LI THOGRAPHI C APPARATUS, DEVI CE MANUFACTURI NG METHOD, DEVI CE MANUFACTURED
THEREBY, AND CONTROLLABLE PATTERNI NG DEVI CE UTI LI ZI NG A SPATI AL LI GHT
MODULATOR W TH DI STRI BUTED DI G TAL TO ANALOG CONVERS|I ON BACKGROUND Fi el d
of the present invention [0001] The present invention relates to a

| i t hogr aphi c IabHaI(I(GRSXPHI@eA{PEARAfBUSI BE VICEgVIZENRTA CA@YR D6

manuf act ur ed E) OISR A lﬁgﬁ%ﬂwgﬁ?ﬁ Lor
patterning a phi ¢ appar at us
is a machine t h I}gg’g\, 2 %{)grtlon of a
substrate. Lithddh I:[d}ﬁHﬂ“M&DEHMB@RJ%HFHfBIS”ER&BH’HEDln t he ‘
manuf acture of int egr aRGITATCTO ANALOG CONVERSON Spl ays and ot her
devices involving fine structures. In a conventional |ithographic
apparatus, a patterning neans, which is alternatively referred to as a
mask or a reticle, can be used to generate a circuit pattern corresponding
to an individual layer of the IC (or other device), and this pattern can
be i maged onto a target portion (e.g., conprising part of, one or several
dies) on a substrate (e.g., a silicon wafer or glass plate) that has a

| ayer of radiation-sensitive material (resist). [0003] Instead of a nmask,
the patterning neans can conprise an array of individually controllable

el enents, which serve to generate the circuit pattern. The patterns to be
produced on the target substrate can be generated in the digital domain,
and it is then necessary to convert theminto correspondi ng, accurately
defined states of the individuaBAatREROSINIY is desirable to be able to
update the 2 states of the elenents at high rates. Electrostatic force can
be used to control the positions (i.e., the states) of the controllable

el ements. For exanple, novenent can be achieved by application of a

sui tabl e corg@bf ielpk&gh: ih@er®fdg Or nmore control electrodes arranged next
to a novabl e el ement. O her control techni ques can be used. The

transl R oof t desi.r d pat.t nto appropri.ate el ement tates can
thus c pr?)@l]se th(lﬁa Sse lgvemPngeﬁeﬁrtSI? {/%h aphIC, ARRATLS: 3 VGBI t ages,
each manufacturing method, devices manufactured thereby, and to controllable

patterning devices for patterning a beam of radiation.

Related Art

[0002} A lithographic apparatus is a machine that applies a desired pattern onto a
target portion of a substrate. Lithographic apparatusrcan be used, for example, in
the manufacture of integrated circuits (ICs), flat panel displays and other devices
involving fine structures. In a conventional lithographic apparatus, a patterning
means, which is alternatively referred to as a mask or a reticle, can be used to
generate a circuit pattern corresponding to an individual layer of the IC (or other
device), and this paltern can be imaged onto a target portion (e.g., comprising part
of, one or several dies) on a substrate (e.g., a silicon wafer or glass plate) that has
a layer of radiation-sensitive material (resist).

[0003] Instead of a mask, the patterning means can comprise an array of
individually controllable elements, which serve to generate the circuit pattern.
The patterns to be produced on the target substrate can be generated in the digital
domain, and it is then necessary to convert them into corresponding, accurately

defined states of the individual elements. It is desirable to be able to update the




one corresponding to a respective elenent, fromdigital data. It is
desirable to achieve this digital to anal og conversion in a manner that
enabl es the states of all elenents in the controllable patterning device
to be updated at a fast rate, with |ow power dissipation, with | ow

conpl exi ty, hitaggh of ¢k ekhichistayhigheattsa rileatosatidfored mabe usal tocohwdttiess, and in

a cost-effective mapner. [0004] An array can contain a | arge nunber of
el enents, foPOBlansl-&- 1p stalgshpidhe controtlable elemsats; Kay cxagple. mvsmsAt s, or an

even | arger @MF’B@ %chi]gegt affplic ARt ?15 g%{lﬁgble g&%fl ggﬁ%gaeuoggr}?ﬁ) oﬁh%réf‘]pdat ed in

turn, by a sequential coriversion o correspondi ality of digital
val ues into ematodgiectonics afrangad Hed to 4 menalildtlsmedn Otia uskrgitebhiges i f a hi gh
update rate for the patterning device as a whole is required. [0005) The
conversi on ofahegised| Thednslationseidhedesired paticaintopppiopristsslemest steles el enent

states) to a Y .

(D1 g1 A1 - Co- RE s OHAES nd B ARER o AR P BRI Y Bt e 1
anal og vol t agscdriepord@igng a respeptivedement homi digital idduallt elekisatly toreans  of
one or nore anal oghi nput channels. Each channel can be a transm ssion

line, and owhdhievedhis figitpldp anglopegnviarsifn iv e maaperdhat peabies thpghicedfalb t he
transm ssiongines.it nma t.be possihle to,termnat hem .

characteri st?lgrélfalﬁfl.lr_l Pﬁ(?ﬁéﬁr& rb rleal)),astfég}mg ﬁ%l‘l’l?/el tg&gﬂp atg%%ﬁ E%SF%?’_&“& enents can
be -t her mal | ylosepewér dissipationewknoum cofdpldxing, Kbk kéliabAey anecranRhi ider

conbi nation contains a 30 V, | G4z op-anp wth a quiescent current of
about 10 mA. elgtifieal gplustmess. padhisra enst-pliective mago@. W f or 1000 channel s. Thi s

qui esce wer is_dissipated.|argel ) t ich can cause the array
of o ent0R0ECYS" e Hrdf iAo Rt mbr i Pl Ripiselor SRS TF PER G nat | on i 5
| ocated cl osgst@llioAend@ikida dénéRel 6 en bhd h@Baiumt. 1MKe clbmafsMissi on line
or lines. ASIC designs are typically nore efficient, but still dissipate a

consi der abl elcanigniatians) poneupda®d [O00R, Bnot equeptiablcenvarsivh OAG circuits
i ncorporating op-anps is that. .the feedback l.oop at,high frequencies
Lyptcally conrarEaaig Gl B e Lo R oL Y B MBS AR e g t o ¢ he
out put i npedanse pRblenieif APhigNRibdateahR! BE thi fdiernidteddiRuhs RfwiRACH el enent,
whi ch can have a | arge capacCitive elenent, this could result in a LC

resonat or tendiimg. to cause undesirable ringing. This could prolong

[0005] The conversion of digital control signals (indicative of the desired element
states) to analog control voltages can be performed by a DAC (Digital-to-Analog
Converter) remote from the patterning device, the analog voltages then being
supplied to the individual cells by means of one or more analog input channels.
Each channel can be a transmission line, and owing to the relatively high Volfages
being applied to the transmission lines it may not be possible to terminate them
characteristically.

[0006] Arrays of individually controllable elements can be thermally sensitive.
One known off the shelf DAC and amplifier combination contains a 30 V, 1 GHz
op-amp with a quiescent current of about 10 mA. This gives a power output of
300 W for 1000 channels. This quiescent power is diésipated largely as heat,
which can cause the array of elements to malfunction if the DAC and driving
amplifier combination is located close to the array to reduce the length of the
transmission line or lines. ASIC designs are typically more efficient, but still -

dissipate a considerable amount of power,




the settling tine for the voltage supplied to each el enent reducing the

update rate for the array. [0008] A term"wite action" can be defined as
the step or series of steps involved in supplying the appropriate control
voltage for a single elenent. According to one possible update technique,

the maxigygh) r equi RRSthEUBBSIenP MDA caekilsOmsorbofating opaimiris dfat éleeent s i n
an array of cells is equal to the maxi mum nunber of different possible

vol t age” val uesdifak sionp nag higbs frequsintics rtppjcallyi sontaine & Hignikignt $64cS ar e
supplied with that voltage at the s g . refore, i al | oned
for progr aM’ﬁdHﬂa%qel(cqrfFég%‘T‘ﬁ%ﬁqg? %?qqlﬁmpeﬁgpg@%ﬁﬁ%ﬁb%& %gylgﬁough to

al low for —al; P Dl RRMOvMEH LAGRVY RlaveScaphdtivEdnemdihisonldn 8- bi t
system up tg{eé@gﬁﬁg\%ctee actni’ons are requi red.g[ 0009] The required speed of

each anal og tespitin adiAresetataspEtiostospens undesirablg misaingof hisicepdpradongach channel
supplies and the update rate of the array. . A |ithagr.aphi tus for a
fabricating Hespingiupgior fheqgftage S(':‘B“haﬁlé?/éacgﬁlelgbe&’;{eggCng&éa%géﬁgﬁ%eﬁt 50 kHz
(giving abouFor%eZQ'ra? update period). The array of individually
control | abl e el"'enment's can have about 100,000 nmacro pixels, each consisting

of aboufg(d§] el eneAtierm Fadfe avtiar zapbxédfincdns thestepotsetes ddtepsingolsscthgl e unit .
Qut of the about 20 s update _period

_ . . g %gq?gm 10 .s islregyi red for the
mechani cal st upphinedhe apRiAPEate aol veleze Jeca sREs Clemfat S5 9 8l t age
supplied to ch.. O - f.h 6 driiee dcBosabi l e to
wi t hin about ° &zf&mgl‘eq{lgtﬂgétcor rqgcgz)’?he\a}gl ue Efrgigugﬁﬁ{g?gﬁt bi t dci Oi tal signal).

The sett!lingatcbRn & depatisénin apsnof delie ivedualito theImaxgreumpaimbet bk sl ew rat e
of  the vol tage output, the maxinmum out put current .and the capacitance of

the | oad. Fopifferanypossele wltagaisalies Assymina fBpse sails reqyiting the saBeNe1ags, o it 100 ns
settling Ui Mg I5oMRadath bl yRAEladALeR iRd! 2éefolO hdiAGkRTGEb: 100, 000

macr o pi xel s W n heref ore woul equi re "about 1000 anal og

channel s. [ 0@&f}antthinigSl1uRei€leintad héthin dohven hAShedoag enpughmuailostfannel s due
to the large nunber of required input conge tion§ to the arr ay, Thi s | eads
to i ncr easedall possigie pratog voltagsvekigs pisgequiedakPagn SAHEEBNIP Y-S uch a

| arge nunber of inputs can. l.ead to reliability issues, high power

di ssi pati on, Wk ?cﬁlglrlse%rseég‘{lhﬁretclhe requi red board space and probl ens of cross
tal k i njguobgr enceThetwperdcdpaedel 2ach analog input channel depends upon the

number of elements each channel supplies and the update rate of the array. A
lithographic apparatus for a fabricating a flat panel display can have an update
rate of about 50 kHz (giving about a 20 ps update period). The array of
individually controllable elements can have about 100,000 macro pixels, each
consisting of about 25 elements. Each macro pixel can be controlled as a single
unit. Out of the about 20 us update period, about 10 ps is required for the
mechanical settling of each element. For accuracy, the analog voltage supplied to
each element must be allowed sufficient time to settle to within about 0.4% of its
correct value (for an eight bit digital signal). The settling time is dependent upon
the output voltage span, the slew rate of the voltage output, the maximum output
current and the caﬁacitance of the load. For a typical op-amp having a voltage
span of 25 V, about 100 ns settling time is needed for each analog voltage. To
program all 100,000 macro pixels within 10 ps therefore would require
about1000 analog channels.

[0010] It is undesirable to have 1000 analog input channels due to the large

number of required input connections to the array. This leads to increased




[ 0011] For certain |lithographic processes, the nunber of elenents that need
to be individually controlled can be guch greater, for exanple 2.5 mllion
elements. In future this can increase to nore than 10 mllion el enents.
Additionally the required update rate is likely to increase, thereby

i mprovi ng th@xﬁeﬂﬁéﬁﬁ@‘&ﬁi&hﬁﬁ%s 8. Aadlmgmﬁﬁhma ﬁ%ﬁﬁﬂé?oflhf)utb arcl ear that
by persisting with the above techniques t requi r ed anal og

i nputs woul dleqdutcr:tkha}blbtafa@m brghmna/ge@bﬂlmtlopﬁmmqreﬁhmtbé wxuirgward s needed

|sasystemandrre tilizing,.a. patternin ans that is nore effective
e oy it Ete Mt D Betaiet crash BB el P e BB pod! went of ¢ he
or esent (P oot RRER P ot i HRGEAPBLFcABRALALUS GO | i no:

an illumnation system a beam of radiation, a controllable
patterning dmdm@an‘,lgnpmmﬂledgambe muchag/reatér fonekampde2b Irrylhouehtneoisl h)bl e

el enent s seréjlr“rllrg L npart the beanljvmth a.pattern m@ section, a
control syst t ‘érf&édn?%as@c}ﬁt‘??ﬂe #e H aflignglergenty i 1t10§a rate
table for suppghld Ml SHASHIA BindBfle RERLRBIHE RYBIAEHRRLRLO] ecting

the pattern onto a target OI"[IOI’I stra1 e patternl ng

device conpliihsgmphicpbptratus. tIyls&teaﬁ&mht@pththlth@mme teshuiquas theespect i ve
one of the i nd| vidual |y controllable_elenments and a respective | ocal
control circlimber@brequgid amlee inpuigeridguckly peegmecinmanage®ls ol vol t age

whi ch dﬁﬁﬁ?f“ nes fﬂ&efo?@%éétﬁ’s‘é@r{de«? ?%ﬁéﬂ?aﬁfﬁ?ﬁ%&%ﬁzﬁ %tﬂaﬁ}h&ﬁgpe el ement.

The control” systemis a voltage si par at us
further conpimksgshatisthepd e/ffecﬁhamﬁﬂno&rdfﬁﬁg&d to provide the voltage signal
to each cell. The control systemis further adapted to provide control

signals to the plurality of local control circuits. Each local contro
circuit conprises a first respect SEEMMARYI | abl e switching device,
connecting the circuit to the supply channel, and a plurality of respective
further electronic conponents and each |ocal control circuit is responsive
to the control signals to generate the respective control voltage fromthe
vol t age[08i3jnal . SAcdcdditg o deeartdiding:nt of thenatiear inesritnod) thernts pedviddde pr esent

i nvention there i's, provided a device manufacturing nmethod, conprising the

steps of . P%!?H@C APPAUBSEABRTEING; AB YRR R Sﬁﬂ%f%‘fsupaléﬂ%taih’iﬁmum ng an
illum nat
1 AR5 PRI AL Eo AL RGP 270

confrollable elements serving to impart the beam with a pattern in its cross-
section, a control system arranged to control the patterning device, a substrate
table for supporting a substrate, and a projection system for projecting the
patterned beam onto a target portion of the substrate. The patterning device
comprises a plurality of cells, each cell comprising a respective one of the
individually controllable elements and a respective local control circuit
controllable to generate a respective control voltage which determines the
configuration of the respective controllable element. The control system is
adapted to output a voltage signal. The apparatus further comprises a supply
channel arranged to provide the voltage signal to each cell. The control system is
further adapted to provide control signals to the plurality of local control circuits.
Each local control circuit comprises a first respective controllable switching
device, connecting the circuit to the supply channel, and a plurality of respective
further electronic components and each local control circuit is responsive to the

control signals to generate the respective control voltage from the voltage signal.




el enments to inpart the beamwith a pattern in its cross-section, and
projecting the patterned beamof radiqtion onto a target portion of the
substrate, wherein the patterning device conprises a plurality of cells,
each cell conprising a respective one of the individually controll able

el ement gpaaf a reap@sHingetol AfoRtler G Yot Bhent CfT hY i gresefOveRMidBle 10 generate
a respective control voltage, which determ nes the configuration of the

respective cprovidstl laadsiveecahamiartyringao¢thddeahprisong thelsteps ofuprovidingrpri si ng a
first respective controllable sw.tchi.ng device.and a plurality of
respecti ve 1 HIHEF BPRdineh et ShigURE esing RS IR Raior IR B8Ror i ses

provi di ng Vobérﬁ%ﬁaﬁk%ﬁﬁémh{g R c,[%x?xghsig%gﬁ‘éh ' Blgin‘aﬁﬁl?&da%r cOhigslBbR O the

plurality of [local control” circuits, eac ocal control circuit

gener at i ng t tlemeets peiotpavdhe ant with a pastetraigéts trasmstdtionyaidpagjectiiggieal i n
response to theg%ﬁ trol i&Pals. L0015 Accor di t o anot er,qugdinent of
the present PHEIRE WAT Hdadiatien o HP%ITIP?PEQ%r%‘ Hrade. IppETal

conpri si ng: kel s i.nald -Qf p i j.ation, a
control | abl eaﬁgﬁlggﬁgl‘ﬁgédgg@%%%ﬁc@%gﬁsﬂfﬁgﬁéﬁ&){g?’?g@no i %%%He%%eﬁl y
control | abl eor efrdrt mdividrally ngntrelldbimpalements eanldea mespedtivedocgbabhiesln in its

cross-section, a control systemarranged to control the patterning device,
a substrate tEBecogpllablsgenemly adesperive canterl valtage e dermings they st em f or

proj ecting téb%ﬁ%ﬁltaﬁSﬁ Reth an QOIﬁrohaﬁlggen%%féaap 1R é%?ro?& gl ate. The

control system’s arrangegﬁgépg gener ate respect’ive contr vol tages that
det erm ne t hemmifg gtiratregecife cesplaile ¥@itcloing rdelicalhé agplenbint st The
control systemconprises: . a digital to analog converter arranged to
sequent i ai | yreFRSeBYS durhstyelestinge spmpenets al Thesmgthod EBthee SEBREFSg to a

desired Contérgfid}ﬁ%l \;o‘?tﬁge si%rgall 'tot eatcfﬂgelghg{\{ﬁ(gﬁ%@drﬁ%?gg%eﬁ g)ltﬁé ]Ialu}a?i‘?f £ \é\D

shorter digi si"gna a supp rter signal” to
respective decalldonpbleditiuits Fagheadi nodal cetet eircuis ganidrabigetic respeaiiter ol a
plurality of switches connected to a plurality of voltage input lines. The
out puts of aopfrpkyoltage fam the vallageskmal ingntpenta tedhopgongrof sigaals.demul ti pl exer

bei no SRR, U L IALERAER Lot Boukh SuUBLT oFld BEBUIRL AR ALy tehes, all

of the uts being connecte toge e contTol Vol age, and

t he appar at ygofided helithogrphics kfigraus @BﬂFﬂﬁhg:aﬁﬁ ang@shation Ssyey f@ach control
vol tage to each respective elenment. 6 0016] According to yet another
enbodi nent SUPRIEEH bepanhef Tadiatiani aeontiedakle pstipning daireLodwvising an

manuf act uri ngra%tfri]ﬁ)(ﬂviﬁﬁgw éosnit%ﬂaﬁlg %le%;[e%%,s sé)r]:/ing% %’\Illlli)z(ljl'lt U2 Bham with a
pattern in its cross-section, a control system arranged to control the patterning
device, a substrate table for supporting a substrate, and a projection system for
projecting the patterned beam onto a target portion of the substrate. The control
system is arranged to generate respective control voltages that determine the
configuration of respective controllable elements. The control system comprises:
a digital to analog converter arranged to sequentially receive a multiple bit digital
signal corresponding to a desired control voltage, split the digital signal into at
least two shorter digital signals and supply each shorter digital signal to a
respective demultiplexer. Each demultiplexer is arranged to control a plurality of
switches connected to a plurality of voltage input lines. The outputs of a first
group of switches controlled by a first demultiplexer being scaled with respect to
the outputs of the other set of switches, all of the outputs being connected
together to form the control voltage, and the apparatus further comprising a

channel arranged to supply each control voltage to each respective element.




substrate, providing a beamof radiation using an illumnation system
using a controll able patterning devicg conprising an array of individually
controllable elenments to inpart the beamwith a pattern inits
cross-section, and projecting the patterned beam of radiation onto a
target 6] on of Atdrediny s tetadnethenhmbedimeat oftthe prastntsyedntionitherans anged t o
generate respectjve control yoltages, which  determ ne ghe cqnfiguration of

respective cBIVISHRdlsVice ot ngpethad eoraerising the §isps @ r%PY@B’@:a t he
control syst 418, VA 4 N cIWe]! i S
correspondi nglmtsggttg ﬁ@gglggllgr%b aggﬁitr %ﬁg’}@igg}atk %Eglé?”‘g%‘?“?ﬁr?ﬁé%eﬁg%g? t al

signal s i nt comiollbelaphttérnimgsieoict eom@tiging ah agbyobindividuafiplcghtagllabbech short er
digital signal to a  respective denultip|exer, each denult,ipl exer

control | ing &lemenis i imparidhe begmwitlea paticghinds cegs-srtignpnd paeiesipedhe vol t age
[ toli : t f: [ 3 j led b
(1ot demt: P Sni SRl S Aieoh ohi ¢ Biition A RIBRLEL MAGLEE [V © (e

set of sw t ch@fisol Goste@aCisi Mganakd t0f gdnbatouispediiset @pebhenlthgesf evhioh t he
control voltages, and sugpl ying the control vol ta%es to the array of
i ndi vi dual | ydeenming theatonggeirtom af sespeative zpatrlieblecilements yae materher
enbodi ment of, LAe. L esenty ] nvent Lo { BeHE Ry LA d&ﬂp@né bit H&%ﬁrﬂph' ¢
appar at us conpfrrsing: an 19 Y UCn 20T Sh SV et o s%pp I'ng a“beam of

radi ation, asigfiM étekphildergRatiiealeRiretcdt®y] EtagRMPlitiig We aigitabyigiays of
individually controllable elenents serving to inpart the beamwith a
pattern in i erlepsstwossbpiterdigitel signekotupplyingeashshodapdigittlsigshiordol t he

patterning device, .a trate, table.for su Ftin . ; , and a
proj ection s%?e@?hv‘? %?“‘ﬁﬁ}t’)%i‘%rc%ﬁr"ﬂé’% F’Hglpé%xte{ %Ornglgj_ l%eaa[%u%}ll o&zswlgbgset portion
of the substg¢@heeted Rea pﬁﬁlﬂlt?rofﬂlvﬂﬁagtﬁﬂpﬁﬁlimm&loﬁgﬁtsaoipé draldréyp of cells,
each cell conprising a respective one of the individually controllable

el enents andsvetohes petitdllgd bpACTisdt demultiplaes beingricaled vaihstespact $0 &Kr anged to

i d ive di.gital .signal h I CUj d h DAC
B reuit s aoPanyalfesBEide ot e Reur iy S atiRe bR O 65 age 1 om
the respectie &indol doltddedNahd @Bﬁlﬂ:@sﬂﬁcbbﬁm M0 €PNhé Qrrayobtt age

determ ning the configuration of the respective controllable elenment of the
cel | . [0018]indpednally peptrablablesidnidnts. ur t her embodi ment of the present

e e B o RN AR BRSS9 e
i I'1um nati onygyigh®m lilRLRAPhR Apparatus comprising: an illumination system for
supplying a beam of radiation, a controllable patterning device comprising an
array of individually controllable elements serving to impart the beam with a
pattern in its cross-section, a control system arranged to control the patterning
device, a substrate table for supporting a substrate, and a projection system for
projecting the patterned beam onto a target portion of the substrate. The
patterning device comprises a plurality of cells, each cell comprising a respective
one of the individually controllable elements and a respective DAC circuit. The
control system is arranged to provide a respective digital signal to each DAC
circuit, and each DAC circuit is arranged to generate a respective analog control
voltage from the respective digital signal, the respective analog control voltage
determining the configuration of the respective controllable element of the cell.
[0018] According to a still further embodiment of the present invention there is
provided a device manufacturing method comprising the steps of: providing a

substrate, providing a beam of radiation using an illumination system, using a




control | abl e patterning device conprising an array of individually
controllable elements to inpart the Beamwi th a pattern in its
cross-section, and projecting the patterned beam of radiation onto a
target portion of the substrate, wherein the patterning device conprises a
plurality of .4@llishle PaEME! devic® TBhpSliAYaRar BEOEAHIVIdRall P bentilablee
individually control'abl e €l ements and a respective DAC circuit. The

net hod f urt heememtspriimpes theireami withapaiternds fie ciossreectipiand praj¢cginathet o each DAC

circuit and usin ach C.circuit to generate respectivye _anal og control

vol t age froPﬁt?eH%dﬁ@%Iﬁ tr?%tll%ﬂ é%tf’&lmrg%g%{{lqn %@‘6158@53?%[’ :‘%Sf%?ﬂeog control

vol tage det 101 : o i t {sV plel abl e
ﬁ&d&ﬁﬁ‘&ﬁ%&%@%ﬁk@%@?@%f edlisthen E&F&lﬁfﬂrls\fr% £rBdPebtBle

el enent of the ce ng to yet a sti further enbodi ment of
the present bl individuile contsllpbleelededisand e mespottivald£C ghaeuitrTieng devi ce
conprising an array of individually controllahle elenents jnparting a
pattern to tWéthé’ﬁl%%h%é"@ﬂpé‘ﬁe%ﬁ’“&“%ﬁ%ﬁ]rﬁ?pecqvﬁ lﬁlct?logﬁg,nm%feaé};%@‘he
patterning deyj ¢ ' Al ] GRirbl voR&EPr i sing a
respective oﬁ}e{dugt?ngﬁgﬂgl?l%%\ql)l%g{r%ﬁégﬁ%/err%{eFgegkéeﬁg?gﬂdéﬁr%ts anc‘iJOa respective
DAC ci rcui t, fremctheDAGpdedivadligichapigdl. t dileemspoctiva anelopeanirok vdltagget al  si gnal
and to generate a respective anal oq% control val tﬁgg from tFﬁFreﬁrpecti ve
digital si gndgterminiag thesradigppgonabine geseestive 6pntiliapleqlemartt o e sFg t he
configu LPn of ,the.r [ | | . [0020]
Accor di L‘gﬁ? ﬁ yet %E%Ot?clhlng?cﬁﬁeﬁ%ﬁt\g?fugﬂnglg%?ér?ggﬁé%f) ?{hﬁ@%&%rg?%vgﬁlﬁﬁ]@g}:“ on there
is provided g pe@Aiddd ¢aitlotlalilaiphiesriing dedey éargprisiipn Staypfamliddualy of

individually controllable elenents for inparting a pattefr to the
cross- sect i oppngllablpslements for Hapastingn patigie faths ross-Speianedif l?f@‘b‘ét{]/i ce

[ lur.al i f ]S, : . cel . LSh: j f
Che'i nat vi auliiy8oile b bR BREN & e LB ESRAFT, POF ©

circuit contghpraileea trespgetiver afecoftheaadieiiublle comtrillable clumtitagedwhi ch
determ nes the configuration of the respective controllable  elenment, each

| ocal cont r ofesesciizePA G eingit sichdAC pring pdantediodesare arapsetrs digitel  swi t chi ng
devi ce operahle.to,connect the cirkcuj 0 I ovi de a
vol t age si gn%{gn‘}l (gmgi% ROATF a rgsrﬂ?c%vep “tﬁlr" Iclofft iglg‘foq{ra %g@g{]?@ge g(r:t%er

el ectronic  goRRRHAAL the r@@ﬁaix}ecaﬁalbﬁa@nidi 0bltagh detvintinieitteeoatiapated t o recei ve
control signal's and to generate the respective control voltage fromthe
vol t age si gnelithe japertive sertalbleeleeenapbthRéell.enbodi ment of the present
i nventi ere i r,ovi ded a_.devi.ce nuf act ur.e ' . d or
appar at ﬁ@z{)ﬂ acc 0%&3%881&,&0 Ypta stlﬂ%urther et potm 3t o%hedprgs%hﬂgve%tlgﬁﬁlgﬁ
is provided a controllable patterning device comprising an array of individually

controllable elements for imparting a pattern to the cross-section of a beam of
radiation, wherein the patterning device comprises a plurality of cells, each cell
comprising a respective one of the individually controllable elements and a
respective local control circuit controllable to generate a respective control
voltage which determines the configuration of the respective controllable
element, each local control circuit comprising a first respective controllable
switching device operable to connect the circuit to a supply channe] to provide a
voltage signal to each cell, and a plurality of respective further electronic
components, each local control circuit being adapted to receive control signals
and to generate the respective control voltage from the voltage signal.

[0021] According to another embodiment of the present invention there is
provided a device manufactured using a method or apparatus in accordance with

the above-mentioned embodiments.




t he above-nenti oned enbodi nents. 8 [0022] According to another enbodi nent
of the present invention there is provgded a FPD (Flat Panel D splay)
manuf actured using a nmethod or apparatus in accordance with the :
above-nenti oned enbodi ments. [0023] According to a further enbodi nent of
the preggnt) i nvenhididinbebeanother RibodESsht FGRO hrRkh@liventiiat fiRfenisng devi ce
for use in a lithographic apparatus as described above. [0024] Further
enbodi nent s, pfowiied ad®D GEited Pankl dHspied snashlacheedyisingeamethad enanpersis  as wel |

as the structure and operation of the various enbodi nents of the present
i nventi on, afneacﬁ%rgﬂ?ciet}’@ 'i%ﬁag%‘feé’?llamﬁ)é‘ﬁ%m‘ﬁwe?@f erence to the acconpanying

draw ngﬁmz\%! ef DRaGHiRE 0N RithbNSmBb@aWCROSS fegtteRt HRRA&In e acconpanyi ng
dr awi ngs, ich are incorporated herein and forma part of the

speci fi cat i oprovidetl asbnaoltabbmpeterninpdevienfoo diere ntlghegdraphe aprasatesds i nventi on
and, together vvi.éeh ah{g\)e description, further serve to explain the ,
princi pl es ofsEHRed 3DP¥fti on and to enable a person skilled in the pertinent
art to and Hs&, i i | i dnk t hogr aphi c
appar at L@Kgccor di ng e{rgﬁ 8%@“‘3%6@?‘%48{)&%? hv{rli%%g%‘r@fgéeeﬁ?péir%&%ﬁﬁdgﬁ. [ 0027]

Fi gure 2 depacwall a tHe strudtire iad optiraftidnadf theovaainas agbabments béthe paesenr di ng t o
one enbodi nent of the present inventi on.,grgo 8] Figyre 3 depicts a charge
col | ector ci FEeRton. gecdrsailbrg odei#b belanoyithaserenes 1o the a5FFRBHY M8hvent i on.

[0029] Figurg.4.depicts an array of charge collector circuits, according to -

one enbodi nment "the present invention. [0030] Figure 5 depicts the
charge collector circuit of Figure 3, in conbination wth a sanple and

hol'd circuit, accordi 1 ne_.enbodi ;ment_of thepresent invention. [0031]
Figure 6 depicts pri nggﬁeg%scgpgﬁgn?%d?wm&uﬁ%ﬁ ng a single ranped

vol tage source, according to one enbodi ment of the present invention.
[0032] foogsye 7 JERi £dcSmpParyinBdaWidgghivhigh arah&apmalet dgRiPERDfoaaE Ng

clredty part of the specification, illustrate one or more embodiments of the present
invention and, together with the description, further serve to explain the
principles of the invention and to enable a person skilled in the pertinent art to
make and use the invention. '

[0026] Figure 1 depicts a lithographic apparatus, according to one embodiment of
the present invention. _

[0027] Figure 2 depicts a distributed digital to analog converter, according to one
embodiment of the present invention.

[0028] Figure 3 depicts a charge collector circuit, according to one embodiment
of the present invention.

[0029] Figure 4 depicts an array of charge collector circuits, according to one
embodiment of the present invention.

[0030] Figure 5 depicts the charge collector circuit of Figure 3, in combination
with a sample and hold circuit, according to one embodiment of the present
invention.

[0031] Figure 6 depicts principle of element reprogramming using a single
ramped voltage source, according to one embodiment of the present invention.

[0032] Figure 7 depicts a time switching analog voltage programming circuit,

according to one embodiment of the present invention.




according to one enbodi nent of the present invention. 9 [0033] Figure 8
depicts a pul se width nodul ati on anal @g voltage programming circuit,
according to one enbodi nent of the present invention. [0034] Figure 9
depicts a digital to anal og converter, according to one enbodinment of the

Present gayent’ O“Fighr%%@elgi&mgﬁl&@%ﬁﬁﬁ mloBMRioh BLIY] Vdlagopedpentning | bed wi th

referen t he cconpanyi ng drawi ngs. In the aw ngs, |ike reference
nunbers may ¢irgitcadcerdinglenine eabodimehtiofithe prea¢ityngnfier.ar el enent s.

Additionally, the left-mpst digit(s) of a, reference n [ i dentify
the. dr all0Rg | n whFiehe Rodamsieroich uuRios Ferverat naPRIRh e o7

DESCRI PTI ON _ (xerivi g A 0036le, QR efifonor € embodi ments of the present
i nvention co?‘rprl ses providing a systemor nethod that increase a nunber of

el ement fgokbpt ar eThy ?gisézliﬂmdentﬁinmwllt anwobis kyscribed rveithe aefereage pthte rate of

the array. Additionally, the nunber of required hi eed. anal og i nputs
e i

. s
to the arrayadcempeeiieedrawings. dihs|deayings, bike refprancs elrgmg.\é %:Cg{ae and t he

maxi num update speed. of.. t h . LSa.d:0C ofes) e nunber of
ol ermont s wi ¢ HERTRLCappeyafy A dbfeh S ARBAGHL, Gy IR Aa ) e ng o

di gital sol UtdsQBndarRMibdechapYdenerst th draevthih which sheatferdnee prwberfirst i nvent i on
conpared to anal og solutions requires | ess power. This allows greater
flexibility appeh@bri cating the CMOS circuits local to each individually
controllable element within the array. [0037] In one exanple, the
patterning device can be divided into a plurality of groups of cells and

the I'ithographic apparatus ggupA{SED BESCREPTIONo! supply channel's. Each
supply channel is arranged to provide a voltage signal to each cell in a

respective group of cells. This reduces the nunber of required inputs to
the patterning device for individually addressing each cell. Each control
vol tage can conprise an analog voltage value allow ng for fine control of
the configuration of the respective controllable elenment. The voltage

ci roui + (@6f Conpr Fe2rF5isEhedimotl S Eateal b ARRPon IS BREMIARES!  CoThe”
control signglserd Qr HARSA R iReds€ 2PAGHBeY OF elements that are programmed

simultaneously to increase an update rate of the array, Additionally, the number

of required high speéd analog inputs to the array is reduced. The complexity of

the array is reduced and the maximum update speed of the array is increased.

Furthermore, the number of elements within an array can be readily expanded. In

examples using a digital solution provided by certain embodiments of the present

invention compared to analog solutions requires less power. This allows greater

flexibility in fabricating the CMOS circuits local to each individually controllable

element within the array.

[0037] Tn one example, the patterning device can be divided into a plurality of
groups of cells and the lithographic apparatus comprises a plurality of supply
channels. Each supply channel is arranged to provide a voltage signal to each cell
in a respective group of cells. This reduces the number of required inputs to the
patterning device for individually addressing each cell. Each control voltage can
comprise an analog voltage value allowing for fine control of the configuration of
the respective controllable element. The voltage signal can comprise a series of
different voltages, and each local control circuit can comprises a respective

integration circuit responsive to the control signals to generate the respective




10 control voltage by integrating at |east one sel ected respective voltage
fromthe series. Each voltage withinphe series of different voltages can
be equal to a full- scale voltage divided by a nunber |less than or equal to
the nunber of bits in a digital signal corresponding to a desired control
vol tage for gagR] ¢8ikdge bThhiSgraRhi@¥i K& ofe kaEdQ] feSsetivd Obltdge fidwe tivurber  of
wite steps required to set the control voltage for each controllable

el ement. [ 0088iks.| Bachiveltegeavihin thetshdescdidiffaent yplaess sarchagsupkie adulyi gi t al

address input _arranged. be hi gh en the voltage signal.is .at a voltage

| evel porresif@lr?diﬂlltﬁg?g%"“{igﬁ?ﬁa ef\i(\%ﬁﬂlaﬂof ﬁ%uaﬁog 2\ Fbﬂ%‘ﬁsf@rathat cel |

which is hi glosding ag'cbf%&?oh&llﬁ% t616SidsRed eoital Q/Elté@é' toagacK esll.eauls cell to be
Vv

built up fromthe FTequire olTage steps in the series of different

vol t ages. [ Op@9ides mlaogeaeductinpirethe aupberaiivirtty sterfs reqsrsd de baf gheedoael oni ¢
conponents caonprises: a fi QSt claquaci tor having first and second term nal s,
an oper at i on¥?1tagg fg1ca¢h eqntligla slement  and second inputs and an output, the
second bei n 0 Ul ghal@cSReRRc QRRAC hidEsCRpRect ed

bet ween[dtﬁﬁg]tfi rstgll,%r%ut a ég’ﬁﬁg%g%@pu aofct he oper%lt?i@onal %Srrp ifier, and a
second cont r gkdngbd ® tewigtchhdighelesliape sighalis aig valtagel lecd cpmsspoidingion whi ch t he
second termnal of the first capacjtor is  connected to .grqund _and a

desel ect post bitaesitian jinfherdigital sievabiy that cgll Cho‘Ftthqu ?]F’gra@f’wé?ﬂ?aci tor is

connected 1 0adfigq gﬁ% VBB oo 01 10 Bf:&aﬁhg 13in ARGt EoltakBRchd ! St

control | abl e sw as a select positionin which the first
term nal of intthesdrick st di¢Rpacivbliges.s connected to the voltage signal and a
desel ect gosition in which the first termnal of the first capacitor is

connect B93%b gr oulid OnEaeRPlcat PIRGHET Of Tespestive slecigpica AgRRNYCh that the
operation of the.fijrs n . r.okl B i i IS
cgnt roll ed bf/ontll?'flses aglhfsglcgpfgg&oﬂ&m%ﬁﬁ% aﬂ!i S?‘ﬁg(? :térm\}\#]ag%'a?lﬂoe& g%flé)?l'?gl |

e di ress imput so addr ess

i nput is hi ghmplifer¢@ing dlritalt eesondtiamits andigy o wips, theaetand input eaigect
position and the first capacitor is charged to the voltage of the voltage
signal , whencannected (gigrenndagispcerdcapagitar cprnerigdbetiecba fird MPatAnd ey t chi ng

devices are_in.t desel.ect, posidi.ojf h the first
capacitor i soutPliltaoﬁglfee?preé%lop %1 21%5,0%921”5%8%@%0@ gf’rj}i,laq}zeng&%?ﬁg% 9%5%:% series of
di fferent vohdvges sélbct gobitiod Gh tvdGeh GlegBedndltbeningll dfape fion dapsritoviput of the

charge anplifier conprises the control voltage for the respective
cont r ol | abl ecashegtedhio ground and a deselect position in which the second terminal of the
first capacitor is connected to the first input of the operational amplifier. The first
controllable switching device has a select position in which the first terminal of
the first capacitor is connected to the voltage signal and a deselect position in
which the first terminal of the first capacitor is connected to ground. Each local
control circuit is arranged, such that the operation of the first and second
controllable switching devices is controlled by the digital address input so that:
when the digital address input is high the controllable switching devices are in the
select position and the first capacitor is charged to the voltage of the voltage
signal, when the digital address input is low the controllable switching devices
are in the deselect position and the charge stored on the first capacitor is
transferred to the second capacitor, and after each series of different voltages of
the voltage signal the voltage on the output of the charge amplifier comprises the
control voltage for the respective controllable element.
10040] In one example, each local controi circuit further comprises a third

controllable switching device arranged electrically in parallel to the second




[ 0040] In one exanple, each local control circuit further conprises a third
controll able switching device arrangedjelectrically in parallel to the
second 11 capacitor controlled by a reset signal, such that closing the
third controllable swtching device when the first and second controll able
swi t chi ng devydpaéisoraiositrblled bya rées eighall syphshiti dosimnyhecthird gentsdlmbled on t he
capacitors is substantially erased and the control voltage is

subst ant i al | yvitehenadsyiceovhearts fist ang seopmi sontrallahls sPhingsRYICBI T M t ages for
cech Con o) Lo ) A SRR B R By S

programed W W ages. each | ocal
control circylid tht UbhtReIrvoHapPIs si8ftantRlly Reduded GRpA6 VORS. MhMiafigwa tifel 1 St
termi nal and a second termnal connected to ground; and a fourth

cont rol | abl ecantiol edltazgs dendack cemsrmiebiectenirnt iobe eraped bripjsuhe aras ple

oper at i onal lifier and the first termnal ,0f the third capacitor;
wherein the gl%‘ﬁ?tﬂf%8%@%?‘1:‘61%&?\&6?&9%@“ étggecsé can be sel ectively closed
to chargmqipe thipdon<aaghlb 0fach Jodd ot Rdifcuit Fuith@ecdthpridee DpgFd@t i onal
anplifier, the voltage across the third capacitor conprising the control
vol tage for tdpeciteedpeoyg i fiest casminadhdedeeonddereriesd coingeted Fegrowsl 4nd aThi s
reduces unnegessary variatian,in the control .voltage ., being applied to the
control | abl eﬁ)élftg rofiable fyviiehmg é“r"éﬁr SoRReRgd c[i%‘f'eée.% lﬂ‘?eoutpﬁti Pﬁaﬁe

apacitor
can conpri seqthe;dniiPihp ARG RO Eet Alrmidde of BRABRH IS caEAtYIRMiAMe el ement.
[0042] Alternatively, It)he control signals can conprise a digital address

i nput and afodithicomttol mblersatitchmgrde sivo el iegeledtiveldssaddo cliaogr the thisdol t age f or
each cell, each |oca contrql circuit being arranged to receive its :
Cespective drgRuier (g RUPY YPlfagE P eperatona Rl (Lot valfpar B out . Thi s

al ternative ﬁ%%%)m} cgﬁgﬁﬁﬁﬁﬁgﬁﬁﬂfol aMERt {oprﬂhe Rlsh&Mfe fc@ﬁtrcﬁlal%!é{ ﬁley

digital solution to progr g each control i

able elenent wth
requi red contlemént\fot thaeell. I'Thit tedugmenehsceshiagi tagiatiso fruthe snntrdleroltagsal cont r ol

circuit operates at, a | qw volt , .for exanpl e about 1..8v. equent |y,
The. armount  BnGERed i 08 chReliTE etpRen SRER S1cb o anEiiRL Y T Thi 3
reduces the : | i i ng

devi ce. [004%?@%%%?%&%%@9%?@??& t Cltrt@g%gfgﬂtﬁik\%‘geéb%:%meﬁgﬁ?ée{%?re@sm t chi ng

devi ce can bdemedgnnect ed between the supply channel and ground via a fourth

capacitor, the first respective controllable swfching device bein
Cogt r ol [OQGZ]by an 1?%@@?@ thecontrol s?gna s can comprlseadtlgltal agdress\llnput and g

a digital signal corresponding to a desired control voltage for each cell, each local
control circuit being arranged to receive its respective digital signal in response to
the digital address input. This alternative embodiment of the present invention
allows for a purely digital solution to programming each controllable element
with the required control voltage. In the purely digital solution the local control
circuit operates at a low voltage, for example about 1.8v. Consequently, the
amount of power dissipated by the control circuit is minimal. This reduces the
amount of heat generated in the controllable patterning device.

[0043] In one example, the first respective controllable switching device can be
connected between the supply channel and ground via a fourth capacitor, the first
respective controllable switching device being controlled by an intermediate
.control signal and the voltage across the fourth capacitor comprises the control
voltage for the respective controllable element. The fourth capacitor can

~comprise the input capacitance of the respective controllable element.




control signal and the voltage across the fourth capacitor conprises the
control voltage for the respective cqntrollable el ement. The fourth
capacitor can conprise the input capacitance of the respective
~controll able element. 12 [0044] In one exanple, the voltage signal can

conpri sgnmyol t agg M@%%arﬁﬁﬁn'tﬁéJQSItég% ﬁFﬁa@%ﬁ%&@rﬁB%%lt@é@%@&sl vely over
a predetermned tinme period each local control circuit is responsive

to the cont r olagsiugiead manlgeitewhmgemeogrmlvely@ypmrﬂ%emmdﬁﬁne resiotlage by
controlling a 0 ratjon of the r e first controllable
swi t chi ng de@‘?dtceé‘n?a[}’%?]rfﬁnir Gt ?SJBSPO?WV%tOﬁE%& ﬁgLﬂﬂﬁlS 9 dgf tth ol ution
for progranmmgd chb@cf&ﬁfbg lEJQf’ca @y%%ﬁ@olhﬁ%a%rﬂﬁé SfopRiiRa of @fe @%Etﬁ@ | abl e

el enent s subst tial aneous y Dy separately tapping a conmon tine
vari ant i npuﬁrs$c<g11|ﬂalllab1e swttehmpﬂa:\omdtah]g the pmxoﬂoﬂ"hﬁaJ&WId@rfDrmlmlﬂ e el enent.

The plurality of ective further electroni.c co onprise a
down count efo! ‘étllqnatf? %gfaglrpglgéhq,@ngrﬁquﬂaéfi g2 lgﬁgﬁﬁﬁ cf’mégli:}’!?fq od of tine

proporti onal %l{f:ﬁenlrs Q‘ﬁbé@ﬁt%ﬁya El%eghﬂ* tbgls ?dr&@@l tafa]glﬁg‘at SndbRfimef the

predetermned tine perio rst “control | abl e swi tching
devi ce. [0045dr1alnn1np[1931§m€1mpﬂ'e apph@rlfajertﬁne foo ebchoddnarbllgbls wietehni. n"&ledew ce can
be closed from the start of the {eﬁdeterm ned time periaqd. This approach

al lows a | onBlUBHHY 6f refpectiveniiriigs cleREOTH FPIROBHTREM SPMPESTH up to the
| evel of the yoltage, ShiaAkeive gtd?%ﬁ?#g a?lvya’lt Bﬁ!ﬁ?& bfl;t 50psLighdi apl e

swi t chi ng deVice can be arrange ef ore It 1's reopened.
In the latt efhetvhlae\zsﬁdhtea@etamigm&omhhe sftmofﬂhe pmﬂatenmmed tidepsrisihéndvary as
much during each programm ng cycle. [0046] Alternatively, the voltage

signal can cepgrthafrs C%Tot“é S&‘i‘“@@%ﬁiﬁ‘é}ﬁ?l ally constant magnitude, each

| ocal ﬁm&gfhec' rEYt o8 Ll ReRrstcd ?&Bﬁ@%%ﬁcfﬁﬁ&%l Q13 be IERBHREOT arra anged

to cont first Gt ve cont ng device, and

control si gntcmleStaﬂro@metﬁﬂ@iemﬁﬂedmmhem Bhis approavhgddws a latgtpericd o t he duty
cycle of each PWM control signal. This provides for fine control of the
control vol imgdosihspioneh crpacdar ko ekaies 8P |t%t§1|*f‘ele§1=1e9feﬁlit3 voltagstignali ng| e

vol tage 1 analienb A0 Ik e SUALIRIBARAABNIS Q! NG AEESENTo biggent  on, the

vol t age signa I'se a series eren each | ocal

control cir cghoktlycluTpreiisie Seopendde Ip €t laneg theNod@peidren th& foOttthapaG&mer ating the
respective control voltage can be done by integrating at |east one
sel ect ed r esfrEsnpleaty 8¢ maghe dringngach progepmaing gycle.

[0046] Alternatively, the voltage signal can comprise a voltage of substantially
constant magnitude, each local control circuit comprises a respective PWM signal
generator arranged to control the first respective controllable switching device,
and the control signals from the control system are arranged to determine the duty
cycle of each PWM control signal. This provides for fine control of the control
voltage supplied to each controllable element, from a single voltage signal.

[0047] In certain embodiments of the present invention, the voltage signal can
comprise a series of different voltages, and each local control circuit comprises a
respective integration circuit. Generating the respective control voltage can be
done by integrating at least one sclected respective voltage from the series in
response to the control signals.

[0048] Alternatively, the voltage signal can comprise a voltage whose magnitude
is arranged to change progressively over a predetermined time period.

" Determining the respective control voltage can be done by controlling a timing of




response to the control signals. [0048] Alternatively, the voltage signal
can conprise a voltage whose magnitudgy is arranged to change progressively
over a predetermned tine period. Determning the respective control

vol tage can be done by controlling a timng of 13 operation of the

respective fpp&hticinsttthOtdsgdetite fivk tGttioNgbld ewitciing Aeviesiasgeniedotte control
signal s during the perio &8049] In one exanple, the voltage signal

conprises a 9@toAgEnys dutingsthametied. | y constant magnitude, each |ocal
control uit c ri ses ctive PWM si.gnal enerat,o anged to
control [@ﬁgfr espe n%) Eet’ ﬁfﬁﬁgﬁf flglb%lé%w P Y §%9f %‘gjs{anﬁﬁl[yer ni ni ng
the duty cycighs@ht ﬁ@@hﬂﬁ%a@@l&ﬂ%mﬁjwiﬂ&ht c%ﬁ-gbn@c% adepective PYESIRQAEE to the
control signals fromthe control system I n various exanpl es and

enbodi nment s, geeet@Adadzebiopants! ﬂlewpmlﬁrsttchampll@b&ﬂ/aw@m deTiees al l ows it

to befabr'cted much. cl.oser to_t tho kn mal f uncti on due
Lo over nont | DA e 08 Shoit eeadE PN et st Sanths AFRE rBRER D t s

aspects are gfb @@ﬁ}ollsfgngglfgonpﬂg@Cgﬁr(nggst&ﬁqw ring buffer anplifiers.
[ 0051] In one exanple, 'each swtch can” be connected to its respective

vol t age[005Aput | | mevarioas axangdes drat embdiimeds,i the OrA8C doripetes &ds powethe fir st
group of swi tches beij I er_than the resistors connected to the other
set of swi tc\ﬁvégin%ﬁ%pg?y%%selm i R4 BRSS9 DR 0% o e ey

schemat! cal | ¥idGREkiSe HfruhtddO0E AN PHARRRT ALHAIANRRR perlRRI RN Of the
i nvention. The apparatus conprises an 1| nation syst a patterning
devi ce PD, arcquipst rBoth dfaldse a¥ifectsaare ankeastlih eart @& tanet raqyiriog bnfﬁnon system

PS. [0053] The béllum nation system (illumnator) IL is configured to
condition a a’?%[ %@%ion beamB (e.g., WV radiation). [0054] The patterning

devi ce ‘ﬁ@ci]e B’bn%re& f%f eéc’ﬁ%'v.}{fhﬂ‘dé‘ﬁ by c&r%f:treg'tcﬁ ﬂ?ke% ec‘%ilvggpﬂéﬁ rodul at es

t he projection beam néra e position o ray di vidual ly
cont r ol | abl einphtelirentis avmeblbtohethé FesBtbrs ebmdeted th ohd fist proopedisinvdiohayst em  PS.
However, it can instead be connected to a positioner configured to

accurat el y %@ﬁltar&ﬁﬁthaﬁéheaﬁeﬁlavr%qonnwwdhwhyr wbat $9I9hgh| e el enents in

accordance with certain

Exemplary Systems and Methods

[0052] Figure 1 schematically depicts The lithographic apparatus of one
embodiment of the invention. The apparatus comprises an illumination system IL,
a patterning device PD, a substrate table WT, a controller CR, and a projection
system PS,

[0053] The illumination system (illuminator) IL is configured to condition a
radiation beam B (e.g., UV radiation).

[0054] The patterning device PD (e.g., an array of individually controllable
elements) modulates the projection beam. In general, the position of the array of
individually controllable elements will be fixed relative to the projection system
PS. However, it can instead be connected to a positioner configured to accurately
position the array of individually controllable elements in accordance with certain
parameters.

[0055] The substrate table WT is constructed to support a substrate (e.g., a resist-
coated substrate) W and connected to a positioner PW configured to accurately

position the substrate in accordance with certain parameters.




paraneters. [0055] The substrate table WI i s constructed to support a
substrate (e.g., a resist- coated subgyrate) Wand connected to a
positioner PWconfigured to accurately position the substrate in
accordance with certain parameters. 14 [0056] The projection system(e.qg.,

a ref T agfysgp Pr of Pl hfkoli6 Sy ), MSrhaive PRéjbaonand oysid) ST the beam

of radi nodul at by the array of individually control]able elenments
onto a tar getonfigutddampiGiecethg beans ofipdiagbmyodwlated by the peaxioidedividsgllyt he
substrate W [0057] The illum nation sés&im can include vari OHI%S)types of
optical conpédioflable cleeRts Qutqatprestperiian Ll EUERVRIE PREgH &6

el ect romagnet j rostatic or other types of optical conmponents, or
any conbi nat %){)t?iletsﬁdesﬁg%fﬁ for directing, shaping, or controlling radiation.
[0058] [ous7} er m " Phé fllemiatign destért ead incisdelvArenstypesifoptich! bempmsaldl y
interpreted as referring to any device that can.be used to nodul ate the
cross- sect i opuchfasgefraciine efleriivee BRENeiiGe Hlegfomagnetics £eSasaus PLPH n 3 tar get

portion of t E'%BSZ (gf?ﬁ%&rig@tcﬁgpbﬂentss %Pgﬁ)pco%lﬁbgfoﬁ%ﬁé@} fol BRedR! §hapingparted to

the radiatio exact correspond to the desired pattern in

the target periédn@BliRkg ridigigibstrate, for exanple if the pattern includes

phase-shifting features or so called assist features. _Siml arb%s, t he
t

pat t er n[&%8ht ual | Jheyerre i patteeningdevice, Jsedierein eropisbetsradbonics¥pis o the
f i i ndi i ] I I abl
Eeronts. - Thidertig hang REvieR I fonclh bt BIARKIAL ' Chad RRomoriat To) 1 271

el ements. Thf e event ual

pattern for grehtidn beas subRES tofredth @ patidda i Ataggelt pottionlof thepsubyteate.dt gi ven
period of time or a given nunber of exposures during which the pattern on

the array of shoultl bd mited thyt the patiera limagied te thefadiponbrammay At $8Ftt i ve
Phe target porTsaiole MrcdSRLERte! (e ey FaBbhs g SubatdeTnn: b pated on

the target p espond to a particul ar

functional | aygkplé F g He¥inGEcIB@IsHla ditiegfoafurdshe sé callgébssispfonturan, such as
an integrated circuit 'or a flat panel display (e a color filter [|ayer

in a flat pafwhilatlysthe agtieon eeentuallyy gendrated pahg F@ﬁ@étg h‘iﬁ’é?’t Gogrespond it panel
O 3P0y SRTRER By LS B SRR 5 BB St Cl>
arrays, grat bRghehis9MThis\ah ¥€the ABin dn(atafpdnddns in which the eventual pattern
formed on each part of the substrate is built up over a given period of time or a
given number of exposures during which the pattern on the array of individually
controllable elements and/or the relative position of the substrate changes.
[0059] Generally, the pattern created on the target portion of the substrate will
correspond to a particular functional layer in a device being created in the target
portion, such as an integrated circuit or a flat panel display (e.g., a color filter
layer in a flat panel display or a thin film transistor layer in a flat panel display).
Examples of such patterning devices include, e.g., reticles, programmable mirror
arrays, laser diode arrays, light emitting diode arrays, grating light valves, and
LCD arrays.
[0060] Patterning devices whose pattern is programmable with the aid of
electronic means (e.g., a computer), such as patterning devices comprising a
plurality of programmable elements (e.g., all the devices mentioned in the
previous sentence except for the reticle), are collectively referred to herein as

“contrast devices.” In one example, the patterning device comprises at least 10




[ 0060] Patterning devices whose pattern is programmable wth the aid of

el ectronic nmeans (e.g., a conputer), gych as patterning devices conprising
a plurality of programmable elenents (e.g., all the devices nmentioned in
the previous sentence except for the reticle), are collectively referred
to herei n asprogeoithilis tledRMisCE€B., at lbast 00F aCkastnleo, dt haspriooeranisag devi ce
conprises at |east 10 15 programmable el enents, e.g., at |east 100, at

| east 1000, é@OQOQa«'sttieafbW,OO&torlaé@&t10@@@@@@@%@%&@1@1@%@000, or at |east

1000000 gra ble el e ts. [0061] A progra bl g mryor ray can
corpr 1 SV PRt BB e o) S en RS SRS e bR BT of T ayer
and a refl echaiwgy & Wistaifstic EhRrd1aief altl 4 Refleptive subfBéY. MrheVasid paiRcippar at us is
that, -e.g., addressed areas of the reflective surface reflect incident

| i ght as di f behaed sushlangipparaivtias Bat euneaaddressededeagrof dke re@pdtivetsurfpesci dent

|l ight as undiffracte L.ght . i.n . ropriate ati;al filter, the

ungi ffract ed"eght™e HJ[ E‘gﬁtf | Hséélf%%e%[]ltgﬁgfwﬁ'ﬁ Sr‘éqaldajgefseeg ‘gg%’?n{eh%gavi ng only
the diffractRglichi ahht 4Oun@AF MBS UNSSARER apbfoptiRieSspARANEHker, tlte beam

becones patterned according to the addreSsing pattern of the
mat ri x- addr essdifitasteduight cen bpdUBd out ofith¢ rdflected eewi dtasthgtdndit theas an

alternative, ;the fjlter can fiJter, out the .diffracted, light, |eaving the
undi.f f r act eddlitfﬁtgbcmd hlgl%r _E’a{:e}’i‘df‘ﬁ F §'ﬂh§gﬁﬁeatg‘. _ﬂ’[“coﬁhﬂé’?erAﬁheaP?aingﬁ}’OWSf f ragt i ve
optical MEMB,f@Yicaascditing QR Akt ndBARANGCAL mah¥SLRMIMIE GRfke cAN al so be

used in a correspondi ng rmanner. In one exanple, a diffractive optical MM
devi ce {62pnpri skadvillfbecapptoarasdd thyt, ef anr altdrestivieythe filteb carsfiltérlvat thean be

deforned rel atjive to.one another to forma grating that reflects incident
light as di f%&%ﬂ"é’dlghitgﬁgf".m% @ﬁf‘fﬁaoﬁ‘ﬁ{lﬂ&ﬁ’ém ’E&P‘Elbﬁhgé'l‘l?s\t?éteexarrpl e of a
Progranfse M I 1 R a@hY S0 fIREQYShiidal NIBMS devRes GRIRITARL ro2hedtaflifalM r r O S,
each omh?ﬁh can gg ?%?ﬁl\}%é 3) t?l ted a é)/ute ﬁgi% axi smbyeaf)lp Efli ng a

sui t abl e | ocakieredbvdescdaniatsofticalsel inarcolrgspenapingymanger. dh enoetagqgile,jac act uat i on

neans. Once in, the mrrors are matri x-addressabl e, . such, tf hat addressed
mrrors ref @?@acaﬁe P%W?éawawe?m%%ogﬁpw W?fg’F@?ﬁtlveﬁﬂt’%ﬂ on to

unaddr essed ¢ LA §a di h SelFBRNES onet f ' patterned
according to ttLe a(ﬁ;%gg%g?l%%%atte%nongf%k%?%ﬁﬁ%aﬁmgggfgﬁﬁsrrors. The
requi red matincidediphessdiffgactaiiighe per f or med using suitable electronic

means. _Mbre information on mrror arrays as here referred to can be
gle aned(00p4; A further alternative example of a programmable mirror array employs a

matrix arrangement of tiny mirrors, each of which can be individually tilted about
an axis by applying a suitable localized electric field, or by employing
piezoelectric actuation means. Once again, the mirrors are matrix-addressable,
such that addressed mirrors reflect an incoming radiation beam in a different
direction to unaddressed mirrors; in this manner, the reflected beam can be
patterned according to the addressing pattern of the matrix-addressable mirrors.
The required matrix addressing can be performed using suitable electronic means.
More information on mirror arrays as here referred to can be gleaned, for
example, from United States Patents US 5,296,891 and US 5,523,193, and PCT
patent applications WO 98/38597 and WO 98/33096, which are incorporated
herein by reference in their entirety.
[0065] Another example PD is a programmable L.CD array. An example of such
a construction is given in United States Patent US 5,229,872, which is

incorporated herein by reference in its entirety.




exanple, fromUnited States Patents US 5,296,891 and US 5, 523,193, and PCT
pat ent applications WO 98/ 38597 and W98/ 33096, which are incorporated
herein by reference in their entirety. [0065] Another exanple PDis a
programuabl e LCD array. An exanple of such a construction is given in

Uni ted Figgeps Pat ¢Ré 1S gmipBit hpBdrdius\Wah 6bmbsse dnkermpat abmehshadeiies. by
reference in its entirety. 16 [0066] The |ithographic apparatus can
conpri se oneFor cxamplectintanakavedeplusely ®orrayx ipnéividuelly santeables plurality

ndependont | §BERSoHn soNied iifRpniRn Gy oL AR RO bR G o (e
arrays of ingini dual biine aRhysifliall RlugleoRbHaklaBlehays cah hheaglleasone of a
comon illumnation system(or part of° an illumnation system), a conmon

support st r uoheip€afomndreilmisgtenodysiemdiovipdtiaiflap Hominagion systems| enent s,
and/ or a common projection system (or part of. t rolgction system.
[0067] In an“¥RERPS ,P‘%%PHC%%E %Cﬁg]‘%ﬁ%}) i Vlﬂ%%ﬁc‘%’é‘ﬁjoﬁ%blifféﬂ}%%m t he
substrate W RQas Accihsh 9§bﬁécﬁbhxys@érﬁ@l@& FRanfojedmid §8Rkl)y with a notch

and/or a flattened edge alfong part of ‘its perineter. 'In an exanple, the
subst r a{@6lhs a phl angaambple, sivhpethcempodingent dapicierbiniFigure halhesubfto®68] | n
exanpl e where the substrate has a substantially circul ar shape include
exanpl es me%hﬂ%s%ﬁg‘ﬁﬁiﬂ%@} shang; %ﬁ’ﬂé’t"ét’y Hf%étnqt@h@%m%ep exanpl e
at least 50 i abr, | Bl B bR hasl 2ol | east
150mm at le etﬁﬁn#sﬁz%%%lt@ﬁg@ga%t r'200rrmexat9I éagt 250nmasor a cieast 300mM
In an enbodshwpate.g.| hecaupshr diape.has a di aneter of at nost 500mm at nost
400mMmm at nost 350mm at nost. 300mm at nost 250mm at st. 200mm at nost
T5omm [0968host 1 Burel wairs fsStbo i HSpoBeH IR BRAIBEL RGP t he
substrat e | ScANENAe iR sl GRANAMNRer JrAFlHA DS ABP LG LS © al | east

one side, e.gQ., east 2 sides or east 3 si of the " substrate has

a length of Rhstl50asth, & ast Bagn,, at &asl Wdatm 26 ast 186mine asleag0Stmnyat | east
100cm at |east 150cm at |east 200cm or_ at | east ZSOCdBHHLO%O%H)In one

exanpl e, at leatist7o9H8: & Bastod00mHe. alylsasty 20 & leasigl st
1000cm e.g. em@&diﬁ%ﬁt{, th%@?%ge?ﬁ%s TOFim R AT mBlt S6B G, 3PRA6N408n TSt 250Cm

at nost 150Cim or a
most 350mm, at most 300mm, at most 250mm, at most 200mm, at most 150mm,

at most 100mm, or at most 75mm.

[0069] In examples where the substrate is polygonal, e.g., rectangular, include
examples where at least one side, e.g., at least 2 sides or at least 3 sides, of the
substrate has a length of at least 5cm, e.g., at least 25cm, at least 50cm, at least
100cm, at least 150cm, at least 200cm, or at least 250cm.

[0070] In one example, at least one side of the substrate has a length of at most
1000cm, e.g., at most 750cm, at most 500cm, at most 350cm, at most 250cm, at
most 150cm, or at most 75cm.

[0071] In one example, the substrate W is a wafer, for example a semiconductor
wafer. In one example, the wafer material is selected from the group consisting
of 8i, SiGe, SiGeC, SiC, Ge, GaAs, InP, and InAs. In one example, the waferisa
II/V compound semiconductor wafer. In one example, the wafer is a silicon
wafer. In an embodiment, the substrate is a ceramic substrate. In one example,
the substrate is a glass substrate. In one example, the substrate is a plastic

substrate. In one example, the substrate is transparent (for the naked human eye).




[0071] In one exanple, the substrate Wis a wafer, for exanple a

sem conductor wafer. In one exanple, Itthe wafer material is selected from
the group consisting of Si, SiGe, SiGC SiC G, &As, InP, and InAs. In
one exanple, the wafer is a 111/V conpound sem conductor wafer. In one
exanpl e, the naheexdnsple, thsd dubstoate iswafored. Ih nneexaerpby thiersebitrate ihebsabstrate i s
a ceramc subst[ate. In one exanple, the substrate is a glass substrate.

I n one exanpfé®%he substrate is a plastic substrate. In one exanple, the

substr a{[@ﬂ?b trangpaps egsfo%hetsﬂﬁsnl%%gr\{%'&% ,tSXI?éxte&t,?canldeéﬁt'aFe.%Z(a”pl e, the

substrate 1S colored. I'n one exanple, strate I s absen col or. -
[0072] The t bheheebstraaé niahtiabubiBsrthé sulsame \danynséond, i onaexaeienhe can
depend, e.g., . on the substrate material and/or the substrate di nensions.

I'n one exanplucknepds ailpgst Rysa.¢-g. <t kopst 188, atdggst 200gm, atdeast FMm. fhom  at
| east 200m g, @@%ﬁéﬁqgﬁgq@hﬂ I?l Saedkst ?‘Ub?x " ﬂﬁ%é)&ﬁg)tle QBN RE ot | east

600gm | n one exa ness o e substraté 1s at nost 5000m

e.g., at nostheFbage isat moRSV0RIRBY., /imd¥03300ui] 20RpstatO0MBLat IREOM at nost
1000m at nobst 800m at nobst 600gm at nost 500m at nost 400gm or at
nost 300gm [ 8993}, arpmessdumasienpsil8pdum, at masePum, chmopedtYIrBt 85 sed,

before or after Qsure i-n for exa track (a tool that typically
applies a Iailneors‘E 0 ”Fnégl{@PSttdgﬂﬁmsarbagtl?%Pg&”%d devel ops the exposed resist),

a met roligug] t ool , TRAGURIrate fefbri&E Gbreitak BOprocdsted, Bulsre @xaap beposarel €si st
| ayer is provided on the substrate. [0074] The term "projection systent

used herei n #hivukxkiyde bireeki(ayoolibas tymently @pplies adexes aprsist g sabsfratsype of
pr-oj ection sys including.refractive, reflective,. catadioptfic,

Tmohet i c. ol S04 FRiGEn i Pand "G b e melPloel Sootlokf uyBERESE My

conbi nati on pheseaiple, dTeARNERPIs R6EIEDSN thBuikaRsUr e radi ati on bei ng used,
or for other factors such as the use of an imersion liquid or the use of

a vacuuf@®74hy uséhofennfiprojestion Systenj ased kemein shoatd hedreddly isterpreted aonsi der ed
as synonynmous with .the re(ﬁener | ter{gn "prgiuﬁcti f¥5tefp t 0075] The
proj ection s§ETCEHEAR FRag®ChS PETHRY WoSH- (He"UPe éé}?a&l PGy aGal 1y
control | abl ec8hBHRAE Smagith ddabmbhiftRahd Slefrdstatie @PAELRYomd, oF s on the
substrate. Alternatively, the projection system can i nage secondary

sources for whhihatidnghereb® apanpsopoiate foethe exposursiradintien/baogiidest, wdoit r ol | abl e

el enents act as shutters. In this . P
other AC1rs suck as the use of an immersion liquid or the use of a vacuum. Any

use of the term “projection lens” herein can be considered as synonymous with
the more general term “projection system.”
[6075] The projection system can image the pattern on the array of individually
confrollable elements, such that the pattern is coherently formed on the substrate.
Alternatively, the projection system can image secondary sources for which the
elements of the array of individually controllable elements act as shutters. In this
respect, the projection system can comprise an array of focusing elements such as
a micro lens array (known as an MLA) or a Fresnel lens array, e.g., to form the
secondary sources and to image spots onto the substrate. In one example, the
array of focusing elements (e.g., MLA) comprises at least 10 focus elements, e.g.,
at least 100 focus elements, at least 1000 focus elements, at [east 10000 focus
elements, at least 100000 focus elements, or at least 1000000 focus elements. In
one example, the number of individually controllable elements in the patterning
device is equal to or greater than the number of focusing elements in the array of

focusing elements. In one example, one or more (e.g., 1000 or more, the




respect, the projection systemcan conprise an array of focusing el enents
such as a mcro lens array (known asjgn M.A) or a Fresnel |lens array,
e.g., to formthe secondary sources and to inage spots onto the substrate.
In one exanple, the array of focusing elenents (e.g., MA) conprises at

| east 10 focusjcingr®@dtdut @adh) of @t fbanfly doleritodhshelaaapnifsfocaing east 1000
f ocus el errents at | east 10000 focus elenents, at |east 100000 focus

el enents, orclamentasn beoopOBLY faseasiated stitinene. on more Ré thg anpyidualiphe nunber

of |nd|V|duaII el enent.s 0N A |s equal to
or greater tﬁoéﬁmflobq ﬁl%% 116%“@3%%#‘%”&“@% gt%haenkf ?'nlelgglrltgg Cvg f ocusi ng
el ements. | N2 @RgoexXanik @ndlﬁiﬂﬁalgfcdﬁ%ﬂat(l@elgment%@x@ﬁle%aﬁﬂvfemdﬂ/ﬂd@alibﬁ

majority, or about each) of the focusing elenents in the arragﬁof f ocusi ng

el enent s cancdrobphle elameptsamich s Howrong 1 ¢ oere, ldrormnre 28for mees, £hefi vi dual |y
control |l able el e in rra i ndi vi ntroll e el enents,
SO O o oSt TRBY Brond of 1 of sk gt SRbflbabs MIERE BPERte T ho
array of i ndiyyheualsk ¥F ack @RS Pt IR 18 (R BRRAGS afd GWapfom tRE siRfrfe, 5 Or nore,
10 or nore, 20 or nore, 25 or nore, 35 or nore, or 50 or nore. In one

exanpl e, thee. Mmlmﬁhmma)lﬁbee Qlemgre actuafordy Defieg ﬂ:é@tooﬁo‘artﬁlaé»ﬂmm argt | east in
the direction to.an thesbtrate t he use of one or
nore act uat o?@ayf@?ﬂﬁ ’@tet OPf‘ﬁveegt éOIWSA" tné%gmg%\z‘:\@aﬁ“flgmql?lvee substrate
al l ows, e.g.hek@sihRCUs adj ustment without having to nove the substrate.

[ 00761 As herein depicted in Figure 1, the apparatus is of a reflective
type (e[0#76] enplAyherginalepetddaotiguee arthayppafatmsnslnf/a deukblwe yphierwl | abl e

e i oph e Sl b TRRRRG SR Sl Bl P
el ement s). K ng two
(dual st Zige[{ﬁgzqzll aﬁ%{r}iczlglugeg '? géﬁgﬁ?fg%@@gﬁé ﬁg%ﬁ@ﬁ%%ﬁ@ﬁ?g@@v Imaghi nes,

t he addi t i onalindishiuely corrvllbee ebatknish) paral l el , or preparatory steps can be
carried out on one or nore  tables whi b‘hP ne or npre ot iqer t abl es are being

used fol00¢¥hosur elhq WHogErhin 8PPATENG GRhPhPL2 BippdrKingdWe AU IS8 LY of a type
wher ein at 'ﬁaétsgastﬁa o b8 1Pl chhﬁm%;dﬁé %}é%ﬁ% eQeths 9&&&8%11%&“

"immersion |'Tqui aVIngare at i ractive in g., water,
so as to fildandeapedm fresliudoor ;trbpfaramm stk icam bs ymIe@buamd ohdrer muofest rate. An
imrersion liquid can al so be applied to other spaces in the

tables while one or more other tables are being used for exposure.

[0078] The lithographic apparatus can also be of a type wherein at least a portion
of the substrate can be covered by an “immersion liquid” having a relatively high
refractive index, e.g., water, so as to fill a space between the projection system
and the substrate. An immersion liquid can also be applied to other spaces in the
lithographic apparatus, for example, between the patterning device and the
projection system. Immersion techniques are well known in the art for increasing
the numerical aperture of projection systems. The term “immersioﬁ” as used

herein does not mean that a structure, such as a substrate, must be submerged in
liquid, but rather only means that liquid is located between the projection system
and the substrate during exposure.

[0079] Referring again to Figure 1, the illuminator IL receives a radiation beam
from a radiation source SO. In one example, the radiation source provides
radiation having a wavelength of at least 5 nm, e.g., at least 10nm, at least 50nm,

at least 100nm, at least 150nm, at least 175nm, at least 200nm, at least 250nm, at

least 275 nm, at least 300nm, at least 325nm, at least 350nm, or at least 360nm.




|'i t hographi c apparatus, for exanple, between the patterning device and the
projection system |mrersion techniqugs are well known in the art for
increasing the nunerical aperture of projection systenms. The term
"imrersion" as used herein does not nean that a structure, such as a
substrate, nistnexamplrtiegedlation provided bl rablation aduiey SORhya WeAMnglthat |1 qui d
is |ocated between the projection system and the substrate during
exposure. [ 00F9messAaPnm fg- ot anast %%elnm gbmestﬁﬁﬂmaﬁmwauﬁﬁﬁ)mmt mogt recei ves a

radi ati on be tion the radiation
source provi g%nnflragl()% ?ﬁ aa\gln}\‘)ﬁ?g%\%@l? { qog&(ﬁ)hg’ r?ﬁ]a{e g., at

| east | Onm mkt 175a6t 1ROASExandle, |t1‘i’@1%ﬂl&1ﬂl@1@ﬁ£§a\@£ve|l indfa@imB14384m/ east
175nm at | east 200nm at |east 250nm at |east 275 nm a Ieast 300nm at

| east 325nm 4@nm,.e3SnuR5HIMN, A48am, 1839m,360nm, and/or|1260me. eltaoyd e, t he
radi ati on provid I,a |at| source S S a el engt h at nost
450nm e. p & ﬁr%%"t‘) r&%ﬁ ﬁso%\"a‘?%é’ﬁﬁ Ao SOOI | 325nm

at nost 275“%0@56}(@]&@% aﬁQEﬂlhtuﬁﬁnélﬁ%s ad2o W Ban@bf WA endB31¥0} x@pff ~ MOSt
175rim In one exanple, the radiation has a wavel engtf includi ng 436nm

405nm  365nNENCRBBASHNDISAAYS, 8084 3Gnm. 15 Af fmm davell srurck2Oulirhe used. oFe exanpl e,
the radiation_incl wavel engt h of around 365nm qr around 355nm In
one exanpl e, "the qxlggﬁl ﬂtﬁ%a?m‘&ﬁ%'mf" %85?:?*‘%?13“5’[‘6%@%3% When ¢ o

exanpl e  enc@pBassd AUn 30GmefBr. B cHSRBMNhALSRE W0k BFRIdeRAYS Gfmcoul d be
used. The source and the |ithographi c apparatus can be separate entities,
for exanpl e mhitaf thehlghsgraplie ap}sarans end itheeradlatise rbeathnis passhd daseshe t he source

i.s not considere g f the lit phlc ar at us d the
radi ati on be¥m " Ssﬁﬁéeéﬁ?j%@ﬁ?% “‘é‘@uﬁhﬁé‘“g@)gf‘g’e F 'E"‘ogﬁl L with the
aid of a beamniiflsinge &Xﬁbﬁ”&tﬁ@ble%@@ﬁdgﬁhﬁﬂnrs& o%eéM& afid: L @bl €

directing mirrors and/ or a beam expander. cases t e source can be
an integral ghetcasds théveourig tmldweaqmlmtagmﬂ)partaf tlﬁ:hth@rap}mxmpaieeus;\/ﬁﬁn t he

i Th the il lLum nat | L, together
Sviof Lcte h:asbga‘?r{ﬁ%{rﬁl%rq ‘élé gg;?%‘{r‘é"reﬁ%%{r&?‘?&dﬂﬁ’ rﬂasowa'ﬁ Q;mf‘iélfee‘ Ipinaes asga
radi ation sygt %gethémﬁmhemﬁn'dkﬁw {}@%Ii}fs]?]?:r{)regﬁl?ecp%mfe'réﬁrr@@to jjuster AD

for adjusting the angular intensit lon of the radiation beam
CGeneral | y, atdihgassystehe outer and/or inner radial extent (commonly

referr as a r and a-inner, respectivel of
e[ﬂ(}é(ﬂ ﬂle illummator IL, can comprise ag adjuster Af))for adjusting the angular

intensity distribution of the radiation beam. Generally, at least the outer and/or
inner radial extent (cpmmoniy referred to as o-outer and o-inner, respectively) of
the intensity distribution in a pupil plane of the illuminator can be adjusted. In
addition, the illuminator IL can comprise various other components, such as an
integrator IN and a condenser CO. The illuminator can be used to condition the
radiation beam to have a desired uniformity and intensity distribution in its cross-
section. The illuminator IL, or an additional component associated with it, can
also be arranged to divide the radiation beam into a plurality of sub-beams that
can, for example, each be associated with one or a plurality of the individually
controllable elements of the array of individually controllable elements. A two-
dimensional diffraction grating can, for example, be used to divide the radiation
beam into sub-beams. In the present description, the terms “beam of radiation”
and “radiation beam” encompass, but are not limited to, the situation in which the

beam is comprised of a plurality of such sub-beams of radiation.




the intensity distribution in a pupil plane of the illum nator can be
adjusted. In addition, the illuminat@® |IL can conprise various other
conponents, such as an integrator IN and a condenser CO. The illum nator
can be used to condition the radiation beamto have a desired uniformty
and i nt 898l y di sThe trdiation bepmiB & ipeidend-ondhe ppiguning evice Phhierat@d 1L, or an

addi ti onal conponent. associ ate ith it..can. al be, arranged.to divide
the radiati o?frn%egé}er}ﬁ%lﬁ{dim@’ f)cflﬁlfoilla%§ Pe&engs& Bg‘glée{nn%dsﬁﬁ%c&y E:hgrﬁagtF B Bex anpl e,
each be assogdadecHavn Beainefledtedbipthe patdriiMg 8éviéd D | theliadiiealbbim B

controll able el ements of the array of individually controllable elenents. A

t wo- di nensi pasags thiowgh iegmajecdivrf sysgot PRyrwhjelafacnsps dambeappente xdmgele, be used

to divide the r.adiation i - be In the ent description,
the terns " bB%{HP%Fa ?%tg‘f’éggsgﬁ?% Wa%ﬁﬁlﬁ%?d?@t%? s Hf’é&’:ﬂ“elgﬁ@’z% BSU,¢ “are not
limted to, §dugo Dyl intdHMbthethic UBGice, IRRAP dnSodPRPpAGEE: Rhsdk, 8 Ural ity of
such sub-beans of radiation. 20 [0081] The radiation beamB is incident on

t he patt er ni thg lile) itessuPiratetagle, Waambe aypved adecndiely, digal soyas topasitisinl abl e

el ements) and . s npdul ated by .the patterni . devi ce. vin en reflected
by the patt e%ﬁe%‘t GERAt pRrupps aét”f"l g’eﬁgﬂl %fcb%ﬁg%ggﬂ]%gam Eas‘gg?et”g?cg t he
projection syst ' i MR8 drRdri€dan HRAEdd on C of

t he subst rat%&%mvﬁﬁeﬁg&}%ﬁg#%?ﬁghg%@ i onter aPW and posainti on sensor 1F2
(e.g., an ineofrectonairately theposition ¢fithepatteenopdiaice Riapathirtipeet tsdresor, or

the like), the substrate table WI can be noved accurately, e.g., so as to
posi tion di?*ft]éPg'E‘FtbﬁﬁP £ EHINBASCH- i n the path of the radiation beam B.

po t rdrget the
ere U@ggp e  RQRLEkARbIBI t 50%he R uAE tdYe BT i g%&%ﬁwﬁh ke

control e el enments can be use to correct accurat e position of
t he patt er niaidofielongeatrfk modiie (@mpegbsitioninpandpahdrt-efrotdracthdafhis, e. g.,

during a scan., [0082] I.n one exanple, npvenent of the substrate table W is
real i zed wi tPPSitipgngs; vhigh atg nof Eﬁtﬁ’ﬂ@@%ﬁ{%@‘{rﬂ)uh%ﬂ%@ ®Meng) and a

shor t- st oke, adiless (kG 16895 hbR M ADmodthl BBl Fllsulibieivily deni cted

in Figure 1. 'I'n one exanp e apparatus is absént at |east a short
stroke nodul & {imilanaysterg canbslso aiee ukmible pddition Ahsianialy asf sydtidmllyan al so be

used to position_the array of individually _controllable elenents. It wll
be appr eci at8tplhahle elaeg oj]éé’flﬂg?? appEssatsdcthat thy nrejesizan Heamy Bagidhi ti onal |y

e v < SO D oty o
individually controllable elements can have a fixed position to provide the
required relative movement. Such an arrangement can assist in limiting the size
of the apparatus. As a further alternative, which can, e.g., be applicable in the
manufacture of flat panel displays, the position of the substrate table WT and the
projection system PS can be fixed and the substrate W can be arranged to be
moved relative to the substrate table WT. For example, the substrate table WT
can be provided with a system for scanning the substrate W across it at a
substantially constant velocity.

[0083] As shown in Figure 1, the beam of radiation B can be directed to the
patterning device PD by means of a beam splitter BS configured such that the
radiation is initially reflected by the beam splitter and directed to the patterning
device PD. It should be realized that the beam of radiation B can also be directed
at the patterning device without the use of a beam splitter. In one example, the
beam of radiation is directed at the patterning device at an angle between 0 and

90°, e.g., between 5 and 85°, between 15 and 75°, between 25 and 65°, or




required relative novenent. Such an arrangenent can assist in limting the
size of the apparatus. As a further 3lternative, which can, e.g., be
applicable in the mnufacture of flat panel displays, the position of the
substrate table WI and the projection systemPS can be fixed and the

substrate W gavebiel RaddsiyetheletntReimem ¥R Bl fa%&rvq i & 4 e aagnlaﬁtm; e table
WI. For exanple, the substrate table WI' can be provided with a system for

scanni ng t heP#Erspg aewcoRAmodsktes thedream of sadiption Brand raflecls #betkatnthevel oci ty.

0083] As shpwn in. Figure. t he . m of, radi.ation B can be directed to the
E)at terning dg?/ainé%pq'lggr §§ “ﬁgg%gmﬁplgﬁﬁ%%dglﬂ%gtb%‘??%gle@éﬂfftmSé’ategl_uch t hat
the radiatipg, itsvill Bé hpgbdived dbhesdreBalitetByvbaamesRbht EA beaREd # rected to
the patterning device PD. It should be realized that the beam of radiation

B can al so béirgit thedead of miliatinn Bpa thegatiemipgdievice BDwid sihaequehidy tndhe (r)]f a beam
splitter. In_one,.exanpl the beam of radiation,is.djrect at .the

D tor o ng QEOTRESASRTEs WS BERT laoRe i Sn iSO R bt ilalie 15 "o 65,
bet ween 15 aﬂl@yﬁé@be%ﬁlﬂﬁ%ﬂf@ﬁaﬁ’éﬁﬁs&@@e})9&35615%%%&%‘4@9&@5 and 55 (the

enbodi ment shown in Figure 1 is at a ! ). The patterning device PD
modul at B¥98¢he beahhaodepicet a:tplammsaagrbld us&iﬁhgmtesallmodascck tot h;a_ beamt
splitte which transmts the nodul ated. beamto the projection system
PS. It f&“?ﬁ be appr eci BtE®, 9 é‘_F{aYP%@ﬁlVéff‘{ag]Yﬁ%ﬂg]@bgﬁﬂ%{?@éﬁéﬁts can be
used to di rﬁ@%uﬁsﬂ@tegﬁé}p Péssérﬁﬂhggﬂaf?&aﬁz Wﬂ% Q?exﬂ@ééa%ﬁiﬂl%ag%b% PD and
subsequently to the projection system™PS. n particular, an arrangenent
such as is Zﬂadmﬁom hedi glp(‘;qie?igg ngty; ﬁﬁﬁgegﬂarﬁ:ﬁgﬂgteﬂagd(i.?.,hlsﬁﬂgﬁmtt)eﬁet&lu \S/:d -
patterning device is used, he depi cted apparatus can.

sever al nnde‘?‘.pof‘{?%%ile ﬁ‘&s?rﬁeéﬁ & Wibtidhen shited ip the %ﬁndfﬁla‘(@x;ﬁrmsy _
controll abl A8, r ¥ $lationary,
whi | e an enﬁhgﬂg%gg%gtrt%%?t 0ar1 te%.eﬁgiﬁégse?ag}%%ﬂgig%ﬁ%s prosjfztgct ed onto a
target portidaith€Ceqosordidd lifitsahe siae of thgltergst miriion Ceixpgsdiired sindlke substrate
table WI' is then shifted in the X and/or Y direction so that a different
target portiOHCE*EA e exposed. In step node, the maxi numsize of the

CEEEa 0| O S ATl RS 2 ° 7'
cont rol | abl ehefubseat sreabshnel benchtonstslaiviilas patkeaimnRetes BB FRANGWEl Y While a
pattern | rrpatregr?ldis It)rcc))jetcPe% orn%j zil gxtréeg[)gortion C (i.e., a single dynamic exposure). The

velocity and direction of the substrate relative to the array of individuaily

controllable elements can be determined by the (de-) magnification and image

reversal characteristics of the projection system PS. In scan mode, the maximum

size of the exposure field limits the width (in the non-scanning direction) of the

target portion in a single dynamic exposure, whereas the length of the scanning

motion determines the height (in the scanning direction) of the target portion.

[0087] 3. In pulse mode, the array of individually controilable elements is

kept essentially stationary and the entire pattern is projected onto a target portion

C of the substrate W using a pulsed radiation source. The substrate table WT is

moved with an essentially constant speed such that the projection beam B is

caused to scan a line across the substrate W. The pattern on the array of

individually controllable elements is updated as required between pulses of the

radiation system and the pulses are timed such that successive target portions C

are exposed at the required locations on the substrate W. Consequently, the

projection beam B can scan across the substrate W to expose the complete pattern




beamis projected onto a target portion C (i.e., a single dynamc
exposure). The velocity and directiopyof the substrate relative to the
array of individually <controllable elements can be determ ned by the (de-)
magni fication and i mage reversal characteristics of the projection system
PS. In scan fodeti tohale@awtﬁwmh%pz&e@ﬁs k?@tmqsﬂhe@oﬁlpﬁte@ubstmetw the wi dth
(in the non-scanning direction) t he arget portion in a single dynamc
exposure, whiasdgen exposedelingt by lfe. the scanning notion determ nes the height

(in the nni ng direction). of thetar 087 pul se node,
the arrBPRE™ nai €1 oc Phlinfiewsorrasiirerahitily e siReay bube siied |y

stationary afde vét@@at%tshbﬁra@@v\ﬁ@E&nh@d REAVEEHRINSNI Redbdaf! FSidiRRt | On  C of
the substrate using a pul sed radi ation source. The substrate table W is

moved with afﬁaéss@:rstanabllycwmmdapéﬁw mtiein drhthe attap op irglivdddallyn beam B i s
caused to scan a.l,ine acr?ss t h ubs rate W Thap_ggttern on the array of

i ndi vi dual | y*°0GRH4RlF ey s th B plEdipnake uiBY aHEEWKEN pul ses of
the radiat 'é&@st?a\f@“ﬁiﬂd@igo%gﬁ Q@lﬁﬁ%@eﬂé@ cBﬁs‘@@raﬁ%i‘%n%E‘ﬁ% i ve target
portions C are exposed at the required’ | 'ocations on the substrate W
Consequent | yradiatien squred, eytéloonibehto Beapdatigaol the atemt dretleuslyrdte Wt o

expose the co te patt for a strip of the substrate. The process
is repeated! Bglg'iq%aﬁfh‘émg@iﬁ&@teie%ﬁ@feeu  has been exposed |ine by |ine.
[ 0088] ghpgdn contd nuo the, nmode
except hat] t he substﬂg e V\gll‘ls s%g n@ﬁgg Z:Jtalt%rg tot %ﬂfeate beam of
radi ation Bealized byushbiegntntalxpysico ns smm ftﬁme@tﬂyamﬂ:ot Qalepeﬂbxt tenaren the array

of i ndivi dua;ﬂ |y .controllable elenents is updated as the projection beamB
scans acr os<UeREd oalshratiertag geusgP prﬁ'@ééip?f‘@ spots higes arhstagtially Genst ant
radi ation s i t he
updati ng of cétlzlhﬁ?g%p ttg)rnggﬁéﬁt?# gygl(rérg&kQgﬁﬁﬁgqﬁsﬁyﬁ%ﬁ%hﬁ%%goHO%BI e
el ements, camampleygrdpof GQ89Y labger kanpi piedh v ghiritehgixepgmdday ntdok pattern
formed on substrate Wis realized bé subsequent exposure of scgots f or med
by a spot gEHeHlEtBn thesxpasuee spet eudt By vaming Ibta{lle@rqﬂthﬁgsm&/nrwée B. The
exposed spo t i . the spots
are printed pla ﬁa‘gg s?lg%ta [ g’ﬁ%@g&%ﬂf% %&Ofﬁggﬁﬁseh%pggg%%}?%.ﬂw u@g% e\é\ll ze is

| ar ger than tie gpotscib vafied printed pixel grid, but much smaller than the

exposure sapot grid. By varying intensity of the spots printed, a
[0090] Combihations and/Or variations on the above described modes of use or

entirely different modes of use can also be employed.

[0091] In accordance with one embodiment of the present invention, there is
provided a controller CR for supplying the array of individually controllable
elements with analog voltage values to control each element. The controller CR
is supplied with a digital control signal representing a desired analog element
control signal voltage for every element (or group of elements) within the array.

[0092] In one example, controller CR can be considered to be a form of
distributed digital to analog converter (DAC). By distributing the DAC the
amount of analog data that has to be transferred to the array is reduced.

[0093] Figure 2 illustrates a schematic representation of a distributed DAC, in
accordance with one embodiment of the present invention. Each element (not

- shown) within the array of individually controllable array forms part of a cell 30,
' in combination with associated a local control circuit 31. Each control circuit 31

provides the element control signal to the associated element.




pattern is realized. In between the exposure flashes the intensity
distribution over the spots is variegs [0090] Conbinations and/or

vari ations on the above descri bed m)des of use or entirely different nodes
of use can al so be enpl oyed. [0091] In accordance with one enbodi nent of

the pr efmh 'nvenFig]%széﬂaws@3k§anwcq\eerﬂsedrtm@ﬁmmmbé@rpr@ﬁtécnhatmuopl ying the
array o ndi vi dually controllable elenents w th analog voltage values to

control eacharedqenranrbb mu‘Eh@rgcunEa@i dell 30 @ithin the Ql:m)phlasécﬁrwlmmt sigaidglt al control
signal repres a desi r anal el ement ntr nal ,.v tage for
every el errenf” g‘rpélﬁ?? g P%H’é)h‘f Qﬁ“ at’r(?grfnf"ﬁt@aa??‘?g?/elﬁ[egﬂﬁﬂl ‘?n one
exanpl e, ConHelQ% lc@i'l witRiF & a?rﬁﬁir%rfﬁéxg%ﬁﬁge LD Runkiek BF Hputsdi B ehdibut ed

digital to anal'og converter By distributing the DAC the anount of
anal og dat a téramyaa‘s.lm dndﬂmkarf%liasr B(édntvariowﬁeexamp&y the amféfcarmeut 32[ 0093]

Frgure2r||ustrat mati c re ation of St.ri DAC, in
accor dance wFdiHp é supply P q???éﬁ’?”%@ﬁf’?lgaﬁemﬁﬁ hel Frerrent (not

shovvn) WI t h| Qm,g[#% c%ﬁﬁfﬁ)’ou &no'r?]}g&gérgt‘é%{e{pé’ controllable array fornms part of a
C it

cel | i nation associated a local control circuit 31. Each
contr oI [(Ingspur t 3The paraldgdésput N2 edaanbat supplied dirorsi gnimoto loéwtionssoci at ed
el enent . 0094] F| ure 2 shows a 3x3 array f cells, altho hit wll

be apprecr at e’ffﬁ&’t’eli’s %rr pagencapied i HiEn| QF?j on ghe - Hray!9sedn W ¢ hi n t he
array has a tUlsaLiBsiac @t s §&o LAY, GAMBACbRGRs A AgkAdnpapUL . Thi S

anal og i nput can er &up every e array, or

there can be Fhesideteks ﬂl'pﬁm{i’ ca(ﬁfmlfmlbb snidZple addrbss inputdinag dap@mﬂhngnm or bl ock
of cells 30. In various exanples, the analog input_32 _can be ejther a DC
vol tage suppthy martigulacembeimgnt Pﬁrﬁlevﬁfre%nﬁgn‘(ﬁﬁpf"agéf@r idzgss ippyt varyi ng

continuously Or hes (?Tg{tglc &Ie 1?1{”0?1913‘(1%% ?&]? ﬂ%ﬁ b?f@l?é 189&1 'C&RE% 1 ciuitfn be

suppl i ed froma rvely generated in a

circuit |OCa’£oer¢brﬁf@ th&aeaeﬁt&wnﬁbm@aﬂ ﬁartth@assﬁrﬁhﬂeé eleE&ﬁhfromlthe a&tled so has a
second i nput 33, which conprises an address |nput The address input 33

can in fact Beuhddt Pppanderfaipes the pasigulariembed H@F‘é’é@ﬁﬁﬁﬂjesﬁﬁt INY¢RioBar t i cul ar
et et kSRR ST S iy DR S peRmatplics 9 o1t
derive the ebgamescnhéahps Gmabr é}amprerrﬁs aa@mmpalt daktiedr eigital cohrrom t he
anal og inputs or any other type.
[0096] In one example, the controller CR is split into two parts: a single bit
reference analog voltage generator and an array of charge collectors, Each
element within the array of individually controllable elements has an associated
charge collector, which comprises the local control circuit 31. The charge
collector is implemented directly adjacent to, or behind, each element.
[0097] In one example, the bit reference generator generates, in turn, a reference
analog voltage corresponding to each possible bit value within the digital signal
representing the required analog element control signal for each element. Each
bit reference analog voltage is a fraction of the maximum possible (full-scale)
voltage. For example, for an 8-bit system the desired configuration of each
element within the array is represented by an 8-bit number. The bit reference
analog voltage is full-scale/2 for the most significant bit (MSB) and full-scale/256
for the least significant bit (.SB). It can be scen that by adding together the bit

reference analog voltages for the desired bits (e.g., those represented by a 1 for

the digital signal representing the required analog voltage for each element), then




i nput 32. Dependent upon the particul ar enbodi ment of the present
invention, there can be one or nore byrther inputs to each cell 30 (shown
generically as input 34). These further inputs can for exanple be a reset
input, further digital control inputs or any other type. [0096] In one

exanpl e, theafophé AJfl 56 @Ralog Sdltaigbs ivatying berweah t & volts samighlee tfali- ref erence
anal og voltage generator and an array of charge collectors. Each { elenent

wi thin the asoaley2B1/236dilisicande aghievsdt (dreipassilic analag el gRaIckselis oci at ed

charge col | ec whi ch c r| Se n I The charge
col lector is gﬁ]ﬂt ‘é’ﬁ@meé‘ﬁ 03 il ?//2%%’ lgecﬁ@ b%(%cttce)ge?l ¢ ﬁér{egﬂbltsug HeS) ement .
[0097] 1n On@ac%ﬁrfpﬁeﬁemé Beudy $olfa8é B QACE MERECEAS O ogeadi@htiock of turn, a
reference anal og voltage corresponding to each possible bit val ue wi t hi n

the digital silgnad (or akgmatiety forthe chmege edirtosdonhakadrear@ikbnt control signal

for each ement . Each b ref nce a an olta a.fr ©on of the
NBxXi mm{ﬂﬂgé]m bl e Iofefa X0 I %)eacﬁcgﬁfugaé:o Xmggc?t(f SF RIS @gbl t system

the desired £o0 n%ﬂc%ﬁélhg 9@1&% f&%ﬁ@hbl@éﬁ@fﬁh& ku& Didtht BEsitaT si@al fos tHeepr esent ed
by an 8-bit It referencé analog voltage is full-scale/2 for
t he nost si gﬂerhemasmcimtdd Wikt ehacgefqollth@x;éNhﬂﬂZ@@r nﬁcﬁrchtﬁt’@ CDB%P;*,QF

significant bit, (LSt%h cgnb be seen that addi. n r&% Qer the bit
reference an®Feyes §1Maguwlied bif feferpacy 28 °%| oltage, 1%1 8 YP¥hesent ed by
alfor the ! i (AR hrEIb R ebr ARt agbrdalgt age f or
each el errentcj‘c?hl?wen%dﬁ{ag%?\dmgsg gg a(r)la | og Igo tagesr vare%ﬂ)r?g bet ween O
vol ts and t he dddidss 1r§maBE)xZ&5/aﬁEsﬁraycojfmslla:mnged ot celuans eTHechaegesi bl e

anal og voltages increase_in _ regular i ncrenents of e,(I:\ul I -scal /256 vol ts.

The bit ref ef@lseler B%ﬁw@Yoa‘fhgftalsf@ﬁquF S utserespand B AWMLy “Vol tage in
turn to all ltllpﬁv &erb ?rdngan? oS tHThin atbloﬁﬁlhl @t colﬁﬁh%ﬂﬁ&%ssﬁﬁﬁuﬁtﬁﬁﬁtﬂat ively to
the charge coll ector or the entire array) I n one exanple, each
charge col | egflatin issseahignFededeh snpfeid\bit ref&aenba: Voltage,flé tlemcell mapiresy vol t age

for each bit given the value 1 in the ital signal for the . el enment
associ at ed vk FWIEQ‘?@FSI@HX?IQ@GC%PIP@E%‘W ‘iﬁ%@ﬂ%’l‘c%’? eSpRding R hal §ET880| | ect or

recei ves eaclhsiplierh{ 5ol @ ARGSOANRLAGY0k TUE idedleapadERL UPON 2

controlling digita ess signal suppli to the charge coll ector
( cor r espondi ¢l@rgetcolledélrveisisin i 0pluinnd3n be Exdmdmllyadchysseﬁ Foekdch calunmmnged i nto

col ums each charge collector has two digjtal res% [ npﬁt S .correspondi ng
to the col unst bhesd of golumns the cells are updated snnu taneousy or each bit. "Therefore,

to program every cell within a column/ block of columns with the appropriate
analog voltage takes eight cycles for an 8-bit system.

[0099] Figure 2 is also representative a controllable patterning device, according
to one embodiment of the present invention. The controllable pattering device
comprises an array of cells 30, each cell including one or more respective
controllable elements and a respective local .DAC circuit 31. A respective digital
control signal 34 is supplied to each cell and is then converted by the DAC 31
into a corresponding analog control voltage, which the cell uses to determine (i.c.,
set) the state of its respective controllable element. Each DAC can be supplied
with an analog reference voltage via a channel 32, in addition to its digital signal
(indicative of the desired element state)via supply line 34.

[0100] Figure 3 shows an implementation of a charge collector, in accordance
with one embodiment of the present invention. The charge collector is controlled

" by four inputs: two address inputs 1, 2, corresponding to a column select input

and a row select input respectively, an input for the bit reference analog voltage 3




nunber. To programthe cells within a colum the colum address input for
that colum is set high. For each supslied bit reference voltage, if that
cell requires that bit reference voltage, then the row address i nput
corresponding to that charge collector is set high. By a conbination of
col um and | iang aaekdt pat 4 nfihe diteafcrence herlgeinpot 3 end the reset mput 4 acol umm can
be individually addressed. For each _ c¢olum f . colums the cells

) C or _bl ock
are updated $PRMondH@beharge qollpctansevthen the C@H@Pegg?%?a“&;} b5 FOEMSH L very cel |
within a col | | URE i the appropriate analog voltage
t akes ei ght %%%%ﬁ%‘?@%“@%@@%%' [0099] Figure 2 is also
represenoriljve a Cosidexhmplel fropaiinihpead cdit withi: a @bann dithghe todtagne
embodi ment of the present invention. The controllable pattering device
conpri ses an eavivalgntdp asiglesbigtheredaamriterycls ¢rupsisingof thrse BUNEGIEPS; espect i ve
control |l abl e gl nt,s, apd_a r iV | 1.l 13 spective
digital cont@o ot egbﬁ%ﬁe?% F& S@ﬁ%%{)#agg t{) g%gjggﬁége‘ﬁlﬁgéjngblelé Ebt) hsg%]ercgonver ted
by the DAC 3vithihti et cempansil @ellﬁquhﬁﬁlfgctﬁatcbﬁlespoﬁﬂzhggﬁt; asdi@eh the cell
uses to determne (i.e., set) the state of its respective controllable
el ement . Eackepiet daeellse supplied with an anal og reference voltage via a

h | in addition to.its digit ignal.. (indicative of desi red

ol onont [0 o) v P a s tisp PyrhieaS st MR Gna' S ERETY 15 ot Bencat | on

of a charge gelhRGtME enfifd A P(vﬂﬁﬂﬁ&ana%gt%lﬁg@cﬁ@& ghdiBito Ok viitute pr esent
(0} e

invention. The charge collector is controlled by four inputs: two address
inputs 1, 2, digielsgspdHdinig aprogiannsingnyckeoaprising guumbsanel witesiels®l ect i nput

respectively, an. ipput for the .bit reference anal ol t age, 3 and a
resot i nput B B8t e afis e dEuT SRR e R AREE L i uc 4 are
conmmon to al kighat dRiuePlibea i achbleiefk. the col um. They can al so be comon
to all the charge colleCtors within the array. [0101] In one exanpl e,

pr ogr ami®i93] each Gedde examplenataheshu nfithaptdgranmeingsiyela der thefust bialtent to a
single bit there is a ite cycle consisting.of three distipct steps: (a)
Set the bit PB‘P&?@@%C%QW&@&& e gleme %Wé%?%{q‘ﬁ’@ﬂ}‘_ VPBIELGETEIRI ;. (b)
Select  w thig 3& D& oGAIE EThe aﬁkw &gacifbeé €8 ahi QY JRYvhIRS 1R S8PONdI Ng

bit; and (c) eselect all celTs. [0102] In one exanple, to programall the
cells in a ceteppfitheorrite nyde theditpelsfence vbltagn géndriter st the solbagean)theni t h t he

nal I rr in he whol e . . .
anal og volt agﬁ‘ r&grengsa%gfggIvogagte(?nlgut% to thg re(?quared value for the first bit. This can

be the MSB or the write cycle can start with any arbitrary bit. For an 8-bit system
the bit reference analog voltage supplied corresponding to each bit in a digital

signal can be calculated as shown in Table 1.

TABLE 1
Bit Value Example for 10 V full-scale
reference voltage (V)
MSB Full-scale/2 5V
2" Full-scale/4 2.5V
bit
3™ Full-scale/8 1.25V
bit |
4" Full-scale/16 625 mV
bit




digital signal there is a programm ng cycle conprising a nunber of wite
cycles equal to the nunber of bits imrethe digital signal representing the
desired anal og elenent control signal for each elenment. [0103] In one
exanple, at the start of the programm ng cycle for the first bit, the

out put vol t age VosBuppli ed Foll-séwe/a2 enbnt as3tkiatied with that chlarge
collector i .set to gero volts. The charge on capacitors C1 and C2 is
zero volts. [P the fifst step of the wite cycle the bit reference voltage
generator sets thgamvoltage By til prtirefer At og vortage Tinput 3 to
t he required val u@ for the ?H’é‘fa?%ﬁ). This cggn&f%@‘{fhe MSB or theg wite
cycle can stmitit with pny arbitrary bit] For an 8-bit system the |bit
reference apalog volthge supplied corresponding to each bit in a digital
signal can pe cal €Ul af ed asFelhosele/128 Tabl e 178.72Bm¥ 1 Bit Val ue Exanple for
10 V fuII-s:nge ref erence voltage (V)| MSB Full-scale/2 5V 2nd

Ful | -scale/#°%.5 vV bjt 3rd Full-scale/8 1.25 V bit 4th Full-scdl e/ 16 625
mv bit 26 [5Th B -scal e/ Bl -3kt sV DIt Fg‘ﬁﬁﬂ&:“lv scal e/ 64 15§. 25 nV
bit 7 h Ful|l-scale/128 78.125 nV bit LSB Full-scale/256 39.0625 [nV [0131]
In step one, all the charge selectors for the current colum are

desel ect ed . swtches Si. and S2 are in the positions shown in Figure

e.
3. Si i W13bhnect el step ongradl thechagrselesiorpior the spas selimnare dyslertsput 3 is not
connected to; ¢ ,Q@vit%ﬁ'%rgeand 52 are in the positions shown in Figure 3. S1 is connected to

ground, and the bit reference voltage input 3 is not connected to the charge

collector. S2 is connected to a charge amplifier 5. The bit reference voltage for
the current bit is supplied to the bit reference voltage input 3 by an external circuit
(not shown).

[0132] In step two, those cells within the current column that require the bit
reference voltage for that bit are selected via digital address inputs 1 and 2.
Column address input 1 will be set high for the entire column. Line address input
2 will be set high for the cells requiring the current bit reference voltage. AND
gate 6 provides an output that is high if both inputs are high. The output of AND
gate 6 controls the position of switches S1 and $2. When the output of AND gate
6 is high switch S2 switches to ground and S1 switches to the bit reference
voltage input 3. Therefore, capacitor C2 is connected between the bit reference
input 3 and ground, and is charged up to the voltage on input 3.

[0133) In step 3, all cells of the current column are deselected, most simply by
setting the column address input 1 low. Alternatively, ail line address inputs 2
can be set low. Switches S1 and S2 revert to their original positions. Capacitor
Cl is now connected between ground and one of the inputs to charge ampiiﬁer 5.
Charge amplifier 5 acts to alfer its output voltage until there is no differential
voltage between the inputs to the charge amplifier 5, thereby transferring the
charge on capacitor C1 to capacitor C2. The output voltage at charge amplifier 5

will rise to:

- Vo = Cy/CxVb (where Vb is the bit reference voltage).




collector. S2 is connected to a charge anplifier 5. The bit reference
voltage for the current bit is supplipgad to the bit reference voltage input
3 by an external circuit (not shown). [0132] In step two, those cells
within the current colum that require the bit- reference voltage for that
bit are selected via digital address inputs 1 and 2. Columm address input
1wl basgpt hi ghof QbgrlahigniBEhl nex &R ik e prdghHemBRAAYES 3 nkBiRite cyleM | | be set
high for the cells requiring the current "bit reference voltage. AND gate 6
provi des an etattpattstepak and theingkt bif refeotree anglog woltage isiseyin infrife whidgout of AND

te 6 tro] th it f i t ch d S2. t t put. of AND
Gate 6 ts nibinesriEren Sl 0gag dhAdian Sleeh Yereatedt he bi
reference V&!fér@ﬂ&i% ﬁ%g{red’; 'Véﬂ{]ﬁfgl@&&fs%re 8Ged Aty cﬁ%%é §n CRRARE LG bet ween

the bit reference n round, and 1s chargéd up to the voltage on
i nput 3. [ 0183sférmedstb €]2 31 eamh lchargé balleofort Hibishas the effectoff invreasing tikesel ect ed,
nost sinply by settin he cqol um address input 1 low. Alternatively, all
li ne addr essOHRpUtdtage geg}ﬁaﬁgg’@é?m?‘!ﬂﬁge ?@H@%“@chtgaiu"r‘g&}éer Tto their
origi nal posjti : ci : ' Sanected  ReLNESRLAr BURd and one
of the input {setféfrgﬂ%h‘é&% gar;ltpq%lr Fi g}deg.stom%\relar ge&gﬁ’ﬁ?‘}i er 5 agts to alter its
out put vol t agevionk iwrikehgeksi sinnthigdinidnaeenhdé autpuy obltage Vibetsweeh dphe i nputs
to the charge anplifier 5 thereby transferring the charge on capacitor C
t o capaci t or Sagpentipy f_@h?ﬁshtblt\ﬁglﬂﬁea itgl sigph FyS2éhplemente r I18s cftinpes j se to: Vo
= Q/C, X.Vb (i{l\({;}[ﬁrtﬁe ufggc% él%e@'c%n{r&fsgén%pf‘b? E:X(%l élél'ﬁgx}t‘ingZOIquQl]téé]oeé:rpr
programm ng the hext bit In the progtanmng cycle, a new wite cycle starts

at step one it dphey tRXdssduidted eiegebsRcmnal g yelldggsitags certirolomhd nput 3
while all the cells remain deselected. Again all cells are sel ected where

this bit ref@fignedionsol dyuickatent vish tYmellieMils ber Seldesetsiit dar dhy char ge
on capaci tOr?rg:det%ﬁninéc[ﬁ%}fofdea“f{egglaﬁag%ﬁ%%ﬁ%gg&@%9@@;}.’)@% collector. This has

the effect o ncéreasi the a further anount

dependepi3gpon t hBeford éehtelVedniR mbgrhfaeliviith 4 efoedraipeohagd, alleellsThi s is
added to any voltage present at the outﬁut from previous wite cycles. In
t hi s manner , mupidegesepiich thef tha gutrvbvaligee Ypiof thgshargeeallspior Biretymedto each bit

o e 001 A 8o e TSP B b o e
charge collector in that column at the required time. This is done when all cells
within the column are deselected (i.e., switches S1 and S2 are in the positions
shown in Figure 3). The reset input 4 closes switch S3. Closing switch S3 short-
circuits capacitor C2, such that the output voltage Vo is applied to one of the
inputs to the charge amplifier 5. The charge amplifier acts to reduce the output
voltage Vo until there is no differential voltage between the two inputs to the
charge amplifier 5. The output voltage Vo reduces to zero volts. Any charge
stored on capacitor C1 is removed.

{0136] During step 3 of the write cycle (deselect all cells within the column), the
analog bit reference voltage is still set to the previous value and applied to input
3. This can then be used to program the cells in another column, i.e., by selecting
those cells in the second column that require the current bit reference voltage at
the same time as deselecting all of the cells in the first column. In this way the

write cycles for two columns can be partially overlapped, resulting in a reduction

in the time taken to program all cells within an array. Effectively, step 1 of the




built up by the associated charge collector. This anal og voltage controls
the configuration of the elenent, anggtypically will be held constant for
a predeterm ned period after the programm ng cycle is conplete. [0135]
Bef ore each cell can be programmed with a new anal og voltage, all cells
nust be resewrsaigildibahartdiby allltpluinny ddrteagiebivof ke pidpeamhangs ciephidect or i s
returned to zero volts. This is achieved by triggering the reset input 4
connect ed t oS¥ACRUMEHHY EequERS ﬁé@so]raqdr‘?foﬁﬁ%ect‘z‘ﬁleﬂ‘ﬁﬂtat the required tine.
This is when | ithi-n_th r I i.e.,

SW tchegﬂg?Fand Sgi%g}ree&l%ﬁ tﬁgx%%%hf I ﬁegeﬁ%kg\ﬁSe%ﬁl%,:&g‘?ﬁeeé%%&&sr&‘g reset

i nput 4 cl osegayWcbedingd.onCleRSbllighenrbittbdpr&RnsinGétion Cin Tkt 8, chiypreci t or C2,
such that the output voltage Vo is applied to one of the inputs to the
char ge anpl i thasge ®lleathe (e et geayamgsisheviehogers, it willedppwcikd twitisut  vol t age

Vo until there,i o, differential vgltage bet n.the two. ijapu to the
charge anpli ??ué‘? g@ﬁy%%caie tu&?lr d?/‘g?t g%%m@%rg? %%H%%@glstag Sl}% "\fgglfr? Any charge
stored on cagaftirh®bddress inputk @NRY allivii@li3aibeRd € DY 4 RBptiQtly! Mmewite cycle
(deselect all cells within the colum), the analog bit reference voltage

is still setaddsesshmputyavilabgledidl-ub4 saspectipplyi ed to input 3. This can then
be usedth Erograﬁ\ t he cel Ils in (fn ther colum,. i.e., b)llj sel ecting those
cell's | WIPR second” Eof Y ‘:f’ﬁ’_étor eég%ipF(@“P%é‘n@BP”reemaybtP? FEFErBHEe vol tage
at  the samecyddi® .8flHe3CBEbhitg afth} isQEsct BRaAYihs tHetedddaput 4 Skhiko! uMm. 1N
this way the " wite cycles for two columms can beée partially overl apped,

resul ting i ntha chadecollastors am it e ddsetecttsédtens thowpr dgpalse Giliclvednte wi t hi n an
array. Effectively, ste .of the 28 wite cle is shar by all col umms
For “sach bi (PR RS e binpPRECL parast mab T eRoReitn Sh SUREHu res ot eps
1 and 2 for thﬁth@Hﬁfpﬁf‘Vof}bﬁ eachQhaGh lc?ﬂél%ﬂ'r‘?s & RROVRsAs R RGIRE hbove

representation of several charge collectors in a array, according to one
enbodi nent odndttha there sesitbsiantigiyt rochargerstéted an ebe4qa_p@¢it0]s. 1Bextctharbite

Chi s cour d BT oL kelfisg v pisy DA S EHAPUA G BB LTS as. shown
respect i vel v TR R U CP) R pHR 10 80l ). Tonze
I n one exanpiadtagt gppicdes ciah quiwnn anliamineut dan de posidye bheegatiogr Baali ng  cycl e
iMS“ ?Z foll OV\(,:Sell \;vr1t eznecr(l)hlingﬁ3 rxgvﬁlgre itﬁe %i?s% %}t isb ¥eq%%gcli ¥<|) gg sgthi% sre e%t%Ei biynput 4

applying the appropriate input to the associated line input. Column C1 is then

deselected, either by reversing the voltage on the line input for each previously

selected cell, or by reversing the column input voltage on C1. At the same time

another column, for example C2, could be selected. The write cycle then

continues for that column. Once the current bit reference analog voltage has been

applied to the appropriate cells across the whole array all cells are deselected and

the bit reference analog voltage for the next bit is applied to the input 3. This

process continues until every cell has been programmed with all bits across the

array.




the charge collectors are in the deselect state as shown. A pulse (which
can be positive or negative) is applid to reset input 4 for a short

period. This ensures that the output Vo for each charge collector is at
zero volts as described above and that there is substantially no charge

stored @o39he capacbi@esamplexthe nui®ebbf wrikeitioaneRuanatogroppdm alge for the
first bit is set on input 3. Colum O is selected by aggl_¥i ng a sel ect
vol tage to i apieg epliagetat Whe putbel Yppi eechagharpe: gedlectondosan Bchit dighet age

applied to each colum _or.line dpput can be positive or negative. Each
cell within lgfl%lrr%mée @R C«'a#aéec{]%é‘oﬁ‘ip St bit is required to be set is selected
by applying the appropriate input to the associated line input. Colum C

is then deselgfPdrwhlcldBondY NLAWES 8 118 X108 NG dF 88BN + D@0l deflg) | nput for
each previously ??h\ﬁﬂﬁb%g?ﬁﬁi'té (gor%rettﬁﬁé tl?e%?fe?ér&g:etan@ggbﬂﬁ%' nput” vol tage on
er columy Tor exanple , CO

C. At the sane tinme "ano be sel ected.
The write cycle then continues ﬁpg that, colum. Once the current bit

ref erence anal og vol tage has bee _ﬁip’b ied ™t the appropriate cells across
the whole array all cells are deselected and the bit reference anal og

vol t age[d1d0] t he n&ke sblectingsplaspltiled dne ddnk ¢yejsuperdcoliEhi per pitocEks cont i nues

(01501 1 m ondetieatis et B ARG elerto s PSR IR e o ogr am t ne
anal og vol t agg1@for i€t Aply. Vo of each charge collector, for an N-bit

digital signal, can be calculated as follows: Nunber of wite actions =
Nunber @Ffidb]ts x Noerbanbafof eolteamisnsrequifdddp progsen in entirblamiperoudd bebi t s (f or

setting the bit reference anal og, vol t age BxC+1+ 140] The, sel ecting
phase takes m@&cqﬁe%kcr&wgefhﬁérl%ém qfﬁmgb%ﬁ chln (pLheligE EREAY phase
takes one cl ekiGy &@ﬁs%bu&nergg@rekg?ﬁm%%& hAKES oS|Gt bevel e for

the entire array. [014 he nu wite actions required to program an
entire arraypoegundnéibat oredudéovdyyr, ithe carsquaged ditalhafrthese gftidns net per col umm

(and thereby, reduci ng the nber ,of col ums), ternativel.y, re or even
al | the col ulNE2sOF gumger #%@F“iﬁﬂ%@sé{lp%ﬁﬁéglr?ﬁﬂé}?@gfe@H%Jl%‘gﬂgg'quence of

a0 oS el | A1t OThi R ERSR oG HERE HlunelbBhbRkipdfes 1 nputs

required to o 1 ndiVi
addressing. To halve the number of write actions by updating two columns

simultaneously would double the number of required address lines.

[0142] In one example, in order to further reduce the number of write actions in a
programming cycle, the analog bit feference voltage can be set while the cells in
the last column are deselected using the previous bit reference voltage. The first
bit reference analog voltage in a programming cycle can be set during the resét
operation for the last bit in the previous programming cycle. This saves a number
of write actions equal to the number of bits being programmed, i.¢., the number of
write actions is now; W=BxC+1

[0143] Each time the bit reference voltage supplied to input 3 is changed it takes
a finite amount of time for the voltage to settle. This can increase the time taken
in each programming cycle. In one example, the time available for the bit
reference voltage to settle can be increased by dividing the array into two or more
parts. Each part of the array has a separate bit reference voltage input 3 and is
programmed separately. Each bit reference voltage input is updated when the last
column in the respective part of the array is deselected. The number of columns

in each part of the array is reduced. Therefore, the number of write actions




address every cell. This would involve an increase in the conplexity of the
addressing. To hal ve the nunber of wispe actions by updating two col umms

si mul t aneously woul d doubl e the nunber of required address lines. [0142] In
one exanple, in order to further reduce the nunber of wite actions in a
programm ng myjciral td sdatnedohgpal ¢f thehateiceduallt aemsequently, tetimghi | e the
cells in the |ast colum are desel ected using the previous bit reference
vol tage. Thed¥dilakle to ppdaty (e bitaplsensmyolisge isdnetsaedi n a progranmi ng cycl e can
be set g theps . atil f the J.ast. hit . in,the eyi ous
progr amﬂgﬂ #gp cycl el.?lgﬁ‘%lestsscg g@éé&tgygftl]%%res acl)l?()d\}\ﬁ?a%lgngifllleocrﬁlgrg&fgg?c\{ o the

nunber of bi #&ihed AT iPire gl axbiehg th ofe embdiemBMBIeHe PésentihldrBioACFdONS s now
W B x C+ 1 [0143] Each tinme the bit reference voltage supplied to input 3
i s changed i gertagidanes od elementsat ianrdentrabls for theantleg elementesintralignadtoset t | e.

This can incy the ti.nme ken. in each oqr 1.n cle. Ln _one

exanpl e, t hevaﬁgﬁgr&ég/%qtag% %tttﬁ%Pe)? ﬁiémﬁfl conpg#sé%@im@gﬂc%d@q%&%gt tle can be
i ncreased byuie¥ikhl$ Gort DRIEVIE aNirfod el MO, "OfRceRAY Fariafidth BRIt of the
array has a separate bit reference voltage input 3 and is progranmed

separ at el y. #ementiontrpbsignadmen oaudet ingreased putar its thepbiage dlomweh of He | ast

colum in the.respective Fart of the arr%%/fé%s %%ieg%ec;t)fed. e;I'he nunmber of
col ums in BHEH PHITFP RpPrgpramiming cycl RSP IPEn S tnber  of
write acti onghidf theleRGkkr @&tf&;igﬁﬂ@t)@s RASKINPAfrbm e Pﬂ%ra?ﬁrﬁﬁé chde freduced.

Consequently, the tinme available to update the bit reference voltage is
i ncreased. [thdaatt, RiljweeerBiebshemsult i el Yo (dquirstenntetheslemeditfebntatli on of t he

charge coll ecto depicted.in Figure 3 according to gqne enbodinent of the
pr esent inve%qa@rkelrlg%f&ucﬁgﬁ éqr?lv‘g'}%;‘p?é]ﬁ‘ﬂb@%@f]éf?eth? amdi?gﬁﬁﬁi’gg%m e for the
anal og el emedifcufl PTHiQhre S AN atdsOthisV ALY IeAUEY ﬂﬁro‘dﬁgﬂ%:agﬁf le LELAGXL el ement

control signal. This can be particularly ‘undesira r a MEMS mrror
type el enentcircui beivess dreyoudputiVat afohe chargehmllegbearsinhe clententl  si gnal can

cause IS, e bR S5 bLTE Shetl S b e TP,
R S sl R U G T E T
signal ) bei redementUorexantple dreoniviok tapasitchce hEm SBkkmireortahay.s Ofee thel t age
| evel . The gl I Cli'/iofta %fouliilgVOEhz?s S?Jblil?z\éid%% Se etn io?a%&&bi o i brammsing JUc! N9 @
sanpl e and H3fge voltage ouip plete programming

cycle switch 84 is closed. Capacitor Cm is charged to the output voltage of the

charge collector Vo. Switch S4 is then opéned, disconnecting capacitor Cm from

the charge collector. Consequently, the element control signal supplied to the

element does not vary during the next programming cycle until Vo reaches its

final value. As long as the time between successive reprogramming cycles is

short enough to prevent significant capacitor discharge of capacitor Cm the

voltage supplied to the element will not vary until the next time switch 84 is

closed. It is necessary to ensure that the sampling takes place before the reset

operation. It can be necessary to use another clock cycle for this, in which case

the number of write actions in a programming cycle is: W=Bx C +2

[0146] A sample and hold circuit as illustrate in Figure 5 can be applied to any
local control circuit, in accordance with one embodiment of the present invention.
In one example, it allows the control voltage for each cell to be updated, while

the associated individually controllable element is set to the state for the previous

control voltage. This means that for a typical FPD application, for example, the




circuit between the output Vo of the charge collector and the el enent.
[0145] In one exanple, the sanple and fyold circuit conprises swtch S4 and
capacitor Cn Cmrepresents the capacitance of each individually
controllable elenent, for exanple the mrror capacitance of an SLM mrror

array. Once ich@pled@bR@ranithingdfci®ting BF 20(% ihamileblaRirubdfthgdhe ddherobnd of a
conplete programm ng cycle swtch S4 is closed. Capacitor Cnis charged to

t he out put vabliagse bpovertrppingtthisgwdeis! widle thsrselbing Smietfohthg4ontolidbder opened,
di sconnectin caegfci tor Cmfrom the charge collector. Consequently, the
el enent cont kﬁm ‘gnal supplied to the VI, elenent does not vary during the

next pro@rA™M NG QYfuhBeddificA@n i §85E% e HeDrodrhRing(§ti8n alordpB9 as the

ti me between successive reprogranmng cycles 1s short enough to prevent

si gni fi cant cdthaskembodinsohaityepresentmpationos to@mpichent adiatggepdifippl i ed to

the element wi.ll not.vary until the next tinme switch S4 (s closed. It is
necessary t o HAIB-inaTESIRESS HSIPPHEOR sHESVEY Gk clronest withinan pgeky

oper at i on. |m@ﬁy§§se DEpPRARNcly &x%tié‘fé%%&ﬁé foﬂl%%'ﬂen?éﬁ%&t%‘??igﬁiﬂi s, 1n

whi ch case nu wite’actions 1'h a progranmm ng cyc s: W= B x
C + 2 [0146] Cansaopdtly, ford: ligh dpdiadowithgathe irtduirst resbhution iflegur Borsa can be
applied to an%v | ocal, contrgl {;i rcuit, in accordance with one enbodi nent of
the present Fhrgntmpificr (3 theralfossaphprge callectan) il audradip Fspensels t age for

each cell ton%b&%ﬁ&ﬁﬁmd%& &;ﬁbé gu@gsoci ated individually controllable

element is set to the state tor the previous control voltage. This neans
t hat fof01a8f ypi caln &febrdapg witlahn alicrnitbie epdmidishet of the pdsentCianqitiehe
reprogramm ng cycle time of 20s is available for updating the control

vol tage, by &tavsiementvgthimthe asmads apdatedirpme sipgle andge inms 32orthihe

o ogr amm ng. et EARRE 2 Coliohal) VAhECY: REL GhRl e SR Wi, e
i nvention i scéwerd tip bR tiee retgesokagd tahi® rThedhih rankony thidighthd esponse.
The position sensitivity of an elenent within an array typically has an
appr oxi mat el {Fayligdiraaes vithindhe Hee avaitablgor apdatiags theagalog ypltageg gach

Consertuent ol oy B OB PHLBTEL ISR APl ol 5 253,
response t hevolmgabt bod triaagular &th it Botavaeeorineduced. [0148] In accordance
with an alternative enbodi nent of the present invention,
[0149 Figure 6 depicts a low power CMOS digital to analog converter with a

voltage output synchronized to the array’s internal clock, according to one

embodiment of the present invention. This DAC can be implemented local to the

array or can be an external input. Tperiog is the time allowed for updating the

analog voltage for each element. Vp,y is the maximum voltage that could be

applied to an element. In this figure, t; is the time within which the right voltage

level has to be stored on the hold capacitance for each element within the array.

The voltage is stored by closing an analog switch connected between the input

voltage and the hold capacitance, charging the hold capacitance and opening the

switch again all within the time for which the input voltage is within one least

significant bit of the correct input voltage. For an input voltage varying between

zero volts and the maximum voltage during a reprogramming time of about 10 ps

(typical for a flat panel display apparatus) having an 8-bit digital signal for each

element this means that the available time t, for charging the hold capacitance is

about 10 ps/256 =39 ns. In one example, for an optical lithographic apparatus




~each elenent within the array is updated froma single anal og i nput 32.
This input carries a continuously varging, or finely graded discrete
signal, which covers the whole of the required voltage range. The input
ranps up through the required range within the tinme avail able for updating

t he anal og vahiing zﬁ.&ulﬁﬂ@f’bpr@g@ﬁrhmlﬂglﬁnééﬂhl%u@% &, ﬁ'&b@ﬁ@h@ﬂs/ﬂ%u age
derived external to the array. This input voltage can be a triangular or a

saw t oot h vva%&@?m [0149] Fl gure 6 depicts a |l ow power CMOS digital to
anal o rter with a A e o t synchro d to the array's
i nt er%afﬁrcgpgck a S?QdP’f?é“ @%émaﬁﬁﬁ@a l%"nfwﬂélﬁgcehfg’ ﬁ&‘@ggﬁtt Fr}%’g‘%_ti on. This
DAC can be i E@ﬁa@if@l@é ﬁﬂ: ﬂl@&aslevérg aPehtﬁe réfulréthe s f&%g 8o n?‘tﬁéaﬁrp"ﬁ! I nput..

an flog vo1 or

Tpe,;od is the tine all d for updatihg the age each
el ement . Vmaswiteh, tm@agabxcvmxiniays)l(foagmntrhlahg abellsditbl), aagpihaedng eingen el ement .
In this figur e time.wthin which the right voltage |evel has to

be stored on qr}ﬁ@n{?j?ﬁhﬁg%@&??aéﬁﬁ%cef dhisEar he Rrtallraveront by dosngall ay.  The
h
vol tage i s stor@ds Q}ieﬂh%hz{lg%%ta%@ﬂﬁg?bei%‘g]ﬂsttgﬂeeclﬁ&ﬁg &% a@%@*ﬁ{g%&t e i nput

vol tage and the hol d capacitance ce and openi ng
the swtch ﬁgmhmnad: ihem@iﬂmitetghﬁaﬁne%eﬂ dre rwhm@;li vbhazel fT]hl!;TaHUW!; nage is within
one | east ﬁnlfl ant f the correct. input voltage. For an input

t
vol t age var y‘i1 § B Ehiewms tflez}éﬁ‘é‘:%f’lﬁ@%ﬁao‘f"%t aFIRg V@Ftca'@féan@tﬁheng a
reprogranmm ngofd.merpf Oé’ﬁ ax}Qhesu B?’Q\svﬁf}leis fQfn ﬁg& 18&”? ?1 SRl ay

appar at us) haV| ng an 8- 1t ar ferent TRi%Y means t hat

the avai | abllesmhamzﬂndhighlemihﬁxrcgigm@l ltnleﬁ mrmmuemm@sid@effad@mﬂ 10 s/ 256
= 39 ns. tﬁ el npl e, for an optical |ithographic apparatus 32 having

an avai abI fhf e j? @@Paﬁ&*ﬁﬂ%}@dt FQTethéf ingbadially4goriroliable elespenit vagme/ 256 = 938

1S {0150 0 NP o ST S o AU LR sher o1 e

hol d capacitance t qui Ferents roni zi ng
the anal og muwitlinl theuimpageth asamped g soldfcdicuie. oTkik Qirﬂ_llpll@gndlhtﬂd&WultC h), and
charging time constants for the hold capacitance his can be partially
overcome by €R6STRYS A furthengwitthend srpasitorieer aplhl og vol t age input begins to

[ Ihzer ];Hgl rlgdvvgln'?:l%m’g ﬁ%ﬁlc?safpor@\fmﬁ%?uét l%;[:éiﬁg g‘lrﬁlﬁlg(ﬁgl?t Pﬁlaetr?»ﬁrég gfdr eached
capaci t ance reqlifedvanadod Welasa fgn ghé i sifgle nsl nfrnpﬁp R8ordMIR®Tone Thi's Wil
al low the use of switches wth higher values for the on
embodiment of the present invention. Each element is connected to the single
input 10 viaa single analog switch 11. Voltage input 10 can be the equivalent of
analog input 32 in Figure 2. Capacitor Cm, the hold capacitance, is connected
between switch 11 and ground. The voltage across capacitor Cm increases as the
voltage on input 10 increases. The analog switch 11 is kept closed until the
voltage on input 10 has reached the desired value. At this time switch 11 is
opened, such that the voltage across capacitor Cm is held constant. Switch 11 in
each cell within the array can be opened at different points, such that the voltage
across each capacitor Cm varies from one cell to the next. The voltage across
each capacitor Cm comprises the element contro] signal used to control that
element,
- [0152] The time at which switch 11 is opened is controlled by down counter 12.
| Down counter 12 has a power supply 17. The supply voltage is typically about
1.8V. Down counter 12 has three inputs: clock input 13, for example running at

25 MHz, address input 14 (the equivalent of address input 33 in Figure 2) and

digital signal input 15. Address input 14 can in fact comprise two or more




resi stance and hi gher ohmc signal lines. There may be undesirabl e side
effects of the voltage supplied to th& individually controll able el enent
varying unnecessarily throughout each programm ng cycle, which can be
avoi ded by providing the circuit with a sanple and hold circuit. This
sanpl e and hadiddress mputst for gzample ifthe slemanfsare fremgsdindaddarvdecimpawst or per

e e Lt e B
according to dti’%?a} si%Hqugf B 1 0EorkdiforRiRS@Nhe [AUGA hdfog FAGR. g efENt 1S

connected to e sing Input 10 via a single analog swtch 11. Vol tage

i nput 10 can cbB. Thiedegfal siglabistusaf to damathogoivn potnt82 2i suckitlgtiaer2t ha€apaci t or
Cm the hold capacgitance, is connected , between_switch 11 and ound. The
vol t age acr ﬁ@@&%&ﬁ?"{l&% aéﬁ‘iei‘ﬁb"re%%ége slock frput \riélffoé'd@ B ‘iaﬁ}‘iﬂtgt&@

i ncreases. Thesianabeg as WithGkidohl oiSli i j e on input
10 has reache 1t heédesi retg vzli%e. A@%F@S’?ﬁgsg\%}%!:]hél?ﬁn%%%%%%hed, such
t hat the vol tlaghisaeaygske eapaeistoed aerossscapaditbr € Soragach eBmencloart bd in  each
cell within the array can be opened at, different points, such that the

vol tage acr é%ﬂg"@%@ Q?é‘HBE?‘f By thedigial sigaalrspppedine iappt 1519 capfedei®t . The
vol tage acroggygach capacitor Cmconprises the el enent control signal used
to control that elenent. [0152] The tine at which switch 11 is opened is
cont r ol l[@53py dowrsahowh éi Fikdre 6,000he exxamplebnck2hh asltaze pavesutdopaty 17. The
supply voltage is typically about 1.8V. Down counter 12 has three inputs:
clock i nput I&npedoud d Afspraximyahvakjeatnstepd ofppsettingdioe 5o yolatit £an (t he

equi val ent o i i I - igital signal {input 15.
A cos- 1 nput SRR kR S B LR ol S e S bR Red IFS. o
exanpl e i f t Her talseqpdoh shad@wadduatg €2l farshatds@s s&ds ool wndieh £0! umMms.
When address input 14 is selected the down converter receives a digital
signal on i npeodief thps @ nde mpximum e pagiodr e dicamins ghepsiearfdhd or t he

cell. This djigital..Si h: S b o drive the down counter 12, such that
after it hash%létgﬁgﬁ%%g%\;\ﬁag? %?%é'e driven by the clock input 13 fromto

the val [E@59f the Fidugi 8 &dpi@s gRathefdnPodiBbht oF ki Rbsefinl RN L WiScipassed to
switch 11 closing the switch. 1In this way, the voltage stored across

capaci tor Criednalesynitegeataplicddasadieclementiwithin ticlagrag ivdatetriead Hye t he
digital si gn?ihgl% %Qfolges%vi%ﬂ 20" HH%enlgy taoplﬁgec\r})icﬂﬁvr\godulated (PWM) signal.

Analog switch 20 is connected to a DC voltage supply 21 (the equivalent of

analog input 32 in Figure 2) the DC voltage supply 21 could, for example, be
about 10 V or about 25 V. Capacitor Cm is connected between switch 20 and
ground. The voltage across capacitor Cm comprises the element control signal
for the associated element. The PWM signal is supplied to switch 20 on line 22,
The analog switch 20 is opened and closed in response to the PWM signal. When
switch 20 is closed, capacitor Cm begins charging to the supply voltage. The
variation in the duty cycle of the PWM signal (the ratio between the PWM signal
being high and low) determines the voltage that is stored across capacitor Cm.
[0155] In one example, the PWM signal is produced by pulse width modulator
23. Puise width modulator 23 has three inputs: a clock input 24, which could, for -
example, be running at about 5 MHz, an address input 25 (the equivalent of
address input 33 in Figure 2) and a digital signal input 26, Pulse width modulator
' 23 is powered by a power supply 27. The supply voltage is typically about 1.8 V.

Address input 25 can in fact comprise two or more address inputs, for example if




counter. [0153] As shown in Figure 6, in one exanple once the voltage on
input 10 has ranped up to its maxi nuayval ue, instead of resetting to zero
volts it can alternatively ranp back down to zero volts during the next
progranmm ng period. For this option, the down counter 12 for each el enent

needs to COUfe e@b%msf 4@ din d&%ﬂ%@d@ﬁseﬁhﬂ?m@ﬂé&ﬂi cdl@nhd) EWNRX adiditBast i me per i od
Tperiod m nus the val ue of % gital signal supplied on input 15. [0154]

Fi gure 8 depinpts2ais mlctctf.'elrtheqvblsdmréihtmtaﬁuktthleﬂ)rﬁgléfm a idigiehsigedl oni n whi ch

t he anal og vol t I iedt each nt Wi t t.he ri det er mi ned
by a singl emQH';?f%ceﬁj) Otnﬁlﬁlgé?) ,r?qpérﬁ ag‘ég}\kﬁ ﬁ!ﬁd Fgfiéﬁal( PWW)
si gnal . Ana%l 19a1§§"’11§69h0 4Bve %eﬁﬁ%%ﬁ%é&lﬁo% YRhttRaeh SPAM ¥igaddl (the
equi val ent o og Input 32 in Figure 2) the DC voltage supply 21 could,

for exanpl e, oltput cablinet 221irs W doty @loleytroRBtishal Gatha digiet sigml jog immmAect ed
bet ween switch 20 and und e voltage. ac |tor Cm corrprl ses
the el ement Bothis WPY’stf“@?YSﬁagef %?relf? RETO5% %%F%?f (émeﬁ’ér"r@ e‘f‘ﬁlét BMWICsi gnal i s
supplied to ﬁlmvtl&ﬁugo élg\r/@ t%@d ltl.{hﬁ @an%ﬁﬂleawl (28 thSapanRd and

cl osed in response switch 20 is cl osed, capacitor
Cm begi ns chazicghng)dhhtdrme supply voI tage The variation in the duty cycle

of the PWM signal (the ratio between the PWM si ei.ng hi and | ow)
det er ni K456t he vo lﬁ‘gfé“etaﬁﬁtthq W%P@ﬂ“é?ﬁeﬁge ‘é%l%&ﬁ?‘t‘ iegy e ‘[e@? I n one

exanpl e, the,E\ gé% @a@f gh&iycl %{J%J@qalcﬁ{tﬂé outgg’t Pul se

wi dt h nmodul at or ree t 24, which could, for

exanpl e, be vslnge B@Bévz&f@dlb@ aﬁeMﬁZﬁhedmya:@idﬁekSs il fhedy tﬁ5t2($almpl€emdl vaI ent of
address input 33 in Fi g]dre 2) .and_ a digital signal |npu1 26 se width
nodul at or 2ol sirpiwee bsyecwlﬁséw‘éhe Eﬂfgﬂlsgg@l?s Supplied erypingo ﬂ?je is
typically ab or nore
address i npu%:)%Ie of%n?ng;zle angg‘?c?ﬁ%élw% ﬂ?esclag%dgtr?lf gnfa(%gltbgggargégde an addr essed

in rows and @!Hrgmpac\ﬁbﬁnlf&ﬁdl’cmﬁ freligdy 1£ﬁlubishgeb1emaemetﬂnecmnicsie wi dt h
nodul at or 23 receives a digital signal on input 26 corresp On(iil ng to the
requi red anafesepanes fragecngy of e adbnguslly C’i’ﬁ'ifgﬂf@ik’giﬂ?‘allem dPgmempls Qused to

g ve e P gy TR Ao R B A e it o, 1
this way, the sabtibigse sligsederi@n 65%calla Racd hedhafitlfresonamelreghcmopoft can be
about 1 MHz. If the ripple is higher than this, then the mirror will be unable to
follow the high frequency variations of the PWM output voltage and its position
will therefore be defined by the average value of the output voltage.
[0157] Due to the limited reprogramming time available, for example about 10ps,
the control circuits illustrated in Figures 7 and 8 can be modified by incorporating
a digital input latch in order to increase throughput. The digital input signal (15
in Figure 7 and 26 in Figure 8) is arranged to receive a multiple bit digital signal,
for example an 8-bif signal, corresponding to the desired voltage to be stored on
capacitor Cm. By incorporating a digital latch on the digital signal input, for
example an 8-bit latch, while the current digital signal is being used in the down
counter or the pulse width modulator the next digital signal can be loaded into the
latch. This reduces the amount of time required to load the digital signal into the
down counter or the PWM at the start of each reprogramming cycle.
f0158] It will be appreciated that the circuits illustrated in Figues 7 and § can be
regarded as local DAC circuits, each suitable for incorporation in a respective one

of the cells of a programmable patterning device embodying the present




individually controlled by the digital signal supplied on input 26 to each
pul se w dth nodul ator 23. [0156] Wth3sone and the sane constant reference
vol tage supplied to every cell wthin the array and a single supplied

cl ock frequency, the | evel of the output voltage can be varied by altering
the duty cycligvention.i $hisrié bécabiye ¢d¢htciraui$ia;rqnfaagaht¢ re¢edveda digiteli¢antsebul d be
required if the PWM signal is sup contl nuousl y si ze of any

ripple on théapgl Ragdo £€P‘E¥§'§‘ % ﬁ%@:’*&ﬁ% Pg gpalesopipyt B%ntffﬂd(?&téﬁe bYHsing a
l'arger capacit@r...df a%ﬂ\%% %t% 3‘*‘*‘5&"%}*?@2 glq)er t han t he nmechani cal

resonance frequency VI contro e el enent (for exanple,

a contei3ebl e mﬂig’lﬁé‘QdéIﬁﬂ@ﬁtﬁ)rtﬁdﬂembbdh&leﬂi amingresehsiabéntmninachiclas a
mechanical filter. A controllable mrror_ el enent typically has ?

mechani cal r éb@nanp®vided fuetisynabive fampaf DAG/RL drjying ﬁ’é apg B&I‘:@a hi gher

than this, pg}a: guency
vari ations ofsg]ﬁ}ﬁémgwl%\p t&p@voﬁl‘%}gge an St}{e%aégéa{p%ﬁﬁtr@ﬁl@r&?%%@gfore be
defined by the tavapagenyadfin déméhavitit Hetarie] Dege 40 bOJHIEs abasald t he
limted reprogranmm n% time avail able, for exanple about 104s, the control

circuits il @sthubsigenlitp (Fiagay €8 tangpigsign Bahdbhe modified by incorporating a

digital | at in_or, er to i,ncr hrou i i nput

i onar (AR ' 7 Eaeh SR o Y RGP b SPUOLRL xo T, dhPehdiy ")

nul tiple bit sgi@i halcheigeadpacitdrQ§ e@MPITILLCAIT vohedd € isthgb@acitarenggpondi ng to
the desired voltage to be stored on capacitor Cm By incorporating a

digital |atclV isrhe wétam gvnhad agliogmt’alb camsotier, Hvery capycalepincthearray eds | at ch,

while th t, di b diin the d t th
ol se wi at h #oBurreR s rRENETaRy T AR RA el beES, Gadea into the

latch. Thied)r educ?@oﬁe@%aﬁ‘x@&”ﬁ‘ﬁr%ﬁdmr fnﬁﬂwlhgﬂle?@wleﬂﬁﬁhﬁdiﬁndhﬂhﬁ al signal

into the down counter or at the start of each reprogramm ng cycle.
[0158] It wi laiDAE inppsupplyathe dAGaritht ﬁéoﬁthpmmmgahqutmstmét@@@ 11 ¢pull gues 7 and

8 can be regarded s |.oca circ ltS a corporatlon
in a respect rRIENE eBithat“ﬁh Bg‘% §elbefra % B?I%’gf)éﬂei? ﬁmd%w ce
enbodyi ng t heiRlEafEke spply. &M &ich uEHaté chcle BRIBACRaR BEhe6l foldbh 1S
arranged to recCeive a dirgital control  signal, and to generate a

cor r espondi ngohaglsogplpint tput Whet srvﬂtchutglbtea?gaen swgiogshive Weltagceﬁcpelntt&ih@n anal og
UL vol Cage, (1 eterence YOl 208t 10y OISR FUPUTRR SEcle 2 further

difference between two successive voltages. For ready comparison with a

traditional DAC design the power dissipation can be expressed as the charge

transferred multiplied by the voltage differential. The charge transfer is the same,

however the voltage differential for a traditional amplifier is typically larger, up to

the supply voltage, which can be up to about 30 V. For the circuit of Figure 9 the

voltage differential equates to the step size.

[0162] However, for an 8-bit digital signal, 256 reference lvoltages would be

required, which is undesirable. If the accuracy of the digital signal is increased

further the required number of reference voltages would quickly become

unfeasible. As an alternative, the 8-bit digital signal supplied on digital input line

43 can be split into two 4-bit signals supplied to two 4-bit demultiplexers 44 and

45, Each 4-bit demultiplexer 44, 45 has 16 outputs connected to 16 switches 46

and 47 respectively. Each switch is connected, via a resistor, to a single reference

voltage. The switches 46, 47 are arranged such that each reference voltage is




there is provided an alternative formof DAC for driving an anal og channel
suppl ying anal og voltage to elements wgthin the array. Capacitor Cm
corresponds to the capacitance of an elenent within the array. DAC 40
supplies an analog output signal to the array on transm ssion |ine 41.

[0160] Each eapeatd @ aCinglsswitdr B6d cdéh 6@ of N6 sapphapr Thd ewivdles age. The
energy stored in a chaé{g;ed capacitor is equal to 2xCxV2 where Cis the
capaci t ance BpirallyMQ@SKIhks apd|aradapidghasisteh.acr oss the capacitor. Every

capect el |, Bl SHBEHI b6, AL Sy 500 50b 8 bRt ot

every u peri . 6 rrs i'on for 1 nproving

the power di ggitdhaé kRREh¥ivhhiTHe réindMiGe 1S voiRags HRRY, Yedidiers RACsWtétes atel of the
potential output voltages it could require, rather than the DAC generating

each out put indicateddyithetdets ATheyoktagssnpplieditagpcle veltsige sfercreepptuy diffetsr i ng each
dat | e.t he. DAC t |t Ly in,turm. W
ahi 1 chi ng. el WEGH® B deBuge syl g RSB ssiif e AR 2o il el paved i n
the swi tchi ngadpsreRgtirt J&mé{éi&@&( AVdagablWRELRKAY 3 A.t Maickdicbp&rwinge bet ween
(o]

two successive vol tages. r ready conparison with a traditional DAC
desi gn the ppwerdedissHiopatiydowserestyesisanse dydbelvaitage neferches gputs sucdinsf er red

mul tiplied by the volta differential. The charge transfer is the same,
howevgr t he %‘ tﬁl‘%é‘) B?tfﬁg‘%‘i}i’{:io&‘fpuf 83“3;!10‘6‘&&33’?18?1% on i, |§fi er is typically
larger, gigqf 0 t hﬁ{)%élﬂﬁé %&‘éﬁnﬁ%ﬁgﬁé@ﬂy%e 6PRe R8s Uik h8PRU fadlr of For the

circuit of Figure t he age différential equates to the step size.

[0162] Howevid, 256 diffeamt Bulpiit levkiigéandk agamnged by a@tisg thefostpmitrod avoinberges woul d

be required, which is undesirable. If the accuracy of the digital signal
i s i ncr easedf icRfdPEThR: “PE‘E? #ﬁé@@?edﬁpme@f%ﬁ%ﬂ’@ga{}%ﬁuﬁﬁ “woul d

qui ckly becos piAleash RlBundtodtf) iBtdBidiot kefGrenddVo1lalbi o figiok ab, ST gnal

supplied on digital 1nput be split intotwo 4-bit signals
suppl i ed t o 49Thé-résidtarcte matid beplveaesstdnd 48 anll 4Ydeterfrands the dorlingddithel t i pl exer

Each owit ch TEAOHRBRE) CHoh At POUTER o onF SXamBp i gy L e GGG vl t Age.
e L S T
typi cal | y MiGhé&slarganthantte redgaet ofreastosadth . THe@bifpdd siknals fbarsinitghesonl y t hree
reference V04|16t (ac%rereslljio?lgisrlgatg g[ihet X\%ozte stigni 1£antt rlglrts?)ewiil be about 16 times larger
than that for the output signals from switches 47. Because the output resistance
of the least significant bits (from switches 47) is about 16 times larger than the
most significant bits little current can flow from one 4-bit DAC io the other.
Therefore, there is little steady state power dissipation.
[0165] It one example, the output impedance of the whole DAC 40 should be of
the order of 400 Q. This, from experience, has been found to provide for
sufficiently fast damping of transmission line reflections and for fast settling time
behavior. The settling time is dependent on the low pass filter, which is formed
by the output resistance and the load capacitance Cm. Therefore, resistors 48
should be about 400 Q and resistors 49 should be about 6.4 kQ.
[0166] The series resistance of each switch is not negligible and has to be
accounted for. This adds to the total resistance for the output of each switch and
resistor pair, and therefore can affect the mixing ratio for the outputs of switches

46 and 47 respectively. As well as using types of switches with the smallest

possible series resistances, the switches are also matched in the same 1:16




switches are shown. The remaining 13 voltage |lines, resistors and sw tches
are indicated by the dots. The voltagg supplied to each vol tage reference-
input differs fromthe next reference by 1/16 of the full scale voltage
Vref. Vref can be 3 V. Each reference voltage input is capable of sinking
3 A Thick coptanceiratizsas the oasistias 48 and 8D c iTait dayp Heoluns geomstricalfi by ance f or

the voltage referenge, inpguts such at they do not affect t out put
si gnal on thée%lsraﬁ%ﬁlﬁé@_ i aﬁ@@%tle@mﬁB%g% P17t Fr%‘i%‘gﬁgltosupplied

by one of th hes by a factor of 16, 256 different output
| evel s can bgarg%&%nfgé8§#fégddi ng the outputs of a nunber of swtches

t oget he0164f | sw Tabekanatieresistph@tcfd MOSRET tdepkrids oh i Wolagsairesithn | i ne 42,
Each switch is connected to its respective reference voltage by a resistor
48, 49. Thechuwrk Mymrmngigitee yatchernditberesistorsasshown yitgheepision nes t he

this rotio i Souh MRch ARk e thy BE Ry tho SRUKENG oot TE2TP! ©

resi stance omadespmbaittdPed il ahably ifprodihge rhaclgeg. than the resistance of
resistors 48. The output signals fromswitches 46 (corresponding to the 4
nost si §Hi6B] cant bi ene)examipie, pewebdisaipatignfomia4 C) Hyigarinimipedhasithere if or t he
out put signal.s.from.sw.tches 47. Because the qutput resistance. of the
eact s g 1 G RB GG PER At e EREBMRGE R T R (han the
nost  signi fi gafiporfRintsS The il &rbultBuns @k 1bWoMIthgOevQRRcept Rirthd e t 0 t he
other. Therefore, there is little steady state power dissipation. [01651

It one exanpHavers hethe ywiichesidgp€dance of the whol e DAC 40 should be of the

order o Q This, frome ri e, has been, fqund to provide for

2t ot BHEPY Tast RelinsrhgPsr i DA AT Sorish®s eR efPlerted B S 3For °f as:
settling timg 2heBqul Qleps T S&LLbI A8 mdxiBuhScudRRENTBRL cerent BEplOW pass
filter, which is formed by the output resistance and the |oad capacitance
Cm Ther ef or ehargessiapacitos C48 at easb dlaindne. &bisgtireth CheeQureemtl onlpsi sarobss 49 shoul d
be about 6.4 M [01661 The seri resi stance. of ,.each switch is not

negl i gi bl & aRUMRHE 1o Keihes QURHh Pe A I TS OLRERED T AP TIRY esi st ance
for the out ppiaofneach i8S Pahol 88 capfSios @l Pair, and therefore can affect
the mxing ratio for the outputs of swtches 46 and 47 respectively. As
wel | as[01§Dhg typbonekexampleshesetihing hintelod therignblastthe possiitslon liwerfores

resi stances, .the swtches are, al so hed in the sape .1:16 .37 . resi stance
Lot o an't hotedgnal s ESEiibGeborpd fah s dedied SAbE S EAILN R by -

where 7 is derived from the step response from the low pass filter formed from
the output resistance of the DAC 40 and the load capacitance Cm. The step
response is 1-e™Y, 1=Rx C.

[0171] It will be readily apparent to a skilled artisan that where examples and/or
embodiments of the present invention refer to the digital signal representing the
required analog voltage at each element comprising an 8-bit signal, the digital
signal can in fact be of any length. Where digital signals are described as being
set high or low it will be readily appreciated that these arbitrary values can be
reversed. It will also be appreciated that in examples and/or embodiments of the
present invention, the patterns to be exposed can have been generated in a digital
domain; and can then have to be converted into accurately defined states of all
individually controllable elements of an array, with high enough update rate.

[0172] One of the steps in the conversion chain is the digital-to-voltage
conversion. The array elements can be controlled physically with electrostatic

force, which is related to a voltage level with a certain accuracy (e.g., 8 bit). For




designing the length / width ratio of the channel regions for switches 46
and 47 to vary by a factor of 16. [0387] The channel resistance of a
MOSFET depends on the voltage across the channel. By arranging the
switches and the resistors as showm with the resistors between the

r ef erence vobiuchgesnamsonlitis saquirediede abledo ghreratedn analdgaglisgeosith If6  made

appr oxi mat el y, equal ther i nproving the matching 0168] In one exanpl e,
pover di ssi pé‘ﬁ“&ﬂ\llﬁ‘h&l?’ieﬂﬂ@ S4§)qe§r%0mfﬁ epds piifls Breﬁ%lLIUW?WOPéHn #nal og
circutry, a@ﬂ Ibg cbﬂ%&%x@ﬁ‘ b HniG GRS A ngﬁefr‘r ﬁ@zﬁ@r&f{&' Jaﬁggﬁctﬁévea%ﬂ ve
conponents. e rtal circurtry runs at a FTow voltage [evel except for

the gate drlover §owér dibipesion] aidesitiiowed domplOdiGOf the eemabaringt en- the DAC 40
provides a current output range that can vary in 256 equal steps from zero
to the maxi ntiHP &UYe @agtrontes Qneafm@men&%ﬁmnts #pakgakle fuparide bighem at each
el ement. If vol t age

out put by ar{egglsgilhﬁgﬂgp%oggd ﬁltléora(lz:ﬁf-)gtg,1 %ﬁyﬁﬁéﬁgﬂﬁﬁt@‘g@g M(?%ttlggrﬁtA%“%ﬁtd earth in
parall el to ¢de capacitor Cm [0170] In one exarrple the settling tine of

the signal _on the transmission line, for the signal to settle to within
about O[M78)} of thea eestain eavbodiments, jtke étgyfal to-gnajug(voltagey eonversiondisr i ved from

t he step respops frao thelo f or med

gl ot ance: oEE oL RRAROSBIER tre.fnd BF e bR Erstan Bk 18, BHARY Cc ponse | ¢
1-e(-uT). T émBRdkmeénts E}Q@&Jabhllatred/uylﬂla 4 DAd beYlodRrRafyaitay bRnRnsddd | ed
artisan that where exanples and/or odi nents of the present invention

refer to thewelkiia wlthslog\ha¢ltagé1i¢‘@be1ﬂﬁliahglgilhl§ (grdngilpeer powitrogetier t age at

each el enent ¢ rising an 8- nal , the digital signal can in fact be
of any Iengt%er{%%@?cg% feeRict 006?156#@( ?tgrf?fgg% %Qd as being set high or

low it b4 be readithy aRPsRSLALEH fbade ﬁl@%ﬁﬁve@rdi’dslﬂaﬁéﬂ aH@lygsw&an be
rever sed. It wll also be appreC| ated that in exanpl es and/ or enbodi nents

of the pr estbﬁsyrmhmmaitlonrequhemgas fos thesinglog bignadx pb seay alemerta whidbeen
generated in a hen have to

1 d 1
e ot el e Fefivg e iR Mg 0F GME B0 SR e a R et £ of an

array, Wwth ﬂhﬁl'@ar_ﬁﬂ@é!%hrﬁipﬁa&e%uélﬁé €n eﬁlgéfilg‘]enmﬁ vilich B8 i eR%intifkdt he
conversion chain is t digital-to-voltage conversion. The array el enents

can be cont rlnllmt@domwsai (fali dxpmpie; BS@bed2dostdat noch biggarewmbker efuriay rel ated to
a voltage | eYements tfor exam p etu%ltg ai?o%% % mcﬁlloxg or g’LOI‘C q’hll:)sI tgghmque can utilize

a new on-chip CMOS architecture, and more specifically a new addressing

algorithm.,




38 such a conversion, it is required to be able to generate an anal og
voltage with 256 distinguishable | evelgs. One or nore enbodi nents of the
present invention aimto provide conversion techniques such that higher
update rates can be achieved for |ower power dissipation, and with | ower
conpl exi ty ofCdnbkmsext ernal and the on- chip drive electronics. One or nore
enbodi nents are al so able to provide higher reliability, inproved
mechani cal and el ectrical robustness, and at |ower |lowest cost. [0173] In
certain [@f%‘;d' ”?”tv?higet&f i &ﬁ%p%'i'&@' ahk ﬁ&&éﬁ?lﬂ%&?@l&%‘ﬁ%ﬁﬁ%&ﬁbé& shifted
as much 'as possibl'e to The end of the conversiof charn. 1n certaln

embodi ments bbb, itshaddbewgitrsodth@chdithate AR pakhtodbeway wi @langie el ement
and working with | owvoltage-level digital signals (giving | ower power,
better perf eplyaprednapiliprtapion plé el beapirasens toapeakson pieilied drthpedevagtat ) [ 0174]

I n other enbodinents, .to reduce t ower .dissjpation and to | ower the
Synchr oni 2at Mok Fag i el L 1 AiecRih G 5 SRR AR oot B (S
which need tRnhaéepRiandBebpk e tifAiiReriionl ahUslthéBrebd@ aNGXEoRGTARYT € _
pattern, are updated simultaneously. This is desirable in enbodinents in
whi ch we hav@resentiipiention shouldywt bolimgedibxany of de abgemghisetibadsgemplan024, and a

h bi I £ I b .10 ml1ion,
or mor e Thi SRR Bt ea Bt FHTTE S ok SRR bR e PR PR ur e, and
nmore speci fi gad thirdqi®Weaddr essing algorithm 39 Conclusion [0175] Wile

various enbodi ments of the present invention have been described above, it
shoul d bH7¢hder st das ta bratpprdeearechtaethb detriled Exetriptidn Isyctivay awt natbapl e onl y,

and not limtation. I i || be .apparent .t ersons skill in.the rel evant
2t "Chat | vartouerspihaBuraenSEOR Bt S S aR T e Mo e i ¢ hout
departing fmramguinsPisntARRdcS&RREnOEant 88 by 8L 0P MmordNYEs ndihg) breadt h
and scope of the present invention should not be limted by any of the

above- descr i besin@aynphbedmesnbaddiheepiesgnt bovension Ldsdedserdptaitedebly dind y i n

accordance with the follow ng clains nd.their equivalents. [0l76] It is
6 be. appr ec PRS0 (. pib s ruandseElEr HBY (o PSR HOIRTaR A dEe ¢ he

appended claims in any way.,




Summary and Abstract sections, is intended to be used to interpret the
clains. The Summary and Abstract sections can set forth one or nore, but
not all exenplary enbodi ments of the present invention as contenpl ated by
the inventor(s), and thus, are not intended to limt the present invention
and the appended clainms in any way. 490 Wat is clained is: 1. A

| it hographi c apparatus, conprising: an illum nation systemthat supplies a
beam of radiwhit@claimed@ntrol | abl e patterni ng device conprising an array of

i ndi vidually controll l?l e elepents that pattern the beam a control system
that outputs a vdl tagg g ICARBABYRHPBIPESIPe  patterning device; a

proj ection SyStemtha!miE’th;ii;?a%@sﬁs&%lﬂﬁttstuﬁlEIEh%QbQﬁﬁ%FFhﬂia@ioﬁg target portion
of a substrate; and a supply channel coupl ed between the control systemto

the patterning device, coftellablp petsmipgt deyipd ngorariainge Yonprdvsed a
plurality of. I I IS respective one of the

i ndi vi dual | 3}n(ﬁc‘glﬁ‘{laﬁlglc?gtg@gggletllaer?leen&sqﬂéatﬁgﬁéggﬂr%ebgglgtti ve local control circuit
control | abl e t o generatenteol rsgstpacthal eutpanta obitage Gignalgend hedtrodetier m nes a
configuration of. the.respective controllable elenent, the supply channel
provi des t h&FPPEEE S gnal to each cell, the control system provides

control signals to thgpRjjdttied kien®that Bfdcts 16O Phti@hedChdamUbdts o 836 | ocal
control circuit conprises a first respective controllable swtching

device, coniedionsgasresirgFraadit to the supply channel, and a plurality of
respective further el ?%hﬁﬁ]ﬁg!&aﬁr@p&ﬂﬁl%sbenﬁ&ﬂ BRCLorRF AlstERNty @le CirCuit is
ignals to

responsive to the contro generate the respective control
vol t age froputtdmeiny dttiége signal. 2. The |ithographic apparatus of claim1,
wherein: the patter nivr‘}gerglgvi ce is divided into a plurality of groups of the
the patterning device comprises a plurality of cells, ecach cell
comprising a respective one of the individually controllable elements and a
respective local control circuit controllable to generate a respective control
voltage that determines a configuration of the respective controllable element,
the supply channel provides the voltage signal to each cell,
the control system provides control signals to the plurality of local
control circuits,
each local control circuit comprises a first respective controllable
switching device, connecting the circuit to the supply channel, and a plurality of
respective further electronic components, and
each local control circuit is responsive to the conirol signals to

generate the respective control voltage from the voltage signal.

2. The lithographic apparatus of claim 1, wherein:
the patterning device is divided into a plurality of groups of the
cells; and
there are a plurality of the supply channels, each supply channel in
the plurality of supply channels are arranged to provide the voltage signal to each

cell in a respective group of the cells.




cells; and there are a plurality of the supply channels, each supply
channel in the plurality of supply channels are arranged to provide the
voltage signal to each cell in a respective group of the cells. 41 3. The
| i t hographi c apparatus of claim1, wherein each of the respective control
vol t ages conprises an anal og voltage yplue. 4. The |ithographi c apparatus
of claim1, wherein the voltage signal conprises a series of different

vol tages, and eadh of Thhdithagraphicc epparatiis of rdaiint 4, vdengn i speh 20fr B¥pect i ve

integration circuit re nsive to.the contr [ |s to generate the
respective 5%?3?‘&16’ C?/%f(ﬁgg%agﬁsi/cqm ﬂesasraé]ta}n%lﬁggﬁtqg%ggﬁlgbne sel ected respective
voltage fromthe series. 5. The |ithographic apparatus of claim4, wherein

each voltage within the series of different yvoltages is equal to a
full -scal e vol t ade di@?ﬂ@@og?mécﬁﬂﬁﬁ%PS°{§§§lXH%W“ P g vieliece sebtle number of

bits in a diggihhAlesSi @Rk of AFSSRUIHLRY, 4Rl SachdfSthé @sbar estitFolcirv@lst age for
each of the cells. 6. The lithographic apparatus of claim4, wherein the

control si gealnprisecampypesiveaintiseition| cirgtid rrespensivipin the conitpbcpignslshi® hi gh for a
respective one qf fthe LS nhe vl t. ' . t age | evel
correspondi ﬁﬁnetr%e ath%irFSp%g%‘fet Fon f]v\‘/}r(l)lﬁg ¥ |Bg ‘ﬁ%gﬁﬁbgrﬁtheé%i‘g’%t gﬁlé/cgéldgnal for

e
t he respect irsspectiot voltage fibiethk kérfeegr aphi ¢ apparatus of claim 1, wherein the
additional electronic conponents in each of the lIocal control circuits

conprise: a first capacitor having first and second termnals; an

operational anplkfierThaNhbgabtié fipaAith cFRRAN, WhRHInSadfolRBe withinput , the
second i nput being connected to ground; a second capacitor connected

bet ween t he tifc seges dfisffierentrvaltages isoupplue a fdl-seakrevolipes dividethhly aampbetf i er; and a
second cont f L 1iaRl & Skt ENRGuABY GPRHAK] 9idhaP SLEALRASIHERAR b Wi ch the
second termhal of tHe first capacitor 1s cohnected to ground and, a

desel ect podtditedBontrol whitaple fohaciseltthacellser m nal of the first capacitor is
connected to the first input of the operational anplifier; the first
control |l able switching device having a select position in

6. The lithographic apparatus of claim 4, wherein the control signals
comprise a digital address input arranged to be high for a respective one of the
cells when the voltage signal is at a voltage level corresponding to a bit position

which is high in the digital signal for the respective cell.

7. The lithographic apparatus of claim 1, wherein the additional

electronic components in each of the local control circuits comprise:

a first capacitor having first and second terminals;

an operational amplifier having first and second inputs and an
output, the second input being connected to ground;

a second capacitor connected between the first input and the output
of the operational amplifier; and

a second controllable switching device having a select position in
which the second terminal of the first capacitor is connected to ground and, a
deselect position in which the second terminal of the first capacitor is connected
to the first input of the operational amplifier; |

the first controllable switching device having a select position in

which the first terminal of the first capacitor is connected to the voltage signal and




which the first termnal of the first capacitor is connected to the voltage
signal and 42 a deselect position in which the first termnal of the first
capacitor is connected to ground; each local control circuit being
arranged such that the operation of the first and second controll able
switching devices is controlled by thg,digital address input wherein, when
the digital address input is high the controllable switching devices are

i n the sel ecidepasditpbsifiomindnibietht ifirs tert:afah 6f the firdt sapdodsde dodnecttdi® vol t age
of the voltage signal; when the digital address input is |ow the
cont rol | abl &"&di chi ng devices are in the deselect position and the charge

stored on the first capaQhddPbodtdl citd@NRIR d@Hed bR thaf B PEaf@PACI tor, and
after each series of different voltages of the voltage signal the voltage

on t he out pdke §fsttané sedvad gonueipbler sweichingngnvicseds eordrodeth by dhe digitehge for the

respective cqntro 2| erent. 8. The |ithographic apparatus of claim7,
wher ei n eacﬁg%l%gstih‘%ﬁ%hgﬁ%’ control circuits further conprise: athird

control | abl e swi t chi nghdediccdigimal raddgedinphiesthigic dlel gonirnllabpraswitdhidg t o t he
second capacj tor and controll ed by reset signal, .such that ¢losing the
Third cont TSt Be Sulecrienpeation e diehrs saedf e it M reTedht o1 1 abl e

sw t chi ng deyiukesit eesi%n@l;t he desel ect position any charge stored on the
capacitors is substantially reduced to zero and the control voltage is
substantial |y reducedwhen theedigita} giddeess gpurifelow thorpntipiiable apipdvng us of

claim?7, wherei Aol i | L. .C i .a third
capaci tor h?&ﬁ%‘% aggﬁ]t rh Lg '([a : éercrri3 %%tﬁo(?laar?gc[gé gtgé(lr:%en%&{e% ?ﬁ‘iﬂ}]ea@gp((g:ag%ﬁ%&l Sgd to
ground; and tandfauedth tieortemi daphliter,awd t chi ng devi ce connected bet ween t he

out put of the operatiopnal amplifier and the firs erm nal .of the third
capacitor; wherein t#H&f Fﬂq??o?f{‘fllgii[;’fe&tl"gltﬁf totﬁf‘fhé’o i Yl B¢ pe

tsﬁl ect | Velt y v@itzl%%%‘ﬁ thOnEGP@IF e Mgk AP A GARAPHERIthd SorfBEVAAEP I tho! t age of
e operatl ona
P respective controllable element.

8. The lithographic apparatus of claim 7, wherein each of the local
control circuits further comprise:

a third controllable switching device arranged electrically in
parallel to the second capacitor and controlled by a reset signal, such that closing
the third controllable switching device when the first and second controllable
switching devices are in the deselect position any charge stored on the capacitors
is substantially reduced to zero and the control voltage is substantially reduced to

zero volts,

9, The lithographic apparatus of claim 7, wherein each local control
circuit further comprises:
a third capacitor having a first terminal and a second terminal
connected to ground; and
a fourth controllable switching device connected between the
output of the operational amplifier and the first terminal of the third capacitor;
wherein the fourth controllable switching device can be selectively

closed to charge the third capacitor to the output voltage of the operational




43 anplifier, the voltage across the third capacitor conprising the
control voltage for the respective controllable elenment for that cell. 10.
The |ithographic apparatus of claim9, wherein the third capacitor
conprises an input capacitance of the respective controll able el enent. 11.
The lithographic apparatus of claiml43wherein the control signals
conprise: a digital address input; and3a digital signal corresponding to a
desired contanlifien tHeagiadeorerazadia thiedtdpacieacbmprixiiy the otttrod boltdge den t

receiving a respective o f the digital_signal in response to the
di gi t al addﬁ%%’?gl?eﬁﬁmc.‘mﬁgl.a e‘?‘?“ﬁ?ﬂfgﬂ‘aéﬁﬂ}'c apparatus of claim 11, wherein:
the first respective controllable switching device is connected between

t he supply channel and ground via a fourth capacitor, the first respective
control | abl e swi tiBhi ndhelblipgreplie ppriratwnel Saimety wieren therthisd serficli®le cont r ol

signal; an 3 : e jk O Iﬁﬁﬂprises the control
vol t age forq?%@8$%g%gg%?ﬁ@%%%%%?gﬁﬁﬁ%ﬁgmgﬁgﬁﬁﬁ?%%%356 e |ithographic
apparatus of claim 12, wherein the fourth capacitor conprises the input
capaci tance of t respective controll abl e el nt. .14. The.lithographic
appar at us of claﬁﬁ111?E%ﬁ%?%¥Tﬁwfwﬁ??ﬂﬁ?é@@nkﬁgﬁﬁﬁmﬁgﬁﬁppgggm%P ol t age
whose magni tyglerishanges progressively over a predeterm ned tine period,

and each one of the local control circuits is responsive to the control
signal s to deternine ®fgitaladdestinge; 8t rol vol tage by controlling a tining

of ~operation of the ieRRRCHINPedldkiindiR/IbhckAR Bl NHb R daf ce during

the predeterm ned tinme“peri graphi c apparatus of claim
14, wher ei nctlheeaph locall ¢anyrobfiraugspetting e réspedtiveronelo€ ther dipitd segmabimnent s i n
each of the | ocal c&n%rol %frcuits conprise: a down counter that receives

the digital "SPEHEM Pidige! Hdpsy PBYE of

12.  The lithographic apparatus of claim 11, wherein:
the first respective controllable switching device is connected
between the supply channel and ground via a fourth capacitor, the first respective
controllable switching device being controlled by an intermediate control signal;
and
the voltage across the fourth capacitor comprises the control

voltage for the respective controllable element.

13, The lithographic apparatus of claim 12, wherein the fourth

capacitor comprises the input capacitance of the respective controllable element.

14.  The lithographic apparatus of claim 11, wherein:
the voltage signal comprises a voltage whose magnitude changes
progressively over a predetermined time period; and
each one of the local control circuits is responsive to the control
signals to determine the respective control voltage by controlling a timing of
operation of the respective first controllable switching device during the

predetermined time period.




time according to the value of the digital signal fromthe start of the
predeterm ned tine period, and then opens the first controllable sw tching
device. 16. The lithographic apparatus of claim 15, wherein the first
controll able switching device is closed fromthe start of the predeterm ned
time period. 17. The lithographic appgratus of claim 11, wherein: the

vol tage signal conprises a voltage of substantially constant nagnitude;
each of the | ocall5conTholithoigraphictppaetup ol tmm al 4¢ exshpﬂﬁt theepl(ualitysef w dt h

nodul at i on) Si generator arranged t te a PWM control signal
o cont rol ) areettip o SR e o RHRD P ShtE HoRl SO CHond ¢ he
control signRahgrifs om the control systemare arranged to determ ne a duty
cycle of each PWM control signal. 18. A device nanufacturing nethod,

conpri sing: providing? éowatwwtm th @@@V@éhﬁé@ﬂﬁbmanaé,l Waigy @ porisk of

| ndivi dual | Y COBlorahd 88! cCARENSES dhts ol Abdeh Vi o1l 48 meeach cel |
in the pl urallmty o conprising a esp {ive one of "the individuall y
control | abl grekemintdtiangdedod, nabthet bpone thedusticontoritablel swaichiog ideyicqr ovi di ng
each of the local control circuits with a first respective controllable
switching device and a plurality of respective further electronic

conmponents; genengti nghe iBSRGHI Vpsaikr of dsahi age whébineardh @kt t he | ocal
control circuits; using the respectl ve control vol tage to determ ne a

confi gur at i @ﬁnt@rllablpwyﬂp@ggé@flpw oot g His) areplegmredelgmmingd d@madi ng a

vol t age si g?,g‘{] od 0 each of the cells; providing control signals to the
plurality o ocal control circuits; and each of the |ocal control
circuits generating the respective control voltage fromthe voltage signal

in responsetotﬂ C h5| nal s Si ntr.ol | abl e patterning
device to patter erHt ?graﬁnc apparayus o?glaun?l GG

the voltage signal comprises a voltage of substantially constant
magnitude;

each of the local control circuits comprises a respective {pulse
width modulation) PWM signal generator arranged to generate a PWM control
signal to control the first respective controllable switching device; and

the control signals from the control system are arranged to

determine a duty cycle of each PWM control signal.

18. A device manufacturing method, comprising:

providing a patterning device having a plurality of individually
controllable elements using a plurality of cells, each cell in the plurality of cells
comprising a respective one of the individually controllable elements and a
respective local control circuit;

providing each of the local control circuits with a first respective
controllable switching device and a plurality of respective further electronic
components;

generating a respective control voltage with each of the local
control circuits;

using the respective control Voltage to determine a configuration of

the respective controllable element;




radi ati on; and projecting the patterned beam of radiation onto a target
portion of a substrate. 19. The nethod of claim 18, wherein: the voltage
signal is formed froma series of different voltages; each of the | ocal
control circuits is further formed froma respective integration circuit;
and the respective control voltage isggenerated by integrating at |east

one sel ected respective voltage fromthe series in response to the control
signals. 20. The net hodidiig x¥diage dgnal wheackbfithe télls; vol t age signal conpri ses

a vol tage whose magni tude,.is hange rogressivel.y over a predeterm ned
i e period: and the PEYERSsBORTRER P 08 pREDLY Reterd Shdh Bt
controllingaadtimng of operation of the respective first controllable
switching device in response to the control signals during the
predeternined tinme pefdd! Belocatraniiel fuitogengrabinghesresriREreesomtrol he vol t age
si gnal CONPrLAER: ffony HelBAR e onatiRSLB0Rdedb I 6ARS kRRALIs; Magni tude; each of
the local control circuits conprise a respective pulse wdth nodul ation
(PWY) signal gener at opsinghdhe gentenilablespaitePinfg dovite ¢¢ mmitgmad team eontrol the
respective frﬁia}oncgi roll abl e switching device; and a duty cycle of each
PWM control 'signal "I's determned in response to the control signals from
the control system 4frojedfing thelpattérags beiri 6f @pRAsALMS a BRBPFdrBsMEE an
illum nation systemthat supplies a beam of radiation; a controllable
pat t er ni ng GéQ%lS(Eré‘teconpri sing an array of individually controllable

el enents that patyernghd Rembesiaith POMMERIn: System that controls the
patterni ng device and generates respective control voltages, which

det erm ne t he confi guthatvpiiagesignelds panied (rem assricy off diforket voltegrent s, t he

control system conpri incﬂgof %&ll&raﬁlcio%‘éfolotiramst &h%?rther formed from a

respective integration circuit; and

the respective control voltage is generated by integrating at least

one selected respective voltage from the series in response to the control signals.

20. The method of claim 18, wherein:
the voltage signal comprises a voltage whose magnitude is
changed progressively over a predetermined time period; and
the respective control voltage is determined by controlling a timing
of operation of the respective first controllable switching device in response to the

control signals during the predetermined time period.

21.  The method of claim 18, wherein:
the voltage signal comprises a voltage of substantially constant
magnitude;
cach of the local control circuits comprise a respective pulse width
modulation (PWM) signal generator that generates a PWM control signal to
control the respective first controllable switching de.vice; and
a duty cycle of each PWM control signal is determined in response

to the control signals from the control system.




a plurality of voltage input lines, a plurality of demultiplexers coupled
to the plurality of switches via the plurality of voltage input |ines, and
a digital to anal og converter (DAC), the DAC sequentially receiving a
multiple bit digital signal corresponding to a desired control voltage,
spliting the digital signal into at |gast two shorter digital signals, and
supplying each shorter digital signal to a respective one of the

derul ti pl exers, @@t putAslithégraphid appstatugreuprisingt he plurality of sw tches
being controlled by a first denultiplexer in .the plurality of

denul ti pl exers being g%ﬂ(ugﬂn oPﬁyS&eé’gg’éﬁst“pP estatpgal&??b%fagmg’f the other set
of switches in the plarabitdllable PaitéBRgs dedict QbmpiignOULPULSaDEINY
connected taogether to formthe control voltage; a channel arranged to

suppl y each BHKdpYly cppireliahle don@ithatpatgraethcpeas enent; and i a projection

system that proj ects §R6uRALLSLR Sk BEAMIOM GaforhH: 4RLicPA bOR:AL

substrate. 23. The lithographic apparatus of clal el n each of the
swi t ches i s repatitiet euttrob voltages,ewhieb t detemums! thegeonifigypmation iofieresticative r esi st or,

the resistars ected tp the first group.of swi tches being |arger than
the resi st ortBRtais Dol stslym AP & i { ches. 24. A devi ce
manuf acturing met hod, conp4 plaiafigy ofésitolgest he control |l abl e patterning device

conprising an array of individually control]lable elenments to pattern a
beam of radiation; 47 pro} BERliyPivRlegsdrRE lined beam onto a target portion

of a substrate; and using, gmq,gﬁ 162! defMRipiRelOc ABNRAT B B ASRES e control
vol tages, which determ ne contiguration of respective ones of the

control | abl ewéthemwinths plutdity efsiotiggesnie lioewprd si ng, sequential Iy receiving
ol b1t 0101l <1onal g LERRPRA R @GP SRESHURRY |
two shorter rée@idgad muiipiniit Sigital signal corresponding to a desired control voltage,

spliting the digital signal into at least two shorter digital signals, and supplying

each shorter digital signal to a respective one of the demultiplexers, outputs of a

first group of the plurality of switches being controlled by a first demultiplexer in

the plurality of demultiplexers being scaled with respect to the outputs of the

other set of switches in the plurality of switches, all of the outputs being

connected together to form the control voltage;

a channel arranged to supply each control voltage to each
respective element; and

a projection system that projects the patterned beam onto a target

portion of a substrate.

23.  The lithographic apparatus of claim 22, wherein each of the
switches is connected to its respective voltage input line via a resistor, the
resistors connected to the first group of switches being larger than the resistors

connected to the other set of switches.

24. A device manufacturing method, comprising:
using the controllable patterning device comprising an array of

individually conirollable elements to pattern a beam of radiation;




suppl ying each shorter digital signal to a respective denultiplexer in a
plurality of demultiplexers; controlling a plurality of sw tches connected
to a plurality of voltage input |lines using the respective demrultiplexer,
controlling outputs of a first group of the switches controlled by a first
demul tiplexer in the plurality of denmyhtplexers, such that the outputs are
scaled with respect to the outputs of another group of the sw tches;
connecting all of thepoydcpng thetpagembe bedno ofitoranmtghepartiod odh swtstrbtages; and
supplying the control voltages to the array of individually controllable

el ement s. 2§WdThe net hod of claim?24, wherein each switch is connected to

its respective voltaggng RPptdntiol Bestath o ch@ateStetiectivd1Qoritfs | vlt@ge, connect ed
to the first roup of switches being larger than the resistors connected

to the ot herWhigh dgermingn carHigyration of respestite gngsat|the prptiolpble slpmgalsi ce

conprising e fomoBglvi dual Iy controll able el enents that pattern a
beam of rad?@%?%ﬁ?*ﬁﬁé?ﬁ#h Fhe patterni ng device conprises: a plurality of

cells, each cell conpri si ngquentinky peeteivez ommiltgfle t it | digitsli dsighdly

control | abl e eIeng&ts 1@nd 48 . a @fs eq{ive l.ocal qontro] circuit that
generates a FPEEFRBENE L WSHTREHVSH “Sg‘é‘? a2 L HCERMEL YR a confi guration of
the respective controll abl glitglgaheaigitalasihldind Meeds0nd sERRE dQitali rcuits
conprising, a first respective controllable switching device, which

connect s t héiangdal contr ol circuit to a supply channel to provide a voltage
omponent s, each of the | oaa EEr S B R o T SR AI o gnal s
and gener atdemgltipfeserie gpbutlity ef domiltiplexarsyl t age from t he vol t age si gnal
controlling a plurality of switches connected to a plurality
of voltage input lines using the respective demultiplexer,
controlling outputs of a first group of the switches
controlled by a first demultiplexer in the plurality of demultplexers, such that the
outputs are scaled with respect to the outputs of another group of the switches;
connecting all of the outputs together to form the control voltages;
and

supplying the control voltages to the array of individually

controllable elements.

25, The method of claim 24, wherein each switch is connected to its
respective voltage input line via a resistor, the resistors connected to the first
group of switches being larger than the resistors connected to the other set of

switches.

26. A controllable patterning device comprising an array of
individually controllable elements that pattern a beam of radiation, wherein the
patterning device comprises:

a plurality of cells, each cell comprising,
a respective one of the individually controllable elements

and




48
a respective local control circuit that generates a respective
control voltage, which determines a configuration of the respective controllable
element, each of the local control circuits comprising,

a first respective controllable switching device,
which connects the local control circuit to a supply channel to provide a voltage
signal to each cell, and

a plurality of respective further -electronic
components, each of the local control circuits receiving control signals and

generating the respective control voltage from the voltage signal.




