1 POSI TI ONI NG SYSTEM LI THOGRAPHI C APPARATUS AND DEVI CE MANUFACTURI NG
METHOD FI ELD 100011 The present invention relates to a positioning system
| it hographi ¢ apparatus and nethod for manufacturing a device. BACKGROUND
100021 A |ithographic apparatus is a nmachine that applies a desired pattern
onto a substrate, wusually onto a target portion of the substrate. A

| it hographi c apparatus can be used, for exanple, in the manufacture of
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alternatively referred to a pTRY be used to generate a
circuit pattern to be formgi1 og%g ?Sﬁﬁwgﬁhﬁgyer of the IC. This

pattern can be transferred onto a target portion (e.g. including part of,
one, or several dies) on a substrate (e.g. a silicon wafer). Transfer of
the pattern is typically via imging onto a | ayer of radiation-sensitive
materi glp(fhesist) provided on the substrate. In general, a single
substrate will contain a network of adjacent target portions that are
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whi ch maybe noveable wth a planar notor within, for exanple a vacuum
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successively patterned. Conventional lithographic apparatus include so-called steppers, in which
zach target portion 1s 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 i a given direction (the “scanning™-direction) while synchronously scanning the
substrate parallel or anti-parallel to this direction. It is also possible {o transfer the pattern from the
patterning device to the substrate by imprinting the pattern onto the substrate.
[0003] Figure 2 discloses a positioning system PW to position a table WT, which may be
moveable with a planar motor within, for example a vacuum chamber 3. The planar motor includes
stator 2 and {ranslator 35 to position the table WT in at least the X, Y and Rz direction and if
required also in Z, Rx and Ry. Reaction forces of the coarse positioning mechanism (planar motor)
in the X, Y and Rz direction are transmitted to the first balance mass 6. The first balance mass 6 is
moveable over bearings 5 which allow for movement of the first balance mass 6 in the X, Y and Rz
direction with respect to the base plate BP, and does not allow movements, i.e. is stiffly coupled, in
the Z, Rx and Ry directions with respect to the base plate BP. Reaction forces in all degrees of

freedom of the fine positioning mechanism 1 are exerted on the translator 35 and transferred to the



freedom of the fine positioning nmechanism| are exerted on the translator
35 and transferred to the 2 first balance mass 6. The center of mass of
the first balance mass 6 and the center of nass of the object table WI are
at different positions in the Z-direction, the Z-direction being
perpendicular to the X and Y directions. A consequence of the difference
in center of mass is that when the planar notor exerts a horizontal force
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support, the first actuator bei'ng coupled to a first ance hass

constru@uédt@n@oanp@ng@ﬁﬂﬂnnabﬁmnba a reaction force resulting fromthe
actuation force generated by the first actuator; and a controller and a
second actuator constructed and arranged to exert a conpensation force to
conpensah@vAaRY Oor que caused by the actuation force exerted by the first
actuator on the first balance mass. [0006] In an enbodi ment of the
invention, there is provided a |ithographic apparatus i ncl udi ng an

Lo Riplen oY Shernannt gunedd:0, SOndhL.00 Byt AdALL 80 RERM PRt hor i g

devi ce upport cons device ?ernlng

devi cetoh@cﬂ@n@ﬁp@bh@nﬂi balhiigearss figa bl maadbﬁtmﬁmnbeam with a pattern inits
cross-section to forma patterned radiation beam  a substrate support
const r W8P to hb 4 anbadhser aeeordigg e Bjedryqngiansiigicdnpioyiier guosidotwepr oj ect

t he %{ Sl 1!323%%1&1%9'21"’51[1 A Hﬁﬁmug:ﬂ} ﬁﬁ?aén‘%t&eéo C}Hg It(.h %.'o%}t atnkb% u%ﬁ&% H{@é (?n t] %nd a

posi tioning nsfructe ast
t he suqppoitt srhc filve a@odbt bomg agipsyist @fﬁlﬂtﬁﬁlaﬂldﬂl mgqs camfsm wcsdd acitamadh ged t@cabﬁmgur ed
to exert an tuatu@n force on the support ag first actuator being

y

coupl et' e@eﬁ% proedpsuiErahon hasdutoRdeics cerdaish dy s Brbaduater é‘b‘ééﬁ%‘“&)‘
reaction f QEGRI {8 doRBrid@Mnd arranged to exert a compensation foree to compensate a

torque caused by the actuation force exerted by the first actuator on the first balance mass.

[0006] In an embodiment of the invention, there is provided a lithographic apparatus
including an illumination system configured to condition a radiation beam; a patterning device
support constructed fo support a patterning device, the patterning device being capable of
imparting the radiation beam with a pattern in its cross-section to form a patterned radiation beam;
a substrate support constructed to hold a substrate; a projection system configured to project the
patterned radiation beam onto a target portion of the substrate, and a positioning system
constructed and arranged to position at lcast one of the supports, the positioning system including
a first actuator configured to exert an actuation force on the support, the first actuator being
coupled to a first balance mass constructed and arranged to absorb a reaction force resulting from
the actuation force generated by the first actuator; and a controller and a second actuator
constructed and arranged to exert a compensation force to compensate a torque caused by the

actuation force exerted by the first actuator on the first balance mass.



the actuation force generated by the first actuator; and a controller and a
second actuator constructed and arranged to exert a conpensation force to
conpensate a torque caused by the actuatlon force exerted by the first
actuator on the first bal ance nass. [0007] I n anot her enbodi nent of the
invention, there is provided a device manuf acturi ng nethod including:
providing a substrate that is at |east partially covered by a | ayer of
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apparatus according to an enbodi nent of the 1invention; 1000101 Figure 2

di scl oses a positioning systemincluding a table which is noveable with a
pl anar notor wherein the bal ance mass and the table have a center of nass
on a different position; [00011] Figure 3 discloses a positioning system
accor dBR¢EK DEaS RARDBAN eEnTHEDR AW ING®ent i on; 1000121 Figure 4 discloses a
positioning system according to an enbodi nent of the invention; [00013]
Figure 5 discloses a positioning systemaccording to an enbodi ment of the

i nvent joa08] 1000184 bbdigHehe of tHbliSEdn@Se SviRnPO BL HERALAY bs Yah MNeAGHAE dhRIwhe an
enbodi nrent of the invention; and [00015] Figure 7 discloses a positioning
syst eniciesieds Hy chmandpefmhﬁ@mc awiigs 1n which corresponding reference symbols

indicate corresponding parts, and in which:

[0009] Figure I depicts a lithographic apparatus according to an embodiment of the
invention;
106010] Figure 2 discloses a positioning system including a table which is moveable with a

planar motor wherein the balance mass and the table have a center of mass on a different position;
[60011] Figure 3 discloses a positioning system according to an embodiment of the
invention;

{00612] Figure 4 discloses a positioning system according to an embodiment of the

mvenfion;

[00013] Figure 5 discloses a positioning system according to an embodiment of the
invention;
[00014] Figure 0 discloses a positioning system according to an embodiment of the

invention; and
[00015] Figure 7 discloses a positioning system according to an embodiment of the

invention.

DETAILED DESCRIPTION



i nvention. DETAILED DESCRI PTION 4 1000161 Figure 1 schematically depicts a
| i t hographi ¢ apparatus according to one enbodinent of the invention. The
apparatus includes an illumnation system (illumnator) IL configured to
condition a radiation beamB (e.g. UV fadiation or any other suitable

radi ation), a patterning device support or support structure (e.g. a mask
table) MI constructed to support a patterning device (e.g. a nmask) MA and
connected to a first positioning device PMconfigured to accurately
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patterni ng device" used herein shoul d“be roadi g in erpreted as referring
to anyl0déM]ce t HEte pmatorme; dised stppdripddd tha prddhagidenic @ammanhitdt tikut Papdnesn i n
'S Cro?astﬁé ?)i‘elglgt!]t?or}l osfqthg }S)atge?ning device, the design of the lithographic apparatus, and other
conditions, such as for example whether or not the patterning device is held in a vacuum
environment. The patterning device support can use mechanical, vacuum, electrostatic or other
clamping techniques to hold the patterning device. The patterning device support may be a frame
or a table, for example, which may be fixed or movable as required. The patterning device support
may ensure that the patterning device is at a desired position, for example with respect to the
projection system. Any use of the terms “reticle” or “mask™ herein may be considered synonymous
with the more general term “patterning device.”
[06019] The term “patterning device™ used herein should be broadly interpreted as referring
to any device that can be used to impart a radiation beam with a pattern in its cross-section so as to
create a pattern in a target portion of the substrate. It should be noted that the pattern imparted to
the radiation beam may not exactly correspond to the desired pattern in the target portion of the
substrate, for example if the pattern includes phase-shifting features or so called assist features.
Generally, the pattern imparted to the radiation beam will correspond to a particular functional

layer in a device being created in the target portion, such as an integrated circuit.



Ccreate a pattern in a target portion of the substrate. It should be noted
that the pattern inparted to the radiation beamnmy not exactly correspond
to the desired pattern in the target portlon of the substrate, for exanple
if the pattern includes phase-shifting®f eatures or so called assist
features. Cenerally, the pattern inparted to the radiation beamw ||
correspond to a particular functional layer in a device being created in
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such “multiple stage™ machines the additional tables or supports may be used in parallel, or
preparatory steps may be carried out on one or more tables or supports while one or more other
tables or supports are being used for exposure.

[06024] The lithographic apparatus may also be of a type wherein at least a portion of the
substrate may be covered by a liquid having a relatively high refractive index, e.g. water, so as to
fill a space between the projection system and the substrate. An inunersion liquid may also be
applied to other spaces in the lithographic apparatus, for example, between the mask and the
projection system. Immersion techniques can be used to increase the numerical aperture of
projection systems. The term “immersion” as used herein does not mean that a structure, such as a
substrate, must be submerged in liquid, but rather only means that a liquid is located between the
projection system and the substrate during exposure.

[060025] Referring to Figure 1, the illuminator 1L 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



fill a space between the projection systemand the substrate. An inmmersion
liquid my also be applied to other spaces in the |ithographic apparatus,
for exanple, between the mask and the projection system | mrersion
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accurately, e.g. so as to position different target portions C in the path of the radiation beam B.
Similarly, the first positioning device PM and another position sensor (which is not explicitly
depicted in Figure 1) can be used to accurately position the patterning device (e.g. mask) MA with
respect to the path of the radiation beam B, e.g. after mechanical retrieval from a mask library, or
during a scan. In general, movement of the patterning device support (e.g. mask table) MT may be
realized with the aid of a long-stroke module (coarse positioning) and a short-stroke module (fine
positioning), which form part of the first positioning device PM. Similarly, movement of the
substrate table WT or "substrate support" may be realized using a long-stroke module and a
short-stroke module, which form part of the second positioner PW. In the case of a stepper (as
opposed to a scanner) the patterning device support {e.g. mask table) MT may be connected to a
short-stroke actuator only, or may be fixed. Patterning device (e.g. 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-lance alignment marks).



Simlarly, the first positioning device PMand another position sensor
(which is not explicitly depicted in Figure 1) can be used to accurately
position the patterning device (e.g. mask) MA with respect to the path of
the radi ation beam B, e.g. after mechadical retrieval froma mask library,
or during a scan. In general, novenent of the patterning device support
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formp | arly, novenent of the

substrgﬁé f ‘%ﬁﬁﬁgg?uxgh"T?E?%n@u%ﬁ%%ﬁmm%ﬁrm ghreallzed using a
| ong- syuors) modumm aé]daad dﬁmms séul@keudradn k€lcastbhe bt hermpant nfdes:he

second fOSltloner In the case of a stepper %as opposed to a scanner)
t he palt®2fl ng dévilegcrupwgerthe p@tegnmgrd%\m abent (oF Hesk tHleinectwgkt o a
short e " r vl mask)
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on the patterning device (e.g MA, the mask alignnent marks may be
Iocatedz@etmeenxuheﬁ@ﬂégnnmmﬂﬂﬁapﬁTh@wdgmpoﬁed(épmamQMussmghhmnbemQSQme|n
at |ea t e of 100

oot or S MGent o Buisbribaty PR Sioe dERP L) o 4P £ koD St MRt ¢ he
subst r atp@okahErl M\Eu&»ﬁl ateSHBS W R e " SBBRAE buppdHe aleeRbnRASORtHraduylyshigtd pnary,
while an entire pattern inparted to the radiation beamis projected onto a
t ar get pgisr ingraried & ﬂ?@nedl@tpmﬂebqam lepi@ect@xi b e t%atm%u@x@ds@rd@)ngifﬂhﬂldmlc

iuglsf_ ;%){ %81%8‘2 T%t:x\g]toglt ali (? %18& ﬁl%Q,Bﬁ strate tagic irgn sﬂle& %@ s%)mp lelxllve d/ or

erent portion C cah
node, ﬂhb@aﬂf{&)ﬁnmﬂéms is@ighoar (ct&hﬁla%{aﬁ&l)lm bi ehgklsuppdre' 111£5eb§ﬂcitaimflcd Hiseth'feaf get
portion Cimaged in a single static exposure. [000301 2. In scan node, the

pat t erWFﬁglaé@ e s pmeec (el shastetarisbesel trsicctinmsysters Bpby scan ardet he
subst rtﬁéfﬁm&ﬂﬁ 8}’}7[ o‘?'ahc &;&Bg}légkﬁ 1ﬁﬁ:%°éﬁ{:%qdﬁr(ﬁ1 ﬁsg&‘?%&:@Y&%{&H&g%ﬂhém' le a

pattern |npar mis pro ortion C
(i.e. targtpgtien dynsingle dyﬁxmo&up@)ue Wher c‘aeiimdmgyh aftle ehamﬁmtg,nmm(mfdctdmlneq
substrate table WI or "substrate, suPport relative to the patterning

deV|cé1§bﬁ§5?@“K@qﬁm“WﬁsW“¥§BPkﬂ Rrtasget PREYR- support” may be determined by

the (@go3saani fi Cﬁtdngﬁlef"%db ROl SR e icENFBALEE! SLUCALRT MTE "mask

projection’'systemPS. I'n scan
support” is kept essentially stationary holding a programmable patterning device, and the substrate

table WT or "substrate support" is moved or scanned while a pattern imparted to the radiation
beam is projected onto a target portion C. In this mode, generally a pulsed radiation source is
employed and the programmable patterning device is updated as required after each movement of
the substrate table WT or "substrate support" or in between successive radiation pulses during a
scan. This mode of operation can be readily applied to mask]ess lithography that utilizes
programmable patterning device, such as a programmable mirror array of a type as referred to
above,

[00032] The second positioning system PW, or the first positioning system PM, or both,
includes: a first actuator configured to exert a force on the patterning device support (e.g. mask
table) MT and/or the substrate support WT, the first actuator being connected to a first balance
mass constructed and arranged to absorb reaction forces of the actuator, wherein the first balance

mass and the support have a center of mass of which the position is different in a direction



t he maxi num si ze of the exposure field limts the width (in the
non-scanni ng direction) of the target portion in a single dynamc
exposure, whereas the length of the scanning notion determ nes the height
(in the scanning direction) of the tarfet portion. [000311 3. In another
node, the patterning device support (e.g. mask table) MI or "mask support™
is kept essentially stationary hol ding a programmabl e patterni ng device,
and t heepabdtulat to a mabinenirgtion snrbs}temasie’osiugpymtﬂ‘l iliuéudmmeunwli@caa(h aed

tern d.to, the radiation nto a target
por t 1 one Bt potel SRRk b PGerd B bR T s BB R ey Oy o
and t heo i OgsRATERE@ op Blab &S MhdersHRNARE niaSs AHIARE SalicAfing @@mw@gp@ﬁ tes meagh
novenent of the substrate table WI or "substrate support™ or in between
succes§¢V€WTa@W39T®ﬁSH@W§@§UamﬂIﬁ@’a scan. This nmode of operation can be
readi | % O%Rﬁ) ' ed F&u@? 1|38§§esld 0@?%5%% r&ﬂfﬁw%hiﬁ%&&% ;Raqﬁ%ﬁu%”&?{%% a‘:f‘e
patterhing devi ce,”~ suc i
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posi tioni ng E¥§aen1P both, includes: a first actuator configured to
exert &% HEEIME %L@?tmtﬁgumpev.% IS oNet b  elagar mawk Whichdiasp maenshd/ or

the Suf?]%%cr #heGs EH)QRQHRO WE, dﬁlgl 1dnkd fasE hteS g{) %ﬁ OthGPR r‘)?&\tl?&i s i)'S{I ﬁlté

bal ance mass constructe arranged to reactlon orces o
actuatgmpomﬁ@féﬂnnﬂmﬁnﬁmﬁeﬂumatahmecFhasﬁnan@sﬁhesmmmgdwﬁ\Hﬁﬁ@nmkﬁﬁhter of
mass of _whic sition.is dlffere in direction 8 erpendi cul.ar to
o e ol B2 e s B P 085 DS ieFiat p DkeBon RESRET S REr™ e
secondyAglid@hQL 6CONSE thi ¢t 8baRNE: ARLANBRG deBict BMRRARSAL ®hidh { PN GURsiGRWIAd by
the difference in position of the center of mass of the first bal ance nass

and t heclpathedenicng! wewi ISeofshppolet tapls. YT, thadiree Faratavitorgndbothethee frame
bst 331 PW
conti o SaTHBRIbee P an 4B LY B S flbnd RS G AePS S b R E e

it coufkhal S@c@ﬁp@lsbfé@lﬁisE(ﬁqLﬁﬂ)‘ﬁﬁéoﬁtrcﬁlﬁ& v Nisngodavd &8icBUPPOifectel €iag. mask

table) MI. The substrate support WI is noved by a planar notor which has a
magnetconpeeoa Hathe Hapy svitaed the it nerdviduh wiah siwsel inprssenéingnles GHaabi

syst e”&n%@ﬁ!m iRl r]%)rfﬁ%ln%?ﬂ f81creh€r‘ C Lé?&ltﬂfaﬂhglrjlaﬁ{lﬁf?%} ﬁ%corggllﬁ 15‘&%65%%19{ t

exert subst Ubst e
SuppoﬁbrMIqmmM&ybﬁaﬁhﬁuﬂimQEKRGMaibyﬂkﬂﬁsfﬁmmﬁﬁaaﬂS@abﬁﬁﬁk@&m&uﬁ&&%ﬁﬁon
force F | on the first balance mass 6. Since the first balance mass 6 has
a centasianged togaleulpte §perapenSation fog:ed]nst{lghgés ¢f the actuatlon force. The compensation

force calculated by the calculator and generated by the second actuator generates a torque that
compensates a torque caused by the difference in position of the center of mass of the first balance
mass and the substrate support WT. The term “compensation force” used herein may encompass
the force that is actually generated by the actuator as well as the torque that results from the
application of the force. The controller CNT calculates forces F2a and F2b that, via electrical
connection 23, can be exerted by the second actuators 21 on the second balance masses M to
compensate for the torque in such a manner that the resulting exerted torque on the base frame BF
has an equal magnitude, but an opposite sign, to the disturbance torque with magnitude h1*F1, To
ensure that no net force is exerted in addition to the compensation torque, F2a must be equal to F2b.
The controller CNT calculates the compensation force on the basis of the direction and the position
in which the second actuator can exert the compensation force so that the torque is compensated.
The second actuator 21 moves the second balance mass in the first embodiment of the invention in

a linear direction.



bel ow the center of mass 15 of the wafer table WI, the force FI creates a
torque on the base frame BF having a force F2 at a distance h2 fromthe
center of nmass of the base frane BF of magnitude F1*hl. To conpensate this
torque, a controller CNT is provided wHich is connected via connection 17
to the planar notor so that it is provided with a signal representing the
quantity, direction and position of the force F 1 created by the planar
not or . [0HB4Eont r dlidues 3 idisclosabespaartionmgustystefan whineh tqupies tteycoofpeactadathion

force exerted by the first. actyator and | cul ator. ¢ ructed and
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by the second actuator generates a torque that ‘conpensates a torque caused

by t headifgeddeneannchsqpiosiof Higriowhes ivdweekreeionsf Araenpdattuatis and psecopdl ance
mass a ) ubst r.at. )Q W . The term."c nsation force' used.
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as wel torgsestchesetl oy Guesidriddnsrog sl dubstfatosmppbe Wapph idaasticonubdtatthelyf orce. The
controller CNT cal culates forces F2a and F2h that, via electrical .
connecPBfndailadg hasareslien dectey by hé Hegurtiogberatiendnaiham be pevadsdorieh

bal ancg, (B&SEF M5 1 FATREISE D Bar c%ﬁn&s%‘é“s. ngEq%gﬁl%ﬂﬂe%'c%ﬂd%agﬁ@&%sa‘égat the

resulting exerted torque on the base fra as an equ magni t ude, but
an oppgsidtensiugly,in toe dinetidh shapdamoegtsysiguenyy dlko nagpdisatd éothfforceklin thEo
ensure.that ng net force is exerted in addition to the conpensation torque,
Fl a mudfeHan 8465 Yo F2b. The control ler ONT cal cul ates the conpensation

force mposde basigurfs i8GodkheRLLiBRAINBAGiENBRRSINEHO M einBodHENEdE Second
actuator can exert the conpensation force so that the torque is
conpensatEhn. Tikendedomt scimande Xlcrmipviegentind FsareoAdobk anmcerafeissed n t he
first enbodinent of the inventiondn .a linear direction. 9 1000 Figure
3 o schBeeds arspuis o gRETbER Mt en PoPGuRe BRerE8 et Which

are casgpaecthytoanie edonahlQns: of 1 Wheh IHRed 4 alcend VARKICMME MDid heisidnect | on

11. Since a planar notor may be used for novenents in two directions the

posi t | Grcken shistasmatngyotates epecadriydange s Mado aaie aisgied thisiie coppepesatteon
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mass, in be cons and arranged to
conpensatetablr W Ttand quelrscbalsied niss accel erations of the substrate support

WI' in a directjion substantially perpendicular to the direction depicted

by 11.1088361posi thighienglizgjesce mpasifjoninanyhen groviiaade s ebodipeskofghe f our

second, aGkual PrSeRBhiRgh T GBS $E5miBY (o RY E:ﬁ\goéi%n?(@'ﬁqggmw& HfcSaflRSSes
reference numbers. According to the embodiment of the invention shown in Figure 5, a second
actuator 21 exerts a compensation force in between the first balance mass 6 and the second balance
mass M. The compensation force exerted by the second actuator 21 can be calculated by the
controller CNT. The compensation force equals F1 * h1 /h2, wherein F1 is the actuation force, hl
1s the distance between the centre of mass of the substrate support and the centre of mass of the
first balance mass 6 and h2 is the distance between the centre of mass of the first balance mass 6
and the centre of mass of the second balance mass M.
[00037] Figure 6 discloses a positioning system according to an embodiment of the
invention. This embodiment is similar to the embodiment shown in Figure 3 for the same reference
numbers. In the embodiment according to the invention shown in Figure 6, a torque resulting from
the position mismatch of the center of gravity of the substrate support WT with respect to the

balance mass 6 is compensated with second actuators 212, 214 exerting the compensation force



simul taneously in one direction the positioning systemmay al so conpensate
for forces in the direction of gravity. 1000351 Figure 4 discloses a
positioning systemaccording to an enbodi mrent of the invention. This
embodiment is sinmilar to the embodi ment® of Figure 3 for the same reference
nunbers. According to the enbodi nent of the invention shown in Figure 4, a
controller CNT is connected to the second actuator 211 which drives a
second bbatcandw grews! INRT GF @diint st bnak BRdiThe ceripmsatfhdoastcaaboralrdh@tids t he
secondﬂbqlan e. mass M2 so as to create a torque to conpensate for the
t or que "Bf °t'H&%base franme BF caused by the forces Fl exerted by the planar
notor on the wafer table WI and the first bal ance nass 6. (00036] Figure 5
di scl oses a positioning systemaccording to an enbodi nent of the
i nvention. The enbodi ment of Fi@h?@fﬁﬁigng%ihﬁﬁQﬂ% t he enbodi nent of
Figure 3 for the sane reference nunbers. According to the enbodi nent of
the invention shown in Figure 5 a second actuator 21 exerts a
conpengHBRIN f or Béherdin belweahe thantdsitetwdealibneatirmas smabs @ife fikebset@ntass
bal ance mass M The congensation force exerted by the second actuator 21
can be®@af Hirsstud A{atne 4 ghe Fopedivelont 2 Trad Edhpardi furPnsios feggal s F1
* hl/ th’ed\(’lPQl'iceée@mﬁ adr®adi80 1 201192t QB AE 68 e dishil Q@its%o%%t%qge 9.91% yeen
the centre of mass of the substrate support and the centre of mass of the
first bahpmesgiomeescsFaltlamiF2E2 shoaldbcstcan ddchptwmediva i menhae ofimitass of
the first bal ance nass 6 and the_.centre of mass of the second bal ance nass
M. 10083 PER R <TG e BRARs OB SEFY 5N PRECAY SFS by BevBe Ak real:
embodi GRALIRS itd REathivwheEdMy (RO grolid St BIRO HABNbC fakeSind h@buf© the embodi ment
shown in Figure 3 for the sanme reference nunbers. In the enbodi nent
accor di%ig3%lo t helignieehdisdoscs hpgpitipRinEisgtiera ascorging év guembeduicni vighérom the
position m snmafc fthe center of gravity of .the substrate support W with
Feapect el gnans bty folh i € it Bt Fine RS el RS 212
214 ex@rhbdng AdierdaQnpeans atibanmker $:8whGn FRetaveane thengbaund: hiaw i&F and the
base franme BF. The conpensation force can be cal culated by the formula:
h1* F1=suspquoed fropmtpo base fpgpodipndmegcanhactyator2] apgxehe compeacesOsetaiedn t he
centre i X - 1d.,, act : 4,
212 v e iRig kb Lhabpl s e RIS, The MM FRERTIEAA6L AL AR By

the controller CNT on the basis of the distance between the centre of gravities hy and hy and the

actuation force F1.

[00040] According to an embodiment of the invention, a torque generated by the substrate
support WT and its balance mass 6 can be compensated for by a counteracting torque generated by
the patterning device support MT and its balance mass. This compensation can be achieved by
placing the balance mass of the patterning device support MT somewhat above or below the
support MT itself, depending on the movement direction of the patterning device support MT with
respect to the substrate support WT.

[00041] Combinations and/or variations on the above described modes of use or entirely
different modes of use may also be employed. For example, it is possible to combine the torque
compensation system of Figures 3,4, 5, 6 and 7.

[00042] Although specific reference may be made in this text to the use of lithographic
apparatus in the manufacture of 1Cs, 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 patterns for magnetic domain memories, flat-panel displays,

liquid-crystal displays (L.CDs), thin-film magnetic heads, etc. The skilled artisan will appreciate



exerted by the second actuators 214, 212. To keep the base frane stable at
its position the sumof conpensation forces F214 and F212 shoul d be zero.
The ground floor G- may have a I|mted stiffness and therefore the
conpensation force may be generated by''having a piezo actuator extending
its length whereby the ground stiffness should be taken into account.

[ 00039] Figure 7 discloses a positioning systemaccording to an enbodi nent
of t he that, riuélmcicmnxt Thivsh eliyodiveemplicatioss. ) ase cvfdhc ttemer“r‘ﬁeﬂfhmhtdi@‘fhcﬁizigur e 3
for t
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bal ance mass Mto conpensate for the torque. The conpensati on force can be
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Accor di n’g fo an enb e invention enierate
subst r atag besippipat it sWh anidbthdrsubataanoecdsiag t(ﬁ)ls:&}mtbe denpensad edyber by a

counteracting tor ﬁgat ed P Jge patter nlq dev pport MI and its
bal ancB'9YESSY MPHY 3‘68%“6@ SrBRcdR Ardse T Rte g SR g&‘lﬂb cﬁ"ﬁEdfﬁh‘e‘eHBI ance
mass ofy,dshecRald §irih nﬁh)dﬁéﬂ S8 $HPRMstraMh 3 %W@My&%néﬂﬁ\{ﬁulﬂ[ﬂ&}%&‘%&lh&yu 'S,

support MI itself, depénding on the novenent di'rection of the patterning
devi ce|Gpplor t MElthbigh spr:@bpectftn et nhehsghstr atde sppde theWke ol @0Bebhents

Conmbi nat i, ons d/ or, variat,i 0 he apove cribe es, of use or

ot 1 v eob R R St RuaT i P RS Bt ER eyt SRR iR o ey, s
possi bh&ude@ i1 QMBI 4 aﬂﬁh&zﬂﬁml an%k@mp@cqlfmﬁﬂﬁﬁl@}bgﬁpﬁy Shehefe tht 488 aBowd is Rt 6
and 7. [000421 Al ough specific reference may be nmade in this text to the

use of lnnmt@qhbgfmﬁphli lthogippla: & urpriny litheraphinafteptgismdyon alpaerning Ehisglddtipes
under sk 29 ihaleldeyld LAQULAPALS ARRRISLHT): SERETAREEREEl Be FRLANR Lt her

appl i cat'ions,

gui danxagmaﬁdc@lﬁtse;ﬁ;iuee Mo ptstiBitige vamsx clignat t@w@lcsrmam HYedpplyifg cicf:ﬂl @hagrael
di splays, . liquid-crystal displays (LCDs thin-filmnmgnetic heads, etc.
The skiafiagan.dicl SEessUiF PI @ appbiaeion hereef. 1ﬁ§f‘“01lﬂr1i&tdﬁé10§ srinexad o okthemesist

altern@1 gegﬁ’@éxh%‘?‘ta‘ﬂ@:st’he?él}’stﬁﬁl the ternms "wafer™ or "die" herein my

be consi d nous W € nore general terns "substrate" or

"targefopstit i on"The ﬂt:ﬂﬁspeﬂtﬂﬂau@i’yandTTbealﬁUbsSiirlﬁt@n eefoaraedalt ophesei n may be

br OCGSeSigCCtI! om%iflgtgcemg{atlgg tzﬁélu ng uﬁyatv?oietl(r[]}\/) radiation (e.g. having a wavelength of or
about 365, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation (e.g. having a
wavelength in the range of 5-20 nmy), as well as particle beams, such as ton beams or electron
beams.
[00045] 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.
[00046] 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 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.



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

i nspection tool. Were applicable, the disclosure herein my be applied to
such and ot her substrate processing totds. Further, the substrate may be
processed nore than once, for exanple in order to create a multi-layer IC,
so that the term substrate used herein nay also refer to a substrate that
al r eadyoM@ait ai ns Thwkiticppeopraboessedntbadedrts be i1LR0OAA3 1 nd livhitiugh Thpe divillde

reference may have been made above to.the use of enbodi nents of the

| vent ABRTR e RS SEER oM BB PE PP aGHI 94D 108 1 CBin Ecivae ed
that t hghbOVRPLHRB FARY theRopsAEnd Aaishel c@meldweat i ons, for exanple inprint
| it hography, and where the context allows, is not limted to optical
lithography. In inprint |ithography a topography in a patterning device
defines the pattern created on a substrate. The topography of the
patterni ng device may be pressed into a |ayer of resist supplied to the
substrate whereupon the resist is cured by applying el ectromagnetic

radi ati on, heat, pressure or a conbination thereof. The patterning device
is noved out of the resist leaving a pattern in it after the resist is
cured. 1000441 The terns "radi ation" and "beam’ used herei n enconpass al
types of electronmagnetic radiation, including ultraviolet (UV) radiation
(e.g. having a wavel ength of or about 365, 248, 193, 157 or 126 nm and
extreme ultra-violet (EUV) radiation (e.g. having a wavelength in the
range of 5-20 nm, as well as particle beans, such as ion beans or electron
beans. 100045) 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, electromagnetic and electrostatic

opti cal conponents. 1000461 Wil e specific enbodiments of the invention
have been described above, it will be appreciated that the invention may
be practiced otherwi se than as described. For exanple, the invention my
take the formof a conputer program containing one or nore sequences of
machi ne-readabl e i nstructions describing a nethod as di scl osed above, or a
data storage nmedium (e.g. sem conductor nenory, nmaghetic or optical disk)
havi ng such a conputer programstored therein. 12 [00047] The
descriptions above are intended to be illustrative, not limting. Thus, it
will be



apparent to one skilled in the art that nodifications nmay be made to the

i nvention as described wthout departing fromthe scope of the clains set
out below. 13 WHAT IS CLAIMED IS: 1. A positioning systemto position a
support, conprising: a first actuator tonfigured to exert an actuation
force on the support, the first actuator being coupled to a first bal ance
mass constructed and arranged to absorb a reaction force resulting from

t he actyg Hq%(;ggﬁﬁqugerated by the first actuator; and a controller and a
second actuatorconstructed and arranged to exert a conpensation force to
conpensate a torque caused by the actuation force exerted by the first
actuat r on ,the. fifst..nal; ; . . j.tioning systemaccording to
claimi1, mhé}@%Hn?ﬁ§“¥§gﬁﬂgﬂﬁ§PH§§§”® étgéggﬁﬁﬁbactuator are constructed
and arranged firg actoapensdicerda tb oxge causien fdrye an diekbgroende firgt qooasidribomgof

a centquﬁf nasg_of the fir§twbalqgce mass and.the support, 3.‘%Qg .

posi ti 6! QSHEMARCE PHPhEPPEUCP AT STANGRE MO e SR eRdPTes e 1597t he
first balRAneBon MRES@RAINS, SUPRYLERRY.Gn@ difference in position in a
first direction and"the first actuator is constructed and arranged to
exert the astoitdllenaidr ssonthaguapr evsireticpardperdiedioarxetta whwehsation force
direction. 4. The, positionj,ng,system accordi to,claim3, whereip the
e b vosrane FARGR SR Doy ARSI SR b S F Rttty Bl o

per pengilgntleanako the first direction is substantially in a horizontal

pl ane. 5. The positioning systemaccording to claim1, wherein the first
actuator is a planar notor that includes a nagnet plate and a coil system
6. The,posi tq onir t ( ' tQ ¢ aim.5 erein the, n plate is
o ovi a2 o PR SEIARESHAMOE Ay Rt pRUSEFLr R FRNRE D B e
The posdtiidt@niragosyatieduatoomdede donehaiten lorquheneddbit héiffeasict iropushpnsyfst em
i ncludes a base frane which noveably supports the table, the first bal ance
mass ahBNHe Mpass o1 e dgbalance massgndhesyppeitt i oni ng syst em according to
claim11l, wherein the second actuator is constructed

3. The positioning system according to claim 2, wherein the center of mass of the first balance
mass and the support have a difference in position in a first direction and the first actuator is
constructed and arranged to exert the actuation force in a direction perpendicular to the first

direction.

4. The positioning system according to claim 3, wherein the first direction is substantially
parallel to gravity and the direction perpendicular to the first direction is substantially in a

horizontal plane.

5. The positioning system according to claim 1, wherein the first actuator 1s a planar motor

that includes a magnet plate and a coil system.

0. The positioning system according to claim 5, wherein the magnet plate is provided to the

first balance mass and the coil system to the support.

7. The positioning system according to claim 1, wherein the positioning system includes a

base frame which moveably supports the table, the first balance mass and the first actuator.



and arranged to exert the conpensation force on a second bal ance mass. 9.
The positioning systemaccording to claim8, wherein the second actuator is
configured to exert the conpensation force between the base franme and a
ground floor which supports the base thame. 10. The positioning system
according to claim7, wherein the second bal ance nmass is configured to be
actuated in a rotati onal direction by the second actuator to exert the
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bet ween the second bal ance nass and the base frame. 12. The positioning
system accordl ng to claim?7, wherein the second balance nass is noveably
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actuation force. 14. The positioning systemaccording to claim1l, wherein
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radi ath) n beam a patterning device support constructed to support a

patter ‘Hb‘ device, the patterning device being capable of inparting the
radi ati on beamwith a pattern in its cross-section to forma patterned
radi ati on beam a substrate support constructed to hold a substrate; 15 a
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i ncl udgdmgpensation force between the second balance mass and the base h ame.

12, The positioning system according to claim 7, wherein the second balance mass is

moveably suspended from the first balance mass.

3. The positioning system according to claim 1, wherein the controller comprises an input
representative of the actuation force exerted by the first actuator and a calculator constructed and

arranged to calculate the compensation force based on the actuation force.

14.  The positioning system according to claim 1, wherein the controller is constructed and
arranged to calculate the compensation force based on a position and direction of the actuation

force and a position and direction of the compensation force.

15. A lithographic apparatus comprising:

an tllumination system configured to condition a radiation beam;

a patterning device support constructed to support a patterning device, the patterning
device being capable of imparting the radiation beam with a pattern in its cross-section to form a
patterned radiation beam;

a substrate support constructed to hold a substrate;



a first actuator configured to exert an actuation force on the support, the
first actuator being coupled to a first bal ance mass constructed and
arranged to absorb a reaction force resulting fromthe actuation force
generated by the first actuator; and a'tontroller and a second act uator
constructed and arranged to exert a conpensation force to conpensate a
torque caused by the actuation force exerted by the first actuator on the
first bal angeojpesw.sydten canevid® mandfthepaiiciing radtivocbceonprié sianggt portion
providinﬁ;@ ﬁqb§traée that is at |least partially covered by a |ayer of
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force to compensate a torque caused by the actuation force exerted by the first actuator on the first

balance mass.

16. A device manufacturing method comprising;
providing a substrate that is at least partially covered by a layer of radiation-sensitive
material on a substrate support;
providing a patterning device on a patterning device support;
projecting a patterned beam of radiation onto the layer of radiation sensitive material; and
positioning at least one of the supports, the positioning including
exerting a first force between a first balance mass and the support, the first force
moving the support relative to the first balance mass, and
controllably exerting a second force to compensate a torque caused by a difference

in position of the center of mass of the first balance mass and the support.

17. The method according to claim 16, wherein the second force is exerted on a second balance

1mass.



