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apparatus, a patterning neans, which is alternatively referred to as a mask
or areticle, can be Usemtarss gévientianeCarnelis BEIINENtt ern corresponding to an
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Field of the present invention

[0001] The present invention relates to a lithographic apparatus, a device
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 apparatus can 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 pattern 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



states of the elenents at high rates. Electrostatic force can be used to
control the positions (i.e., the staggs) of the controll able el enents. For
exanpl e, nmovenent can be achi eved by “application of a suitable control
voltage to one or nore control electrodes arranged next to a novable

el ement. Q *E%Jtescm{aé Qbmbg Q{‘ﬁigHFﬁes %‘i‘éltx%‘?taf{i’@ﬁ)%e chll%e % | BhirQnf the
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corresponding to a respective elenent, fromdigital data. It is desirable to
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states of al t.s. | trol t I | ce. be updat ed
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the el ement states onfiqurations), ar dat.ed.in turn, . b equenti al
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patterni ng device as a ole isS required. [ ] The conversion of digital
control si gna¢merts indthe @bintvellable patermes devct ol bermpdated sit atfass yate,ovidinal og

control voltages can, be perforped by a DAC (D gital-to-Analo nverter)
renot e fro_ml_f’ PQYVRT disStR ﬁn’d‘éﬂ}ﬁ%"," PRElexiRY lgigjgﬁlll@’élb%sm?&@ﬁ“o%é?% suppl i ed
to the indi V%Qéﬂﬁéal‘P@stt?le@{aﬁﬁaﬂzlnasc&’f-ef?&giv@?namé@ anal og input channels. Each
channel can be a transmssion line, and owmng to the relatively high

vol t age[®004jei ng apphirgdean@ontam 4 lngge aombsi afieldmenes forexamylemptio fmupossi bl e to

termnate them characteristically. [0006] Arrays of indjividually
control | abl &-émilionirdividyalsdements. o gvesdarges puraber. Hibe glsgigAt §218S t he shel f

DAC and anpl /. f | { i nt ai a;,.30_ V. - ikth a
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can cause the array of elenents to malfunction if the DAC and driving
anplifier cowgsnprodlems ¥ 9 bightupdate|raisefor thet prstesningiglevige pe@uekoleie | engt h of

the transm ssi.on line or lines. ASIC designs are typically nore efficient,
but still df¥84fSate a considerabl e anount of power.
[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 voltages
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 dissipated 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.



3 [0007] Another problemw th DAC circuits incorporating op-anps is that the
f eedback | oop at high frequencies typi3cal |y contains a significant series

i nduct ance (corresponding to the output inpedance of the op-anp). Coupled
with the input of each elenent, which can have a | arge capacitive el enent,

this c resul .| p : ) [ ringing.
This co P?:Iinpr ol On%ndtl?%rg)rg@f {rﬁeﬁﬁgﬁ@énéh?@?y l'ltﬁ E%&grglﬁ? gg)g %ﬂ%ﬁ? itgﬁq{l&; each
el enent redueedbgck Heop pdakighr iéquendios typiealhr cantaing 0D GBdnifcdner seriesw i t e
action” can be defined as the step or series of steps involved  in supplying
t he appr opr i BEEtasa{GogIesRandingge thegutpat wynsdance of BREPRMPACHIEIWt 0 one

apt . o) ceel bie it one
ool urm of 0y BrbEGIALAYEmhl TSR SR A bl U R rumber of

di fferent passiltihe DOxet@@eraldirgsto cass undasgablbeingingeThis coaldyirslong t he sane
voltage are supplied with that vol t,age at the sanme tine). Therefore, the
tinme al | owedhe sattling tiggdanthe Meltagesupmisdde each glemept edpeing thesipda#praltist be | ong
enough to alijopmefa A al | possible anal og voltage val ues are required. For an
8-bit system up 8256 wite actions are required. [0009] The required

speed OpoegICh anal egmi it acivan oal btRFiRBdss tHPQep dieriesvfEieps indblved ement s each
channel supplies and the update rate of the array. A |ithographic apparatus

for a fabri dasipplyiagftheapppenriate eingiol wsltaga fortrasingle plemsthit According tof about 50

kHz i Vi bout .a 20 t iod). The. f . individuall
cont § g: Y;B?eoa}’gﬁ’gﬁséﬂf’ Epﬁﬁgﬁgﬁg&aﬁgﬁ&i b‘}lé??g‘“ﬁ@ﬁ? b%ioﬁg%lge, a{célg%s#%r c)c/)nsi sting
of about 25 £LARRAS cIdRRGE MBEY Rrapl ofRkIE AbREl BARS Fkismatnibebpol e  uni t.

Qut of the about 20 s update peridd, about 10 s is required for the

mechani cal skffelentypssibleamithgetadumsfassukmg thase oelbsegquitihethe sehaepltagd t age
supplied to each elenent nust be all owed ficient tine to settle to

ot DR 1 abouterb SRRl widhat LGRsssE tPaE tred: THARClor i WReAUSET oi gnal ).
The settling,}i i Ao ntRARN alcBRindth Y, RAMowt slew rate
of the vol tg)grgélgﬁltlﬂﬁﬁ%gﬁ?ﬁg namyrrﬁm (I)lt?t put cgérﬁbgn(?igtaﬁgﬁ%lﬁe cgpaftgxlet ance of

t he | oad. Faill postipl aalogopltagpvilasy arg raquired.t Egean Sparsystbm2bp Yo 280out 100 ns

settling tine is needed for each anal og voltage. To programall 100, 000
macro pi xel sViNetagtionsane equied-ef ore woul d require about | 000 anal og

channel [6009] The required speed of each 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 ps 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 capacitance 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



[0010] It is undesirable to have 1000 anal og i nput channels due to the |arge
number of required input connections tp the array. This |leads to increased 4
expense in fabricating the array. Additionally, such a | arge nunber of
inputs can lead to reliability issues, high power dissipation, an increase
in the requid ?E’ns@%fa@ncﬁﬁ%qﬁe abg, mamcﬁﬁﬁ Qlicifd Bsge rfu%ﬂ%rbf‘ﬁlﬁﬁtg gsuence bet ween
channel s. 100111 For certain |ithograph |c ‘processes, the number of el ements
that need t dedsbto réliadility dwads| high poweralissgrhtionrantiecrease in the equized bdacd  exanpl e
2.5 mllion el ement uture this.can bncrease to nore than 10 mllion

el enents. AR %‘Hé]r?'?lelpﬁ@ crosyyiglk interispase Betwaerchannglsi el y to i ncrease,
t her ebyg bf'ﬂr ovi n@&%&élﬂ[l%ﬁ%ﬁtﬁf& eséegetheﬁ hBGIF e eﬁts?fﬁ'? eﬁttélﬁ It is

cl ear t by persisting ove tec ni ques t required
anal og |npuhﬁdmnhmﬂyqnnnﬁb&cbﬂﬁnnmﬂupaaaa@mahmqﬂe2G@ﬁﬂbn?hmmmﬁohe what is
needed is a system and net hod ut|I| rnlng ans that is nore
effective aHHKW%ﬂBS@FWH%¥%ﬁFt° ﬂb@%g @BW&Fné\ 1% yéﬁ%odlnent of

the present r
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control | abl githedrbstiohpi@arales iIcie cleanipat tipegsisting afithalle sfove Rithiviigtesahd v

controllable elenents serving to inpart the beamwth a pattern inits
cross- sect immbesobsauired anpjeg apnts roakdeuicklp beeome wimanageabde-t er ni ng devi ce,

S A A AR g L et

patterni ng dgydns hat GORBre FRStIve Mdihaleicfficiedt, cel | s, each cell conprising a
respective one of the individually controllable el enents and a respective

| ocal control circuit controllable to generate a respective control voltage
whi ch determ nes the configurati SUMMARYrespective controll able el enent.
The control systemis adapted to output a voltage signal. The apparatus
further conprises a supply channel arranged to provide the voltage signal
to each cell. The control systemis further adapted to provide control

si gnal sjobp3)t he plAkcdtdihy toneleRBRAHINEANS RS prédehtidi érition, thée s progiaéd £ont r ol
circuit conprises a first respective controllable swtching device,

connecti ng tlithographmappamus mnmu;pp; gn dharingion Saﬁdmafopiulvphdlmg ybeafn r espect i ve
further el ecc;[ ellt?oncg Cc ntro?lr;'lhlse paﬂeml aC&Vlcg%grlnpr(isOlQé an llrra?ylor n 1v1duall)r esponsi ve
to the

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 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.



control signals to generate the respective control voltage fromthe voltage
signal. 5 [00141 According to another enbodi nent of the present invention
there is provided a device nmanufacturing nmethod conprising the steps of.
providing a substrate, providing a beamof radiation using an illum nation
system ng a I rray of

i vi QU cone FERHLfE 48 WaPuRE kbRt o e B SRSkt B Y N i i1
cross-sect i gitovidedla device aianafactufiag npahddaqulsb@me@fepswlmbvﬂmgmto a target
portion of the substrate, wherein the patterning device conprises a
plurality ofsubgrate pr@aéwg@elvqanb%ﬁ&fixag%gmag B dibainaten systan.gsingve
|nd|V|duaIIy I circuit,
controllablé: ﬁgﬁ%ﬁ%bﬁggﬁggﬂgg%ggﬁmegﬂggné§%€f8fnﬁﬁu&ﬁﬁ Cogﬁgﬁﬁ@%rnlnes t he
configurati CHllelﬂénti t@emlpeﬁuedieamwmmfd 1ﬁbdsErcS!;-@m@h and@tediettirpahe cont r ol
circuit conpr|5|ng a first respective controllable smntchlng device and a
plurality ofpattp@gé g \pd rqtdjatﬂ%@nt@|aéengﬁbmr80%@ﬁ%rﬁ@h§t§ate THeereratthdd f urt her
conpr i ses ﬁglln(izlrléﬁ?&vr Léﬁ%@lgnstagarll ahtty%f@g S ea%ﬁ %11 com At ngég'ﬂ% é %lc{ ol signals

to the pluraﬁa I’rcui rol circuit
generating tdR dteﬁxeeiﬁ&ﬂvitﬁlallﬁQahﬁ&labwbkﬁ@ﬁtsfafnﬂna rd¥pectblet RBA &n@BRI i N
response to the control signals. 100151 Accordi ng to another enbodi nent of
the present q11r¢wémontmllahi@mensrate@rr@ﬂm@ezd cantrqlwhl@gca\pmpbd@tptpan@tths

conpri si ng: |ons temfo su i beam radl tion, a
contr o | abi o oBGevalR Ap teeomeETe T URE CEionh A 1o3aT Fordrey el y

control | abl &gl RRRRL S first $63pebivel QBRI smehlhg%w%tahdaa plRAfebh in its
cross-section, '‘a control systemarranged to control the patterning device,
a substrat e regiebeve durtlsm pglesttanig campobets. atH}e a‘mchcmi purthee ctoimprissy st em f or

rojecting the patterned be m on tar |on substrate. The
(F:)on!t r ol gysﬁrg }nngitP%ﬁ-Fg fooeaﬁéﬁ‘“elﬁgf%” \S/lgn?:léfﬂtﬁ" 1“\5%1?’8 es that
det ermi ne t hee,1 GORfrbIUER oa[hdoéacﬁ EI@&%?%MY& c?r@ﬁltt rgehéra@ﬁgeaﬁl RERRtise The

control system conpri ses: digit to anal og converter arranged to
sequenti al | yconeokvolage from ﬂhe pbbagmngmllmmmonsesuoghabommi seaplondi ng to a
desired control voltg(g split the digital signal into at |east two shorter

di gi t all081Ynal s aheFo B%Its? 3@8@1@1’ §H@P@’é‘?e“&h°§|tb‘élpr%sieﬁh&}ve{%mhtherr‘*eéi)ect| ve
denul ti pl ex rowF@cf G pﬁ ?&;?ﬁfirathf ?i?lﬂgd aholllﬁﬂﬁwftﬁ)ln f@;l[' ty of

swi t ches corthecteéd to a nes puts of a
first gr OUFBuﬁﬁlyﬁigldBéHﬁSoﬁmaﬁa‘tmhl edombllabrelﬁa&énﬂ@ﬁéxﬁ@&cﬂ%ﬁtm@%ﬁ@ scal ed

with respect to
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 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.



the outputs of the other set of switches, all of the outputs being connected
together to formthe control voltage, 61and the apparatus further conprising a
channel arranged to supply each control voltage to each respective el enent.

6 [0016] According to yet another enbodi nent of the present invention there

is pr Ugf’@d a deXéc%?diHQWir&iCanghieP&n iReh &PtHPifpie%E:ﬂQn{zé]ﬁioﬁttﬁ&é iff -

provi di substrate, providing a beamof radiation using an illumnation
system usi n@ovded adevioé heinhfaciuding erathstcaheprisin the rpeps Sif ngroeidirgra ay of
individually controllable elenents to inpart the beamwith a pattern inits
cross- sect i oHDSUERR D5 HwEE brgm pleradigtipn BsiRG 4N HoR sX$feali WHSht 0 a t ar get
ortion of t : ] -G Y r 0 generate
Fespecti ve ConroMtis bt 0BUEL Sofori RELS lraPYERBAGIS o ARARIE
respective cidthéms lodmipert eechzmmtveith alpesterreinlite dros§-sedtioay andpipeéctigshe t he contr ol

system sequentially receiving nultiple bit digital signals corresponding to
the desired R?&ﬁltnﬁélybe%qud@@&lo%ﬁmot%F*Pi%ettm)étl% of the| subptipie wherpid at | east

rospecti ve dORPt a8 SrimeRd 18 dkpRl AR AR S Pl AR, SRR 1, of

switches capegidtht @oafiphratiéd bf wespdctivecb@elabrpilémbntse Theth@halit put s of a
first group of switches controlled by a first denulti EI! exer being scal ed
wi t h respectfurthertdempriges: phg congpl fistenpiaquentiolly reseiving maHipde biddigiebt i ng al | of

the outputs together to for the contro alta . and suppl.yi ng the
control vol t® Ectogem%ldgﬂgrtg]t & Slr‘?cﬁc&n@f)f(ﬁﬁ???’ %’gﬁ??gﬁhf:gﬁlgp Ség%aﬁgntfs. [ 0017]
Accor di ng t gnivelt IQaBahdehoRERgikAIBIFhalef suppI§ingleasiesHorlePURREI Pghal L € 1 s
provided a |ithographic apparatus conprising: an illumnation systemfor

suppl yi ng a respeatiof denaiiplekerneach demmitipdgxenednsrofling aplniabigy dleswitsbet onpri si ng
an array of indiyvjdual cont.rol |l abl e el enepts servi i npart the beam
with a patt@ e‘f“‘rﬁJ Fot%pwzblgg_o é’(?[t?%?nlflp'ételgbeﬁt&‘(gloum% 8{:?&-{]‘%83{5%60%0 control
the patterniggichfeVidifdlled byUb fitdt Aemultiid:R@r beg SRR Wit sPedUbIhd ate, and a
projection systemfor projecting the patterned beamonto a target portion

of the substaousputs ofTthe otheasdt ef switdpesi evnmeticgatpof tbesutputptagethes toyoraf cel | s,
each cell copprisin respective one of the i nqi Vi dualtg%] control | abl e

a
el ements and qogtgggélplt%%;s{),& Supelying thengonteq) nyqliees 1 1 8fn 3&YaPt anged t o
provi de a rqﬁ@ﬁﬁfuialgfc&{tﬂjlltaﬁfe Hi@d to each DAC circuit, and each DAC

circuit is arranged to generate a respective anal og control
[0017] According to yet another embodiment of the present invention there is

provided a lithographic 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



voltage fromthe respective digital signal, the respective anal og control
voltage determ ning the configuration of the respective controllable

el enent of the cell. [0018] According to a still further enbodi ment of the
present invention there is provided a device manufacturing nethod

conpri sing tdag,sfi 4 @{emiﬂ Q¥ ide @&n?risiﬁé‘?ﬁﬁﬁ?@finﬁfﬁd’da@lg’?: nflolpftAn of

radi ation using an i PT'Um nat i on system-using a 7 controlla fe patterning
devi ce conprdl@nérgs @rimaait ghe behmiwici apatterd inyts coss-saitioaldnd prejeetingnthes t o i mpart
the beamwith a pg tern_in_its cross-sectian, ?gg pg)o' ecting the patterned
beam of r adiPRtPERd SR OF radiptipn od Artpight Rrtiohal Bigrubstate Whgleipdhs, the

patterning I {alasal . I | @@J& : ising a
respective g%\rﬁtgﬁ%%gct heeicﬁgl?\r/l?e %ﬁ@‘%’ﬁ?% fagb:cgli% e ﬁt%égﬁ%qgwr espective
DAC ci rcui t .ontlé€ therindibaiiaflyicdreilable Rizhieasuand prespectived ACroaspecThere di gi t al

signal to each DAC circuit, and using each DAC circuit to generate a
respective dnehed fedwr compyists: RERYIding gesnsetiveedigiel 51848l dp §A¢MPAL gnal . The

0 . . g . . ) £ oth
espocti ve ounbitiinf Gbd Slon YAC BAGy (EbRR: AP AE SR MBAIRR DL ' 2% 1
further enmbogdmrehit re$pettice @ig@ReRignanVeltel @¥pdchieE eanalog Eumdiol dettage

control | abl e patterning device conpri si ng%_ an array of individually
cont r ol | abl edetdramining thefcopfiguration phige sespeative contradlableeelepeny of shecaellon of a beam

f iation, wherei i i i .a pl.ural i f cells,
cach odMMIComr 1 Steint RSB L PR S e et ST R RERR bt abr o
el enment's ands groviddREGhtr¥BalM\patbdrhial idbvicEasihpridnite Heiriy cfdadtRidallyp receive a

respective digital signal and to generate a respective anal og control
vol t age fr omonfellzhde plementsdfor tnpfirting a phigaialto therrsossesspléart phabeanapbg cont r ol

vol tage determ ping,the confiquration of the respective controllable

el eront of  cRGeRe wheran I PRt e Brptiesd ERRTH ol BIERERHLAT nene o
the present dofyRRINgON rdspBétRe drie Off B iHEYidRalPRbARIIaBRI EleRBhiseindi N9 devi ce
conprising an array of individually controllable elements for inparting a
pattern to trhgpectivsBASedtcdudneash DA G beimg eflaptedhtdi ratdivng respentive digitab pat t er ni ng
devi ce conpri.ses a,plurality of cells, each cell ¢ ri.sing a.respective
one of the ISl AR BSpcEnf repedbicanalogfontel elipes TOPLUBSERGEV coal
control cir Giibital SORAL e kBLQivanfIBRES AT Atz ARG (R fighrajigP! t aG€ whi ch
determ nes t confirguratifon of the respective controllable™ elenent, each

| ocal cont r aif the resprctive oorprallableglandnt pEtherceldpect i ve control | abl e

[0020] According to yet a still further embodiment of the present invention there
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 channel 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.



swi tching device operable to connect the circuit to a supply channel to
provide a voltage signal to each cell, and a plurality of respective
further electronic conponents, each local control circuit being adapted to
receive control signals and to generate the respective control voltage from

the voljgss S nahecokdlfizth A6RRE dribainRnd MU HE orQEROMVERINN Herd e Present

i nvention there is pr a device manufactured using a nethod or

appar at us i rpravided alBRD€Flat Pinel Displa) manufientddonad embihdd we aparat8s [ 0022]
Accordi ng tqg anot her-enbodi nent of the present invention there is provided
a FPD (Fl at lpéﬁ‘@rdﬁmcgﬁ‘fqgv eﬁ%ﬁi’l‘if‘ﬁ%‘%“lﬁ’ﬁl@?ﬂlelﬂgﬁ’ﬁﬁleatsnet hod or apparatus in

accor da[@g%}ng th t&&oftﬁﬁ%ié TERth NG bSITRRH W%}re:&?@%ﬁ%nﬁﬁ& gléegé 29 to a

further odi nent "0 present 1 nventlon re rovi

control | abl erpatéeds oomepldble maetefritg desbeel for asd intallthogpphic apppanabsis as
descri bed above, [0024] Further enbodi ments, features, and advantages of the
pr esent i nvedeseriigd aboys wel | as the structure and operation of the various

eDodl 5" SRR BB HERSLL NG pleBe BB RSl O W th

refere the a aw ngs. Brie ScCr ion o e

Dr awi ngs/ Fi gidrv@sdl dsARtuctiire amd spermasmyor1ise ehiriavs e bodimehGlbf eecpredeaor por at ed
herein and forma part of the specification, illustrate one or nore

enmbodi ment s iofenties, peedesenibed; invdstail belownwith refgenereto (tiet dpcompanyérgri pti on,
further servcg to explain the principles of the invention and to enable a
person ski | |B8""%8Sthe pertinent art to make and use the invention. [0026]
Figure 1 depicts a |lithographic apparatus, according to one enbodi nent of
the present invention._ [.0027] Figure depicts a distributed digital to
anal og converter, accd3Hehfaseriphen F?éﬁmg@fFlgﬁéeﬁar esent invention.
[0028] Figure 3 depicts a charge collector circuit, according to one

CTbos, 95O LB BBhIAR hORER SR R Ryl o0
I nvention. 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.



[0030] Figure 5 depicts the charge collector circuit of Figure 3, in
conbination wth a sanple and hold cigcuit, according to one enbodi nent of
the present invention. [0031] Figure 6 depicts principle of elenment
reprogramm ng using a single ranped voltage source, according to one

embod pp330f 1 NeripeESaRidd B Bith nlod0Rabn EhAYE Solfagd PR kg | T2

swi tching anal og voltage progranmng circuit, according to one enbodi nent
of the presenteuityaceordingrto o@e pMbadimeni gilithe pseldpinenson pul se wi dt h nodul ati on

anal og Vv age progranping. circyit, according to one enhodi mrent of the
pr esent[O&fhenti oﬁglﬂrﬁggﬁe%ﬁt@& éh@taéletﬁi & gacg?fﬁrﬁeél A¢OTHRRI 89 %onver ter,
according t : ggt& i PivihenPr esent i nvention. [0035] The present
i nvention V\ﬁ ﬁ(l)rgv e?%lg?%?&fegengﬁt ﬁl reference to the acconpanying

dr awi ng9033]n t he Teaptengs, inkérdtonr eflehewcke desthibed witly refartncate@ the denti cal or

functionally simlar elenments, Additionally, the left-nost digit(s) of a
ref erence nAYBRRPIING HaWINESy In the dgavERES §KE FefciRReenUmReTs BpKs nunber

first appegg@ﬁc%@&c%Qnﬁgﬁsgﬁhm%&.e%qdri]gaﬁgi@,gg@ﬂeﬂ%st Bz BbE embodi ment s

of the pres I'nvention c rises provi stem or t hat

i ncrease a nyfdagice alimébemeynidentifyahe dradvify @owleiohred referenisk hamberfidsy t o

i ncrease an update rate of the array. Additionally, the nunber of required
hi gh speed a@Pafd8 i nputs to the array is reduced. The conplexity of the
array is reduced and the nmaxi mum update speed of the array is increased.
Furthernore, the nunber of elenents within an array can be readily expanded.

In exanples using a digitaHhEAPIEPDESOREEAIGN certain embodi nents of the
present invention conpared to analog solutions requires | ess power. This

allows greater flexibility in fabricating the CMOS circuits |local to each
individually controllable elenment within the array. [0037] In one exanpl e,
the patternigg eyl ce can be divided into a plurality of groups of cells
and the |ithographic apparatus conprises a plurality of supply channels.

Each s U[B%éj chan n&lle ci)rsmc?rg Eer%%ggignetn sdt Eclr?evpirgs%ntain\\zle%lti%ral1 gmgriis%g giovg 1ngeaifjl ch cell
system or method that increase a number of elements that are programmed
simultaneously to increase an update rate of the array. Additionally, the number
of required high speed 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] In 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



in a respective group of cells. This reduces the nunber of required inputs
to the patterning device for individyglly addressing each cell. Each
control voltage can conprise an anal og voltage value allowi ng for fine
control of the configuration of the respective controllable elenment. The

vol tage si gnN@ahuEPVbIEQEBY igBe@tinehi BSst Ohe sdlbdtéLr8pdctiveNbRERSomAKe each | ocal
control circuit can conprises a respect| ve I nt egr atron circult responsi ve

to the cont rsofiesikpehivsltags wighie thetseriesd diffgprooltages tan boequablo afollt age by

vol t age. wi ¢ reHevAlaesfivged By Siioer BRE Tbicf Sl o AR e kP 8 Oy
scal e vol t agg.i1 i HRH cO¥esPoRUAD S al ®SRed Bard? VoS forl dch REINUHREr of bits
ina digital "signal corresponding to a desired control voltage for each

cell. This mpoadedelsrge reducten iretieoumber of writhstepmipareddd setthe @nsobps requi r ed
to set the contro wgita e f@T ach controll able elenent. [0038] In one
exanpl e, t he'oligg fogea ‘Eﬁﬁ’g{PQa SFrEP}e% a digital address input arranged to

be N dfyogkgn L he %g&%?%ﬁrglaﬁﬁé chiirsighalObdiiipifecl £\liaf AARKORAAL N0 Lo 3

bit po nint sl gna r-that c whith is high. This allows
t he desir ecrmanpéd tolbe\high wigem thevolege kigaalis attaovobtegdlavdlcotrgspondingtdie r equi r ed

vol tage steps . in the series of different voltages. [00391 In one exanple, a
plurality ofa pibgpution ybths) digital signal %ﬁ%ﬁé‘it‘@lc isripeh-sdbis aélof"’isrtgq capaci t or

plural ity of _ _ uis opist capac t
and second i SENACEEATSbIEE BB Rec 300 ORI b iRfhe rARL Vofec BN 19, " °

ground, a segatidsegidpatdifferencosliges.ed between the first input and the output
of the OBerati onal anplifier, and a secaond controll able sw tching device
havi ng [03Y ect pospre orramplaphd dHuaHE SECISARECHES rAlerTonisr CORPORENSt capaci t or

5 connect ed 8 QWAL A AoRRELE Rl BRFLEAR bl LRGuRsgnd ter nal

or connect rst input o e operational
anplifier. Thgplffier hhving Fiétraat!sadung igmwité 6 Aoeipyt, @R JRosndinpel Bsihig POSi tion in
which the first termnal of the first capacitor is connected to the voltage
signal and aonaess¢diogrpudi a sesand ¢apagitiir epnnepied betvsen the finst inplut aifd thhe £ r st
circuit i.s arranged,

e TP 0 s OB 1 e T
oo L3 ML A O T 0 e e
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 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.

[0040] In one example, each local control circuit further comprises a third

controllable switching device arranged electrically in parallel to the second



sel ect position and the first capacitor is charged to the voltage of the
vol tage signal, when the digital addpess 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 d'Jaf)é‘cﬁf%Ftcofﬁ%lIe%Q%lsa set §1§§alv§ﬂchaeﬁﬁ c‘id)éilﬂ%’i’chetthﬁ*d\é@hﬁé‘l%lé)n the
out put of the charge anplifier conprises the con vol tage for the

respective cwvitchimgldabice whier therfirst ahd e@nd contoollablesavitshing dewicks arotral cont r ol
circuit further C%c rises a third evi ce, arranged

co tr%llable sSwi_t chi nrgﬂ
el ectrical | y§ Aes ‘Psétllont‘B‘ytcr‘i‘érgSéE"dﬁ oR e CARACtiofyis SERYRTFBIY SHSE) a reset
signal, suchylififd c&hﬂﬁ'v@ﬁa% shbdtarial9 RdiRéd BPL&o vémtTHisrlﬂlloq/@\fh&e when the
first and second control |l e swtching devices are in the desel ect

posi tion any:ontrakgcdtages)foeatadnccbrhl@llablpat&ﬂmemm$o bs emsdskbefntei the hyragpfised and
the control voltage i s substant reduced,to zero volts. This allows the

i al
control vol t&gRet ﬁrpr%%m’i‘fnl?gﬁ’i”ﬂbﬁ%?é‘ VEOBIANOMPEESy be erased before the array
emm\gs I'S DhosHe 1e/v'éabht1$b%1 @Sﬂ‘frcﬂod?:tcﬁf%'ﬁﬁ’tﬁéﬁ @&ﬁﬁnse%og)%ﬂd In one

exarrpl ch local contr circuirt further conprises ird capacitor
having a fi rcsipadlmha\riagaﬁrsdteamsmtmath%emahteraimaiomcﬁeécb grough enthed; and a

fourth controll abl e swn t chi ng. devi ce connect bet ween the output of the
oper at i onal QW jsonEpllahlg W‘@hmgr‘iecvu'tee??ﬁnﬁ%lt?gg%"t‘f’??é‘ i PEFPEtaBgé]P“E or; wherein

the fourth GRRLEAM ablifcshi S A SEXLEP o AR BEaEbRRRE VEldKiBkRSET, L0

charge the t e out put voltage € operati onal

anplifier, tf@&rtl«red)ﬁtﬁglablaemlsmgldevlcé éunrhé selepinail ﬂbsddaﬁbhargd:ﬂ@thlhie control
vol t age for the respective controllable _elenment_for that cell. This reduces
unnecessary SARRGItQL fadhe prpbtol@ganelthe owttoagbamlﬂéi%gh%WMgé acrpss thre

cont ol | abl 4y SUBMPUOLDT.ERGH. BLAM ITAKFI fopdhSe diflagapact tor can

COI'TpI’I se the'I'n Ive CO enent .

[0042] Al terdmhd:nteblythattd@ﬂ A0 fe@hices ughicte SsaBavariaop i the cantilblgioltage addr ess
input and a digital signal corresponding to a desired control voltage for

each cell, elamambaql to ﬁpnmllabier@@m@nt@énn@e%ﬁhrmﬂgfe@mleg Fxdei Vee its
ti it al | t dd Thi
espeCtive A B R0tk PR IRF el el P BB R P TS,

sol ution to gm&tanm ng each controll able elenent wth the required control

voltage. In the purely digital solution the |ocal control
[0042] Alternatively, the control signals can comprise a digital address input and

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.



circuit operates at a | ow voltage, for exanple about 1.8v. Consequently, the
anount of power dissipated by the conh ol circuit is mnimal. This reduces
the anount of heat generated in the ntrol |l abl e patterning device. [00431
In one exanple, the first respective control |l able switching device can be

connect etwee t he suppl han and ground via a fourth gapacitor, the
first @ggﬁectl ve TcOMt %%ﬁ%% nl?a(,gﬁl ‘ﬂ%nagec\?flc o‘%péfsﬁga CV(S)# I“f%é) by an

i nter medi at epagRRHE RlardhghRb cHA’I% elp efs@iveweﬁ@;sreeaeﬁmﬁe& 1RHE f)éhdaapam tor
conprises the control voltage for the respective controllab [ enent. The
f ourt h capacindeacitlanal conmplrcirsuit ishresponpue toctbmtamutrphngmlmtfo detesmiredhect i ve
control | abl e el enent t he. vol t ag i gnal can

[
conpri se a VGRS Emﬁvél%@tcaafé&ﬂgg 3,11;13”5‘?,%%0@@@&89{@@ F%ﬁ%"ssi vel y over
a predeterm Ilgg:&lr 0 esponsi ve
to the contr%lgpcscfngﬁg?gsigtg‘gﬁ ?ér;g%eg(ﬁltqﬁg t resl|1§)gcltT P&?r%‘gﬁéﬁrhhﬁl%ge by
control ling mlﬂtiolfﬂifngpmgranpﬁmgtﬂnmnﬁ‘bl vdimge Exrpdarge wvembeid ofxontroltdblol | abl e

swi t chi ng deV| ce during the period. This provides for a sinple, solution for
progr anmi ng & ﬁee%ﬁw%ant%y tsageltefnssau%y PArSERAHEIDEPPIBE L EMRMONIHBT e el enent s

nput -si gnal “eh{ REbERERIS. heBkoRBRBETLR Ko AR AR The e

plurality ofplugsipest rsspedtivet fiethe bREMr61OIcOMPOARRN AL TofPhis€ ANgvirEe a down
counter arranged to receive the digital signal, wait a period of tine

propor t i onal coupter aimanged kusceive thedigiiabsignal, vwitgrmstiod pitime prepertignal tof  t he
predeterm ned ti.ne ri,o and t.h rst .controll.able.s

vt ce. 00485 viRE ohEe aiEiapTa! R e yaF ol PregFRRbiE LR PBriSh g diovi e can
be closed frgmy, tﬁ@ﬁrs%&{tﬁou%lets%cﬂhg@eﬁ@é.m ned time period. This approach
allows a long period of tinme for the fourth capacitor to charge up to the
| evel of004%je vol tlagae sxaynpik, the Atst emtrallable byitchingddvicestan boclbsedlftoabl e

swi t ching de |ce C be arranged to cl gs shortly before it rreopened. In
the latter t es%p?ﬁ)ger%d&%@gl gnemstiptn kia P%chralloafaééorr&ﬂerk? Py as nuch

during each %’9‘6@61‘8‘#8911@%?@‘%0 quél%lr% é%%ﬂe‘é@l‘ é’ftg%lt\égé %&Hﬁ.“ gnal ‘can

conprise a vol tage of ntia tant magnit u ocal control

circuit conpAitafstiwvly,ehdaest Icmtr&lwmesmmhng daner @indie afdnabdesiclose control the
first respective controllable switching device, and the control signals

from the corshenly bafere s seopenac: dndhsdaitas thiorcliage prsosstibe Hurth capacitor

does not vary as much during each programming cycle.

[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 selected 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



cycle of each PWM control signal. This provides for fine control of the
control voltage supplied to each controll able elenent, froma single
voltage signal. [0047] In certain enbodi nents of the present invention, the
vol tage signal can conprise a series of different voltages, and each | ocal

Cont ol T O RTS8 cByd ARPESHONBIL OV RYIAL BANeEhrEliohse GORET 1 10 e

respectl ve con e can one east one sel ected

respective v@ntrapg ﬁglg)mﬁﬂgahspém@js in response to the control signals.
[0048] Alter natlve% t he vol tage signal can conprise a voltage whose

magni t ul@849li s ar rlamgle@xmpl@h&wg@hpgwg@§Dmen§esweqltaae of euhstaatipibhed ti me
valta

period. Deternminin ectrv ontro

Pont Coi 1 i o Snftel mitniside sEaNERAL o Gt SR amp B Attt a e B o | b
swi t chi ng degen&%tdrf&n'éﬁgd@%%@nﬁ& th@%sp&ﬁ% it céhﬁélﬁ!b& éi#i{dhﬂ% de’@rﬂzepe“ od.
[0049] In one exanple, the voltage signal conprises a voltage of

subst anti al Il?etemunmtgahﬂ dutpgydle ofkach BROY cbuirellsignehtandie done ouesponsspri ses a
respective PW/]{;ﬁ L g@jfrat r arrgﬁﬁgedto control the respective first
control | abl €°¢ ohyjerrly from the eonttl $Y5i¥™My t he duty cycle of each PWM
control nal c PORSS omthe

cont roI[ 65 tem 6‘80‘@%]0%) ?S(r)ﬁ? examlJ glgs éﬁgm%tddsgr?e%?g%@tpﬁgfegAC

di ssi pat es | thsis kmmerDACshaﬂ'hisrmmsDAm be Tibriareld| much tlosdraohke taby i cat ed nuch
closer to the array  wthout risking malfunction due to overheating. A

smal | er vol uihgeriskinamatiingtion dugépevedhrating b spplleryelmenspehangeldy e at | east
in part due Lo .nof eccstﬂgff 139 QLS ffERJt i g?ﬁ%ue R@Ré%xl&gbﬁng%%ﬁ%%a”p' e, each

switch can B&lEonn to Tt res ective voltage e vVia

resistor, trwmﬂﬁwrgstors connect ed to the first group of switches being

| ar ger than the resistors connected to the other set of switches. Exenplary
Syst ems[08hH Met hddsnn[:@@mplew@hrsevnrhseméera@m@alerlyo depespeetiveneltage hogr aphi ¢

t t Th
oPPar et o crinB TR Te oL Bl o BT o BB SRR 0 2
control | er GRingathefitih MERSIRR, coisdi&iothe oh@PREbf Mfctles! um nation system
(illum nator) I's configured to condition a

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.



radi ati on beam B (e.g., UV radiation). [0054] The patterning device PD
(e.g., an array of individually cont rﬁl | abl e el enents) nodul ates the

proj ection beam |In general, the posi |40n of the array of individually

controll able elements will be fixed relative to the projection system PS.

However gaakdy Can i-Ast d,t e j 1o

accur at 0P§/é] posi tﬁ%n&? gﬁg? Egsg&gfc(é?h&lr\g/lfrgcl}g/?ﬁ%&ggtﬁ %ﬁ?%*ﬂ?gﬁ%nt s in
accordance Wonligered tepridjechihit Bedh 6f adialiO®mdluldfed bg theatrapbindialdually\l i s
constructed to support a substrate (e.g., a resist- coated substrate) Wand
connect ed t ccoatrpbiahile ¢lements puicpdArzeERATERN €6e 8 BURBHENG ONGRINQE FiEs) he
substrate in gcor dﬁr}c%},with certain paraneters. 14 [0056] The projection
system (e. g.? e?ué)fs 4t ve projection lens system) PSis configured to

pr oj eCt[I()bb'ﬁ beam e illagimtion Bysts drah&dddvarioe typed dopatal cordporedisal | y
controllable elenents onto a target portion C (e.g., conprising one or nore

dies) of thwckabstfrastive,wefl¢dos,7inaghesici ¢lecirinmgneton edgesostatic anothac| ude
various types of .optical co nent s uch. as refractiv reflective,
mgnet ¢, ol RRGRSARHEEPBPORILG oF Boiceminae R heRt RF gisédingt gt
conponents, Qr.aRYIliae MiiftRkl on thereof, for directing, shaping, or
controlling radiation. [0058] The term "patterning device," used herein
shoul d [0858]r oadl yTherter {patterdngdevicesfused hengn stoubihe lleadlciaterpratedean be used

to nodul ate the cross-section of a_ radiation L‘lfeang such as, to create a
pattern in defesipgto gBy deyse dhatiaqn beypret lgaodulate the, siastrserdioRRted that the

pat et | MPaghslol RedlSLRAl @'ckR RBATTAY, ARk BXABY IO meghkaZRAR] Lo, Lhe

desired patternin € targe strate, for exanple if the

pattern inclshdel Hehmsslthin the pagerh @apaitedso e radiaiad beach maginst exfaeidy ur es.
Simlarly, the pattern eventually generated on the substrate mafy not
correspond te@rrespradpiet therdesirest pateratindhy waet persenmd e subgratg, (fay of

i ot he B0 B0 e Balfin IS0 Db ah i S RAr G b GRS BBt O a1
tPe pat o an ehg ey ot e Ve Ty ont oA oo e ar "The
pattern on the array of individually controllable e
rel ative posthe ppatterofformiasl af g tong tiestant anghs arrgy0o5Hivisbuadly aohiyollabhe pat t er n
created on tqumén%g.gjlaﬁis %grg Bé 81% cgge i&l@lrel als‘rgggsetrr{e%% Fn v\eiulcil 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



correspond to a particular functional layer in a device being created in the
target portion, such as an integrate([il circuit or a flat panel display
(e.g., acolor filter layer in a flat panel display or a thin film
transistor layer in a flat panel display). Exanples of such patterning

devi i ncl icles, } di od
devices | nck gyl SFLUEI o, LTLRVIGTIRALE I el oBvsglaper o ode

[ 0060] Pat t er0n00@ a8 EabtCIHOON DE adladst 0000080 propgaramableletenvdntd) t he aid of
electronic neans (e.g., a computer), such as patterni ng devices conprising a
pl ur al i 096Mf pr ogh AragsBM@akle aHEAT YTYcag complise amariyaddtssablesiriaghed in t he
previ ous sentence except..for .the reticl re | egtively red to
herein as ﬂ%agmgraa\gfcogﬁp%%%r{tml W e{)%ﬂedc aelgegﬁ%ﬁ/ee,suﬁﬁ%e'pa etbea(rgir?ipr{ig’]n%I Z%/i ce

conpri ses atbéhﬁﬂ%ucﬂ@nhﬁp@ﬁﬁgﬁﬁmlé%% AURIRAPeas Df he reflectivvanifadd0, at | east
1000, at |east 10000, at |east 100000, at |east 1000000, or at | east

10000000 pr ogflesinmbidentelighteas: diffrpged dighia whesepsavnadbressadi ateas reffachy can
conprise a nat.ri x- ress e rface .. .having a viscoel asti.c control |ayer
and a refl ec??@%ﬁ%s@ge?ée‘?n Cf?gsl?@%‘prq%'&g Bpglpp‘ﬁ?@ﬁ]ia%dsl’saﬁ&%hﬁﬁ’ 3‘3 aratus is

that, e.g., aphaseedighf eas vbeflkha sRrfdrand tMRcRUIEARE ledvild &A1 thaci dent
light as diffracted Iight, whereas unaddressed areas reflect “incident |ight

as undi f f r acdiffthctadghght tosieach #ire syhstrater | bt this penner, thé btan, bechmes
undi ffracted |ight can be fil tgred,out of trgﬁ reflected beam | eaving only
the diffradtagmed greordipe fetepditsesing patiepnpidhe matriypddrpssable surfagge peam

b tt 1.0Q: i
petha R R DL LT A T,

al ternati ve, difffetedilighgeasang the ub@iffravtdd lidhe to aél thactbgratd. ght, | eavi ng t he
undi ffracted Iight to reach the substrate. [0063].  An array of diffractive
opti cal [0RENB deviteargmeidibrastieantisaMENS(eyiges (Bigea-elestaeiicekancatan al so be
used in a correspondi r. . QN , iffr i optical MEMS
device is cot B 1|mscge 1c8$5%§ﬁgﬂ§§>§ﬂs%£moafc%rrr gﬁfoggln%v%%gb%ﬁgg%ﬁ{éﬁ let&gn be

def or med r el @ffracavé SptRAEMEMS B&Vicd @ coRpiied o@ﬁPIdrﬂBybh@‘ﬂeétﬁfe'rﬂibbﬁs i nci dent
light as diffracted 1ight. [0064] A further alternative exanple of a

pr ogr ammabl ethati ¢anobe defoayed mlhtivestoaonenenather tarformgegrating dhattreflgctsri rror s,
STl SRR AT 150 B 0 b s
[0064] 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 LCD 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.



pi ezoel ectric actuation nmeans. Once again, the mrrors are

mat ri x- addressabl e, such that addr es§§d mrrors reflect an incom ng
radiation beamin a different direction to unaddressed mirrors; in this
manner, the refl ected beam can be patterned according to the addressing

e g Tl OUHAE B 0L s T o LS RSt cosi o

can be ornmed USin ormati on on

mrror arraysoragkah®le; it @herHaeel af pluedity € alaga € dndil fuallexanpdléabld r om Uni t ed
States Patents US 5,296,891 and US 5, 523,193, and PCT patent applications
VO 98/ 38597 elerdentiead artobed independenty ofieelt orberatla quchsrarangeipetef er ence in

their entirety. [006 Anot her.. e PD, | r rray. An
exanpl e of s} %ﬁ Jra‘?ﬂcogrL’i}g e iog hn‘f‘(iiﬁg%‘ _ecr? Q}r%r)ﬁa(?n? 8%g§g@§%%a+g%£us
5,229, 872, WheCHT 4 SomndaallpRimtied spaemi(©Or Birt oEfaariligenationisyse@ntd rety. 16

[0066] The |ithographic apparatus can conprise one or nore contrast devices.
For exanpl e,commemsuppariestractyrefoa thet arrays ofmdaiduadly doptrpliatdeiglemgnisont rol | abl e

el enent s, eacg/cont roll ed i ntderﬁengeen I i’ 1(95f fff-%(:h .ot her . tl n.such an
ar r angenent , M9 AEOBINY) RTOSFUTHYYS P}@ P dﬁ,lf?}t% 1 Mnt r ol | abl e
el ement@ogAn havenah ekﬁﬁtﬁlg, suBR&s BE eAbSAMRIY lcltéHTh'Fi’édfr@ﬂ twhs%bﬁfaté or part of

an illumnation system, common support structure for the arrays of
i ndi vi dual | yWdestarsnbstatiatlyelireniansinpe, gnidhaly with emotoh spdajrediatienedyst em (or

part of the projection systenm). [0067] In an exanple, such as the enbodi nent
depicted in qdigﬁﬁloé‘gﬁaﬂt‘}fétssﬁfﬁépteﬁ%t gn ﬁb\ﬁhﬁgp 8 'EGEE St %SWP(?V%CE’& ar shape,
optionally w t flattened edge along part of its

e L A Ma Al s

peri nmeter. )strate has a pol ygonal shape, e.g., a

rect angeDes] shapen ek&apBlwHete thx 3uiptrateifas s suistuatisiyositduddrahfgsnaudaibst anti al | 'y
circul ar shape include exanples where the substrate has a dianeter of at

| east 25mm Sx8mpisgavhsrethersubsteate hasspdigineter of ableast 25mm., far example atoorm  at

| east 125mm S t, 7 a | east
250mm or atlefs%gérﬁ%géb%%e%ng%tlegﬁ%?@p#égmﬁtﬁ?%u gtlre ggg%gﬁétdi amet er of
at nost 500nwBast A75ARSat4eAMM00Rm, 4t0isist DB0mM, @t athRadt VYA Rt arost 250N
at nost 200mm at nost 150nm at nost 100mm or at nost 75nm [0069] In

exanpl es whesnebadiraers,ithe substrateihas p diapptaralf at rmogy 500mag pmgst48Pmm, at | ude
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 Si, SiGe, SiGeC, SiC, Ge, GaAs, InP, and InAs. In one example, the wafer is a
[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).



exanpl es where at | east one side, e.g., at least 2 sides or at |east 3
sides, of the substrate has a Iength f at least 5cm e.g., at |east 25cm
at least 50cm at |east 100cm at &Zt 150cm at |east 200cm or at |east
250cm 100701 In one exanpl e, at Ieast one side of the substrate has a

| engt h of at 0 S rmst
350%m at m)s rrP R @%u&tﬁwl clﬁquao?n (zalt%qe(r;r(osp dhnpft, gﬁ‘%ﬁﬁs[t%ge%?bs] n on

exanpl e, theaédlldﬂstrate Wis a wafer, for exanple a sem conductor vvaf er. In
one exan‘g the wafer material is selected fromthe group consisting of

Si, Sid8073i GeC, Hechickpess @t&s substpte camyary ARG 1o heXspY, @%éﬁmné eghe wafer is
a IIN Corrpoutﬁggla sraemgjt?fI tﬁe ubsf?atgﬁefneerféﬁ)'ﬁgl f o:%éq%,a eert]ilé s a silicon

wafer. In an eIS a ceramc su n one

exanpl e, t Bickh&S isAlst Dpeh, g|ga%§le§§ﬂh>60p[1ﬁlta$lea§tf200ﬂﬁ glexp3@®unt,ie substrate
is a plastic substrate. In one exanple, the substrate is transparent (for

t he naked hugash4@Quey, atIE?StIWOMeore@téﬁm@OumhénQltﬁﬁéqaﬂmﬂfetheéh@bmsﬁ@ﬁ In one

exanpl e, the su rate is Ior 072 ckness of the
substrate cafh® @%Fg}atgﬁﬁatr? gﬁﬁp&ﬁé t%i?@%%l‘t 532%&5‘% AR5 ubstrate
mat eri al and/7mpumhe Iﬁym%@,hﬁ @luﬁ@momﬁn at hoRMBV0RXA AP IRst 600, hi ckness s
at least 50m e.g., | east 100m at |east 200m at |east 300m at |east

400m at | easost500um, atrrn@stt40@astor@®mnst 3}@uone exanpl e, the thickness of the

substr i.s at st 5000m .e.qg.,, at. nost 3500m, at. npst, 2500m at npst

T oom RBTHEst 10 sebA R bATFIn 4 B bCea U Torf O Ser BB ot | st
500 m at ed to

her ei n Canmégttf%r?%g@geg%trﬁ%( Oor%telt%?ﬂéﬁ}ca[l?%@]egﬁ%g?HpéEls?t’S% S&Q%%&p e a track
(a tool thatandyjevelapd the appisedesit)l ayetrolofy nmshlaatl/ot an imspedohnadleln and

devel ops the exposed resist), a netrology tqol, and/or an inspection tool.
In one exarﬂeé’xalaptee%ifessts"laé(?é‘lSPF%Vl %éau@ﬁattehe substrate. [0074] The
term cti on d as
encompatdr g any THSbtPRERLEAEL" SR R B0 L EERLELE
reflective, en@a;hgﬁbsmgt drlyCtypéreg @edjealonedyet@mr UBAGHICE Iréfra%ﬂde elefleéthvest at i c
optical systenms, or any conbination thereof, as appropriate for the
exposure racﬁa@ﬁdiml%@i&ggeméECtr@mg@ﬂCa@fiﬁé‘?'irqsw@p@mcd@ﬁﬂiem%Olrh@y use of an
i mrersion |i aui

b(iina?lon thereoLtsas approprlata For the expc}éure radiation being used, or for
other factors such 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.”

[0075] The projection system can image the pattern on the array of individually
controllable 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 least 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



use of the term"projection |lens" herein can be considered as synonynous
with the nore general term"projecti ?? system" [0075] The projection
system can i nage the pattern on the arfay of individually controllable
el enents, such that the pattern is coherently fornmed on the substrate.

Al t tively,: I: | | ' f whi ch
the. ot enont2g B B BbBELIAY AR TR, (PRAR, DERCRREY FoRERFE 0t he

shutters. | reléthéms chedeespticallasqiciitelc withnorysit aiore af thoripdivikiaaliyn array of
focusing el enments such as _a mcro |ens,. array@é{knom as an M.A). or a Fresnel
4

| ens array, ngollableelementsimde agaefindividualhysuielighieeclementseete. ‘%‘Sbt s onto the
bstrate. | o f i. .S M_A
conr | ces ar? PERGE TP ity BhfBatd cbACHS MBS TR Rl (R o o

| east 1000 fomtslladleeemtsts, sith A£P6imdQ 008 e Us) oreh@8E0ics moad, 2b east 100000
focus el ements, or at |east 1000000 focus elenents. In one exanple, the
nunber of i P duar mpresendP of merd- e lalcaperamplethe ML Hag mevehlate-g-devi ce i s

equal to or greater tha he. nunmber ..of ..f acusi ng ,el engnts,in.the array of

focusing el e‘g?élﬁ%.us? ﬂpa(?ﬁéat[(gg)aqlrgqa t,m(t)}he_edlroeP l%tioea%figw_a??m 56 l%spr%r e, the 18
mejority, ore.%muht&agebf@ﬁe&hﬁpﬁe%wﬁtoag Big#)¢ fo hbvd fhe MLARYaf focusing
el ements can be optically associated with one or nore of the individually

cont r ol | abl eavelydrmemths siibstiateenllamis ag/g.ofor foaus adjustra¢rit yitbowithaving abinevee| enment s,
e.g., with atﬁ orb nore of the individually controllable elements in the array
of i ndi vi dudPf§4ot8iKt rol | abl e el enents, such as 3 or nore, 5 or nore, 10 or

more, 2fgo9g) nmor e’Agf?%&él_deBR\%%{iﬁ %%r’%]tﬁ)é 1,RE ggpa?‘eftuéig ofh riﬁ%"ct ve Qgg T@?’n exanpl e,

the MLA IS novabl e e use actuators) a t he
di rection t cnapidyiagayeflective driwy of ialitidedl by conteoliyble eldntdmts) eltarsatively, one or nore

actuators. Being able to npve the MLA to and way fromthe substrate
al |l ows, e. g.t,he PRRAFIBT RS b&difaéftaﬁi%ﬂ‘t“lw YR (R-8-efup RYNE @ FBYBISSWABITbst r at e.

[ 0076] As he&fqﬁﬂvfﬁ‘ﬁﬁ’ﬁ}p%(ﬁﬂroillgbl'éiefk'rﬁe%ts}: the apparatus is of a reflective type
e

(e.g., enploying a reflective array’of individually controllable elenents).
Al ternaoyy y, the xppaaphivappanubeanbe af & typednivipitwe (duslestdge) or , enpl oyi ng

a transmssive array of individually controllable elenents). [0077] The
| i t hogr aphi cmergsabsitatestable. Besush “mulfjple stagw/i machings, (hdedditionaldablenr ~ nor e
substrate t acta)lln %'usclxp insllnja%erl]lle"l,rr(yrl I;riqg)alraewrsyt & es"can g?:iar?lee 'ou Qr? ogg g){r Ho?enal tables
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 “immersion” 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.



can be used in parallel, or preparatory steps can be carried out on one or
nore tables while one or nore other Hgbles are being used for exposure.

[0078] The |ithographic apparatus can also be of a type wherein at |east a
portion of the substrate can be covered by an "immersion |iquid" having a

relatively h['xbl%ge eﬁa?—fllglg,ctfl%/ }’at%éd%%ﬂ ?ﬁoancﬁgli%y’ radia 'crﬁg %Oél'?(% ﬁ hdC xtv.l:&élen%lﬂ? pace

bet ween the projection sys e su Inmmersion-liquid can

al so be appldfednost 450R8T, e gRAC BDst 42 5hihe at hodt BGSrAPAintosa PEGIMALdI snos or exanpl e,
bet ween the patterning device and the projection systenl | mer si on
t echni ques at2onme Rt MRHAFINM, af MEstad30nfp At MAsh 2228Mn gt mope2MWumeor @bl aperture

of projecti Onﬁﬁ%é?%ﬁm@ illn E)rxpeee)}a [?@g tﬂe%%ﬁ& Ol[l]S aaéadéﬁe%g%lriggléﬁf;n% 4%?1%% hot mean

that a struct such as a's {rate, LS e Iquid, but

rather only 4u3ams FeBad, [35Gkthd 248nh 0098 @eh, biSMREANERE 1260hBCT i0Bnsyst em and
the substrate during exposure. [0079] Referring again to Figure 1, the
i |1 um nat or axamples thevediatiorriaeludes aomavisteagih of pronnd 3¢ etdromdsisdrse SO I n one

exanple, the radiatio ource. pr.ovi des ., radi ation havi wavel engt h of at
Caaer & I G RepBR, GRS R FeSR rdet Bal R ti el Br SRR ) B
150nm at |e§1§ém§§§ﬁ@36§t405§a§d 44N 388 nrh BASE sotRQMBuIPBe usk@athe 275 NM  at
| east 300nm at |east 325nm at 1east 350nm or at |east 360nm 19 In one

exanpl e, t hesonmsiand therdithographieabpayatusadn &t separaoentities, 3O ¢kaspde wherel engt h - of
at nost 450nmm, e.g., at nost 425nm at nost 375nm at npst 36Qnm at nost
S5 at oSt SO SRS B oo UBEIACT ST G0 or ot
most 175nm AR shic bRFari@d Al IR rAR%icR DUAKEL $AGLR fidtk!dli ng 436nm
405nm 365n ¢ Sg;ﬁlﬁl ﬁg‘%nﬂ%ml 1rnm a157nn{&1 angﬁor 126%%m In one exanple,

t he radi at i sourcecS@deshailhenviadteon it lwithf tharaidiofl a Isdmnddivenr gsteth BEbnm | n one

exanpl e, the radjatign includes broad band of (\gave engt hs, for exanple
enconpassi ngOsERIsINgoIor exampleaspiapledirgeungmirare and/gr s beant gxpandefe ised. The

source and t | j ] . ities . for exanple
whon the. sciesd W A0 Lc PR At Bl B LR RRL AL BB fol O o1

consi dered texampldWwhdhatht s@frcé ke hérttgdamplite sapprasat agl thntldntigatoadi at i on
beamis passed fromthe source SOto the illumnator IL wth the aid of a
beam del i verl, getherwiipthe bgamn dekiyasy systest BBhibregnised, soi beusfesreditp asd i ng nirrors
and/or a bearmie ﬁan%ger. In other cases the source can be an integral part
of the Iithoﬁﬁ1 ﬁ 4 Bb‘aratus, for

[0080] The illuminator IL, can comprise an adjuster AD for adjusting the angular
intensity distribution of the radiation beam. Generally, at least the outer and/or
inner radial extent (commonly 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.



exanpl e when the source is a nmercury |lanp. The source SO and the illum nator
IL, together with the beam delivery S)éatem BDif required, can be referred
to as a radiation system [00801 The“rllum nator IL, can conprise an
adjuster AD for adjusting the angular intensity distribution of the

radiati @08 eam gﬁ&exraa'ia{i&z g@ﬁm lBagschigg}ﬁ on4he Fw t@é}g{ngrdevfcgw Ser%?é@![ h:Xt ent

(comonly referr to as -outer and a-inne respectively
intensity distayidfitdividualiy eonproflable pleareatspand samodulated batler pattermife adj ust ed.
In addition, the illumnator IL can conprise various of her conmponents, such

as an i nt egiexicsrHaving heendeflentesdnathe patisrning devieq Rp4 tharadiatioabes Rised t o

condition t r.adl atii 0, I i ] intensity
i stri buti oot B PR RS A FRHsothe R o Mgl 7105
conponent asgRGbRCESE thé blibstrate WarWitikigeOaid) of &l posgimhet PWlhid geésifibie radi ati on

beaminto a plurality of sub-beans that can, for exanple, each be
associ at ed viiensor dhd (g, an intasfezometyic deviehdineardingpdruadapgcitivosanser Pabl e

el enents of th rray. of indjvigaal |y controllable el enents. A.two-

di menoi onal B P BE e aliabit ¥ 2an b BV KebBT s O W ao A Ge ¢ ne

radi ation hgfBchiames pbrtidRA0ER tHebatt6r thé REIRMLN BeSAB. PWherk uskdghd er ms " beam
of radiation" and "radiation beam enconpass, but are not limted to, the

si tuation i rpostioningtrhgans fedlm drsyob mdlivideadly sbntzolpbleredé¢ments efn bewsed sub- beans
of radiation. 20 [0081] The radiati beam.B i,s.incident on th atterning
Gevi ce PD (dogomedaocupietylie ST o/t BEiBp e TANE rergreiad “and |'s
modul at ed by, therdabbeh B S JEKb G8caniavi ng been reflected by the patterning
devi ce PD, t%ae ra@?atiﬁgn’b am B gpagases t hrough the projection system PS,

whi ch f[0082jes t hdnlbaaexample, moveamanebdf thp sulisirate tABIOW T seeaizbd tvithttke W Wt h t he

idof th iti PW an osition . sensor |F e.qg,, an jnterferonetric

32\” ge, |ien2a§$ Bﬁéﬁggﬁr?k%@ag@?mc{ylésleﬁﬁélempgb%nd aﬁﬁ@‘(‘ﬁ‘%g? {HOHHJI@ (é%st rate |

t abl Wr . : : AS;: |t (ff tt t

bort o ¢ heRicHET SyREE Heto® bR enicll ik ROTh bhOBaritif AL O0C 105

means for thgpamtsys sfsentradledstdushot yrekemhodild fbhevilgaubsitae nblk WE. used to
correct accurately the position of the patterning device PD with respect to
the path ofAtsiailaesystan eangalsodhs uprd %0 esition[thosatayl af drdividkalinl e,

roverent o SRR SRR b B SR R BT (11 e
alternatively/additionally be moveable, while the object table and/or the array of
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



positioning), which are not explicitly depicted in Figure 1. In one exanple,
the apparatus is absent at |east a sg rt stroke nodule for noving substrate
table WI. A simlar systemcan al so used to position the array of
individually <controllable elenents. It will be appreciated that the

proj ection b I i1 Gf : aﬁ@" , ile the
obj ect tabl (ta{% g‘gédﬁﬁ ogr%- deﬂaﬁﬁggﬂ%}? Hﬁ#%%}%@ﬁ? %gﬁ%)gto ag‘lﬁgieZI gl\r{r\%nts can
have a fi xedapesiiid devide®Dpmothuldies thedearh eftadiacion Bahdtdfleetsitbackenhe Such an
arrangenment can assist in limting the size_ of the apparatus. As a further

al t er nat i ve,beqm PHitenBS whigh transmity thy medypted baam fe theRiRigetiRn LHSEILI 1 at
e ol S _ | A
Byt em po ¢ HEMIPRERLCRRY, Bouk g, BHOREGASC ot BEbd e 27 1) BCH O

relative to diket thebedni af Rdiafibh B t¥'he paiérmigdepicePDlahe sisbfileny ® thabl e WI  can
be provided with a systemfor scanning the substrate Wacross it at a

subst ant i al | Brojsetiest watemARS. daipesticujapgerapgemembsishiap isshgwnén Higutenle beam of

radi ati on B can t% directe {o t he. eoaa&tt er. ni&q/devi ce PD by nmeans of a beam
splitter BS BohP 3’6#%%“?58& 2 PRI PASEY % _oﬁce’llgufeﬁji'ti ally reflected by
the beagogd)l i tt errngbpitidRsipaitisah B ukRlihQEWrAidnodégvi ce PD. It shoul d be

realized that the beam of radiation B can also be directed at the
pat t er nj0fgS]devi cel.wi t Hosteptrhede, the anfay af indavidusplly icontesllablaelementexahpl e, t he

beam of radiatiqQn is directed at the patterning device at an,angl e between 0
and 900, e.t§¢ §u%at§m@west esents: ,ysts%?l%@éw ylganepjirepatie drd e, g 65, or

21 between ; . i g%ﬁ i I LS angl e) .
The patter ﬁ?%lga%)eeédg(ekgﬁojggggﬁgﬁg%g% e%{llm@oa bl?éja%(?gtje f’oalflsu@%%é@ér)ef l ects it
back to the expeaire)sPhe hitstraBTabid Whistthanshifiddsin tieeX nmdiok atditkctiemso t o t he

proj ection sxstem PS. It will be appreciated, however, that alternative
ar r angenent shetadifigrenidaget Rortion ¢ &8 bg Gxpossda i Yep made. ks BAXIMURSizh o

patterning devj : 0] j t S. In

parti cul ar, Oaﬁhfgl??g)r?&%ﬁe@%gﬁgﬁﬂgg&% éfg}}%otg %% %&é?g;tfféﬁ%gdﬁrﬁé Sﬁrgtlfbe required
i f a transmiggicw&ppairé.er ni ng device is used. [00841 The depicted apparatus
can be used in several nodes: [00851 1. In step node, the array of

i ndi vi d0886ly contZ ol | dbisearcnedss theareii@f indhadually sontzeliable demenss ardsential |y
oLt onany B R R R RSl Sas GRS
beam is projected onto a target portion C (i.e., a single dynamic exposure). The
velocity and direction of the substrate relative to the array of individually
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 controllable 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



exposure). The substrate table WI' is then shifted in the X and/or Y
direction so that a different target ,portion C can be exposed. In step
node, the maxi mum size of the exposulzg field limts the size of the target
portion Cimaged in a single static exposure. [00861 2. In scan node, the
array of indiyi I I . e scanned
synchr onousﬁyyaﬁﬁﬁgkéeggﬁégh T?lrgr%gorc? %ﬁ?{%@&ﬁ@ﬁg%&tﬁ fng)%g?é%‘(g%ﬁ? gJ proj ect ed
onto a tar gefasPeér éxposéd line 18 lined singl e dynam c exposure). The velocity and
direction of the substrate relative to the array of individuall

control I0888le el erent s loaspnbauest sspminslg, bgsemtwély(th@sympm@gmuﬂsecmpg%n and i mage

| ch teristi f tem PS, . | , npde, th
oo o o1 gy Ot sl B R s BpRARA S HERRRYER bt BRARAERE < an ng
direction) of at AGubstaMiigRY cOdnt PectMngd tisd pritefn Qﬂﬂﬁrﬂr&{@fﬁﬂcﬁvfdﬁallyv\h_er eas the

| ength of the scanning ™notion determ nes the height (in the scanning
di rection) ofontrhBatieetpmenpoist upslated] HOGE Iprgjection pedns &3 seshe, acrdse the r ay of

individually contrgllable elements is. kept essentially stationary and the
entire patt Stfaéegjr%}adge&’%fs msuis?ﬁ?ad@tcgﬁ%?’pir%‘ﬁan% 58¥rcfﬁéagglﬁgc[ rate W
using a pul sggiafigdsirbO syROtbAiSed 19 theSHRTHAADE HedPtRrBn ithe afBYEH Wi th an
essentially constant speéd such that the projection beamB is ™ caused to
scan a | i ne iadivabally bentsallablereddneenty, cdinbe p&tlt ern on the array of
individually controllable elenents is deat ed as reqéji red between pul ses of
the radP8%ion syst emlamixe ged ynpeigmede the patigrnsipamed ansubstiated¥ds ve t ar get
portions C 0, A i rate W
Consequent | y@glfﬁ?gwpsﬁlg%@g{e{nto%gég%% Sga?llfé}%geﬁ bgic]arsglgdsI gtte Egragggg%trag% e Wto
expose the cdirptedtchtPpitteenig devicoPDa Blid éxposdd $pdes dvesubakiallJhke process is
repeated until the conplete substrate W has been exposed |ine by line.
[0088] 4. | rsagishapsudUssubstarte Yo ihe spetsgepringed ip subgaripahy agsidodn eee npde

except that the geu strage. \e{V'if seca%ﬁned rtgllga iv% %g t.heg nlgdk;l atg beam of

radi ation BXaPPE Hoanrr &t a§g50 %nt%\ﬁ_f 3e%8 a5a BK gﬁ t 'ét_rlﬁ %_ the array
of i ndi vi duajnhafler HARKOEAPBRIrE sFHtFRNEBY vasdyit ﬁ@érﬁﬁy@ﬁth%@?@t@?ﬂhﬁﬁ,td on beam B
scans across the substrate Wand exposes it. A substantially constant

radi ati on sopattem ipreakizgsli (I betweemthe axpasnrestaghesdhe intemsity distribetibrtayet he updat i ng

of the patteLn on t he .aéray of individually controllable elenents, can be
used. the spots 1s varied.
[0090] Combinations 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.



[0089] 5. In pixel grid imging node, the pattern forned on substrate Wis

realized by subsequent exposure of spgés formed by a spot generator that are
directed onto patterning device PD. The exposed spots have substantially the
sanme shape. On substrate Wthe spots are printed in substantially a grid. In

one ex e, the b Rl ; r A i i xel grid,
but rruc@ﬁ&is]mal I ereﬂ?'ﬁgr% S’? %—:-Ig%g%:;oéslﬁg e?é%lgs{’@g‘roﬁ‘égh%@3%%"9’?%"3&%%2%5‘% y of the
spots pri nt efray@an bainuet larges. E&vhlcelt 80 within the in@elias b fiestéxposighal 32| ashes t he
intensity distribution over the spots is varied. [0090] Combi nations and/ or
vari ati ons owhighgompises anasapg Byt nidieanale ippy 3¢ can ke eithes pypnlied f&r ent  nodes
of use can I 0 I Lth. | ment of the
present i nvgérY'?' g'o%:?l \%ﬁieﬁrn g[}{i?grra rog\%]i’}%%ggnag%g%bggﬁ%g}b%m@;&%s%%?% ng the

array of i ndiewigatdMmanbicklorbéles 308!18 Veid s e\mPlea,rmb agaly@lnpags? val ues to
control each elenent. The controller CR is supplied with a digital control
si gnal repr ecaafhe eitlera Rfewoliagd sepndy onjt eandwariime vasying voltage giganl, Q}gﬁ age for
every el enentalré.or &rtoug sgf el e nttsétvvithi n the array. [0092] In one
exanpl e, contF9P¥ ETMERCEEN OhE USAETd&PEd to be a formof distributed

di gi t al [ghgsjanal Ogns‘eoranslb%elnpwﬁ@ -caﬁiybéii@b?iiwtﬂdiﬂ 4 henfC bbRionamount  of
anal og data that has to be transferred to the array is reduced. [0093]
Figure 2 il |Ak¢mnaivedy,at sohenganentedepreecemitdoéated of the atraytalotsupdbe DAC, in
accordance with gne ephodj nent of the presept.invention. Each el enent (not
Shonn) i ¢ it nea el IO kO FRts eaRmpR BoRPichPEENesan AT TR part of a
cell 30, in f.pat:i i : i l: ljefdd Gl & 31. Each
control cir cajli gggdfgéﬁbg@i%eégntlﬁz&gpéeﬁ%lﬁ?p léclgﬁ?gﬁlmglﬁ g%gf)’ dtegér{(%&eg %nssoci at ed

el ement. 23 th@@ad]cular gmitd2mertonSthe @rnaimeytiad. CRel addresstihputgdd3 it wil | be

iated that th . b h_I . Each cell 30 within the
ZI’I’Q?CI_ZSZ PPl qigiﬁhgéé%ﬁc onnaét?or{r,m s \iﬁ%ﬁ%ﬂ@égcaéﬁmawdmguvﬁ%ht. Thi s
anal og '“pUtto%%ri%‘ﬁebe*Perﬁ%&tI&Sﬁt{&!’sﬁ’@al Foqélié)ass&\{(ﬁécy elefileht I%Mhé'flﬁﬁ@ array, or
there can be a sma nunber of 1 nputs , eac serving a colu or bl ock of

cell's 30. I ninp@r320USeperdetitupsn tHelpartiouddr @ghbodipnent 3Pthe packeheineérdtioal a DC
vol tage supply or it can be a tine varyi ng vol tage signal, either varying
cont i nuous| ythere chmbeiprecr aase Sirdwssinppis o0sich Teib3Qisheweginspeally3s inpsh be

supplied fr Oﬁ).a TfleesreT%ﬁhelr ?r?p%t[si & for example be a reset input, further digital control
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 (LSB). It can be seen 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



Alternatively, it can be generated in a circuit |located on the array close
to the cells. Each cell 30 al so has 2 second i nput 33, which conprises an
address input. The address input 33 gn in fact be multiple address input
| i nes, depending on the particul ar enbodi nent of the present invention. The

address i npuf, 35, &*pﬂadl%ﬁalgg %&lﬁggsagﬁélﬁ%s befe3h MBI AR a1 D fh?-o used by the

| ocal control“crrcurt der enent control signal r the

associ at ed eﬁcelefmﬂsaimltshan boatkigved rMhetpossible Raglog dehiges itedsbién parti cul ar
enbodi ment of the present invention there can_be one or nore_further

inputs to edesulaieinerensnissr Sirsepls(rq valfst Jhﬁsbﬂi rafszgnce ganeratphaypliesr ¢ her
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parts: a sin@heniy (or alt@h@HRRLO tﬂ@éﬁdﬂ% a&lb&ta@efogﬂﬁ%hﬁieoarra@md an array of
charge collectors. Each elenent within the array of individually

cont rol [08%8le el erlermns ¢xampha @gb@ba@@mlle@mmg@rmpd é@tr@ﬂelVQ/\lhecbit conpri ses

the local control circuit, 31. Th nted directly
i acent t o 1o5re RRALE Y gth ror BT e e 5 e ol el R TS, |
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corresponding to each possible bit value within the digital signal

r epr esent i ngretdieesr eaghi smllad]ablbgefeteaqeranalogn\tqltage ss gieabndfem wpanta el enent .
Each bit refere ce anaL%fgivolta frac i on rraxirru. ossi bl e

(ful | -scal e)°ong P&&églta f%%%%ﬁ “PIP Heghaie cQllactanieqrFes ed
configurati e t an 8-bit
mumber. The BiCieSs Span SUS R g 98?#%1232“?%%@ Htéséﬁlf’}“?%%?%?*‘*’?%% Tost
significant dollectoiViB) twandigitail dddsamhrqy’uﬁﬁcﬁ)rrefspxmdﬁﬁgetol thasblusmmmd fosant bi t

(LSB). It can bhe seen that by adding ether the bit refer e anal og
vol t ages f orDUIpRer. dE%pw@aﬁ%fhesce’(l%wg in atCﬁgw tﬁeﬁﬁﬂé@@ﬁ@éﬁswpw fgr ﬁ?@? t he
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t hen 24 any one ana ges varying and the full-
scal ex 255/ 2h& Wﬁbfeﬁerﬁaﬂolmgeﬂh&h e esly addresspgas chr@pamiih®© thakhages | ncrease
in regular increments of full-scale/256 volts. The bit reference generator
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recei ve the ddiblock of columns the cells are updated simultaneously for 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.e.,
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



reference anal og voltage for each bit given the value | in the digital

signal for the elenent associated w that charge col |l ector. \Wether or
not a charge collector receives each“Supplied bit reference anal og voltage
i s dependent upon a controlling digital address signal supplied to the
charge coll Oﬂg,]l ! 1 . ay of cells
arranged i n?ﬁolhgd(r)lieéérﬁ{slﬁg?gh C @?éegégg%ﬁ%c opblﬂ?sjal%ﬁx@eéf%ﬁnﬁ%%% ess inputs
cor r espondi n@nimor toallchhngenoldeecbrs ithinthedudiimn TOhgyrcag aBobt bemawhiks within a
colum the colum address input. for that colum is set high. For each

suppl i ed bi talkthe ghasgeeoligstorayithinthe pmalt cel| requires that bit reference
vol tag en the r SS | t. cor J C col |l ector
is set eﬁ?ﬂ%ﬂ By :Inggﬁv%)?a%%l?, noé)rgl%%:{lolv%%ﬁﬁg%g&pﬁlﬁg%gh%?ﬁegghiﬂ}legg)?tg&each char ge
col I'ector widqgivaledt &0d sififle Garthére id MdtiW SRl doyisiglel 6B didhact segsh col um  or
bl ock of colums the cells are updated sinultaneously for each bit.
Therefore, (abS¢rtbeybimefercaesansdod valiaghimthg replighyoltageolekelofb)Sslegims with t he
appropriate nal vol tage tak i ght .cycles for an.8-hi.t system [00991
A bure 21 o WD e shdenivndaThedlsTRhuitgRe cpdtwlPRa il e Maceor di ng
to one enbodigBBLt alfcelifie present invention. The controllable pattering
device conprises an array of cells 30, each cell including one or nore

r espectj0¥@2] cont rloldnateixemeles reptograandll sher exdls ¢ picobinho Gl inBALZowp pfuit 31. A

respective digital _ control signal 34 js s lied to gach cell and is then
converted bycolHRaHke epfire ?H?g ‘gﬁ%ma@éb&ﬁd’ﬁﬁ% %fﬁ’éﬂSB%mﬁ%fOr@F "Yhﬂ?‘? age, which
the cell us ] ] 1 . . L ive

control | abl ?g’{‘%g@ﬁ%ﬁ@g?ﬁa ggg?a(%nr}lr%gwslﬁr%%ﬁp g%ﬂé \%\nntg{?bg%léfa‘ﬁll‘zﬁ% gga%%f erence
vol t age vi a auah@enhehudBer dfibitadidthieidigital sighdlaeptegpntiap tisa dpsatd addlogli cati ve of

the desired el enent state)via supply line 34. [01001 Figure 3 shows an

i npl enent at | Bemest cantgplHrgyal fosepdiglerhent; n accordance with one enbodi ment of
t he pr i nvention, C [.S: I . four inputs:
t wo adg‘rﬁg@ i npu[i Es1 ogl? e’éam@g’r#gge%g%rg&&ggﬁ%g%dc@ﬁnggﬂ&é g(%ret@%ﬁrlsn plﬁttﬁéjand a row

sel ect i nputout@gRERideWad suppBEd fosklerhent abddeiakidtwitiether dagR calé@gs vol t age 3
25 and a reset input 4. The bit reference analog input 3 and the reset input

4 are cormuowt tozezd voltsh akhgechargieloasapacitors € hand €his zs00 velts. Imitls/fistn al so be
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bit reference analog voltage input 3 to the required 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 25V
bit
3¢ Full-scale/8 125V
bit
4" Full-scale/16 625 mV
bit




equivalent to a single bit there is a wite cycle consisting of three
distinct steps: (a) Set the bit refe&gnce anal og voltage to the required
voltage level; (b) Select wthin the“current colum all cells requiring the
corresponding bit; and (c) deselect all cells. [0102] In one exanple, to

progran1al|—fhe—gﬁils Hr—a o n—a gy f——cotumst—the  entire
array) with the ahal og vol {5 55%&/$7esp:)ndi nggﬁypﬁé whol e digital signal
there is a |pgpgramm ng cycle conprising a nunmber of wite cycles |equal to
the nunber |of bits in the digital signal representing the desired| anal og

el ement control s6®ynal for Radblkcatd/&trent. [010584.23 mone exanple, af the start
of the programm ng cycle for the first|bit, the output voltage Vp supplied
to the el engfit associjfated with that charge collector is set to zero volts.
The charge tors—¢ 2 s rerovoit fgr—the—first—step of the
wite cycl refered@gL§@F?H§§ genera?%?i%gks the voltage pn the bit
reference angj og voltjage input 3 to the required value for the fifst bit.
Thi s can e the VBB lor the wite cycle can start with any arbitrary bit.
For an 8-bit systle8B |t he biFull-sfabrZitce| anal 089.0623 mye supplied cofrespondi ng
to each bitld lg-Htal—sighal—canbe calculated as shown in Table 1

TABLE 1 BitVal ueExanple for 10 V full-scale reference voltage (V)

VSBFul | - l e/ 25V 2ndFul |-scale/42. 5 V bit 3 dFull-scal e/,81,25 'V bit
stnrul 10580 o ToabstRpntiar G Buficilitols B e o canfiPisf pekbiceRa
Ful | - scal e/ 6413QtéRes® dA!S2 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 S2. 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, all line address inputs 2
can be set low. Switches S1 and S2 revert to their original positions. Capacitor
C1 is now connected between ground and one of the inputs to charge amplifier 5.
Charge amplifier 5 acts to alter 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 = C,/CxVb (where Vb is the bit reference voltage).



7 Full -scal e/ 12878. 125 nV bit LSBFul | -scal e/ 25639. 0625 nmV [01311 In step
one, all the charge selectors for the,gurrent columm are deselected, i.e.,
switches Si and S2 are in the positions shown in Figure 3. Si is connected
to ground, and the bit reference voltage input 3 is not connected to the
charge collector. S2 is connected to a charge anplifier 5. The bit
the.current LS SUu 0 the bit ference

referegﬁ? ol tage. for Lent ﬂiitthe If'ed éle i o7

vol tagd Ot 3oy BreesrEyIhe BP kil e Bty S gty s op t wo,
those cell's spdrishit Btep BRe SAH the AbxtHA reffentdadald tageistsetaqxbihbutmﬁﬂer ence
voltage for that bit are selected via digital address inputs 1 and 2.

Col unm addr edkthengallts remain Hesslectedt Agajh dlloeelishare salected wherarthis bit ne addr ess

input 2 will _be set hi. r the cells, r iring, the current hi.t reference
vol tage. ANDTGIeE Neesifih QR st et ieed Ay RnashE o SR RT it o

hi gh. The outRferiell 1A\ fol0RER cRarEOIeeos. TS hiROk bitedt Pinctdsinghgs Si and S2.
When the output of AND gate 6 iS high swtch S2 switches to ground and Si

swi t ches t o dututlbltagedf @byenfnethevaphdungidepiengent uon theeurebvaye efdalwi t or C2 i s

connected betyeen the bit _referenc i nput .3 and ground, and i.s charged up
to the vol t dGETDNREY ge.3 Thisoipieq o ap aO@g%PneS%ﬂtéﬁ%wa%fr@mrent col um

are desel ectiad,; IOSLSIADLY D tRe g, WHE oG VBIANINESE bhapugp 1 Low

Al ternatively, a dress Tnputs 2 can be set-low. Swtches Si and S2
revert to thegiendiailgifsradacipbiiofitlendigitdlamal fopeacheldmest. Nthis comiinmes ed bet ween
ground and one_of the inputs to charge anplifier 5. Charge anplifier 5 acts
to alter it sundilthsurequiendieleyaentsontrolisignakior sachelement &g agolugin hagbeemge bet ween

the 1 npUCs 1gh 105 15/ 8. RTBL Lidhle Suncher ARt A AISI SEELGnklNE g har 02 on

capacitor C apaci volTage rge anpl ifier 5 will

rise to: Vo confighehéyiof( WeeeRrméat,i snd Bgpidilly wélf efecheld vonstagefor 27 101341
For progranm ng the next bit in the progranmng cycle, a new wite cycle

starts at stmpdetermirgscperiod affexthe pragraramangetyels iapemplgtevol t age is set on i nput
\gai n all cells are sel ected where

3 while | the s remgj n desel ect ed.

thi's bi©15ler or ertgreear EERl Pode riprmind vt e crreldieelPeSeletlihny char geon

capaci tor O pmji§ be reset such that the output voltage Vo of the charge collector is returned to
zero volts. This is achieved by triggering the reset input 4 connected to each
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



transferred to C2 for each charge collector. This has the effect of

i ncreasing the output voltage Vo by g further anmobunt dependent upon the
current value of the bit reference v ?tage. This is added to any voltage
present at the output from previous wite cycles. In this manner, the

out put vol tage ﬁ\égfleqs Qté'ré(frlﬁpﬁl coll @H?ﬂ)tr'egéﬂlyl I)]iothg ﬁ?ocg?angﬁﬁnrggcéfc gndj' gi tal

signal for eac IS contlnues S ehent control
signal for eachcuemRMy fequitescsdpsMundasfobgrreurbatiBit. up by the associ at ed
charge collector. This anal og voltage controls the confi Hur ation of the

el ement[013Hd typ.kbamw shpmas;élemen@reer@MWOfwe@lch@rw@ eqtersiedd peri od
after the progr each cell can be

ot ogr ammed VTR SeHameit ErEghbef PRl prt R RLennc b ERF AEP Lch that < e
out put vol t ag@re¥@oRéctdrd Ga HUES) &0 hRet, Bbwher [iEWHI R@PpieliatedeiRthiP! tS. This
is achi eved by trllggerl ng the reset input 4 connected to each charge

col | ector i reouhixsidobasenledup ohdows dirichebargé MIGthI@SlShO\anﬁlmmﬁ all cells

within the c desel ect ed. ch and 2 |nthe

posi t1ons. Sholin oy anatsy areinbiyGiety T Ch - S Eatetie e it & osi ng
switch S3 s REAGI 104 tissch that the output voltage Vo is
applied to (};Hr?g}eﬁ ﬁitphfs%% %lgﬁt gi'?o ]? regi(g:eﬁalrgg anplifier 5. The charge

anpl i fif@138&cts t dnromdlexemples tivotdento progtdnage eltirelartdyl th IpesgraimmiigD

di fferenti al volta e between the two inputs to the charge arrpllfler 5. The
out put vol t &ye e%a%@ae&/ésTb%elztgr:arr@bwtrgset bmpnl,ﬁag&@regqt&% owhidgpaci tor d

(5, remved. O1o. BYIGS: S5 R kISl b BoBeEpdNERRLE Pl el

within the c erence volta Set to the

previ ous val pgitiae &r a@g&tweﬁlstapplhdfmutreseﬁmpﬁm for@ashoftpeflode THR@dsires program t he
cells in another colum, | y selecting those cells in the second
col urm t hat thatghe p@tptlhEOéQnrrwhtch@‘g@ celéercafemtezerﬁbwlésg@ describedabgetre tine as

desel ecting aII f.the ¢ s f|r I n, thi wite
cycles for t3Rd agt]&%ﬁés %Jz’ﬁa téalg'aIFQ[ E]bep‘éa@’aCIFoé§uﬁF¥ﬁé’ Fa reducti on
inthe tine &f@k&ﬁeh@awg oafa%enf&lthe fRk bﬁls\@utcmlap@t@ rdlavn Cfib @é]&dté’c?' y, step |
of the 28 wite cycle is shared by a columms for each bit of the

progr anmi ng hyya;jpdymgmdeleaa\cﬂtag@tmmpubﬁl y Itnedlube appreciaed thbt thedsezcf or t he
current bit. [01371 _Fi ure 4 hows schemati.c rg}g}ﬂesent ation_of several

char ge col | e@igesannlied Oﬁ?qhaﬁf’ umR Op{RG UL GR A LOSE A Regrtiver Ertle present
invention. 1qyRLgih&otmP®1Ywh&e the first bit is required to be set is selected by

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.



charge collectors (a 4x4 array) are shown, however, it wll be appreciated
that this could easily be scaled up g down. Each charge collector is as
shown in Figure 3. Colum address ing ts 1 are individually labeled d - C4
respectively. Line address inputs are |labeled L1 - L4 respectively. 101381

In one @Fm © g o%redeg(reuéltppel, Ql'ie;’ﬁﬁxﬁﬂéra& &H%;chgngﬁf 5e|%1}]’1igr£?ﬁ% Bfo%g%r{'i‘%‘é ng cycle

is as f The entire array Is reset I nput 4,

whil e the chalogevoiapé ectherautiutevd of édeh dhamelllectsi, #bearddl-bindigital A pul se
(which can be ositive or negative) is applied to reset input 4 for a short
period. Thi ssighabiepebe calpalatedigs fdlowsut Vo for each charge collector is at
zero volts as described above and that there is substantially no charge

stored on t capacitors..Next, the hit reference anal ol tage for the
irst bt 1 SVuBPaH b aetar awahe chbis 1 Nes O GoIRBgs S 1S sel ect

vol tage to input 1 Nuppergefibitsgfor sefipg theituglerenge apseg ¥eltags) ~ vol t age applied
to each colum or line input can be positive or negative. Each cell within

colum C where the first bit i sWreBuw€ed +8 be set is selected by applying
the appropriate input to the associated line input. Columm C 1 is then

desel ecmygb] ei t hern DYl EBUE" HaBO 1B oHOIIRUCOR Sl dePBHt TRY each

previ ous sel ected cell; ‘or by reversing the colum input voltage on C 1.
At the sanme desetectingrphhsectakesaingrivck epele pardiipl he@2set ploask thkee osetledt ed. The

wite cycle then continues for that columm. Once the current bit reference
anal og vol t &yeleHasthg&atire a3%i i ed to the appropriate cells across the whol e

Il i - for th
1Y AL A fIGRE SLAL R0 AR pEKSY AERPRALPGPR 202 for (he
has been pr agdwedbe indrédlingl the MirhBerat liassSpel belumar(h@d/theZBy réilidthl ther one

exanpl e, the nunber of wite actions required to programthe anal og voltage
at the out putumpgsr of celamsehaklgpanatiyelye ease or ewen akhh the pelumass gopld be sj gnal , can

e caloul o S gl 81 NGl BBl 57 SRl R, 5y et
anal og vol t aegkad®hSnvmber ok tikithPddtiddss TigitsRY Biedd dbeRBRSS ihdiRsalpne cl ock
cycle per colum per bit. The desel ecting phase takes one clock cycl e per
bit. The ressldrgshazaytcaleslonevouldinikolve an increase in the complexity of the
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 ina
programming cycle, the analog bit reference 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 reset
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.e., the number of
write actions is now: W=B x C + 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



cycle for the entire array. 101411 The nunber of wite actions required to
program an entire array could be red%ﬁed by increasing the nunber of |ines
per colum (and thereby reducing the unber of colums). Alternatively,
nore or even all the colums coul d be program*red at once. However, the

consequence of al ese IS i.ncr of di gital

addr ess i nput§"¥’ ;gée[%acg tﬁ? 3”??’16‘1 (rdugchsk aéonsgamé{g&@ cell. This
woul d i nvol Vﬁlaﬂﬁ'blb'f@ﬁﬁ‘d%@thle%1ttrl€'fér&1@8%l@cfgbti§’1n@1fea§e,lae addr essi ng. To hal ve the
nunber of wite actions by updating two colums sinmultaneously woul d doubl e

t he nuni¥dd4jof reqﬁgueoﬁ aﬂidmeﬂ&lllyuliwrate[semtimloomé‘ tm@hapgeec;olientoor der to
further redu th ite acti n in amm cle, the
anal og bit %}p %ﬁ’é‘gu%la a@gor\gg}gtggnggm Qﬁfnfs’étﬁl%ép ?qngmlvplnt The ast col um
are desel ect@e@taﬁﬁgggtotf@@n&h@u iQUSddirhblE ?Jr%eei?ﬁ}% \e@lﬁaﬁe@m@ éflmét bi t

ref erence anal age I n a progranm ng cycle can be set ring the reset
operation fovary hmﬂlgmmdabng of the héret efrnent carsropsigogl affhisregn by pareiculdtly s saves a
nunber of wite actlons e uaI to the nunber of bits bei n prog[Lanmad i.e.,

the nunber ofndegiFable forca Sj gIrFRs fypaglempnty @nnccfsqamxm PACR ¢ e the bi t
reference volitags SRRl LEal ol DR infrd:SeRBNAGUNL hid@Kmedt Jriddl L e amount
of tine for evotae can | ncrease e ta in each

progranm ng gedreIn dﬂbx@ﬂ@l@ﬁm@ka@miﬂgey&lb ARdeddriiedabbwe, f@anelbmebuat ref erence
voltage to settle can be increased by dividing the array into two or nore

parts. Each whtchtlwfelm@tamtagl sigasl deeseq ghange fiom onearegrampdngricdge i nput 3

d i d f dat ed
When the' | acte FEGh i Revasiriets ashde b VB apARERt s PRGenCBRLT ected. - he
number  of 60415%51')?&15 Jre8B&A 1 2érb vefts AMEthak batk th aqersaﬂhu%ﬁageﬁéeaefrﬁée the

nunber of wri tions 30 required to update each part of the array is
r educed. Consmqluewﬁ Flguretﬁelle\nalas thas pidbddmh @ytmtrmtmtat@a s4replei andrleflér ence

| t 0144[ Fi 5 h t I I il lustrat
o o R LSy 1B BRSS! %01 v 1o one
embodi F@gl e]Of thepP5 ks é%{ﬁné)'l VAN LdnHle ahi@ho dC&Irctuﬁ'c%n%p\‘gg SsWitctS£TRYLS 1t s

undesi for the ana | enent contro vary during updating
of the next eipediRRtCre.olhnt ﬁdpreseg@aiecaiikm&nmfdaeh nﬁlﬁ\hdaallyadolnuollabwem rabl e

for a MEM5S m nor t ¥ pe el enent. Unnecessary varjation in the
element, for example the mirror capacitance of an SLM mirror array. Once the
analog voltage output Vo has stabilized at the end of a complete programming
cycle switch S4 is closed. Capacitor Cm is charged to the output voltage of the
charge collector Vo. Switch S4 is then opened, 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 S4 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 =B x 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



el ement control signal can cause increased wear to the hinge el enent of the
mnor. In an exenplary programm ng cyglle as descri bed above, for an el enent
at which the elenent control signal does not change from one programmi ng
cycle to the next, will nevertheless result in the Vo (equivalent to the

el ement contggl. ;%Lm%%g% I8 B Ttel BB REBRE Lo, e

sane vol tage cir evl a hi's I em by

i ntroduci ng vl }Flﬁ%(ﬂhls awwlﬂbm&mmgt fife QU ﬂiétco\vfﬁoﬂiblé he charge
collector and t elenen? 0145 In one exanple, the sanple and hold
circuit comﬁé@é@t switch S4 and capacitor Cn Cm repr esents the capacitance

of each i ndi vi dua cont ro l enment ., for

capaci t@ﬁggl of an‘ké{ bﬁcaﬁ g%/(’p%@%%thf’ %Ogr%’gf'kgg‘%\(}%ll? 3@8%{9{;?)ut Vo has
stabilized a&vltﬁBﬁ'e&ﬂﬁo&ﬁleﬁ’t&ﬂ{%rﬁeﬁtlﬁ{/é}ﬁﬂbﬁ%ﬂﬁ?leﬁﬁéﬁ{aﬁ chaygelakpl$dr i s cl osed.
Capacitor Cmis charged to the output voltage o charge col | ector Vo.

Swi tch S4 i swithenowfieerrdgspdinsc dhapetifiongseositivity ofom e@mdnt withintaharrehar ge

col l ector. Consequently, the elene contr ol nal supplieq to the elenent
does not . varyPery apﬁeprﬁé%atﬂwaa?%mlﬁrﬁavoe%i%égwhwer@g &8l its final

value. As |qg o S is short
enough to prgg%%‘?”é‘ﬁhg’m i ca%ﬁﬁgﬁgge@%{o | sc zlir?ggésg?ﬁ%%%% o?s%% t he

vol t age suppdhaggt atn(plifhe(mkle]tmaﬁorm ¢Hargreatolle@on) withtd quatitgicmespbndeithe switch S4

is closed. It is necessary to ensure that the sanpling takes place before
the reset owwpéﬁqu}r?déﬁﬁcweﬁééﬁéary to use another clock cycle for

we s O 5, G PP BlonlfiE Enihinil of MebrBleARREANAY, 17 L% San

be applied téchRYemdno&athirt tietdrRly i€ upddiéd froim ﬁﬁ%leradalagenyutm. Orgs enbodi nment
of the present invention. In one exanple, it allow the control voltage for
each cel | toinpet @q@m@@t a¢ontiidualy ‘tamnas@oﬁ,méy @mciedcﬂlspir@qalgnpl oiek ol | abl e

elenent is set t or. revi ou control vol Thi s neans
CharTor o tSietsdnt MBeR el el oiRes et nedPcamay Sp it &
reprogranmm NQq GiY&d ﬁnéé WRhidfth€ Gfel a%aﬂ’a‘bi’é foft cf‘atlfng "theUa‘?ﬁRJg' \Qﬁltaéé"@t Gaent rol
vol t age, by overl apping this update with the settling tinme for the

cont rol | abl ecelle [T«hnmput ca[rﬂibéhﬁ]ana!log vpltdpederooi a‘mteraaht@thetauappThlmmmtt he

progranmmi ng cycle i ccord nce wth one epbodi nent of the present
i nvention i sV4'98f fA man& Ehefr B WAIRpI; Wavetorm.
[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. Tperioq is the time allowed for updating the
analog voltage for each element. V. 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



with a non-linear response. The position sensitivity of an elenent within an
array typically has an approxi mately,quadratic response for the el enent
control signal. Consequently, for a I?i?gh applied voltage the required
resolution is less. For a charge anplifier (and therefore a charge

collector) with a quadratic response. th n r of.r inged bits can be
Feduced. totasbetn WAL fshree PR e e 200 be Yeise BRI A BN S e pr esent
invention, @GR element within the array is updated from a single anal og
input 32. This input carries a continuously varying, or finely graded

di scretl@180lgnal , nhinshexaoplertbe simellerhibe dinsf avdﬂab%e‘quichagingouhed@& range. The
i nput ranps up through the required range within the tine available for
Updating t he BEPBEF D Ielg Sevare Bigdhe raliTpmerth S YRS HORZREHES HHISEal og

vol t age der is‘(ﬁ@h,eg}cﬁfagﬁiont Qelhiie (fRf rc%ﬁtroﬁ'fﬂ%-“thé RR4ER), Rl ARgsiRANinke a

triangul ar or a saw tooth waveform |[01491 Figure 6 depicts a | ow power CMOS
di gital to aoabtagtscarkehdld capacitimea. Tuslchmbepartislpudvessonetryortosieghlt o t he
array's internal clock, according to one. enhodjnent of the, present

i nvention. THiIChesawhenthe %ﬁ?wl@%ﬁwbb%&@éq’ﬂf remd V andopenigig cggth pe an

external i nput. } i ] I . ti | og vol tage
for each el egr‘&étrﬁzp jgﬂgn%gﬂ}ﬂﬁﬁ]l%%ﬁgé{%ﬁﬁeégﬁ@?g@éﬁ? ﬁgﬁ%omﬂg’ a%lgﬁrs g%gf ied to an
el ement. | n tiheé fortha4ping thd hold Sapabitance rBlowirighthéichagia titdeondtghito ol t age

| evel has to be stored on the hold capacitance for each el enent within the
array. The higheragkhip swidlt gty thsyusq ek yijches et highes wakueh felohge?t ed bet ween

o R e e R

and openi ng ich nput

vol tage is whéhisltaee shart t$i @Bl indidbtally tcopfrolldbe CAEmest vaRmg Vol t age.
For an input voltage varying between zero volts and the nmaxi mum voltage
during a repmogeessarily ghroighoudeactbpuggrantmiog oyelgpivbich daprbeaavdidad ppanel di spl ay

appar at us) havi. 8-bit digital signal .for ch el enent this means that
he-aval 1 abiovinhe oy crei it tinte SOt Ol SRR FemRleaRT BoIdiRbE 10 o/ 256 -
39 ns. I'n ongn@¥AKRALEa filrfer Wit&pﬁﬂd%t)adiﬂ& paaepphi ¢ apparatus 32 having an
avail abl e reprogramm ng tine of about 240 s, tl1 is about 240s/256 = 938 ns.
[ 0150] [0d5Hne exdiiphre,7 ddpécts ambhtes] cirheit idcaktoseaeh klebleat foprdedhimpggherg t he hol d
capaci tance the nore severe are th% requi renents for synchronizing the
anal og required analog voltage from the single analog input, according to one

embodiment of the present invention. Each element is connected to the single

input 10 via a 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 control 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



swi tch, propagation delays (for controlling the switch), and charging tine
constants for the hold capacitance. TRis can be partially overcone by
closing all swtches when the anal og”voltage input begins to rise from0O V
and opening each switch once the input voltage has reached the required

vol tage. Thig;all o) tsgﬁgn?a%lgﬁffh%rel&ﬁﬁﬁs%gﬂ H%d%flhqflﬁx%ﬁ’s%‘&'lﬁ?&ﬁse all ow ng

the charging tine con ow t he use of

swi t ches wi tdadRRbpiats. Wiheresddiess 1ﬁﬁme10hs seleeteid shadoen et ettegleesivesuri ¢ si gnal
lines. There gna be undesirabl e side_effects of the voltage supplied to the
i ndi vi dual | yligighsiespl embinpukl 2 germEesPoRding fRythe spgied saalog weltags Badhfout each

programm ng %ﬁC'rﬁrsd {afggﬁﬂ?s&%d?ovﬁlv%?ﬁedﬂﬁmcg)‘iﬂ%ﬁji ’lﬁcﬁt’l’&%ﬁe&ﬁﬂh} "‘“h a

sanpl e and Wol'd ¢ir i's sa rse

further sw teinRddotaPAC fa®d didvedn l@}eﬂie cl¢dRlinpyt B3 ﬁumetolhdeplmetofﬂee cont rol
circuit local to each elenent for deriving the qbgw red anal og vol tage from

the single @mabglgnaimtoutmlwenaipn@n@ &6 tsrp@sseétﬂ)wt dtclqsfngtthresmﬁcésent
i nvention. E c%ie ene

toth ut 1 a single
anal 00 ovi ¢ ot i o0 Yoo uBiost St far B sar CRithsRCca B % houe 22
in Figure 2. m@@RﬁﬁlUI 8éntfled b @hd\@igalCRRAE bippie® on ifput APAE h@dovREL Ween
switch 11 and ground. The voltage across capacitor Cmincreases as the

vol t age on iqopoter.10 i ncreases. The analog switch 11 is kept closed until the

vol t age i nput Ohasr che t he desir dvalue At this ti switch 11
' onaAEER!' ok ATShONHE TIBHE 2ot AP ERRLE ool PR it &0 Bat ant

Swi tch 1 | EmpEREh £ faeité bl Ve, Ahi sapes@@in EABNAR, Abiliif L&f ent poi nt s,

such that the across each dapacitor romone cell to the
next. The vcﬂlﬁeﬁgavdylrmpbacﬁabhvmapamvbhs d@mg:therpext@agrammn@ e=nedt cont r ol

signal used to control that elenent. [0152] The time at which switch 11 is
opened is cdiftilas PRiippthedowi covtpt ki foneach elsppnt nesdiip spunt dowadrom Hower suppl y

17 The supBlhol Sk RIS YR SRR BRlperidy 1 B0, BRI RIorHR: has e

i nputs: clo e runni'n ress input 14

(the equi valcﬁgﬁalgfgnalcgﬁbpﬁ@d(bmmpm@ in Figure 2) and digital signal input
15. Address input 14 can in fact conprise two or nore 33 address inputs, for

exanpl d0154]t he ellEgumBslepicts afurtherpaebodimeni dtithe presentiinvansies, inavhdcle ol umms.
Wen addres Sthcle Qx?alllog vé‘ltage s&pelalllee ttg gac he‘fen(lje(%l\{w\}v1t‘l“nn he ra%rg}r, 1srcﬁ:?eel'}11\{1?escl by a
single analog switch 20 driven by a pulse width modulated (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. Pulse 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



digital signal on input 15 corresponding to the required anal og voltage for
the <cell. This digital signal is usedq,to drive the down counter 12, such
that after it has counted down at a rate driven by the clock input 13
fromto the value of the digital signal an output signal on line 16 is
passed to sw i i . i t stored
across capa\(lzvlh‘% g?“‘éﬁﬁs%ggg%agﬁg%e%%gﬁn Ldévg?ir?zﬁo\\i/\@éﬁsél Wegghg‘r%o | ed by the
di gi tal sigriaputQspiglsciedtednhé pplsé width tnodudatér 2ovaceiveoadigital sighdl5@d] As shown
in Figure 6, in_gne exanple once the voltage on input 10 has ..rapped up to
s mmxi mum BHE8 CONPPOBAIAR 61 the EectTed wgﬂ%@'é%atm dempt. s digiiel or nat | vel y
ranp back d I 1 i For this
option, t he%%v%}ﬁ%c%gél?oeérrmleé&lf %ﬁfsgggﬂﬂlgﬁ %%% r%@%éqﬁpt@%ﬁﬁﬁwgg al froma
period of tigupur@udine0 Habe dowydydleprépotoraéta thel digial sighal Bnritsut2be val ue of
the digital signal supplied on input 15. _£0154] Figure 8 depicts a further
embodi nent dp thiseveys dhereltags\siared @eross eapapitrCmt foe caghnelemeniosanabfe suppl i ed

S350, STy LB L By 470 o, 21 20
connect ed t ayRtDGoN@kioage. supply 21 (the equivalent of analog input 32 in

Figure 2) the DC voltage supply 21 could, for exanple, be about 10 V or
about 291%] CapacWitbron©and thesemaeonsaht beferssenvadiage sipptiod amevergeadund. The

ol tage across .capacitor Cm.conpri se h | ement control.signal for the
assoorat od. O DHGe SrgycAnd P R API Lok s teieveiotahe SR ne 02 The

anal og swit ! i S ; panal . When
wi toh, 20 1 5 N B e ey el e HERAT  age. The

variation i rhdime'rcmiﬁ\yomgbb ecquired HahdRWIM signallis §uppied edritmubedlywe€le t he PVWM
signal being high and | ow) determ nes the volfage that is stored across
capaci t or oﬁlze[%%%?pﬁﬁ%% Véita&ep%%slﬂ}?éamhog B3N be sequeedietiphy pul se
wi dt h nodul gt S i j [ S cl ock

i nput 24, V\Iﬂal @#e(r:(%%?aﬁﬁwf o&tmeglgbn%ﬁg&%lg %ﬁﬁ&ngﬁg?}@éﬁmé @Q%ﬁ?l,cagn addr ess
i nput 25 (t hesodghdeviréqehcyobf thrddd®sdually pohtrdBiblenelbment GoR¢xanisle,aa di gi t al
signal input 26. Pulse width nodulator 23 is powered by a_ power supply 27.
The supply entraldgble mirrgrsiamant)theribe elemegt itself cagjent ase mephanicabBlietan i n f act

conprise t mA%ron{}gﬁa%lean%gr{rc?rse%nile%P%?c’allgi Ris aet%&@l‘grlli%alirgsoggnce frequency of

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 10pus,
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-bit 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.

[0158] It will be appreciated that the circuits illustrated in Figues 7 and 8 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



the el enents are arranged and addressed in rows and col unmms. Wen address
input 25 is selected the pulse width dul ator 23 receives a digital signal
on input 26 corresponding to the required anal og voltage at the el enent.
This digital signal is used to drive the pulse w dth nodul ator 23 such that

the PWM signglen QHt AYf 899 Lédl? egﬁa?c?lit% qug%axs 'rfceweoa“’{?ir fhORRrof O the
digital signal on 1npu 5. n I's way, vol tage s &t ed ACross

capaci t or Crgigmt, @#dcy gdrermnt @arspmdingnstialdgdoaplty camil nvolthgs waiyh t he di gi t al
signal supplied on input 26 to each pulse wdth nodul ator 23. [01561 Wth
one and t he 1Eergnce §hat alog Bput wigee Veferangevaltaes) 2bd %t o every cell within

the ar(YsAnd 2 Sipgko SURRL fikyt) SR AnSAPNE LRGN SYEh M, outPut

vol t age be var ering s unlikel'y that a

sanpl e and thekds grévided anvalédatde foemuof BAC for tdividdMA shgo@lcharesupp! i ed
continuously. The size of any ripple on the voltage across the capacitor Cm
can be reducwdplyingasileg vohagedp glements pabinthe arrayf Capaciter esicofresnpidncy i s nuch

hi gher than t nechani ca resonance. frequenc he i.ndi vi dyal |y

control | abl etozﬁee??é’ﬁ'fl?a("ﬁ)f’%@?(ﬁ%ﬁe ?Wgﬁmctéﬁ??ﬂf'l ]éél%fe‘“?ﬁ‘mpb)@ &t %Wi‘?ﬁ) then the
el ement it seljinfaRndlh tRSafay BifaRik@lonllidetAAr . A control lable mrror

el enment typi caPI)Iy as a nechani cal resonance frequency of about 1 MHz. |If

t he ri pll&0]i s hi dgfeeh chpemitot Binsis chdrged wphte the appooprwatd Vollage ufhbemergyo f ol | ow

the high frequency variations of the PWW output voltage and its position
Wil theref ciehal yewr &awltpﬁﬁeavéﬁ%&é% |W§e@r€ t%@%ﬁ%&ﬁm%mf age. [01571

Due to the Iy m r.Qqr: ] j i f H?@!r t 10s, the
control ci rc‘{llj:igtttggigﬂt%gta?g{leg |ér;1§glr—'l§ég%§%§%' gﬂ%&ga%agﬁli%@xtm |Efyi]gegg y
i ncor por at i ng be@hahiged todits nexpubltdgatsetpairt evegaipdite pericd.ease t hr oughput. The

di gital input siglgal (15 in Figure 7 and 26 in Figure 8) is arranged to
recei vel0&6Hul t i plla opg exampletadirsangiaa for impeyvinadheppwerghssgapion withihal |

correspondi ng~t,0. t he desired t aget e stored on. capaci.tor By

i ncor porati nagD %disgf)tsgi’pﬁ?’éﬁecﬁﬁgﬁnwfatﬁéllé)?gtgﬁ B?telétilagﬁgﬁ?uit HBﬁ{)g,es iltp?oulg?arrpl e an
8-bit | atch,re¥litd, @athétethen EHeelDACdééihieiaﬁh% Shdn@ltpitSyopabathteta sty fromthe down
counter or the pulse width nodulator the next digital signal can be | oaded
into the | atingle valtdgs snppinc Eviringeachnapdate gletthe®A@ qan e@uetidoleaetd t he
digital signal into the down counter or the PWM.at the start of each
Fepr ogr anm nG1EFLTEPIE 581 Hheh A ipe DXy EACHPC YR YHHIEES 1 B0RISIEL <

| Tustrated drdyl @U8Budd 1 theBsARMIRCIs dRIPLIRICRAV LS RhelAG/ G R tS.  each

suitable for 1 nCorporation in a respective o
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 voltages 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



of the cells of a programabl e patterning device enbodying the present 35
invention. This is because each circukt is arranged to receive a digital
control signal, and to generate a cofrespondi ng anal og out put control
voltage, with reference to an anal og i nput voltage (reference voltage) 21,

to. [0159] FéoQHéc‘?edgtodaeBhgfgzmgﬁﬁBalff&H%5c1{3£@?%@'if1€‘%%tcﬁés[)xgﬁe% gx?ﬁ%{r%gtaré nventi on,

in which there 1Is provi ternative formo I'ving an anal og
channel  supppivAlOMOSHETY avid hfeadppicteal slsacients within the array. Capacitor Cm
corresponds to the capacitance of an elenent within the ar r%ﬁix DAC 40

¢

suppl i 816} anal dpr arttpuenly res refesench evolipghingh and AWenietssPhIres ne 41.
0160] Each J i : i . Th
bnergy ot orienes AP shGT EnEARARfs 1P, bt M ERANORS B SO 10,

capaci t ance jafidateYby theldos. Tht Velgpe 3@plica &b cach 0sitagk Ekffex@ﬁ@aﬁ;]'bdt differ&very
capacitor in the array needs to be charged to its next voltage set point

every updat drqre theorext tefewnge by 1.d et dlreatinl ssaleyottegesVrempYierantber3 ¥ipr ovi ng t he
power dissipation.within a DACis tg.supply.t D ith all of the

Potent | ai ollhacyBnES Ut RagfscabRud dF Biskinel? dor TRl OPRE WA gener at i ng
each out put yeliHagSufifidfcBflH v Yerles PBistancs a1 ah&vyIRlgt adBrentPRbiits st | Ng each
update cycle the DAC can connect to each voltage supply in turn. Wen

swi t chi ng behatebey dung affecttbe vatptgignas en thedramsmissiva lined@r gy di ssi pated in
the switching is equal. to % x AV) 2. where AV is_the i fference between
to SuchESl! e + R Hglint et msHaRa mOnE PEGR 5 DR ULCheT BYA BFORST DAC desi gn
t he power digst A ‘&Eﬁr f mul tiplied
by the vol talgztﬁl fg{égﬁﬁﬁgﬁﬁeT eagﬁ’g?‘gg'?%%ﬁtggg?délﬁ@f@%{‘ eliidg%él,%{bﬁlgmever t he
vol t age di f fefswitthasltodetieraAtlsaitchdsaredepatga dohneetedits theypnamistiyn lime ger, up to

the supply voltage, which can be up to about 30 V. For_the circuit of Figure
9 the volt dife EaFh switehisicannestedde ds respeciive referepcesyioliage poa gsistanddever, for an

- b d . . f . . T Wh h .
undesi r bl ot 1P RG e Pule B ERTEIRsHARF YBHLRE nf B B 10 THr® e

requi red nundeilsalippleidelyasncke sat of Haigess VIWnG eRathplk] thiskeeO¥Rn iftegeasi bl e.  As
an alternative, the 8-bit digital signal supplied on digital input line 43

can be spl i tandeap bewposvebpf tve, grgal K. sThgptepisianeenofi iggistorsd e isdbaut 16 pl exers 44
2\rf1\nqt Cﬁgé Egctpme‘};_l!aoriggr tﬂgnn‘tl‘rllletrés?slta%{é%rof r‘%:‘sli’stolrls5 4§? al%e%%tp%%i@r%lg fr(c:)r%nsQNel&:heesd to 16
46 (corresponding to the 4 most significant bits) will 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 to 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



and 47 respectively. Each switch is connected, via a resistor, to a single
reference voltage. The switches 46, are arranged such that each

ref erence voltage is 36 connected to single switch fromeach set of 16
switches. The switches are typically MOSFETs and are depicted as such.

01051 £, SHIbblo i USEAERLRERT, YALARRE RERCAIR.LIR, B S of 1110

switches are’s e nes, r ors”and sw tches

are i ndi cat®eighingliieletieth % width eatiodf tieghamepitgiond férawerhés 46aintiage ref erence
input differs fromthe next reference by 1/16 of the full scale voltage

Vref Vref cafirpey dfagtor ofdeh reference voltage input is capable of sinking 3

A. Thic, pper w.re rovide a sufficiently l.ow series resistance for the

vol tagellﬁ}gﬂer_enc\gh?enc ¢l ge(fésﬂancg R%M‘%@f@%‘f@%@ %I_% ﬁ‘&?’to fl%eea%%%sg%t signal on

the transm sshhgiel B?ﬁrré@gin# htG4litcFRs 298 Md BEstbRs Sh@MRlvithURPiekig@rdy one of

the sets of sw tches gy a factor of 16, 256 different output |evels can be
ersoe

arranged by tmtigéencthe i puoléages and thentydichewn fthes olhanoplewoltagegeednebe Al |
swi tches are depicted cornect eﬁ@tegwt.he transm ssiion line 42. Each switch is
connect ed t dNF4EAPPERHBRIEINAIUR L fhsreby IRPIAYIRg e MBYChING- osi st or 48, 49. The

resist a{@‘f@% ati o IE?B%Qﬂnglgsﬁ(g\ﬁé?rcﬁssﬁﬁti&??orff?Aé@b% H?iﬁﬁﬁzécf?sﬁﬁ&@'ié ng of the

signal s supplied eac t swtches. In one exanple, this ratio is an

i nteger, ariintaanabgaioitet aaf nd inmernatlygenerdtéd refrenceewilapesaactife r esi st or s
49 is about 16 times_larger than the resistance of resistors 48. The output
signal s f r orfosiopeesThudigitel sicaidysues 1t g 19w vekrgedevrb sxcept taithe 8t bit s)

w |l be about. i lar han that for the output signals from
Swi t ches 47%’!%%%%%%@%%&8%?%’&%resi stance of the least significant bits

(from sjo1é9]hes 47h ohseadapplé, tAEDAOMSprbddgRs curldArvuth\a ranpeshiat sirgniyf i cant bits
little current _can flow fromone 4-bit DAC to the other. Therefore, there
is little stinaddfp esguak stepoliem aire Ip the meximym wesent ¢ Thisecusseahpr@®ut t he out put
i npedance of ,the vvholr:% Dﬁc 4,[0 s&otJPI d pe rfe 4 etoerder 91; t40%)(282. This, from
experi ence, Cllilﬁ';sgeﬁég??c*%{l & 9P SVt or Y |}_b|%lme!ny &Y eb?a}fzﬁ)i ng of
transm ssi oneohidedshl m&g&s&pm §1Ping3sd resigiol bétheh EoutP@&AVROT . The
settling tine is dependent on the |ow pass filter, which is fornmed by the

out put resi SDAGcadazadh ithpardlécd do tepapdcitanCm. Cm Therefore, resistors 48

shoul d bout 400 S2 and resi st.ors 49 _shoul d be, about .6,4 kO..[01661 The
oot ee BEaflor anc dnans Buible i tHinG Bmeo! e giengionlad BATdmisiontie e

the signal to settle to within about 0.1% of the required value is equal to 7,
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. t=R x 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



accounted for. This adds to the total resistance for the output of each
swtch and resistor pair, and theref%e can affect the mxing 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

al so mat ched,, | 1. : [ ' ' s 48 and
49. This cagsuglgagoﬁlg&%%%gglaﬁ t@%g%}t?l%gﬂ;@ﬁ%ﬁ%ﬁ@@@@ﬁgﬁ;ﬁ%ﬁ%t h ratio of
t he channel digapigaizabiloleveMi DaBEEMAR caitibdihferitOof tNEPrEsddyingeritivmtadh t0f 16.
101671 The channel resistance of a MOSFET depends on the vaoltage across the
channel . By RPYidaeenygrsieicteehiiguas suchuthat higher npdate ratescan de aefioyedipt h t he
resistors .ere MOl i channel

vol t ages caﬁgﬁ'gﬁ? %&%Eﬁ Sﬁ%%ﬁlgééia%gsvelﬁﬂ Og%ﬁgqﬁ?ﬁgﬂg;rgﬁlﬁé&&%ﬁlgg%dg&? (érel' mat chi ng.
101681 I n ongipdavad]&troRR$EOnEbshbREhibotinkdits 4P0&lsé Bblk fo proRidahigher as there is
limted analog circuitry, and no internall enerated reference vol tages or
active conpehahility, imprevedt gieehanicel ?I&ﬁlwtlyci stiessa andaf lopier lyeest evel except
for the gate drivers of the switches 46, 47. 101691 In one exanple, the DAC
40 provides ®turrent output range that can vary in 256 equal steps from
Zero tO[OWBi Maxi NHettdl Embodikdtng, Ghy H?gﬂttal-fbuérﬁ}ﬁg(vcﬁﬂgéﬂ%n\%?&&?'ist or Cm at
each elenent. If required, the current output can be ‘converted to a voltage
out put by arshiftegi sgmach esi issiblebtt theeendt bt theutqmersoh cheen. IDA@rand earth in

arallel to the capacitor 1701.1n gne, exanple, the settling time of
the si gnal cﬁm'h%gngr}taﬂ_weg@a#di i acing DACRe e ety ar@wiemnéalt_ wi t hin
about 0. 1% Qforkifs (AHUHECIBL IR ol Higifll'BlentB (Elving MBREE pdke &&%f ved from

the step respons m t he [ 0w pass m e out pu

resi st ance gferfohraiddGidOregpedt tohodsedd intaffarendeasiee Cm The step response is
l-e(-". T=Rx C [01711 It wll be readily apparent to a skilled artisan

t hat wHBlHlexanpllasotheigrmpodimgpisdionieducs Bie Raver slissyationianddatlPyer refer to
the digital .gj repr. i equi re | t. .each el enent
corpri o ng ARt STRPenERGRERAblrREel rroliol SRnAC A A B BRSa By 20,

I engt h.  WierRedidavabns @it Sandd Ratd @661d e dexa ex F¥uftdpatte@t alahgaht&r low it
W ll be readily appreciated that these arbitrary values can be reversed. It

wi |l al so beimplanseudy.cbhis fradesirablemrmbediments/ iorwliel ogi havatadinited he
number of states, for example, 256 or 1024, and a much bigger number of array
elements, for example up to about 10 million, or more. This technique can utilize
a new on-chip CMOS architecture, and more specifically a new addressing

algorithm.



present invention, the patterns to be exposed can have been generated in a
digital domain, and can then have to Pe converted into accurately defined
states of all individually controlla8 e elenments of an array, with high
enough update rate. [01721 One of the steps in the conversion chain is the
di gi tal -to-vellafen, conversion. The array el ements can be controlled
physically wth electrostatic force, which is related to a voltage |evel
with a certain accuracy (e.g., 8 bit). For 38 such a conversion, it is
required to be able to generate an anal og voltage with 256 di stinguishable
| evel s.[06/ or noVhileryags savbediments of ghegreseatinveniipahay obeendesceibed provi de
conversion t I: I eved for

| ower power % ?2@#‘%&? ﬁlgﬁl}éq%ﬁ%’]g\%})fl @algg]\%P Hﬁeﬁ%%ﬁgie?%@@%ﬁ?‘?fﬁ 8feé%i%teﬂrp (rileeal and the
on- chip drigmy,eh@abtrlafitafon. Gwilbte dppaRneRAbABKiBedinehetetsvantire to provide
higher reliability, inproved nechanical and electrical robustness, and at

| ower | owestthatcygsipus ploengesin form @nd detail @ap belimada tlkereintyeithout departing

di gi tal -t o- anal L1 ion.is —shifted h ible to th
end of the. COMIAPSIFGH GRCIcABS PhIEaP RS S0t Eredh o dodf® AR cved by

placi ng a DAfedfl ihPMtRYIBhYuldh6@8E 1BhiEdd lanfBfthe ¥BdVel e ibddxbAptayP!l t age- 1 evel
digital signals (giving | ower power, bétter performance wth respect to

crosstal k, iemtmdieendsdat shetkd be defitetianly in actdndancewitb thefelidwing thimeduce t he
power dissipation and to |lower the synchronization requirenments for the
anal og si gnaind thelf ¢autyalefs.o| epent's, which need to have one and the same
state bd1g t he t : j ly. This is
desir agtlﬂyﬂnn enbolgﬁ)r(%r?? )sngP%Hi\rﬂﬁidgﬁ{tv%gé Pg?g&g])?i&?n&%lgg Se&nil? %g&&ﬁ?ﬂﬁ ates, for
exanpl e, 25@unimdr)2hd Absdaat settidnspisgaendeduntberused taintayret eleasl@niss, for
exanple up to about 10 million, or nore. This technique can utilize a new
on- chi p CMOS her BWnmant and Abstiert igetions rapiset &th gne; op dlerad bivterali 4l

al gorithm 3 | ysion: i I odi f pr esent
i nvention héavggg{e%ﬁ%gﬂebg)@}r{a%é%%%a%\g\};er,&e}éf 1@\%@%9@’%696&%@?%0%% ‘at t hey have
been presentigendt()eindthue X@aBloe intertlell, to inslt Rt prebetit iidfcnebn ahdl thé | | be

apparent to persons skilled in the relevant art
appended claims in any way.



t hat various changes in formand detail can be nmade therein w thout
departing fromthe spirit and scope 6 the invention. Thus, the breadth and
scope of the present invention should not be limted by any of the
above-descri bed exenplary enbodi nents, but should be defined only in
accordance w . . lowng clains and their equivalents. [01761 It is to
be appreciaﬁgégf%g§n§%%mDetaiIed Description section, and not the Sunmary

and Abstract sections, is int %nded to be used to interpret the clains. The
Summary and Abst rlact eHIOSHONCAPPYEIUSs (MMISEe or nore, but not all

exenpl ary enbodi nents agfﬂl&lgﬁla%?ﬁfsert‘grn% g%yg_g)%?i?% tggatnﬁgpltag{gﬁloﬂt ed by the

i nventor(s), and thus, are not e present invention and
the appended cl ai ns ian canjrolable pddteiing devie! aiompdising: ah. akay i dhogr aphi c
apparatus, conprising: an illum nation systemthat supplies a beam of

radi ation; dndisidupldy fensiotlaplaelesrentsigeiaeifadhe begi si ng an array of
i ndivi dual l'y controll bl g el ?ﬁ&%?hatt%{pul%aﬁ Rfﬁﬁ&etﬂgr%a? Ao AOM O system
an ol's" the o patter

t hat outputs a voltage Signa contr ning device; a

proj ection Sdé&&ﬁ[ﬁgtdk&lcef)r oj ects the patterned beamonto a target portion of
a substrate; and a supply channel coupled between the control systemto the
patterni ng devi ce, whermpisctietheysisat thatpipinets thenatierned hpam orto adangetural ity of

cells, each cell onprising.a respective one of the individually
control | abl @ngm%gﬁtﬁ%e’dﬂdr espective local control circuit controllable

to generate a respect iaVﬁfuﬁb%%BQ{nel %%ﬁl&gﬁeﬁz\}'é@ﬁ tRELBAIIINGSteth GOMEd gur ation of
the respective controllabl'e el enent, the supply channel "provi des the voltage

signal to egattemelgdevidee control system provides control signals to the
plurality of local <contral circuits, each local control circuit conprises a
first respective cont rol94BIl e

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 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 control 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.



swi tching device, connecting the circuit to the supply channel, and a
plurality of respective further el ecrztlioni c conponents, and each | ocal
control circuit is responsive to the control signals to generate the
respective control voltage fromthe voltage signal. 2. The lithographic

t f claiqm 1, e i devyi ] L W into a
Sf)ﬁ?;?i 'ltji gf grglujp")ns of etialﬁ{ggﬁpisll;} %ﬁ%}a{tﬁ%%’&%rng ‘lz;’l p ﬁfrea g’%l%/ﬂ gfqﬁ]e supply

channel s, eaekpestipdontrohasituges tdmprides aphnuied villagohvaleppl y channel s are
arranged to provide the voltage signal to each cell in a respective group
of the cells. 41 3. The lithographic apparatus of claim1l, wherein each of

the respective CantrOi"he:flﬂié{)%?ﬁlﬁ?Qﬁﬂ;pvd]tﬁsso%laﬁﬂﬁgg@gf&%%lvbﬁ%aﬁY@aFe' 4. The

I'ithographi c apparatus 0 erein tage si conprises a

series of didon§irREs a CeMidsasrediffe@Advalagss, ahd eheh bohallo&drbABd] difcuiisli ts
conprise a respective integration circuit responsive to the control signals

to gener at econipgise @sisepaciive infegration cirelit egponsivei tot thg reanirplgsigrals éast one

selected respectiye voltage fromt series. 5. The lithogr i ¢ appar at us
of claim a4, 8‘?%3 ﬁ"eeﬁi’éﬂec\%‘gF 84 Okl\nv‘?l?ﬂgﬁ % H@e%f%tifigeét B?Std???géﬁgﬂ?&vol tages is
equal to a fullegeal@aglioapedbNdsded by a nunber less than or equal to the

nunber of bits in a digital signal corresponding to a desired control
voltage for each of the cells. 6. The |ithographic apparatus of claim 4,

wherein the control signal C rise a digital .address ipput .arranged to be
high for a respective 1tE@gr§;ﬁgPaHPé{ap§ogﬂan€H@em?a§ &0 &j‘t’f‘é{ s at a

vol tage | ev J .. Rj A Wl THE | i he digital
S anal’ for |t e e e e A et i 1.
wher ei n t he laskdihtm onaqual &b det monber of bige dm e nligital vigaalcéorrkpdriiéngd acal contr ol
circuits conprise: a first capacitqr having first and second term nals; an
oper at i onal Pd?qf’éﬁ(’lM‘al\t/"}&ﬁgcoﬁ‘?aﬁbpfﬁﬁ(feg%cond i nputs and an output, the
second i nput being connected to ground; a second capacitor connected between
the first input and the output

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



of the operational anplifier; and a second controll able sw tching device
havi ng a select position in which theg,second termnal of the first
capacitor is connected to ground and a“ desel ect position in which the
second termnal of the first capacitor is connected to the first input of
t he operatiopgl LEier:. .1gt r | [ i:ce having a
sel ect posit%@na?fr%péléé%i‘gﬁnphgﬁf%b{sc tpg‘r}‘{%tn%}-rhg@ ?EZH\% Eﬁﬂs?t g%%?éilgor i's
connect ed t ocdnitectydio @gendii gnal 42 and a desel ect position in which the
first termnal of the first capacitor is. connected to ground; each | ocal
control circuit being @chirgbeprndgbsirquiibeingaerapgsdisyeh that ths operatonof r st and
second contrgl lahl e .swi t chi i | ol | t i@i:f.al address
i nput wher ei {r?lle ff eaﬁldtsﬁ%eéngil égqr}l?f 3ﬁ?64%g§'§gﬁslﬁ$ ggﬂ%&i 1% Cﬁﬁtaﬂyetdh@ﬁ%lgn 1{oa?I abl e

swi tching  dgidréss snpif @hefeid,he sel ect position and the first capacitor is
charged to the voltage of the voltage signal; when the digital address
input is |ow the contrwh¢mthedigital addressgnpu és/high shegaatrioHablpswitehjag ect

position and,the charge stored.on t fLrst capacitor i transferred to the
second capacid'&Fs aﬁ&f&%&f’r ﬁelet"t B tﬁoréaé{aﬁg%hlﬁf cad’.a?‘?oér‘%?haf cﬁilS tf’élbeegoq%\get he vol t age
signal the yohiag®RRidle output of the charge anplifier conprises the
control voltage for the respective controllable elenent. 8. The

| i t hogr aphi ¢ appar at uswbén thealigital addvassrigput ie fom thef contrellable awitcliogt r ol
circuits further co ri%f: la third co&&lro | abl e swi tghiggsg devi ce arranged
el ectri cal | yd§viFes aeerig thedeselgetnrsition apd, the £a8e 51 e BEREIAINdS by a reset

signal, suc alt9 . Hephdlicrdngontrol I abl e swi tching device when the
first and sgtcr%{r%gitngor%t roeﬁgg%rf e psvvjf t’gﬁ ng devices are in the desel ect
posi tion any charge st afteectachn sérivd afajifferentovatagessofSthbstodtape aighyl theduced to

zero and the control voltage is substantially reduced to zero volts. 9. The
| i t hogr aphi cveliggapathgourut of the gharge ypplifisr gomadses thscantrelypitags for e r cui t

further Conprreisﬁe%’?i\-/e 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
amplifier, the voltage across the third capacitor comprising the control voltage for

the respective controllable element for that cell.



a third capacitor having a first termnal and a second term nal connected
to ground; and a fourth controllable i tching device connected between the
out put of the operational anplifier and the first termnal of the third
capacitor; wherein the fourth controllable sw tching device can be

sel ectively cl osef to H@fl&% {]gﬁ pPJeruEGP&&H@RNhE&#BQ Jﬁf&ito‘a LcityP! tage of
the operational arrpll Ier, £ age across’'the thir ctor

conpri si ng tdoenpeiced atrollnpumiapmané@dsfthé F@péwsaeoﬁtmmbmmaitl abI e el enment for
that cell. 43 10. The |ithographic apparatus of claim9, wherein the third
capacitor conprises an input capacitance of the respective controll able

el enment. 11. The I|th i . ontr ol
signals conpri se ‘a gﬁl{ealﬁ H‘%é} a@g@%@é}ﬁs éu%t la?éﬁd%aérgmvi’lﬂ?g@%] Elgaalléz
correspondi n@nipRisa: desi red control voltage for each cell, each | ocal
control circuit receiving a respective one of the digital signal in
response to the digit a digiteraddeess mput and2. The I|thogr aphl c apparatus of

claim1ll, wherein: the(ilr ﬁcoectlvg (%ntrorg W %cm evice is
connected between thée lﬁ%lsﬁﬁné RhiGaonding top defirgd ot #@%pacitor, the
first reSPGCJellV@achQQdM e&h}cﬁlair&n%wc&l@mgmeqﬁwﬁ@o&%mae gLl 9hnh by an

i nternedi ate control si gnal ; and the voltage across the fourth capacitor

conpri ses t hesmast tocthe d@ltahqtelréssnnput he respective controllable elenment. 13.
The |ithographic apparatus of claim 12, wherein the fourth capacitor
conprises the input capacitance of the respective controllable elenent. 14.

The |ithographic @parméﬂﬁhQ%ra{ﬂl- ﬁ%a}zitus yhasigl 1, giyol tage signal

conpri ses a voltage whose nm e changes progressively over a
predeternined time perthedirstarespeetieh comeollablet dvatdhopadevianisr ainneste¢ui ts is
responsive to the control nals to determ ne the respective control

vol tage by dhvesthe spply qh@ﬂﬁlﬁ% gngroupd,Wa 3 fouth capacitos, theUrstrespssdvs  r st
control I abl & oﬁ%flé‘\mé 5\91’[(91?1)@ &Q/l&l’breh@gzoh@&led 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.



predetermned tine period. 44 15. The lithographic apparatus of claim 14,

wherein the plurality of respective Mjrther el ectroni c conponents in each
of the local control circuits conprise: a down counter that receives the
digital signal, waits a period of tinme according to the value of the

digital signal fr)amth : : ) Q%F i j and t hen
opens the first clght r O?Pe;%@éérsagnﬂlf tgﬁﬁzﬁaﬁégglgl%@{ m![’G. %}ﬁg"{ﬁ @ﬁf)%?}g% ic
appar at us ofrespeative fisthemblectedric to@pdnensst in exohtof ahd &fzhecamidl eircuigs devi ce i's

closed fromthe start of the predetermned tinme period. 17. The
l'i t hogr aphi COBYP&F-at us of claim 11, wherein: the voltage signal conprises a

vol tage of substanti al] 0 i T . ntr ol
circuits conprises a rae%g@c@bge?}lgg?%gfvggmﬂlgtdﬁ&ﬂ%g]&ﬁéf ?‘%ﬁ?%@@#‘%?ﬁnm
generat or arina@esbriidggnehiatalud WWhe aidifadlsigrall d@th the ant 6Okhet he first
respective controllable switching device; and the control signals fromthe

control systheedetarmingd timyeetiod canddlancapansthe Ersticpnjrodghle swigghi icBVW cont r ol
signal. 18. A device nanufacturing nmethod, conprising: providing a
patterning device having a plurality of individually controllable elenents

using a pluralityeof cgiel $ithodphicC@pparitls tdTecRIM 83,i heRin aB¢ | first cONPri sing
a respective one of the individually controll able el enents and a respective
| ocal cont r eonoltabls switqhing/deaviaegs elasdd fodm thesstirbokthe pradeteohinedtiong ts with a
first respecti.v controll able switching device and a plurality of
respective iFPfrer el ectronic conponents; generating a respective control
voltage with each of the local <control circuits; using the respective
control voltage to determne a configuration of the respective controllable
el ement; providirng.a vidietlahegrapldaappatausefchainf1 It wered:| s;

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;

providing a voltage signal to each of the cells;



45 providing control signals to the plurality of local control circuits; and
each of the local control circuits gen rating the respective control

voltage fromthe voltage signal in resgonse to the control signals; using
the controllable patterning device to pattern a beam of radiation; and
projecting the patter . radi at.i L.on. of a
substrate. 19. The m{}ﬁg‘&ggg@gﬁg?lm ?f’s t\b\hﬁ%rﬁg%ﬁtyﬁlfté%gﬁné%gE%sr{“lg{r%él is formed
froma seriemdof different voltages; each of the local control circuits is
further formed froma respective integration circuit; and the respective
control voltage is gerfefhpEde fnral gontghaicungeaerating she regneetivetaptipbd
respective vg| r Les .| . ontrol signals. 20.
The net hod o‘%’“t%?%ﬁ%‘f“fﬁgbé&%iﬁ?? F@ﬁgﬂ)@éﬁ% gg@égqnéﬁg%lggggbri ses a vol tage
whose magnitude is changethepé@olstie vattymgedevicepfocpatces il wach bf me peri od,;
and the respective control voltage is determ ned by controlling a timng of
oper at i on ofradinbom@sdective first controllable sw tching device in response

to th trol si | s duri th det ined ti iod.. 21. Th t hod
of claim18, wherein BAECYY HegRieigimaifioaonb s biiatigror | 1

subst anti al | ygpemst ant nmagni tude; each of the |ocal control circuits
conprise a respective pulse wwdth nodulation (PW) signal generator that
generates a PWM control signal to control the respective first controllable
swi t chi ng device;_and dutl}{1 &yﬁl e, o$ each .PWM control signal is determ ned
in response to the colsBFed Ghelpicn 43.0MerHB" control system 22. A device
manufactured using a ngL e, ACEHAINGrhd GbaA IMelfs of QiffedentAoliERsmanuf act ur ed
using a nmethod according to ¢clarm 18.

each of the local control circuits is further 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;
each 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 device; and
a duty cycle of each PWM control signal is determined in response

to the control signals from the control system.

22. A device manufactured using a method according to claim 18.



24. A lithographic apparatus, conprising: an illum nation systemthat
supplies a beam of radiation; a cont r%l abl e patterning device conprising an
array of individually controllable el'énments that patterns the beam a
control systemthat controls the patterning device and generates respective
control voltages, which determ ne the configuration of respective

controll able elenents, the control systemconprising, a plurality of

swi tches, a plura3ity AFPhahamdacturep ukink ihmeshodadebrdigd fotofaind 181enul ti pl exers
coupled to the plurality of switches via the plurality of voltage input
lines, and a digital to analog converter (DAC), the DAC sequentially

receiving a multipl e bit..di g I I onding to a desired control
voltage, spliti n%'theA%f%gggﬁ%s%@%% i%otq‘lgﬁrgsﬁ%peast two shorter digital
signal s, and supplyi ntn ila@khasibo sseem agbluppliesa dedh of tadéatioaspecti ve one of
the denul tiplexers, outputs of a first group of the plurality of swtches
bei ng control |l ed by a & igostrobeel patisrener device tdempsisingalant prigy of

derul ti pl exer s bei scal e ith respect. to . the gutputs of the other set of
swi t ches in1?%@“@?@’?%?qqfoyaglf\%lqu&@gt,pa f0s (e M out put s being  connect ed
together to formthe cQidhtB] sy¥Rhi BsRonfols ARPAGEmMAY RNALANY Qerfevited Y each
control voltage to each respective elenent; and a projection systemthat

proj ects t heegmattir eadroboaitagast whicht datgretine phor candigurstion ofuspiectivee. 25, The
| it hographic aﬁgﬁrbzt s of clhgi m 24, wherein.each of the swtches is
connect ed t FOPI8YE %%8’6’??’\5& 8?‘?t£1‘géy§t?fﬁﬁf’mppﬂ8g’vi a a resistor, the
resistors connected to the fh08lit06QRtcAEs, SW tches being larger than the
resistors connected to the other set of switches. 47 26. A device

manuf act uri ng nmet hod, conpra guradjity ofSioftggd inputclarsy ol | abl e patterning device

conprising an array of individuyally controllable elements to pattern a beam
of radiation; projecting trkplﬁé%l%P%éﬁn%ﬁWﬁﬁtCBu@e@é? &&Plﬁﬁ?ﬂ gh of a

substrate; gwitches via the plurality of voltage input lines, and
a digital to analog converter (DAC), the DAC sequentially
receiving a multiple bit digital 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.

25. The lithographic apparatus of claim 24, 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.



and using a control systemto generate respective control voltages, which
determ ne a configuration of respecti%{ ones of the controllable el enents,
t he using step conprising, sequenti al 5 receiving multiple bit digital
signals corresponding to the respective control voltages at the control

system splittinggthe digi: [ S ] .two shorter digital
signals; supplyi %96 eaéﬁH%h%%gﬁﬁfgggl}ll?%h@{shtagﬁﬁng@%ﬁg'r espective

demul tiplexer in a pl wshigthy cobtralRblel fattpintnedS/iceCertiipriving Mpaaybfur al i ty of
swi tches connected to a E)I urality of voltage input |ines using the
respective dediildualhy eonsiollable slemsntsitapatiern gleamer radiatianst group of the

itch 1 ed a fi |t ' - ' f
Gemil tipl exers, sucn BapeiELRe e RhEEla plbe! R WG, | e

out puts of apgther group of the switches; connecting all of the outputs
together to formthe control voltages; and supplying the control voltages to
the array of individualsing a egnitol systerh|te genesaterrespect2ve comiesl iveltegsd, of cl ai m

26, wherein eacgh,swit.ch is connected to .its r ectjv ol.tage input line
Via a resi stBRCh qelemints conijelrlig eLisheeive Spaset Hecoptro TanlGelelENts i t ches

bei ng | ar gerpd iy §BScE@piisih@r s connected to the other set of switches. 28.
A devi ce manufactured using a nethod according to claim26. 29. A FPD

manuf act ured usi ng a net hodeqentrldy nreceivingl anwitipe. bi8 @i@italA digrtatsogr aphi ¢
apparatus, conpri si,|

radi ation; §°€8§H°P6‘Igg;§%?}g rlﬁlﬁileg&enn‘?‘{‘i‘égﬂlé‘a agtése%né%ﬁ?‘{néﬁ%ﬁ%%gnglsu?a:)?? ;n 8; cells,
I LR T T O S T A
a respectivsighaital to anal og converter (DAC) circuit, the array of
'ndividually controllable eshgpr)rl?f&tgseach shorter digital signal to a respective
demultiplexer in a plurality of demultiplexers;
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 demultiplexers, 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.

27. The method of claim 26, 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.

28. A device manufactured using a method according to claim 26.

29. A FPD manufactured using a method according to claim 26.



patterning the beam a control systemthat, the control systemis arranged
to provide a respective digital sign to each of the DAC circuits to
control the patterning device, each of the DAC circuits being arranged to
generate a respective analog control voltage fromthe respective digital
signal, the respegtiv .determ ning a configuration
of the respecti vg@bon'?? gpﬁggﬁg&gﬁ%&n‘éﬁs’ é(??{érﬁg&'cel | ; and a projection system
that projects the pat taarilledinadamnsgBrnothat spptied a bgaot bf @diatibna substrate. 31.
A devi ce manufacturing nethqd, conprjsing; providing patterni ng device
conprising a plurality nielpble paierame degice cpmprifag 3 ﬁuaﬁm of ellscel | s

[S)

conpri si ng I [eTe [IBV/ I el array of

i ndi vi dual | % a%lﬁcﬁe@?ﬁﬁeﬁ?ﬂgﬁ& %ﬂ%ﬁ%&rxﬁpﬁﬁ%&@%ﬁ%@{eﬁ%w KIR’Q%P?{):%%# provi di ng
a respecti veldheit irfdn Stagodindiddeaktonfrolldbie ddikernts aiedid teSpectivs tigitakach of the
DAC circuits to generate a respective anal og control voltage fromthe
respective d¢analeg converer(DA(erpws pacarrayof mdavideplly santrdlableedinentse

determ ning a_conf itﬁuhat ion of the respective individually controllable

el ement of tRECTCHEYC NG the controllable patterning device to pattern a
beam and proj ecting atddgurBRdysRi@e:, BRIBhRS] syemat h@ihRAkO prviRraet portion
of a substrate. 32. A device nmanufactured using a nethod in accordance with
clai m 31. 33espéctFrDligal sigmal ¢ eathudi the DA Gretrtiots torcoatrobthd pattermivig h cl ai m 31.

49 34. A ol | abl i i i Si .
09 34 ool A o R B dekicer COPUIRLIA S0 SR 0 perei
the patter %H@?lqg)\{ﬂg ErEAMRE rSPctivd dRditl %hél}/th@frcs‘f),%%ﬁ\%i anaREltopfbl i n the

plurality of cell nprising, a respective individually cControll able
el ement in tvolagerdetyrmimihg b benfiguitiondd el ryspectinercohtralidtde dbmertiifshe and

cell; and
a projection system that projects the patterned beam onto a target

portion of a substrate.

31. A device manufacturing method, comprising:
providing a patterning device comprising a plurality of cells, each
cell in the plurality of cells comprising a respective individually controllable
element of an array of individually controllable elements and a respective DAC
circuit;
providing a respective digital signal to each of the DAC circuits;
using each of the DAC circuits to generate a respective analog
control voltage from the respective digital signal, the respective analog control
voltage determining a configuration of the respective individually controllable
element of the cell;
using the controllable patterning device to pattern a beam; and
projecting the patterned beam of radiation onto a target portion of
a substrate.
32. A device manufactured using a method in accordance with claim
31.

33. A FPD manufactured using a method in accordance with claim 31.
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35. 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
arespective 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.





