-1- Lithographi c Apparatus and Devi ce Manufacturing Method The present
invention relates to a lithographic projection apparatus conprising: a
radi ati on system for supplying a projection beamof radiation; 5 - a
support structure for supporting patterning neans, the patterning neans
serving to --pattern the projection heam according to a desired pattern; a
substrate table for holding a substrate; a projection systemfor projecting

the patt er ned beam g doh it AYS ThA DG ee Wi HgABingand 10 - 2

| i near notor for novin e o0 support structure and said substrate
table. The term"patterning neans"” as here enpl oyed shoul d be broadly
interpreted as __referri.ng to rraans th@é1 canlajbe us%d t o_endow an.i.ncom ng
radi ati on beam WiePRESSIHAYTIEOR Sgat88 10 BLGERRYE PEHCCUOB APRUBYR ST REF TP a
pattern that is b §fsat B shfhfink 3pegtctRAYehARreddidthm; substrate; the
term"light valve" can also be used in this context. Generally, the said

pattesn -will couppspsndttre far spppartiog paterfing otcpiesm gic natigming meansdavingdobei ng
created in the target. rtion, .such as.an integrated circuit or other

devi ce (é’@gelﬁ'etp%%o.ec}é?ﬁﬁfﬁ‘%gccé’fdlg%g%a §%§FF‘%P?~.‘?% means include: 20 - A
mask. The concepfb@far@iaBRSkr hfdmelalsuksigws in |ithography, and it includes
mask types such as binary, alternating phase-shift, and attenuated

phase-shift, as melerticissysigar foonepieningithe neestect hersm onto| faeaskpartion okien a
mask in thg rﬂﬁ%i ation beam causes selective transmssion (in the case of a
transm sSHOE Sﬁé or reflection (in the case of a reflective mask) of the
radi gpi on i npi nGiHagr @Btok e M@skg omcetualli sngpdrositveurpand sxid sitstrate talie mask.
In the case of a mask, the support structure will generally be a mask

tabl e, which ensures that the mask can be held at a desired position in the
incom ng radiation beam and that it can be noved relative to the beamif
so desired. A programmable mrror array. One exanple of such a device is a
mat ri x- addr es Sakltenstpattamingravimy aahat soplyas shaldconbroodlylinigmretahes a
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the will correspond to a particular functional layer in a device being created in the target portion,

such as an integrated circuit or other device (see below). Examples of such patterning means
include:

20 - A mask. The concept of a mask is well known in lithography, and it includes mask
types such as binary, alternating phase-shift, and attenuated phase-shift, as well as
various hybrid mask types. Placement of such a mask in the radiation beam causes
selective transfnission (in the case of a transmissive mask) or reflection (in the case:
of a reflective mask) of the radiation impinging on the mask, according to the pattern

25 on the mask. In the case of a mask, the support structure will generally be a mask
table, which ensures that the mask can be held at a desired position in the incoming

| radiation beam, and that it can be moved relative to the beam if so desired. .
- A programmable mirror array. One example of such a device is a matrix-
addressable surface having a viscoelastic control layer and a reflective surface, The

30 basic principle behind such an apparatus is that (for example) addressed areas of the
reflective surface reflect incident light as diffracted light, whereas unaddressed areas

reflect incident light as undiffracted light. Using an appropriate filter, the said
* undiffracted light can be filtered out of the reflected beam, leaving only the.




-2- diffracted light behind; in this manner, the beam becones patterned
according to the addressing pattern of the matri x-addressabl e surface. An
alternative enbodi nrent of a programmable mrror array enploys a matrix
arrangenment of tiny mrrors, each of which can be individually tilted
about an axis by applying a suitable.tocalized 5 electric field, or by
enpl oyi ng pi ezoel ectric actuati on neans. Once again, the mrrors are
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radi ati on beamin a erent direction to unaddressed nmirrors; in this
manner, the reiddesting pagamdfshepattrigraddesabloudiang A alt¢raaticdnbedimmgt of

pattern of the matri x- dressable mrrors. The required trix addr i ng
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nore progranmable mrror arrays. re information on mrror arrays as here
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progr anmabl e ni pHRkoALERY in b AFfE&t dirssPRas ingddietsédmerrarayinhles nenbegihed as a
frame or table, for exanple, which naybe fixed or novable as required. A

progr anmabl e LOBflastedpeamis patigmst acerding éhthg addressngpaticamol tge g1aiien i n
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as a forane or tahaBle dafrogXan@ne, Inutl bf fayitleichs dedribed hovablve ths

required. For purposes of sinplicity, the rest of thh t ext ng)ymﬁt certain
| ocati ons, spechHICHUNE Pegis @RICOMPISLPTE ¢INYUR ARFFERRTATCH §Tays ®and

mask tabl e; hovmoerpﬁgggr%g ganer %Jéa : b ﬂ@rie?éf%§e&iios&a‘ﬂ%%egﬂeanw, fH&Ghniphs trfc es

shoul d be seen in ext of the patterning nmeans as hereabove
25 set forth. LiUhhab$taphiPateptsdj®6L2PaRapphlatife3c@a, bul RISEdatehigpphsesings e,

in the manufactyre of _integrat @ |rcujt tgl{I.Cs . In such a case tﬁhe]
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portion (e.g. conprising onhe or nore dies) on a substrate (silicon wafer)
that has been costelieB® areme ar tahigefor ekampldi which maydedixeve megalle pg|
(resist). In general, a single wafer will contain a
required.
- A programmable LCD array. An example of such a construction is given in United
States Patent US 5,229,872, which is incorporated herein by reference. As above, the
20 support structure in this case may be embodied as a frame or table, for example,
which may be fixed or movable as required.
For purposes of simplicity, the rest of this text may, at certain locations, specifically direct
itself to examples involving a mask and mask table; however, the general principles discussed
in such instances should be seen in the broader context of the patterning means as hereabove
25  set forth. |
Lithographic projection apparatus can be used, for example, in the manufacture of
integrated circuits (JCs). In such a case, the patterning means may generate a circuit pattern
corresponding to an individual layer of the IC, and this pattern can be imaged onto a target
portion {e.g. comprising one or more dies) on a substrate (silicon wafer) that has been coated
30  with a layer of radiation-sensitive material (resist). In general, a single wafer will contain a
whole network of adjacent target portions that are successively irradiated via the projection

system, one at a time. In current apparatus, employi'ng patterning by a mask on a mask table, a

distinction can be made between two different types of machine. In one type of lithographic



whol e network of adjacent target portions that are successively irradi ated
via the projection system one at a tine. In current apparatus, enploying
patterning by a nask on a mask table, a distinction can be nade between
two different types of machine. In one type of |ithographic -3- projection
apparatus, each target portion is irradi ated by exposing the entire mask
pattern onto the target portion in one go; such an apparatus is conmonly
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for “exanplierdonifolbfrobesls dioh adbiehiag, hb@-u'ﬁgﬁhtaﬁaﬁ (dpingd Re@bizkk@l, Guide to
Sem conduct or Processi ng Third Edition Pet er van Zant, I\/bGr aw Hil |

Publ i shi ri@sion. dwgr-meepRicel pishEEHe. Al utt@f@efl fofinil affifairdipidug)fayer. If
ref eI i Ceveral layers are required, then the whole procedure, or a variant thereof, will have to be
repeated for each new layer. Eventually, an array of devices will be present on the substrate
(wafer). These devices are then separated from one another by a technique such as dicing or
sawing, whence the individual devices can be mounted on a carrier, connected to pins, etc.
Further information regarding such processes can be obtained, for example, from the book
25  "Microchip Fabrication: A Practical Guide to Semiconductor Processing”, Third Edition, by
Peter van Zant, McGraw Hill Publishing Co., 1997, ISBN 0-07-067250-4, incorporated herein
by reference.
For the sake of simplicity, the projection system may hereinafter be referred to as the
"lens"; however, this term should be broadly interpreted as encompassing various types of
30 projection system, including refractive optics, reflective optics, and catadioptric systems, for
example. The radiation system may also include components operating according to any of
these design types for directing, shaping or controlling the projection beam of radiation, and

such components may also be referred to below, collectively or singularly, as a “lens”.




For the sake of sinplicity, the projection system may hereinafter be
referred to as the "lens"; however, this term should be broadly
interpreted as enconpassi ng various types of 30 projection system
including refractive optics, reflective optics, and catadi optric systens,
for exanple. The radiation system may-al so i ncl ude conponents operating
according to any of these design types for directing, shaping or
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par agr aph, characterized in that: said |linear notor conprises first and
second magnet plates, said magnet plates being 25 opposed to one another,

and an open coil unit novabl e between said nagnet plates, said coil unit
conprising a plurality of coils each wound about respective ferromagnetic
cores, said It is an object of the present invention to provide an improved linear motor having

20  increased efficiency and hence greater drive force without correspondingly higher heat
dissipation.
This and other objects are achieved according to the invention in a lithographic
apparatus as specified in the opening paragraph, characterized in that: |
said linear motor comprises first and second magnet plates, said magnet plates being
25 opposed to one another, and an open coil unit movable between said magnet plates, said coil
unit comprising a plurality of coils each wound about respective ferromagnetic cores, said
magnet plates and said coil unit being relatively moveable.
The use of two opposed magnet plates and an open coil unit, i.e. one in which there
is no ferromagnetic connection between the cores of coils of different phases, enables
30 construction of a motor with lower volume for a given force. There may also be an increase
in efficiency of the motor because there is additional effective magnet material, and hence
higher magnetic forces, whilst the moving mass is reduced. At the same time, the ndrmal

force (i.e. the force generated in the direction perpendicular to the driving direction) is




magnet plates and said coil unit being relatively noveable. The use of two
opposed nmagnet plates and an open coil unit, i.e. one in which there is no
ferromagneti c connection between the cores of coils of different phases,
enabl es 30 construction of a nmotor with | ower volune for a given force.
There may al so be an increase in effgciency of the notor because there is
additional effective magnet material, and hence higher nagnetic forces,
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eddy currents in a conductive material. Al so, the coils may be wound with
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motor size of the moving mass. Efficient cooling enables higher current densities in the coil
to be used, allowing an increase in driving force. Preferably, the coolant conduits are formed

20  of a ceramic material, and thereby do not cause any power loss as would occur due to eddy
currents in a conductive material.

Also, the coils may be wound with foil and thereby have a high thermal conductivity
toward the cooling conduits. The use of foil coils may also provide an improved performance
in other electromagnetic motors where the coils are wound about a ferromagnetic core.

25 According to a further aspect of the invention there is provided a device
manufacturing method comprising the steps of: _
- providing a substrate that is at least partially covered by a layer of radiation-sensitive
matertal;
- providing a projection beam of radiation using a radiation system;

30 - using patterning means to endow the projection beam with a pattern in its cross-
section;
- - projecting the patterned beam of radiation onto a target portion of the layer of

radiation-sensitive material, and




in other electromagnetic notors where the coils are wound about a
ferromagnetic core. 25 According to a further aspect of the invention there
is provided a device manufacturing nethod conprising the steps of.
providing a substrate that is at least partially covered by a | ayer of

radi ation-sensitive material; providing a projection beamof radiation
using a radiation systen1 30 - using patterning nmeans to endow the
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wavelength in the range 5-20 nm), as well as particle beams, such as ion beams or electron

beams.

20
Embodiments of the invention will now be described, by way of example only, with
reference to the accompanying schematic drawings in which:
Figure 1 depicts a lithographic projection apparatus according to an embodiment of
the invention;
25 Figure 2 is a cross-section through a first linear motor according to an embodiment

of the invention,
Figure 3 is an enlarged cross-section of part of the translator of the motor of Figure 2
showing coolant channels;
Figure 4 is a cross-section through a second linear motor according to an
30  embodiment of the invention; and
Figure § is a cross-section through a third linear motor according to an embodiment
of the..invention.

In the Figures, corresponding reference symbols indicate corresponding parts.




Figure 1 depicts a |lithographic projection apparatus according to an
enbodi nent of the invention; 25 Figure 2 is a cross-section through a
first linear nmotor according to an enbodi nent of the invention; Figure 3
is an enlarged cross-section of part of the translator of the notor of
Figure 2 show ng cool ant channels; FEigure 4 is a cross-section through a
second |inear notor according to an 30 enbodi ment of the invention; and
Figure 5 is a cross-section through a third |inear notor according to an
enbodi nent of the invention. In the Figures, corresponding reference
synbol s indicate corresponding parts. -7- Enbodinent 1 5 Figure 1
schematically depicts a |lithographic projection apparatus according to a
particul ar enbodi nent of the invention. The apparatus conprises: a

radi ati onggyseiB.Ex. IL, for supplying a projection beam PB of radiation
(e.g. EW radiation), which in this particular case also conprises a
radi athon source LA} 10 a first object table (nmask table) MI provided with
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mask MA onto a éﬁfsgebjeaqaﬁlbmaﬁ thisle M TCSOPideS ivikg aqngsk dloldee fe Hdldisg a ofasit he
substrate W As here depicted, the apparatus is of a reflective type (e.qg.

has a ref Méctas @ rigR) and-eanageted toi first pitpeing aeansifer arayraig SRPSHONGIS the
e S Rl L (.8, wih g Lanemesive e
such as a progs sseumbblgect tivlo (sudstraxytable) & T preided widf esubstlatt doklbofoe.
holding a substrate W (e.g. a resist-coated silicon wafer), and connected to second positioning
15 means for accurately positioning the substrate with respect to item PL;
a projection system (“lens”} PL (e.g. a mirror group) for imaging an irradiated
portion of the mask MA onto a target portion C (e.g. comprising one or more dies) of the
substrate W.
As here depicted, the apparatus is of a reflective type (e.g. has a reflective mask). However, in
20 general, it may also be of a transmissive type, for example (e.g. with a transmissive mask).
Alternatively, the apparatus may employ another kind of patterning means, such as a
programmable mirror array of a type as referred to above.
The source LA (e.g. a laser-produced or discharge plasma source) produces a beam
of radiation. This beam is fed into an iflumination system (illuminator) IL, either directly or
25  after having traversed conditioning means, such as a beam expander Ex, for example. The
illuminator IL may comprise adjusting means AM for setting the outer and/or inner radial
extent (commonly referred to as ¢-outer and o-inner, respectively) of the intensity distribution
in the beam. In addition, it will generally comprise various other components, such as an
integrator IN and a condenser CO. In this way, the beam PB impinging on the mask MA has a
30 desired uniformity and intensity distribution in its cross-section.
It should be noted with regard to Figure 1 that the source LA may be within the
housing of the lithographic projection apparatus (as is often the case when the source LA is a

mercury lamp, for example), but that it may also be remote from the lithographic projection




The source LA (e.g. a l|laser-produced or discharge plasma source) produces a
beam of radiation. This beamis fed into an illum nation system
(illumnator) IL, either directly or 25 after having traversed

condi tioni ng neans, such as a beam expander Ex, for exanple. The
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in the case 0 er (as opposed to a step-and-scan appar at us)

t he mask tabl e TME depitddupbaratus Lan bonsddt edo tiffetens hmdes:st r oke actuator, or

may be fixed. The depicted apparatus _cin be used in.tw different nodes: 1.
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20  irradiated by the beam PB;
2. In scan mode, essentially the same scenario applies, except that a given target portion
C is not exposed in a single “flash”. Instead, the mask table MT is movable in a given
direction (the so-called “scan direction”, e.g. the y direction) with a speed v, so that the
projection beam PB is caused to scan over a mask image; concurrently, the substrate table WT
25 is simultaneously moved in the same or opposite direction at a speed V = My, in which M is
the magnification of the lens PL (typically, M = 1/4 or 1/5). In this manner, a relatively large
target portion C can be exposed, without having to compromise on resolution.
| In this embodiment, the mask table MT must perform a reciprocating motion for
successive scanning exposures and to maintain a relatively high throughput must be
30  accelerated and decelerated rapidly. A powerful motor having a relatively long stroke to drive

the mask table in the Y direction is therefore required. According to the invention, a linear

motor 10 as shown in Figure 2 is used.




20 irradi ated by the beam PB; 2. In scan node, essentially the sane
scenari o applies, except that a given target portion Cis not exposed in a
single "flash". Instead, the nask table MI is novable in a given direction
(the so-called "scan direction", e.g. the y direction) with a speed v, so
that the projection beamPB is caused_to scan over a nmask image;
concurrently, the substrate table WI 25 is sinultaneously noved in the sane

of the Tens pL coypReamiyS {PERhakefodfyed ol flbdloh Backt, IR L bCRHET

| ar ge tam@islmrdrlaﬁnat&d;aﬂ Dae 8%pos Glhtesi 1 m@ubmbﬂsamnmﬂmcmmmeaasm
resolution. In this enbodi nent, the nask tabl e perfo

reci proc ataitﬁ@a‘ﬁht qrisatgddy and § pelesiss puBiEd AR |arb@C]éR1&6%lﬁ e@PTé‘PWH{YOH%EP“rh ain a
rel ativel %a:gg?tg 1ﬂ P‘I%Met tth?rﬁgﬁéﬁ%zgﬁr%tlﬂdlﬁrﬁotgﬁ%bﬁ fecQ& ly.

A powver f ul ng a relat ong oke’to drive tale
in thesY df ttechignet platet herléthesimwmmﬂ Ileegth ot\dreanagnngtraaks whild be mnehﬂongm;ami

| i near m)tor 10 as shown re is The | ] near, notor

conpri ses 98 m@@@bw&%@ 704% 03thm%tekslulleicoﬂllzrmalr%opoa’lpe’é?q s examplc &
(transl at g&lﬁ?aaf‘wpﬁﬂarmurﬂd%s E@&m&e&fﬁgpétﬁtc%&sﬂfﬂemh}%s&p Pib S eP RelIPEE
magnets 14, 15, ternately or| ent ed ol e Uup, nounted on a back

pl ane 16. r@tingrfaﬂcbyl,pp}daldbanglmonmgauei @gga:rg d:nealpd) amgdicde{lhe enter teethp@rmwnent

ts 14, 15. t | t h 5.0f t 11, 12
e hown. OF ARCFLAGHRT GO HE Olhk sk b esP Tk SEEe allEReBRgE mBpasS Be
det er fp ne‘ljargé& @éb%nﬁiﬁg 'oh@lﬁje ﬂrﬁ&]ﬁ%f 8dilst e ¥BfRmay HeGom@dd ofUithinafed, SRFREdSeS

in this exanp coils 17a-f wound around resSpective ferronagnetlc cores
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each coil se IS dr|v Vi aé}% respectlve DC anmplifier. A three-phase AC
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configurations $HCR ASGIE petdlhl fie et MELPAROGPInagnet plates 11, 12 determine the
normal forces exerted on the armature 13. To ensure no normal forces the gaps should be
20 made equal. To provide a normal force of a desired magnitude, e.g. for bearing purposes or
gravity compensation, the sizes of the gaps Gy, G; can be set as desired. Mechanical
considerations may set a lower limit to the size of the gaps.
The exact materials and dimensions of the motor will be determined according to the
use to which it is to be put. The coils 17a-f may be made of copper wire or may be wound of
25  foil (e.g. Cu or Al) enabling a filling factor of >0.8. If the magnet pitch is 12mm (N-S), the
teeth pitch 16mm, the thickness of the magnets = 4mm and the iron core teeth 6mm x 55mm x
38mm, the motor can provide a drive force of about 670N.
To provide a greater drive force, the number of coils may be increased. A second
example is shown in Figure 4. Motor 20 shown in Figure 4 has 12 coils 17 wound around
30 iron teeth 18 and again two outer teeth 19. If made of the same materials and dimensions as
the first example, a drive force of 1340N can be achieved.
As shown in Figure 5, representing a third example motor 30, the height of the coils

can be reduced, and the current density increased to provide a driving force of 1800N.




The gaps, Gl, &, between the teeth 18a-f and the nagnet plates 11, 12
determne the nornial forces exerted on the armature 13. To ensure no
normal forces the gaps should be 20 made equal. To provide a normal force
of a desired magnitude, e.g. for bearing purposes or gravity conpensation,
the sizes of the gaps Gl, & can be g@t- as desired. Mechani cal
considerations may set a lower Iimt to the size of the gaps. The exact
materials and di BRG] of .t e ] i t he
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17a, 17b an espective teeth 18a, 18b but the sane arrangenent is
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enbodi ment has two parallel magnet plates, it will be appreciated that the
magnet plates need not be parallel. If the plates are inclined to one 10

anothgr, a force conponent perpendicular to the bisector of the angle
between the plates is produced. This force may be controlled by var%i ng
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motor may be used to drive the substrate stage of a lithographic projection apparatus or in any
other application where a large drive force is required. Also, one of the magnet plates may be

20  formed as a simple iron plate, with no permanent magnets. The description is not intended to
limit the invention. |
Also, the aforementioned use of foil coils wound around a ferromagnetic core should
not be limited to the specified embodiments but may result in an improved performance in
other electromagnetic motors as well. An example of a motor that might benefit from foil
25  coils is a linear motor comprising of a single magnet plate and a coil unit, the coil unit
comprising a single ferromagnetic core having a plurality of ferromagnetic teeth and a

plurality of coils each wound around respective ferromagnetic teeth. As yet another example,

the use of foil coils may also lead to an improved performance of reluctance motors.




appreci ated that the invention nmay be practiced otherw se than as
described. In particular, the nptor nay be used to drive the substrate
stage of a lithographic projection apparatus or in any other application
where a large drive force is required. Also, one of the magnet plates nmay
be 20 forned as a sinple iron plate,-with no pernmanent nagnets. The
description is not intended to |imt the invention. Al so, the

af orenenti oned use of foil coils wound around a ferromagnetic core should
not be limted to the specified enbodi nents but may result in an inproved
performance in other electromagnetic notors as well. An exanple of a notor
that m ght_b it fromfoil 25 coils is a linear notor conprising of a
single nagﬁéﬁﬁgiate and a coil unit, the coil unit conprising a single
ferromagnetic core having a plurality of ferromagnetic teeth and a
plurality of coils each wound around respective ferromagnetic teeth. As yet
anot het exanple, the use of foil coils may also |lead to an inproved
performance of reluctance notors. -11- CLAIMS: 5 1. A lithographic

proj ection apparatus conprising: a radiation systemfor supplying a

proj ection beam of radiation; 10 - a support structure for supporting
patternin? nmeans, the patterning neans serving to pattern the projection
beam accoldi ng &dithogremiie pwigsier eppiratus ¢ompERS ate tabl'e for hol ding a
substrate; a projecti t fQr . nrojecti. ] ed beamonto a
target portion %k%%ﬁgﬁ@gﬁﬁﬁﬁﬁﬁ%gﬁﬁgﬁ59@§ﬁ?h§9F%ﬁﬁgﬁﬁﬁéﬁéﬁ for noving one of
sai d smpport st isgiperstandresiar shppubigpatiernirgohedns, hhpiteehiag nzeds saavihpat
said linear notor conprises first and second nagnet plates, said nagnet

pl ates bePHE™ Bi5poYaeHandPeamecapigtngdp @ dspitrdtFen coi |l unit between said

magnet pl ates, §§hﬂw%9kﬁﬂ9ﬁﬁqu§@£?§iﬁﬁﬂg'a plurality of coils wound about

respective ferromagnetic cores, magnet 20 plates and said coil unit

bei ng rel ati vel ypropactiabkgster? forAppactiatgtbe aattandi egnt ante b &irget portwmerféhen sai d
coil block_conprises three coil sets, each coil set conprising one or nore
coi I's. 255Wstagandat ys according to claim1 or 2 wherein said coil unit

further conpri sgfnd@ nld®@Sthr moving one of said support structure and said substrate table;
characterized in that:
said linear motor comprises first and second magnet plates, said magnet plates being
opposed to one another, and an open coil unit between said magnet plates, said coil unit
comprising a plurality of coils wound about respective ferromagnetic cores, said magnet

20  plates and said coil unit being relatively moveable,

2. Apparatus according to claim 1, wherein said coil block comprises three coil sets,

cach coil set comprising one or more coils.

25 3. Apparatus according to claim 1 or 2 wherein said coil unit further comprises at least
one additional ferromagnetic member having no coil wound thereon and being spaced from an

outermost one of said coils.

4, Apparatus according to claim 1, 2 or 3, wherein the ferromagnetic cores project
30 beyond the coils wound around them, and a coolant conduit is provided between said cores

and in thermal contact with said coils.




one additional ferromagnetic menber having no coil wound thereon and being
spaced froman outernost one of said coils. 4. Apparatus according to
claiml1, 2 or 3, wherein the ferronagnetic cores project 30 beyond the
coils wound around them and a coolant conduit is provided between said
cores and in thermal contact with said coils. -12- 5. Apparatus according
to claim4 wherein said coolant conduit is forned of a ceramc nmateri al
6. Apparatus according to claim4 or 5 wherein the coils are wound of foil,
e.g. Cuor At foil. 7. Apparatus aCCQ[ﬂing to any one of the preceding
claims wherein said magnet plates conprise Hal bach magnets. 8. A device
manuf acturing method conprising the steps of: - providing a substrate that
is at |east pafrpabiuyacsodineetd chymg Wheyan syl coelant sondw-is &amsi of g ecramitceri al ;
providing_a, projection beamof radiation using a radiation system using
patterning neans to endow the projection beamwith a pattern in its cross-
section; projecting the patterned beam of radiation onto a target portion
of the layer of radiation-sensitive erial; d di spl aci at | east one
of the pabrer nPHEFHBMRSORE CREiE ST Ahgetdhs il s nadd bl & o
characteriazegd)in that: said linear notor conprises first and second magnet
pl ates, said nagnet pl ates being opposed to one another, and an open coi
unit between said nagnet plates, said coil unit conprising a plurality of
coils wourd ab L f gg@@ ' : . i 4. I and
said coil '?'uni tggﬁ?r{rﬁtgé?‘%?‘?{‘“:@g|a§§ rBr{[?)vea Fg%e%fécﬁgé\%%gnrsmegm%g%gr fgﬁ‘% p?%gsts he
pr ecedi ngcah@isedialbach hagdeés.ei n said first and second nmagnet plates are not
mutual ly parallel and further conprising nmeans for varying the conmutation
angle applied to coils of said coil unit.

8. A device manufacturing method comprising the steps of:

- providing a substrate that is at least partially covered by a layer of radiation-
sensitive material;
- providing a projection beam of radiation using a radiation system;
- using patterning means to endow the projection beam with a pattern in its cross-
section;
- projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material; and
- displacing at least one of the patterning means and the substrate using a linear motor
characterized in that:

- said linear motor comprises first and second magnet plates, said magnet
plates being opposed to one another, and an open coil unit between said magnet plates, said
coil unit comprising a plurality of coils wound about respective ferromagnetic cores, said

magnet plates and said coil unit being relatively moveable.

9. Apparatus according to the preceding claims 1 — 7 wherein said first and second
magnet plates are not mutually parallel and further comprising means for varying the

commutation angle applied to coils of said coil unit.




