idermg']ﬁnjecuizma&anad

00, R PR TSR oy s
possi bl e alddphbérmsmeisutiai &s ;ﬁkﬁgaﬁkhosg@%‘cﬁ&r‘zi%t#ﬁs%ﬂﬁ%ﬁg By g

of the position of said substrate tab a| m
18, wher efupsise tiblsiangd beivg penfigured ds uehsuee &y posioncuf Rl isGiRFrate tARCRNirst direction
encoder - tt\?ﬁﬁ senﬁo mount ed n said substrate tabl e and configured to

measure tHe" POt PSR SF mPWé“ aily gatonagipdiaceptierd platgseteid displargingnt mgaswing

nor e adj agsiein WdeGoRfiRk &t on a e first oder type
sensor, and wher egl(tﬁ gl%tt‘r Ogg%@ﬁggﬁgﬂgﬁ%e&tﬁgpésnm igﬁgé?@ﬁfﬂg “I‘beec‘éfﬁ"éb“?*i"imga
posi tion dressingilioh betiveercaithiodo dﬂ@i(ﬁéﬁﬂjﬁtﬁntgrﬁi;ﬂ%ﬂtl on with respect to the two
or nore adjacent grid plates, the position of said substrate table is
determ ned on the basis of the signal of the other encoder-type sensor. 21.
The neth o] wh n_sai d, di spl acengnt neasurenent systemis
confi gur gg tfl"hgl'n@thmi %?Clalm wherem said twoJ%morea jacent grid plates cover all possible

locations of said substrate table making continuous measurement of the position of said substrate table

possible.

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 diret:tion as the first
encoder type sensor, and wherein, if one of said encoder-type sensors is located in a position in which
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 o

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




measure the position in at |east three degrees of freedom(x, y , Rz) using
a di splacenent neasuring 27 systemconprising: - a first and a second
x-sensor configured to neasure the position of the substrate table in a
first direction, - a first and a second y-sensor configured to neasure the
position of the substrate table in a second 5 direction, wherein said
X-sensors and said y-sensors are encoder type sensors configured to neasure
the position of each of said sensors wpyh respect to said two or nore

adj acent grid plates, wherein, if one of the x-sensors or y-sensors is
Iocateds%gmﬁcgﬁgﬁ§*£n in which it cannot determne its position with
respect fo the at least one grid plate, the position of said substrate

tabl e i s adestendhsadnd B-sedsdr tdhfRarcded rResirdhe boGESIOHN A sib3@ath adicsin@ffirsd gnal s
of the ofher three of said first and said second x-sensor and said first
and sec&if8UPisensors. 22. The nethod of claim 21, wherein the novenents of

o Sensor & B 83t §rdRelbEliripuisd o BB podiBaris e BhicR=Frerd 15

knows t Hatctiohe respective sensor cannot determine its position with respect
to the at |east one grid plate. 23. The nmethod of claim 21, wherein the
posi t i onvhereinssidix-sanpers piad said & semsers arcedcdder typx saies eadignfed th nreeghoathe bosition

di spl ac asuring systemfurther conprisging fqur z-zensors configured
to rreas§?§a‘r&htoﬁga1%§)e§is?rg8’6%6?5@%“81Saé@lB’%‘l Prfprepaigeedt grid glatasi r d directi on,

wher ei N whiefeir) e bf i &-#nROSA-Senbsts tsqs@a%e%qngg?ﬂgorg@%gvﬁikﬁp c%ﬁrbg‘f\'g%t%gﬁlib% i o

cannot deternine its position wth respect t eas
t he posipediiom widh regpctitoghibattleant enet gatdl pdate, shehedsitioniofiedld kuibstrhte eld ididbe@hined in

degrees of freedo , _RX, Ry), on the basis of signals of the other three
of ¢ idﬂ’fr?ﬁf{eg‘?fe%%t??%é%‘? op theiepinabiigralsabthemttrthraas soEireEndiURAGIHUIRI NG T

METHOD ABSTLRAG: anﬁ@gcdngyg%f&og? relates to a |ithographi c apparatus
trate table fo

conprising a subs r holding a substrate, a projection system
for projecting a patterned beamonto a target portion of the substrate;

22.  The method of claim 21, wherein the movements of the substrate table are lmited 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
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.




and a di spl acenent neasuring systemconfigured to neasure the position of
said substrate table in at |east three degrees of freedom Said

di spl acenent neasuring system conprises a first x-sensor configured to
measure the position of the substrate table in a first direction and a
first and a second y-sensor configured to neasure the position of the
substrate table in a second direction. Said displacenent neasuring system
further conprises a second x-sensor, whegein said first and said second
x-sensor and said first and second y- sensors are encoder type sensors

configured tmm&q{@}ﬁ@ PROAT A1 ﬁg ect to
at least one grid plate. %al ds%tlgrls é‘eﬁe])rre measurl m% Irgur ed
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 to determne the position 8BSERAET substrate table in three

degrees of freedom Figure 4
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The invention relates to 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 at

least three degrees of freedom. Said displacement measuring system comprises a first x-sensor

10 configured to measure the position of the substrate table in a first direction and a first and a second
y-sensor configured to measure the position of the substrate table in a second direction. Said
displacement measuring system further comprises a second x-sensor, wherein said first and said
second x-sensor and said first and second y-sensors are encoder type sensors configured to measure

the position of each of said sensors with respect to at least one grid plate. Said displacement measuring

15 system is 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 to determine the position of said

substrate table in three degrees of freedom.

Figure 4




