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LI THOGRAPHY SYSTEM SENSOR AND MEASURI NG METHOD
BACKGROUND OF THE | NVENTI ON The present invention
woeb@nmwss70o a nmulti particle beamlithography BgSMNEYO6A00457
sensor therefore and a nmet hod. Such |ithography
systens, alternatively denoted litho system generally
operate according to a nethod for transferring a
pattern onto the surface of a target, thereby normally
using a so called particle beamtool for generating
said multitude of charged particle beanl ets, which
beans nay be scanned in one or nore directions by
nmeans of el ectronic controls. The mnultitude of
beam ets, al so denoted witing beans in the foll ow ng
is to be calibrated by neans of a sensor. A nethod
upon which such litho systemis comonly based
conprises the steps of generating a plurality of
witing beans for witing said pattern on said target
surface, usually a wafer or a mask. Preferably a
witing beamis constituted by an el ectron beam
emtted by a witing beam source, which nmay e.g.
conpri se a cathode, and which may be suppl enented with

iti eam shapi ng_neans_such as an array of
LI@%&*‘%%? .%?T%E\EF%\!‘CQR" ,%SHRJQNGQ.ME% ODai d source

into a massive plurality of significantly smaller

di aneter. Al so, such known |itho system nay be

provided with collimating nmeans for directing a source
BAGRGRPGND aOE e THEf IY¥EWTEPNd writi ngbeans into parallel.

In such known nmethod each witing beamis defl ected

separately at witing said pattern on to said_ target

surface,T%%rPFﬁ?%FFub??%@t%%?dr%}¥¥¢%gt®r%c@§%?lTﬁﬂ§th1e
bea pethogEraghby S?%@@&,Ofa eséns@h 8hed¥fete and a method.

efle

| ectrostatic, defl ectors and heanl et, bl.ankers through,
Su icﬁlgﬁ89ﬁFPFVngS§§ ﬁ@sareﬁé%ﬁﬁﬂﬁahWﬂ%xwt %@%fen?ltho
sydsgeci ageyperaltuseopératanssiceedingl t itom id | mptieadn for
£ acgcordj 0 r nt _i (e} sych
T S D I e kRt EbPs Yy araet
thergly naProalby asingnal |shgcabded. psyEhcpar beam ool for

gethé #ODMAP M4 3Y SN 0haWr | b NG HRAMJLS NP2t e 1Wal BLSMPEL s,

nq§k%, is in the fO||OMAQ§ denoted a beamtool . )
whic eams may be scanned in one or more directions by

means of electronic controls. The multitude of beamlets,
also denoted writing beams 1in the following is to be
cal:j.‘b:rated by means of a sensor. A method upon which such
litho system 1is commonly based comprises the steps of
generating a plurality of writing beams for writing said
pattern on said target surface, usually a wafer or a mask.
Preferably a writing beam is constituted by an electron
beam, emitted by a writing beam source, which may e.g.
comprise a cathode, and which may be supplemented with
writing beam shaping means such as an array of apertures
for converting a beam emitted by said source into a massive
plurality of significantly smaller diameter. Also, such
known litho system may be provided with collimating means

for directing a source beam or a set of generated writing
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Such beam tool and such lithography systemcan in nore

detail be known frome.g. patent publication
woeRIM38509 i n the name of Applicant. FurthePCT/NL2006/000457

typi fying the el ectron beam|ithography under

consi deration, application thereof is directed to

hi gh-resol uti on purposes. Nowadays applications are

a ' Lhg patterns with a critical dinension

beggg\/\g{jfo%?fo%v?%g' nmfeature sizes. Multi beamin this

respect R p&uchculkamovie| aeghodo swddal e passi vieeam  is

defubbte§CHBENSHIRVC ORI y&iRA g Jua B NWEHRRIQf BRI ]
ebearrvael n_the orderycof 100(:)LO g\l%d Sh? her . Inethl S ¢d'9said

targshett &2ty pi £aF APpFTEMRTHII a¥3t r YEREL)I oPFRFBAS by This
is Al v fieatiedc dspr Itrﬁe%&sl&aﬂoa o i tdgakeaiys. ofuémé@trostatlc

degf¥g£89nent§ ﬁfﬁ\f\ﬁ%\éfr aerggéfjﬁsﬁggﬁgug Idtévrlllué‘ﬁq 1the writing

bemnsl foa|, p&hseﬁ wys_hemstheesysntemdeﬂspecuallysmacase of a
maeéi{?&ifalrriqﬂt%an@rﬂ:ﬂg Ofbe%ﬁlns stéﬁ'c%.sexg??éﬂfgln%l to the

I'Ttho stens o econe conmerci a
PraReRt atlﬂV@Jstthrhe pusht |<%ﬁf-1<ﬁc‘3é-1345 oﬁr?heP@‘éJa@ﬁi@n Wlth SO

cabBad® mosunBe&bse! dh eaaldnedhy DHe iQmrkanii®lds means. Such
tances. such as nmanuf act (r#ngwtol erances and
n

pat he | 3dr FEROGERREY G e Het WS ¢ iRRg HseRs onto
wafent of: aalsikishogirsaplyy skst €plilewhagevendtiddelsy beahaveol.

e rr [ h it invalid for . R
Sugﬂ b%ran‘[mg E e%%r\grarlg% be:?tggp%ragh%nsxgtg,{nr C)canWI nh more
det@sbebta tknewrdefrgnee . gri datsmth pubbiewusor eHOBA840688509

inarREARHO0L£ hiberew th of thelithography system
severely_affects the quality of the pattern to_be

wri tten. FYEEher h&YRISningn dte aflechsam resan t héthography
underf msmm@m@se@ppgleaaubﬁedtm@r&sf km@m dMﬁelarteda to
ew nanonetres. and s be able t

ni G PHERS G of DFRRRRT | homagart bt SR REBRF eage_Fabable
of esnaping heat byrhsegieht acatibicdl odiénsbhenbefinwell below

1000Sh | Ag@ét 4400 abqyg nrenijaped ; gpecitic Esgﬁga%
also ot her at ures Of avvrltln eam ar e eS|re
Papeligpbih #eéatateltp ape prifast arnagsave miulityl goeam  system

com §1§ﬂ€§3e §ndat hemfdr ©SWifit ¥ng dHELRS %ertﬁ{é Wy of
, in particular during wjting of_a

(Pe?‘ng :Lg eFo e’ &k}lgn respect a “typical "application as
culrently offered by Applicant comprises 13.000 writing

beams. Future developments however are focussed to litho
tools comprising a number of beams in the order of 1
million, which systems are 1intended to utilise a
principally same kind of sensor.

Such exposure lithography systems only become
commercially viable when at least the position of all of
the electron beams is precisely controlled. Due to various
circumstances such as manufacturing tolerances and thermal
drift, a beam generated in the writing beam tool of a
lithography system is however likely to have one or more
errors which render it invalid for writing. Such error may
be a positioning error, with respect to a designed grid.

Such erroneous feature of a beam tool, and therewith of the
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early adaptation of the witing process of a wafer,

and to thereby increase the nunber and chance of
woaor7@std7y written wafers or fields thereof . KaDMNL2006/000457

calibration nethods commonly conprise at |east three

steps: a nmeasuring step wheBein the position of the

el ectron beamis neasured, a cal culating step wherein

ti n an.i d
114, PRI SYSRGALY | 08y 0oL BRI chET IR PP RS ne
PaEBAFRNnEat P@nwﬂgﬁeﬂheﬁf@ltn the RgFidieme ©hahernoedp near
th&8EaEYF g6e PESI beORxpBE NG U9 F RGO I kifown within a

ot SEPBEIS LT o T B AN SRS Pt L0 o oo

cabthnatedl tihter glofiown Suthtkoowayseassr | tigior knowledge is

esé%%i?él%é g%syféf#?xbr ap%d]i:y? q:IS or?% It@l@ l;c’loeta.m %osition.

ctron
char act ebpaed bHyom akpuei menylbnwit ﬁP@Qgﬁp@t featygre, also

otﬁ@iﬁy fRakhrek %fwaé e%rb.ﬁlﬂgt tbeeraﬁﬁdai’é t 5&&19@& R@UIpe Oknown
arelat|Vey imted ntunber of V\/f|t|ng beans as

aC%ﬁ%*«a%Jesd 18314 nRESLEEPPLNul Gt badhEiRkem 1pRtances, and
thﬁﬁékbﬁés sszswt&ﬁ didx%g{g‘ldopéréltgbnt Eoughpubean WddL,a in

f d by t
paERRLYELY AL L BEASI Sl 95 Lo focgsed oy Ly an
eanlyi miaph@ticzmtof thet heridesigr garduiegls cepacivyfand and to

th%%%%t%ﬁeﬁ%%%é't hgaﬁﬁrhlg par{i ﬁéﬁg@ym%yégfgécy\i&hwgﬂ@ten

. a charge eam system e
wageret pBnt bekds Haese stem needs to be calibrat ed a

I ar ge nuphem ofcdi st Mier ﬁethbaswompk@mp%ﬁs@ at
mgle beam | itho s%ste mor wth a nupber. of béa

lei’”ﬁ?s TR uRsERMC e® DBEDFBEL I pFoBP eiReFe 4B OB PoﬁbFé‘m of
thbeamcancent (beb.m cid | heasadedp aerdaas:ulalﬁi@cét@_@saherem

et RebelE el B el cabhu ST | RFBeTRETanT Pofll o scvilrares o
thdhdesfived, pgalasonoonfnmmasévetatm tancb@hpgmpeemsaheon step
whg:PQm |thteh°d§5§éfé'ﬁc@nge't%e@ﬁc°&§@n ga%frgg dsdiecaﬁ.on and
underlying the present invention, e ca
theyr &%ﬁe@g sReeElaise st‘éed—"ész@SQt@% f#@?énueylth%rtﬁél the
softlarsever dln cahé bhatisea reetdwdshéonithography system or
said electron beam tool thereof.

Such known measuring or calibration systems
hardly pose any inhibit to electron beam lithography tools
which are characterised by a relatively low throughput,
e.g. only part of a wafer is patterned within one hour, or
by a relatively limited number of writing beams as compared
to a massively multi beam system. For magskless gystems
directed at high throughput or with a massively multi beam
system as is focussed on by the present invention, the
known calibration systems form a limiting factor to the
desired high capacity and high throughput, maskless
lithography system.

With the known methods, a charged particle beam
system, e.g. an electron beam based system, needs to be

calibrated a large number of times. Where this may be
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el ectron beam | ithography systens are known. Mst use
marks residing in either the wafer stage or the wafer
wonroi73obh. A sensor then perfornms e.g. the deCeoMR2as/ 000457
or the position of a beam The sensor being a charged
particle sensor, neasures tde anount of secondary or
reflected el ectrons created by the marker. One exanple

ac@%%igallﬂfé hed ugi E@ngmgf ge mp%‘t?l% 3/%‘%% oroz:Ir 'tl Lth a number

nation wt urality o eans
of  Bepmgvi &&Swawn@%@ﬂeeme@msa pProbdenclidsds3 @p0 or

moi@t]B@QmsE Oaﬂét%tbé hea PosHddan O Seplak al iﬂys@cf:h case the
el ectro dpeﬁrrs ysi ng mar ks posi t | oned on t he waf er
tige §’F§€g T %rrré)rél@lp§a 18y aWCP‘é]rdI ifAE Rt FRndhgseliime
neéd)aéc;l Sﬁrvf(rja&gtﬁﬁﬁb‘jdrﬁmﬁﬂ'flg Al fhi@m Lwlenﬁnﬁr@f@re Therefore,
P ne et of .either_secondary or,
SO %Igét 8d“era ron %%W%}é?%t aﬁ g%%n%%?k{hﬁ%% system,
angcami l‘cﬁg:CO'EI@@rq@@SI wiibh oint hJei@ | gm@mlyfmgk tbe present
1n@&§@{c§&negh@n c;aﬁ.%.b*i%.%é It b@n%gﬁétecfgd up
et ctlon resu t. S

the el ectron beans an
signekicypt Hét ect or has the advant age of rapidly

ﬂeterm NLAg aﬁa Déi:ilff)ir%sﬁeﬁﬂongﬁlwfé@%ﬁoﬁtﬁ%thods for
owever. is r | ve u asures w N a

e1¢ES T an, PLERS G anp Fyaens s ot (oS e parks
residingi i altﬁmasm/leerwﬁﬂe:plsmge/ ot t:ltmrmﬂe:padsfimeboth.

tter kind., .
N S g RO e
of t ge bedwr Jfha esehsouf bmi\n$ §. thareed | parsdcim | semsor,

med$@SENt Y A3-000 ReanmsaysheuyARFt rferfq%lcttae abP¥Et rons

vol ure feature of the known sensor and cal i brating
Cregitemy tHee KiRtitSyst emis al so relatively expensi ve,

andrmr eoaﬁé re&em@aeat&@ af el Hda aﬁsmgga JdRS%eE® particle

nmount ., of artJ e be itative_and
sens QLT o Iéncf? flér v%# charged partlcle

bemﬂ;tls epeotmdadbbamtlhet hmgpambmtswmsal sdtdiescloses a
mee&&p £as i 2% u@etgag gisﬁe%qa agep&uggagﬁgsfb@' 8180 ron

uence t e accura oSl t
beans oy | PSF§9n@Frbﬁe§PSQ\F#ﬁnﬁﬁeOklné\kﬁ efiesd GhdSs3@e enThe

maOw iH Rer baranbeth data aepuishd | eh@ndsdat aror several
me rl?fee{iesrln‘[] AE_ Irr]neaasru?:ae%%rr]l%gl ea.1|’eI mpter%grrtnlege ]Jyordetectlon
of either secondary or reflected electrons from said
alignment mark upon scanning. The position of the alignment
mark i1s determined on the basis of the displacement amount
of the electron beams and the detection result. Such an
electron detector has the advantage of rapidly determining
any primary or secondary electrons, however is relatively
bulky, i.e. measures within a range of mm, and thereby not
suited for litho systems utilising a massive multiplicity
of charged particle beams, e.g. 13000 beams or more. In
such latter kind of litho systems a typical pitch between
beams is in the order of tenths of mm, e.g. typically 150
pum in a present day 13.000 beam system. Apart from the
above volume feature of the known sensor and calibrating

system, the known system is also relatively expensive, and
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massi ve anount of witing beans, i.e. within a period

of time which is nuch |ess than the period required
woaoonmisedatong a wafer. The latter problemis espetinakios/000457

significant because of an additional requirenment, at

| east strongly desired featgre common in the art, of

frequent calibration of the entire beamtool during

OGRSS FLi a . sQ_as t nitor__and
mo%?%%% conpe%ég\iﬁeﬂ%o:&e. Syﬂégiﬁ té%ﬁ iaergllaﬁ idat eadmunt of
chayaadh crarticlef beams ngdmheavaliSedtivieanmed ofsufifdcéedtly
swhEeveahse4dndue | oss of treated wafers, i.e. of

performed work by an expensive machi ne. SUMVARY OF THE

| NVENTI ONAThR pResehie v Shtlitdr sd@areenheasy oBiérPgraphy
syfpﬁéﬁd,al@‘o sethely gﬂﬂikﬂc‘én}sﬂgaﬁ_ﬂ@égedi.r?aghh@ e%.tge.a%dj acent

eatures .of a massive nmultiplicity of bea o
be%‘%vesr Olunlljitﬁg cht lber}:%ﬁ’t}%?e a[%%’dﬁac%t gEI i‘é'h? position
debeghont haleby dsi ng actormierarerwigileneid Rooknamefhod and
r nt.scr a yflqped (wtrri |_um

Syfsggﬂet, Wrrat.ré(?i. aﬁgpfsu sequent | f!@gt eéchﬁ%%éoﬁ g%%ﬁ] data
PrREaRtiBy webRsnop zpaserahleflimghtofenshei for all of the
maﬂlgtlﬁét @.tﬁ@uﬁlllﬂzcrtaﬁsw?ﬁ.ﬁﬁﬁg vegh=0r NS Q@‘éh@%s’a period of

.al ternative) enoted by usjing a canera,, an ,
E10GpsWtieht | o B oSrieéﬁl |‘§h?lgao#% RATHIE Geghdredor for
wrdaidgcanrer ayvafee. ofTHehe Tsttesr or pgebaetmor sig heegpbcially

N odi the signals. .of said canera, i.e._of
Sl{gﬁégggﬁ 5 %?gggggcto%r sar?haeécglotflo rERATbITIT R 3L least
stsppgle dcssriasdnfestuher conooassinelthe pagter abf y fatgaent

hi gha €1 6K oFate, ' el ool - Lzl
ca',l’he %i gnalg areer g%%ﬁ%hétpzl?%drl %%?e?&%?%n%%?@#‘?%%“ of
WrLELRgn@d WRLeXposhr 8safif BPBlLQEJaREr tdmedyniAMBgnsate for

e.yal yesdf eardNeroindRESL BNy RARDE! BLEEL DY EMR2AS 1 QE BRams.
tomat ed el ectronic §al culator. The_cal cul ate

d

SUuGH o S alUes PERESESe dPTOVeREF | radifg 1995 oL treated
wafienberi of. saf doerfoimed bears by Suc hextmdid iveatraarh iTmy,

ei ther be perforned by electronically nodifying

attern data, thereby allowi ng for the actual beam

SU@%B%r@Fe@HEaEWENTEQNi nfl uenci ng the beams

t hensel ves. According to preferred enbodi nent,

calibration is solely perforned in software by

modi f yi nahgap&eﬁm%rW‘ffd}%on solves the problem posed,

of swiftly detecting charged particle beam features of a
massive multiplicity of beams by converting the charged
particle beams into light beams, thereby using a converter
element such as a fluorescent screen or a doped YAG
(yttrium aluminum garnet) material, subsequently detecting
the light beams by means of an array of 1light sensitive
detectors such as diodes, CCD or CMOS devices,
alternatively denoted by using a camera, and subsequently
electronically reading out the signals of said camera,
i.e. of the cells or detectors thereof. In an embodiment
the signals of said camera, i.e. of the cells or detectors
thereof are read out in a single operation, either
successively, preferably at a high clock rate, or in

parallel, i.e. simultaneously. The signals are read out
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Such light sensitive detectors generally have a rather

poor performance in that the response of |ight
weenwimeere sensors such as a CCD (charge coupl @dT/NL2006/000457

device) is slow It is the nerit of the present

i nventi on however to have c®nceived that despite such

sl ow response, the surprising conposition of the

sgr ' t ept: chd e -

A P e et ' REr S CBE MmO ¥eboBure ang ave
usgie éPra mlghsEigingovratreet r RThe@Aet @€t oMPTE n beam

prélbéﬁti@§ pBgt tfnégﬁégbﬂg %%Ut%.dt%lﬁnat%d'@%bd(ﬂﬁﬁﬂd“ €&alculator.
capahi | it readi ng out .a | arge nunber
g RBLGEt R cRTare k! MR vaFS Haad ofoEel Fal ibraking
alli ngl @ openladr oof etilterwsitcessbeahny, |Suehemadd yf bdation
[ k Late t aneou Ln_t nsaor
ma ORI EhEEN, bR P oRle okl e S e B A1 3G Hoqi fving
pPagedret oflatare ﬁh@ﬁ@hﬂﬂ)ﬁlkﬂﬂﬂ&&ﬂ §¢nultaﬁeowabpal beam

M@é@@y@g, tanﬁ/@xess J?ﬁf‘f’@énéiﬁé‘c;tt%ree béamearéﬁ&ffé ves.
8

det ectors,” enab very s

Ac#f%:rﬁ%? R RHR Tt STBPABRRE /L S AU 1S Folely
pe it dhaed mesdstecmﬁetyyomoatﬂﬂyiugl 8s98 p%ttlffﬂréb.ta
t on he art _of a
oyetem | hopbE ekl Teih iR pPaRfallyndeye =
rafther prretonpers okmaweepeinsecHatomtitee fespdnet dofi tElght
sed{E{AS, sé\ﬁgéf agﬁehaagug.t 'C%b' Q'c %fe l togﬁlleq;to?eQJ%es) is

Is el ectronica out at eas
sle¥ nuftah8olidey meeg/ltutq>¢|§hﬁgp§a§ﬁn‘a Rnﬁ@n@ﬂoalr fgwesfer to

ha@et egbRESivéde bRAM SEBSPR taCCANENNT hew Ne-ddpiidd ON the
advant age t hereof, be realiséd in a

nma a further
Su§%¥bs%%%t ?ﬁqﬁﬁﬁ%Rﬁﬁﬁhn thfe PEFEBEe BFCAEILDFenkt sthe
ineecoieh ng atcchieh\ee@r %erutelmwmmn TSyt 0 Tetter nedesdhe as

n f i ng_beans and t dete ne if the
coffHA OB S0 NG BeRlE 21 aalel AR L LDt
be%mtﬁ@teGhQréon@HIEmlﬂh§E§P&CWHadVﬁpﬂﬁgﬂnu$ use is made
£ r&f’? ntt_lllé] UOMSa19 M i 9% vhe &@aﬁ#ﬁﬁe BEaM: § 5 qumb@]: dlght

i red basj s. pes o asurlng ¥ erforne
Serﬁ%l%‘fﬁn r@aﬁqecﬁ#%% détlérefﬁ%tﬁg’ed-Wa gaokef dFﬁ?—éﬁent in a
sibeben ppenerdics asiWhdr beusebsaiven, t hgréobl-awing. at a

hlg'&l meil {cl ngfaacccordl 19 ts%mtuq%aln%\é%% Ion In the sensor

‘according to the invention all of the 1light sensitive

detectors are preferably read out simultaneously.
Moreover, the present sensor structure, in particular by
the array of light detectors, enables a very small pitch
of a multiplicity of beams to be measured without the
necessity of unduly large structural measures in the
region of the stage part of a litho system.

The latter feature of measuring light signals,
i.e. photons is known per se from the field of digital
cameras, where also a multiplicity of light detectors is
electronically read out at least virtually simultaneously.
By utilising such a kind of array of detectors, the beam
sensor according to the invention may as a further

advantage thereof, be realised in a very cost-effective
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so-call ed point spread functions are determ ned for

each respective witing beam R se and fall tines of a
woeeamoaze@onot nmeasured directly, however are decTamadoo6/000457

fromsuch function. It is remarked that also the idea

of converting charged partitle beans into |ight beans

is known per se, in this case however, from yet

ma@Refherrhechnolggical f | %% 11 %%téof O%ge {Sﬁ :{111)%' &7 the

el ectron mcroscopes. Int
PrefeRet ey BERRr oy i héief%ermm% sfediprsiktioning of

wrKODMG PBEafg ! an@ONtey t Hte&teGid onipeamyiht 0 Jddhtyithin
a,. converter elenment,, Often such convéerter

SP%$bﬁgﬁ?t+%ne B IRF 2 1S0- BEFFAMAG Upderi pither one
cordiimiomnwharaet) wadrden, deaweves eoHtinols ahsO0 d¥e where

sufh UHCLRPERL SLeon, TS PRO! P03 RAET! oLl 388 o

suc cORVErsi on ‘are tefei Vé - cal
mew bpgll BRpl ber fegrfcameshpin f cedbehationc forgnie tdtmaining

a Vélﬁébwwﬂﬂ’ef&tp%é‘éﬁabgsgerg %Q RN £1 LT Iy out

conversion |s per or ned converter cell.
in e | SPLLPWiBE pekt, m@ﬁéuﬁﬁegeﬁpcpﬁvéﬁs'@@ mhﬁnlnﬁ%ntlon,

so-bea Thed apbehts@@r@a&aﬂuﬂ@tﬁ@hye@ﬁehai@wﬁh%@%@ RYach
Jhe fact that n%TR eam sazg b‘ﬁl not i onalfl
re %a‘ftrlvet‘ﬂ’ahtﬁ%vg%%% ton BPKkABwn $E&MESr OF anRspmyare
nots c aned sy eV erdiarermrly t hdwdweorer detwet atedisred from such
furg@gﬁrgerabl y larger than the pitch between two beans
of the litho systemcurrently inproved: with the known
det ect orT¥ héssrgnarkedf thajsl @lid tyhef ideat ofg dwwamsrting

ché[@f&cﬂ puethape Beahe tihgd ULibgE B"eg.mserﬂﬁn GwﬁrgﬁE se,
SO

tion with respect to size of the known detect
Tt fflss t FHE nd}‘%“@é’cfrt hatided s¥&hi rgdidiest dredipnlarical
fiedotor dimglyo fidod itheent i eDd ey, é:@écﬁf@qsﬂh@rﬂgéép\ég In

e LY aluboatl, (pgalLy be apblLSh NS o,
to d$m@¢1@ne@$, alwr iitsi dgld%ranptyplsealtlcy tensent | en tdiartron

bedhp ﬂ@t@naTQQHEerﬁs:Lnin CoEBE@étrt 'iheefétﬁgﬁgt '(gft?grti' Wich

enabl es and”is direc to a
corngdGT Shererh %ﬁeeﬁlb@fh@idzé?}’ofa as@hgiléé@dp?{ﬁﬁl clyEtrium

aluweiaton S garleltr t8adehhe HORBleHt | (bl t BRegConyeLberpe 4
flueolreensecnetrit screen. The photons subsequently realised by
such conversgion are received by a so-called
photomultiplier for an amplified electric signal that is
subsequently to Dbe attained. Such  photon-electric
conversion is performed by a single converter cell.

In the latter respect, the present invention
might also be characterised as having solved the problem
posed by the fact that a writing beam size is notionally
smaller than the resolution of known sensors. Also at
scanning over a mark the known detector is considerably
larger than the pitch between two beams of the 1litho
system currently improved: with the known detector the
signals of a plurality of writing beams would overlap. As
to the further problem and current solution with respect
to size of the known detector, it is to be noticed that
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This is realised by utilising neasured intensity
values of a |ight beam for determ ning beam

wonroepgastd7es, in particular in conbination w thraThmR§08/000457
edge, as will be exenplified in the description of the
figures. Such determ nationgis performed on the basis
of a plurality of signals resulting froma stepping

th@r%%%fﬁu%f adéEéEQSQ %fstﬂe% aggég}:}mb(:h?ést%%anﬂ%%ﬁ@lon

one di rectl on over
mayg} efeht theFﬁaﬂlsﬁeWévq n@thql@mlcgmafsuhﬁamm ttpically

be”& ﬁ?ieécﬁz@%@ﬂlﬂﬁ él %:ﬁ?ﬁq ' @EG?SDE[];S:L g@.}&grrdtﬂs éecelis)e Ofn this
ative i sensitiv .
re%?‘?% 5 ttr%? edf aé)r%%%%r affced (WRaFgEd cBﬁﬁmedt}i%W%%%X is
smahbe £VEBafic | hie Nnamymeetal) -. OﬂrdECSﬁFraﬁﬁdUQﬂﬁ Sresent
: I eetor convert light jnto
inPELEGR, cHibTeHl Sg B S HE s pu e d v e and
sergvant u@@rﬁhat tﬂtﬁeyS}acD‘e erdeI yfavai Ehblrgedt eehrtiicdld ybeam
is \"’%Halkﬁ@‘fv‘”tkf’&{}g £nast &f fo@.‘ﬁtt'l%ﬁ Tfe%hgo%ﬂ\% A28 ement .

act orm meani ng that a ver
Th+%sb$ uFEdhiead by stidiseag ma@ﬂiﬁr@d m@s@m@w of

a andghit ofb@@rargesbﬁoarae\@é@mbﬁ@ﬂg Adpr CcRRY é%‘t@@s in

f ht. b b
patfiduladhipr e SANio8 PERRNSE Thpt P age ghis opill be

exgmxEl £ sedsois cahebe deeam‘lputtoat lo€asttha rtiiedunes. Such

her
de@éfﬂﬂ:’.ﬁé@ SB.%prptéeEgE)rlmI%d' at a g% s? %tl on ’ ueraEl:Lecy of

successive
Sl@%&ﬁt&@@éﬂé@pg ARreRarml §t§PPtL|ﬁlSs p@acaeé iaf sat ¢harged

paf‘@:f@l@nﬁéaﬁomﬂ*ﬁ%ha% | Caldy ofn sysb a.eL%%rt%ogin at a time
digital caneras virtue of these above sai

OVEL A PRk o‘?ralPl?%]ég?gv?}?fﬂ%lP‘Fy si mul t aneousl y readi ng
out and E@ﬂmeéﬁm@ﬂepf tabarngethtpaddhed£8i bt Onl it ,mahner

| sl oW I, | ensor red to ahove i
acg&%% %% oW &ﬁla %&Oﬁarat]la%? ggﬁ?orus%aﬁ be" e vely
cheap sti¢ht nagestihéveabebeatboa, ofl . & . nesiayed )tlmﬁetof such

as Cbébge@lféﬁ:rgtécﬁa@oﬁﬁﬁg&t ok, RN Sédlgcﬁ'a %Vﬁ)a.:"»m é/onﬁré‘fm?é'ntary

and cheaper use of char cl e se
metg - %%%uﬁemﬁe@@dﬂ@&ersén&ﬁvwe%pa%@charldgénu detectors

corgrall | Ngke: f PhtBBSHELAsHEL! boub@am SHHSBITR T&WdEhased,
anci els_lol u“’(c)ltl]e Lh val.’]neé%gseen%gat ﬁlielyr%.trleonwgggggd aa*v[]adllable,
technically well known and cost effective. They come in
rather compact form, meaning that a very high pixel
resolution can be obtained. In other words, a massive
amount of charged particle beams, after conversion into
light beams, can be sensed at the same time. In line with
this advantage, such individual light or pixel sensors can
be read out at least virtually simultaneously, that is in
a single operation, either successively, preferably at a
high clock rate, or simultaneously. An example of this
feature is set by reference to the application of such
sensors in digital cameras.

By wvirtue of these above said features of at
least virtually simultaneously reading out and conversion
of charged particles into 1light, a relatively slow light
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l'i thography system enables the calibration of a

massive nmulti charged particle beamtool in a highly
wecewTaarao manner, despite a seem ngly conpl exi PETOWR0N6O00457

the nunber of structuring elenments of the new sensor

and due to the physical congersion nethod applied

therein. In a sensor according to the invention an

seﬂgs mul at eéog@a&ga Ok nta%%;etyn?eﬁqatglgqq{g&e'ﬁné al Rorged

etermned tine read out indi Vi
paaéwré@ S@NERHr geaBf bg isgist t@e@lﬂﬂvéﬂé@t%n@m @héxbn&tlon

ofi Nduarik Piw,diRe infdidige Rl | baktikher e8Ranl Stool both
.hor mal | iransported across the chip and read at_one
SigBihorabF

Un SESSEF ARG amISeRSTo- Byt & coRGerfer charged
patrtioieeaehspirsel aSllvawﬁmm ouAddégirkafuivamest |dfE @@ce,

sl PRI e S o AP gt

regplihgohor msp@em n@aﬁwmharg@libratlead mettlhpat t and

1iChokbg H?V' tenf® EALRSGE fqii%”éghﬁbg:g@ig?xe Of tah m ssive
P ny Re kno ed

resen ntion over t W Sensors for cha
mu Eitlckl?%li%n@atréécéq sbept ¥e@herint han bBiohdy economlc

maﬁﬁéﬂ e"d%@p@.ﬂ:es%Oﬁgéﬁlingh.?ckfo@@iextﬂ’&gf N@Ye SeBs thé: aﬂumber
rect neasur.e one or EDEEﬁWI ting beams, i

Of ﬁgrggﬁﬁglpﬂatejt%%s% Fe TTR Ye Fﬁéaldé’d? |th° the
phybecat openténaioh memhoﬁl agpbﬁam theeeinhn the surface

area of vvager W‘% %%.1 %outtosn gcr}bfl cant HltiOlA an

spatial advant ages n t es gn of th Seamt o
aceurvhafreddwimege ofr th@t§yl§ll§m agtoreidly taeltheis at a

préﬂe‘!@@i‘ﬂn?ﬂedﬁlstﬁ.ﬁét rd88pPiche (:].fndtl%d%%.qrj&m CII{]aé Ur@p Ofievice,
it, rather than BES|t|On On mJtlgh|C|t (0]

& rhatgfedofdt hag arﬁqr@dit%vse Q%Jf%“r‘fﬁﬁnhe §lifPRg gduced by
thei AgbenseasHEe il etherébis addingmal 10 tf‘@nspo:.ted

effiC| cy_.of bot ensor, and the beamt ool
2c§etalThr STt &tn T uF be THe| SEPBEapoSh (GrEay - A0
an@bamscpedlglzelandnbeamecrurtwns ascheblixad's value into

« {B06LL20 88,01 a0 DERETRAL QTN Ve ae
seyayeht |té’|<'1mf-5l}lsttl¢ér5 rataresh el | Vhﬁltoc&mmblﬁ}’b@mﬂ move
sudhl €64 de! OutNBgS GREYNgLY RS NRH A thRCHIHY charge to a
read out part of the device.

A rather favourable feature of the present
invention over the known sensors for charged particle
beams tools 1s that rather than using scattered or
secondary electrons, the new sensor can directly measure
one or more writing beamg, i.e. in the sense that the
sensor can directly be located in the projection of a
writing beam, i.e. in the surface area of a wafer, which
brings about significant spatial advantages in the design
of the beam tool.

A further advantage of the system according to
the invention is that despite of the economic nature of
it, rather than position only, a multiplicity of features
of the beam tool is determined during a single measurement
thereof, thus adding up to the efficiency of both the new
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el ement provided wth a knife edge, thereby enabling

nmeasur enent of a maxi num di nensi on of a spot created
woyowaszk7beam on the sensor in a favourabl e an8CT/NL2006/000457

effective manner. The beamis scanned, in fact stepped

relative to the sensor andihereby relative to said

kni fe edge while opti onally being switched on and off

I s t ting, a
oo ol e B O o el P i i fres
ingéudet bﬁ@mbégﬁhlﬁﬁ-@per beay bporsisigd iang fheam ngurrent, as
we§9f b¥aken-SY6h i 85eRP LI kAR A A U] c,td?nr&cﬁf ECS]V&EJ:E OBeam

repeated for Qne or nore times, prefera
to?fﬁe gpduE&Wé%geéeiﬂYer%+§OSfaFuﬁénC¢ﬁ@n5@am
pr opelrt i Eﬁeaiﬁvgﬂsﬁbm ma&tﬁeﬁt &%1&1&?@ tﬁf ﬁgiy Oblocking
nal s,.qb e il.e mutua i ft e bea
2 %%% |f1é1 %ﬁgn ﬁ?sé’ﬁy %P{e T ed’fpafat |]E?'%Ckln9
elémant tpeoeb@e@smgtla b ocknnfie el edgat | tictbeley atnabling
meggﬁi?@meﬂg' tdfonarﬁ‘llaﬁﬂn %rﬁeﬂ% Cc%lv Etef égo’éa' g:ﬁated by

sensor beam i s pre era ep pe over ~SuUCh above
saf@ntReHed Okni Flee e F§EE 3 oéR—era orfavimurahieat andaseffective

mahhELe dh"ee%éé?rﬂslstgeéﬁﬁédeneim | A€l Likrppeti tﬂél‘@::w% to
1_lma\rk is ther to]ﬁ$ er abl \é enbodi ed hexagonal , thereb }){

the o FETFLB] )i"‘rkﬁeJt'? Jéek% EhEbALVEi e bSAERabRiAg QAgetnile
opstanalhy avsticet ea(s‘ntnltmhehi)t lorni nab@gkoﬂlﬂd é.’@rtﬂﬂredetermlned
o O f ea |n one. directjon,

1n9§£§%%%rg> fo tﬁggt hgh f%nve ti SRt et PR Eal Ja%%a it o
dagzonbhttal ¢§/nf afemrenilyly ndbeidedsed afdmov@eqb@stimgn beam

préSeAt i¥g 19 e RENEOhe 'ﬂtﬁﬁrﬁ%gbf{wgi‘em réﬂﬁ;tl'yrgllzéﬁfplng

integrating it therewmth ting 1t on
cap RCCPEULRG ber Eee LBVeRkaOFeRsorCHRSt b foT ontor more

tuﬁ@@surpf@mlsably eeathh | @asle fat nMeaswehBEAW ihtagvheaM of
oweve mis directed at alachatlon on

eif] (T DR B rraEtiRns 62! Greormanad ot e AR Rt 2
sesapd t&alzgna‘dlﬂ)cdbt@lmmkwhdapt atutome 0fy t briSyshemitde beam

bléé‘]&ﬁ@sg?eﬂén UCE %ut 91%2( %%l l %h%e% qgﬁ aarg‘tplé??elrtgam

val ues Is per orme east one 0 ronl ca

EhewrlpY yi Wi eg e@réﬂp@]ﬁ@@a eilgmeaitt | dnkandednt pol datlamown

pod DF i 8n PALL &F Dvd o bechaBeshv by 821 §nchaigedaRakrticl e

beam systerB modi, f yi ng
eam 1s’ preferably stepped over such above

mentioned knife edged blocker or mark in at least three
directions, thereby enabling ellipse fitting. A mark is
thereto preferably embodied hexagonal, thereby Ffavourably
optimising sensor time by enabling stepped scanning and
detection both in back and forth direction of a beam sweep
in one direction. Such mark is according to the invention
technically and economically favourably included at a
known position relative to the sensor, in particular by
structurally integrating it therewith, i.e. mounting it on
top, i.e. to the surface of the sensor.

For some measurements, i.e. at least for
measuring writing beam current however, a beam is directed
at a location on said sensor surface where it is not
intercepted by the said beam blocking mark.
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line width, and electronically influencing a position

nodi fyi ng neans of said beam system for nodifying the
woasiTiaspatoof one or nore charged particl e beamBCTIiNL2006/000457

particular by introducing a tinme delay. Especially,

however not exclusively initathe case of Application of

a CMOS device, in the sensor according to the

i nvent i oﬂda?tgkggh %%a%f@dgys%%[%oroﬁug%legs? éel%bt%{#e such

array or ens_system fa Fat
au’é@fﬁ@'éwéllﬁn dietmtreélz e‘p‘t—’@m mommyt avejuendiifsyi pegformed

y' & NRGeASLAE Obf d%qre%%%&g.ctafﬁé) ﬁﬁaaﬁgllfla e ddefonic
i ght, beam thereby optimsin intern

dab%nerjaﬁ e8GR IFEantPBFT e he Fatght Sesi i \E@trtécre"pt &p. be
imddled aati ledid nghaygé@m;aecmﬂélg He@ind h%ybﬁéﬁ‘znt 'Iﬁ’&ilfylng
lll){gl ues for the.above features. are,

TP E beat € enS T c%ﬁorél%aa Tl aﬂlﬁ{]uﬁﬂ?fng Cotr e]%?“T’Jo‘?]lon
m0<§1@y|a1hg gerat od bsyaidm beam tsysteamccoﬁcdw ngotid fiyheg the

poé:[‘t\_’f&tl' OBFe' bher %%ed ogre at rnn% xs eﬁmﬁeoa%s in

IuenC|aa
Pa%%h%%%%? R¥ahBtr P@hnﬁa@téimelﬂeiEYt forms an

i nstr UCtE§§e8§§E§yf Oholwd@ekeat 08ke1YEvEDyt hE S1.'_'1'17ee case
r |t can be and js according to

OF %‘PBEIP'FG lﬁF’a &t CHEPt id51Ve S5osi 11 oR &S| r?eélséé%arﬁ“f%]lfdlng
tol’nhé hiaveanhen, cal |1h|gat| Deahr erideTd-dton rmc&asml a fiber

abl t ficant
oy ol et el iy 79,2k b
CO%%Wragmlm@drEhePEWt Horf opptbeabty posiitiydmgng i.e.
indReL£0f 51 ¢l at H&@r@agsaﬂﬁod andtlﬁlg'ltgel n Esean | @m@tf:gfit hf:[ght

el aboration of the net hogra hy syst

beafcortdisteRo PREIMASERAE] drhe t Hélt@ﬁfé}adéld’ paﬁﬂﬁgﬁéeﬁeamght

be®yStE tié 1egbt béﬁsb@ﬂ%g?@@é]@tbﬂg part thereof is
provi ded_wi th an jgtl cal, sensor. The detector for

det ect i Ny bedm prIpETF e d | nSYSEE Ul 2rCeH lﬁf)%tt&onofthe
intwckomg ehéoest Sorhetreombaevalt féasedebonre derived from

a ﬂﬂﬁk‘i?hgy(}%ﬁ?t éggsépegg' ﬁtégfcﬁi Fﬂlgt ttf Correction

ve to an epen novea
SigRA ks n@Pene s ed s)@an a‘@:l'el%mdlreﬂdhpr&usﬁ? ngacsmlekibl@g ector .the

invention either used for influencing the beam tool, or
for influencing an image pattern stored in a computer
means, which pattern in fact forms an instruction basis
for the beam tool.

Due to the size of the new sensor, it can be and
is according to the invention placed at multiple positions
in a beam tool. In this manner calibration frequency 1is
increased without wasting valuable operating time by
significant movement of the target, i.e. wafer, in
particular a sensor associated therewith, for correct
positioning thereof relative to the beam tool in use.

In a further elaboration of the method and
lithography system according to the invention, the charged
particle beam system, at least the beam generating part
thereof is provided with an optical sensor. The detector

for detecting beam properties, in particular the pattern
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The various aspects and features described and shown

in the specification can be applied, individually,
woher’@szi7o possi bl e. These i ndi vidual aspects, POT/NL2006/000457

particul ar the aspects and features described in the

attached dependent clai ns, 1@an be nade subject of
di vi sional patent applications. BRI EF DESCRI PTI ON OF

T invepi ild_ b l.yci dated_on_t he
Ofb;% %\Mé:séé%‘%ﬁt%r ygéﬁgga%%ein 0 ‘i&li%l?s I ggg OP‘t‘]lcally
defpehoBe aphye syRATH: e orafi n§atid t Bysterr enelatient i ba an

in86p¥AdeAt 1iematbaghed AW ngs, ho1dbhghy @é%gé%l hSface
schematic representati on of a calibration part o? a
anaiFﬂ%@?hﬁh?gs?gfgnﬁ@BﬁﬁFP§ing a sensor according to

the i nvenhé oRarfiiogiy eadpéStf SGdeNBéd CurePr I?%%‘Hﬂﬂde@n and
an.e i nt .aof. a,sensor according.to the _, .

Sh?%%eﬁ'|gﬁggfgﬁegégéFﬁFﬁPﬂgc%ﬁhr St SRS ofngividually,

wherevengrpeaibler Fhesehdgdaphyuaylsemedtisgurin 3pasticular

th8ChgBBELES" e%%tsef‘fé’é%xﬁgéhso“ ded ML ibES eETBOdiﬂﬁé“.QEté‘ched

sensor for determnin aracterrstics of a Witing
depenietior k21 Me hogRBpRE Fpdeemubiiegtr @ divis kotmlmpatent
appDicat emof the sensor enbodi nent according to figure

3; Figure 5is an illustration of a signal derived

fromthe sensors according figures 3 and 4 ; Figure 6
BRIRF DEIFRIAEON €)F e iDRAWAENGEN al t ernati ve and

currently preferred enbodi nent of a regularly shaped

six-angul ar mark to be included in a sensor; Figure 7

provi desTh$elavenghanh wildebevedutidatedspot tdreossisig of

an acieiflalyd-etsod ihddiUbe & nasefedor qﬁtt:%ro%:ré'ﬁ%%/ S%étem
si ze, and _position in the direction of relatirrve nutu
acqhiht & etiEenCBEERRS pdRVERE1ART IKhqWre, 1Berdsr ;attached
drawings, Srsehamaid cally represents a top view of a
waf er a%%é%géﬁ fh%ﬁﬁ'aa”%cﬁé&étgé tggpgégéggaggogajgf a
calibration part of a lithography system comprising a
sensor according to the invention;

Figure 2 1is a schematic representation of an
embodiment of a sensor according to the invention, for
determining characteristics of a writing beam for a
lithography system;

Figure 3 is a schematic representation of a
further embodiment of a sensor for determining
characteristics of a writing beam for a lithography system;

Figure 4 i1s a schematic top view of the sensor
embodiment according to figure 3;

Figure 5 is an illustration of a signal derived
from the sensors according figures 3 and 4;

Figure 6 din a top view represents vyet an
alternative and currently preferred embodiment of a
regularly shaped six-angular mark to be included in a
sensor;

Figure 7 provides the a signal as derived from a

spot crossing a mark, e.g. as in figure 6, used for
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wafer, to be processed by a |ithography system

i nproved by having the present sensor |ocated at a
wohow7aB2d7y of strategically sel ected | ocati onspPoUNSR2E®/000457

the wafer; Figure 9 represents a graphical relation

bet ween neasurenent signal 1la&ccording to the invention

and a typical Gaussi an distribution of Anperes per

detf@fﬂm( ms géfzé' %L%dx ggséeagnspﬂ& @%d EEQgEﬁﬁoﬁo of

and, 11 sche rate a socal ,
re btk R e%walac'zeavamﬂ@tt @GFW@eFln\}f@ﬁm oFRO%hawingark, i.e.
sem; ed positions of beam "on" and "off" relative to a

knife e elnflg%éfﬁl athdlthe subsequent tim ngs
t her eof FTtFYhé WA IG5 L SPHS SR e 1%y Cf;%‘ﬁllew of a
wafdrer elmg | wafeguchutk, DEAAl LEDtDESERI #Hé O‘il@idEHEon said
T \Y ' e Si
Wa@hograp%&?f K o L B R B S b Ned oy
hagingnrigm wﬁﬁﬂntsw&%tﬁ@fo]roqamf & i ri‘g fatueahistat of
st EOE SIROI ?kél%&'eﬁeq%@:ta%lo%sgou‘%f31ﬁ@ ‘Eﬁba%ﬁféﬂfﬁﬂ ler

at a speed of 10 wafers or nore per hour.

i nvent i oA-IHE u%le%eﬁr‘ﬁ%ﬁPE%n%ﬁWhld’@tleﬁﬁ]r?d:lon between
medharatdey i siigres elcqurejiety et cited gﬁﬁrmidmla&lcb%an@yplcal
Gaésusc:lg asdel Ec%ﬂ&beam within a litho s st em 11&2 :‘1vn

FlgiHfro 4038508 BT e lﬂ%ﬁe CSAppl e %?rsus
81wt}h|cmf sand tspdigammidnspecti on tool. The new sensor

conpr i S?&&%ﬂyrﬁé ! éﬁ&opi I%%%rda%lkgg)lgrorlml%st?‘ate a so-

socal | e ttrium al um num gar net
caklefbi neimeg t hmgaearenehtr g@ce*@@gn@a dé@ cjhe  invention,

shabigf Nabévedy ge89t ednsaE e YAC sereendBPPl +&thtive

her nm doped garnet. Features of a
to cﬁa%’é& paerc‘fqecljenb hHEFe Iher i 789 bYSal Lﬁ??ﬁ%’c?nt timings

thetast r bow coneabaamngsankldal ol at thgepadiayorudd®e thereby
1 bfais of a measur enent of a signal generated in such
n .
sor a noving a charged particle beamrelative to
|t In the present system nornmally a witing beam

DEMTILED SERMEPTINAUR &HEC pRAGrTRRRSOr by realising a

st eppi ng novenent of it wthin a witing beamtool,
typically over a distance around the range froma a

few hundriesl piretens, iﬂ%ntﬁbﬁp@ir@ﬁrl'd%sl Nat hadieam for a
llék?gglyrfp%{yt oégggentl)yflm:l rx]/v%.ltr%g an electron beam alignment
sensor suitable for transferring patterns at contemporary
requirements, e.g. of 45 nm and smaller at a speed of 10
wafers or more per hour. The invention includes a new
sensor for detecting characteristics of projected charged
particle beams such as electron beams within a litho system
known per se, e.g. from W004/0385092 in the name of
Applicant or within a multi beam inspection tool. The new
sensor comprises a scintillator, here in the form of a so-
called YAG (yttrium aluminum garnet) material, combined
with a CCD (charge coupled device), alternatively denoted
camera. The YAG screen applied here is a Ce (Cerium) doped
garnet. Features of a charged particle beam are derived by
automated, electronic measuring and calculating parts on

the basis of a measurement of a signal generated in such a



10

15

20

25

30

35

electric field on two deflectors, or on one defl ector

and a wafer stage. A beam can herewith be scanned in
we.2q7/wi7ee di fferent directions. During such BCRNL2@06/000457

beam bl ocki ng part provided with a so-call ed

kni fe-edge i s mai ntai ned att4a known position in

bet ween t he beam generating tool of the system and

saj-d V, of the new _

oot Thovhor Rl et P Rl K A7

the hBTE8RESr SYRYETknSWFTFddin |a3nw:©ityag dbeknckiidd pea tmoved

relstavé atsednBy s@hsb@a k eRe1aR4 Ry &f efahbhyi &y movement of
in a_set of measures conprising

.tcon‘ghnatl on of
SRoTs(olegats: lhit aWFﬁFFﬁ% g‘?ﬁ@t i@ orteRita bl pYSKt ifondhgtance
aroahd bridte omamik_:;et hErerystaema | few PBEHGFEANGIM to 2,5 ym.

i1 hi hi t_install t d
scBBME ORN1S, WAL BeLie MG BE AL 0SBl et an
eleqhye fhahd aon nees ude itpahoisg aw idn m@@eﬁlemmfam a
wa Fek eété@@a ahidedly oy 19Ptd HYerE%é?[thng_n %(%I three

gfnsor waf er posi tion relative to
dikfeFentes teCtt&OPﬁ»e IBH¥ERY SUshrt Seafar ahhgamofblemking

pait Opkdm:gd@c&r rieh tah@;oSQE.S.Qédl knfigeauia! )ﬁ.s“ttﬁéir&%.q.ﬂé'a at
a %jp & SSent . i hvent.i t%ea known, in casu optically

St RRT o ha kl%rP%t%%r REXYT IERRE K sh %R of “the
SY%@Eow;ldt t&eposiitd crersfort.heImad e fawicuirabespestbdddndit of

thec‘eﬁ@s}?rséﬁsgfov‘%;lgsbﬂg ﬁﬂnﬁpﬁlégﬁl dg% rﬁxﬁgg tt(%st‘fhe surface

known per avi ng
Of J033 t9BPDT- a nunber of writing beams with respect to

the senspie acgdfi nQ)ots(ittlgﬁ I B¥enkLeg |81 4:HRY Clpdft i

explaiped in the foll ow ng, the positi

wi ||
atthisieg | PYngthetirst ePati 96% FHHEIRH G fe dorbamathon of
alXk Lwi’d:iein naasute offome@aRee MRMprafs idec U_:fc%‘d’ mdnufacturing
pa[H'@.l] |nc:(Ji)ma t hat sqﬁd hl ocki ng p. i,s made as
sma as poss] d A 5 RS nel ?aﬁ:lﬂﬁ‘e of the
sysf@wsori on. apEaﬁerm:aﬁglmwasueérhentenwlohmhehealmachlne at
insREPARK PN SULhy agﬁ!aﬁé abf%gat gghﬂlgw %%als Wbl are

. the accuracy attalne ccor dance Wi t
SIGMMETESHLY and5eath tHhekn@in maumgof dMHngﬂg vhaidmng

operaltaldny & & tdf@f&e%,, dHY R 1R, efif rel erod) r&:‘él:teﬂf{lnlng
the | nvent| at(r:?d‘rWI ] 1giqe&eam I S,positioned over

theSISﬁeg KT sERigFive to the beam tool
With respect to the latter, a particular shape of the
blocking part of the sensor is favourably utilised in the
present invention. With a known, in casu optically
detectable mark on a wafer, and said marks on the sensor,
the position of the wafer with respect to the sensor is
known using an optical measuring system known per se. After
also having determined the position of a number of writing
beams with respect to the sensor according to the invention
in a manner as will be explained in the following, the
position of the writing beams relative to the wafer is
known. A further measure for enhancement of accuracy at
measuring, includes that said blocking part is made as
small as possible and that it is included in the sensor on

a layer of low coefficient of thermal expansion such as
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Wth the system sensor and nethod according to the

invention a framework is provided for detecting the
wouocnaspatong of a beam t ool bl anker feature kneem/NL2606/000457

se, any tine delay thereof, as well as position,

current and spot size of alls of the beans produced by

said beamtool. These features can now, for all beans

gl8fsa ngSI Vz‘? Yo b fh b%(fjﬁréo% oodlhtll?ethgt g&t:?%acw g.l:.]{:gl]? d in

rel atively short peri
2CEQrGRnFe pil ghyshaatayenhione Fodl o\wtﬂsg the nkndeh agesition

of ang-iRagi |§@é.1ﬁg ﬁlraﬂzrlv‘éf foWdHd Ngeheam rmi’nb%. %referred
erent measuring nethods, with

SUur e
el iR 14, BT Lo ot R ok § v ybed b dBpay tianed
ovéhi s $B$g:ﬂ&e,t reslattft&i chel reky obett\hﬁe@r,gmdxnst Iant gf )

i nstruct "off" to the be nd t he

ef f ect tdﬁjgg%o?ﬂ S PSRN %%% %&?&acﬁw to
the |34nN@§fCﬁL@Pesaaf§ytmeefmharls aptongtiedd forwiletecaing the
fuﬁ@t‘f‘:‘?&h% aéﬁorad%@aﬁotfag?. W%%%E_ 'f‘&%ﬁi‘@nkht%wn er se,

enbedde pon i npingenent of a charg particle bea
any, Bﬁm§eﬁ§&ra¥s thﬁ'ﬂﬁe rtﬁ@ul“@rllorﬁ%oﬁ@éllfiépnel ernment and

spoheseod, off kilghtotbesua Sbéan@npir&aacéa tog}e s%ﬁra/%éa%ﬁ t;lool
IS received by | east by a

Thesd to%an_f%rcespt%"?’n Znow'Afft%"? r]%edaé‘i‘%r‘ﬁ# n%dm??%vely multi-
be@m)ntcpcml,l 62k beteeceddctwinhin sy stela el weky C%hont*’clﬂeperloczlj of
otnre [ the_in | cell r.ea
SR Phoh ARk, 1 minfte ofs, M) S T5kudrRER (G atne
fOJe]aFPV@tﬂ%zt i BEmenpeley. | @n@h@@ﬂﬁmﬂl@eecabnubit iangwr 1t1ng

beatﬁ“ﬁna?eb%r Memdd sie fii?féPéﬁgan@éEh% g , with
eatures such_as position and gni_t dde

an%wesm%%t cBF+R3t fo ngreu g99eo FefsBeStééfﬁtlﬁ’ol msd@w in
thiorrespdaolis nghd hie Thangatvdat tarc! ﬂ'lé@&&lﬂ& topl ik Petion

" I " t hat th ot f nor
o B HEE s Fo YR ePRrngoR T by e e o daiRagsl 2t
Waﬁ%r,amrbmsmaelrysoecdd{aved by sal d control neans. Thus,

for nmeasgyapRty °£1Pﬁ§gﬁ%%§fnogyggg{ng%%ﬂ%arE‘L In?et od in

beans such asel ectron eam ¢
which { BcIRPRSRE eff) RACArGHRT etredtbabdmtigrant anventlon is

emtsde | aghdeni irﬂ; SOANoM & hehbirbERI pBeRMANALOHER0 4 on

mar ks, 6 coveri n converter, in casu YAG screen, iS
sertn of med™ Pﬁét & n FeSAVHF 5 offement 1 thereof, a

light beam 5 is emitted by the converter 1, which is
received by a camera 2, i.e. at least by a photon receptor
2. After a predetermined time controlled by an electronic
system clock Cl, the photon receptor is, i.e. the
individual cells are read out in a conventional manner and
data is provided to a calculating unit Cu in the system.
The calculating unit determines offset from predetermined
values of beam features such as position and magnitude, and
provides correction values Cor to a control means CM for
controlling the charged particle beam tool to be
calibrated. This means that either or both of memory stored
data for generating a pattern and the beam tool isg
automatically adapted by said control means. Thus, for

measurement of properties of charged particle beams such as
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such scan is imaged fromsaid YAG screen on a canera,

preferably a CCD canera. Figures 2 , 3 and 4
wecehematd7eal |y depict enbodi ments in accor danceCwNiR006/000457

the present invention. Besides said beamcurrent, and

the X - and Y-position of aebeam a capability of

detecting the size of an individual charged particle

elgééln%ﬁ Mo Earfls fnaadnealtq' Fa%%h' Ige&aggx&%sreb's%tem, in

Converting neans are placed

a pﬁf@ﬁéﬁré@e;ﬁmwm 2. SR~ @aﬂ&e@ d@ﬂpﬁa sfAge a Sesinf evith

wrf@:gr@g beafnl Mo%k%ﬂgefr@af@g 60 @Sy fd StneXph@ter, in
referablg ultipately cl dsely positioned

cafior P8 E5racPorid terriemeds FhY RetEFE e AePH g from
sudct tdeanchis geithaprrd | Erembesamd vAGhesoBe&n 6 ctanabecanstra,

' Ry abI as here depicted positioned
pr%f @%%% %§ @é?%e converting nmeans 1 . However

sai d narRl@um@y &ill3in an@ordhncecmemhtﬁhelly depict
emﬂ)éﬁ'ﬁﬁgﬂ@ At %{6@5 L ¥Ehde bE,{ Opatgg at :an ntion.

| ocation, further away from said conv tlgg
Begies nsahfchesh §U§€S§Fat andariherXpl and trmérl@m of a

beé.rﬁ)f ah@e@aﬁlmat%z Jresdeddb i iy eéleérs@zémdlarfﬁnindiwhfdual
cree carcier when it is

so i nc¢luded on suc
B R PERALLALE SRR b R Gt Fio Ah oot L Tral pEy 1o tade
possilole ngCanvest ey mekshsatie amdustaosd obnt hept kit kpﬂe:s‘son-

re@pt e DGAMLB! ocki pg materi al, mgﬁ}ﬁ EE§ t'%ﬁlﬁga%%g%
ép ?h I'S exanpl e conposed P F li . 8. séet
fl@lﬂr@rﬁd @éﬁﬁgrsdpetro b@eﬁn £0 5@r§‘al mrem@diry nrr@m 6, is

St&EHSN, Celh8idare 8y ANGRILAS, @ 58RI HhedqUPLE 4
prcon uratlonlc%n?o?n1ng to é?ef%rredleﬁ%odlwghoqutsal

CO?YF%‘E%rB‘SﬁE@ Vi t Bt FiShaSPEL R nddways ebnddiey cehayged
pafthiaclmvmam on, BHEhmarkr aneaeamedl=s@ s andoli gde bByrably,

I Th h,_f k
= SeBPES ook g TBUI S LaheS NG IREELTT B Do, of tne
comWexnxmgw beamsi n1t héisensar , selie | mbétkr GlJmeer still in
ac&&f@éﬂéeeziqﬁtﬁ i fe! ?L}&%nft;%nk)' %Cl‘ﬁ'e%glakﬁé%%po 1<$éHEed at

um num | a thicknessw t

a Bﬂown tecatinny |fr‘\’é"ltlli¥§‘éd Peaviebron waik szcmvecﬁtdrrgedneans
1, p%f'_ﬁﬂl@té}ﬂc%?k:brﬂgaﬂ@é’}_@ér@ﬁeté@rﬁ%‘@%ﬁa@é‘dtfiﬁsparent for
conv rtelrrlc ch backgr%yn%rgk nt_ Iogékg Ia gr the YAG
screen 's also included on such carrier when it is
incorporated fixed on top of the sensor, thereby allowing a
desired wultimate reduction of the thickness of the beam
blocking material. The receptive means 2 is in this example
composed of a plurality, i.e. a set of grid cells 3 per
beam to be calibrated, in casu sixteen cells 3, arranged as
a frame of square configuration conforming to preferred
embodiment. Yet, in accordance with the basic principle as
conceived by the invention, such a frame can also be

embodied by a single cell 3.
Though for sake of clarity not depicted in e.g.
figure 2, in the pathway of an electron beam in the sensor,
the latter further comprises a thin layer for blocking

background light, e.g. an aluminum layer of a thickness
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qual ity of the sensor by preventing background |ight

frominterfering wwth the |ight generated by the
woaovastean, i.e. with a witing beam The beanpbiroakosmooss7

| ayer or mark 6 should according to the invention be

thi ck enough to sufficientlyy bl ock an i ncom ng char ged

particle beam while on the other hand should be thin

; 0 e ,defoc nd ed 6S3 ef fects.
ngﬂggggh%arf%gjel s?%cg% 5Se 031 d hergé\jlu%(?q? TSt o SBREE ©
or o fCha rogsly 3t I lisk éOerftkérn%I layer aOf hitdlen msgmweratcﬁ ythe
coﬂ&rébtért h%d&ﬂQBa@fcg?@uﬁﬂl QM bIBSkE'ﬁ‘?S a)é} tglghau]gces

odi nent. accordin gures 3 and

qu‘? C¥pati s %%Tb’%%t By B&ﬁffeneengarhfcémo% Liis , from

:Lnterfhze:l_ﬂgrﬁﬁzthOﬂhé Dightagahdbat8dfbySthe converter, i.e.
WIQgrQeE?LQuIarI to said direction 7 oriented knife
Subsequent kni fe edges E2 and E3 ,

each ori 8heed begater &l adikfifey entagdmar poanghard t e sasHould
ac@bt8Ehb0RoA% 1k lﬁ% e'n[ll_lbﬂpb\é' \ﬁlcﬁ’{y él@c%lé’ﬁe s n%s;9f?§ently

| east One such s one 1 on
bleghndnngnremisg uq:lia@ag%rpwe@scm neeapot wipbbé t bmnthghpsher

haﬂ@awfcﬂmaﬁbé S thipr eueRshgM t BEUtm S Gidd Cé@fobﬁgr GRE edge
eqU|r§% S ann| tinme, by including two sharp
ro% SSE2 CANECES ofi BREEd Qind&r PWRIFed eAE a heavy

me’a@@lepzﬁefeﬂ“&m sehser ermhgeltennt allAgkudinfgeaigBI K in a

enfSnBEE SR I0 JG I rePa T tia ey Fa-
di scl ose@hal vaykf ¢ gimetlee . embg@imamtaaccesﬂimgototﬁfgures
3 aﬁan PefforprdokaaPeEPanh Eﬂaéﬁlgiigc%'e?)grg‘éggr ?}:LrecdsgeGBl

% exe Iar mar k 6B depi ct
AN Rfpf e B0 ﬁlﬁ?‘&%r r@brté%%rfiﬂsr%f:@é@rec cof needering, a first

pef}_@emdfcﬂazaijf efo %ﬁm*&tréﬁtﬁrﬁpﬁ érlerﬁfé&r]@n:[@%é@ E1l,

h Ieft ed e EI i d e e ary , the
an%h%ton- %Eé t@ztﬁggguﬁﬁerQ§Cﬁﬂﬁﬁ%ﬁﬁted
undlei t hedelﬁlferenbeama.rp angaec etsharta inl rdmefedﬁlq@h H®HnNSaken

: d r t t.he ri
0 oP SRt oo et e Bt AEh s TR ePbe ey Sharp
angke t hendur kOBt déreptignwi | of merampingwat ¢ls relge ireght for

med Si:0i 16l I eghbON ﬂosﬂfﬁ&f—‘r e I RS Whidmdift Cofwerigt.oveg

t.hus, fewer, Photons wi
without significant increase in required scanning time, by

including two sharp edges E2 and E3, each oriented under a
different angle. A further sensor embodiment including a
mark 6C, and requiring more scanning time, however
providing a relatively superior signal quality is disclosed
along figure 6.

A potential result of the scan performed in
perpendicular direction over an edge of exemplary mark 6B
depicted in Figure 4 is drawn in Figure 5, which represents
a detected number of counts CI after a number of steps t.
Before reaching the left edge El of said exemplary mark 6,
the photon-receptive means 2 counts the number of photons
in the entire beam, i.e. a constant number of photons CI,
is detected per unit of time. When the right side of the
charged particle beam 4 hits the left edge E1 of the mark 6
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be detected by the photon-receptive neans 2 . By

conparing the expected step of reaching said |left edge
wa2007i0s7act ual position of the charged parti cPeTheameAooss?

in said first direction is in accordance with the

i nvention determ ned. Wil asgroving said charged

particle beam 4 further in said direction 7 , fewer

a e 0 d vent ual at ste

e oo R a oL Ee O ERE EHEEAE enE ETRRR Hr R, alkeBe1Sh 7,
fewaruélerr—'ﬁ@oaﬁamgéd mtcw@eb@m thits rfewesntpheions will

bebldeekedely Hyhe-war EhégonIP@cé grd pEahiae ZSC%’% comparing

correspondi ng to the steps vveentB and t
thipSXBrECESr SERE SFf7&<ACHERE BeAR 4G5¢ SUYF fArsthe actual

podntfcﬁ]hl (c1} 8 7theTh@h§I*§@dV\@%[xQ:1tdl% | BEAASI 4Y 41 @staltiheflrst
ai g gnbgt ween hﬁ‘? él {_Aﬁvgh at, an edge E% 4.
6N° as The TheARTPo ?’T’(f%n f ov&l?w‘@eré'ifg%“ e‘fﬁﬁ‘f‘me
Whike hewimgi lskigasthastydde protiitgle rbede #i rBtridierecin ogaid
dlZebig':L&?t 9“ e Iper di fgévg%a: el ?1 firgte detected.

di recijon to The orien on ot t his SecHh
Evergea By tEH-'e \ﬁrtlelPi n§Bbeadha viunberact sdiedectigd Eohatons

re@cldééf@rrﬁﬂﬁlxﬁ&tﬁpv&ﬁléiepﬁ@' él?.’a%éfdtﬁaP&?éié OPedfl 2 1£|enOW

irecti rpe |CU ar to_sal irst direction in the
enbt 558 o LoREeBErGhr the. Tk thielnEn 1G9 caf the Scan
coCoagpond g t bhe nhweelmrepsl odthedd risg dhaeeh a 7a ,measure

a ns r det ected t he phot
fOPDEget ?\q/ggorregns ?an"? llaesla&? &hé tj?fn 7. The
St%@s‘i"h@m hbasmngnemttynlﬁuattu frhe dn:rcmﬂte dmst:w&n rhusgh and

lo@nabled by $£308;00k{ e Si n@éﬁeﬁ'és%%ﬁ&nbeénpgééwi& A

gjesadvanta e of This detector and net

CEEt PEAT e B2y Rte EifoRATD! Wi aPRREt wlsllreeqmwercg in

thé of MEGSUAErddEiom i 11 Dg ﬂ@@%ﬁi@r@t%& | }tgérpeﬂ—@iéufa% r&?t said
ear, w

di . sadvant age_hqwev C di sapp
EHRR I PLEROR o cOuEPnE HooCRRETBESoic 28 (i | Bapond
edger E3uf thei enti tsigansbdam a«wewagé ateta cdD- midiegdge E2 at a
Eﬁ@lséﬁ dn s n e qarding_to
di t he mve%{dl% %d fgg gﬁé\%@? Wit h tgé ?O%Cicc&é)ﬁlabl Fi t?esthe
direchion | @@dfpeﬂ%ﬂé@@ﬁferﬁ@ne%axd niffirathudieecstioncahs  the

plé.ﬁe psf f ehgedef8o8S 0cat Lai Ragefesid %ﬁ%ﬂéﬁcycéﬂflnulng
determ ning the beam position W thjn the requi renent.

Ehey t“fﬁ"??é“eﬁ’rteséﬁt thpe bir¥et cHEHCHHON s Tnot "REEdednE harore

photmie &se detected by the photon-receptive means 2. In
the depicted embodiment a position measurement in multiple
directions is thus enabled by scanning in a single
direction. A possible disadvantage of this detector and
method may however be constituted by the amount of data
that is required to measure the writing beam properties.
This current disadvantage however is anticipated to
disappear with the evolution of computing technology.

SO as to allow for sufficient scans to average
out so-called measuring noise in a method and system
according to the invention, a fast camera with binning
capabilities is utilised. A predetermined minimum number of
scans is performed so as to attain a desired accuracy for

determining the beam position within the requirement. With
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no dead area, both a CCD and a CMOS caneras are

equal | yfeasi bl e. Actual application of either of the
woOwew7is2diased on accuracy of avail abl e caner a, POT/NL26DG/000457

capability and, very inportant, readout speed and

possi bl e franmes per second.19At using a knife edge scan

and an appropriate mark 6 , not only the position and

b .
o B SHEEL BL o BBBLE M 11, LepdheL e .
noj sk orlienc ebakchh aa gFef endedh eAOdi memerasByare equally

feggéﬁméngAexﬁaltagp'i@r:gt%nt %% %%%%&B'Bﬁwtﬁé 9{\% Y | ioEsed

be as in figure as in figure 7 at applyin
ong @RS &F 6 2Vapdamlen eC?rtm%@ an @lﬂ&pngofC%Paﬁmglrﬂmy and,

veb?t hikperefst | i oreadslit hessdbime 0d t RRscausel arrBRam per
care obt ai ned. The beam current is obtained fromthe
RRmum si gnal . A possible and currently preferred

mar k 6 i8ts h.cslmng" naf ikguirfee 6edg¥V tdrdrheakdi fear edgpropriate

ma?kaBS, nQJ l og—f p ?éif?@n iﬁat t?f Z%ur%%%tt CSE ra‘?n‘éingle
and t'i m ng unctroning blanker are in
Wra‘éééﬂdbﬁé@ Vit hiettm'mmﬁeiht i ke n&§f8<bethea§m0é§d %:szerm}mr two

orPr eReLd i esi fcdirdiavi dual sWr i 4dag-Peans. (8 PO ﬁﬂeferred

t according to an el aboration of the |nvent|o may
"%88%%’%” edvi @%P%&%n??i@%o&é‘l%‘i}a?]é fBe Heynneasurément

sipnailt ivallr ebat i ¥€ t:mtffagﬁh:anks ng onf @smathonf gfiek N at

her word he hea |t|o t hat, corresp
a0 g AR § o et Lo et oRF o pPBeareR, B (fes of &
signali npdsdantlis gosdtdomg amd yehef widmer wbr kelsait Gaussian

beéﬂl iUt th {183 F e8de pg:%%.lmc Ol%fifesrg% cement Qf, tdlhefpcfrﬁmche

and the relative tine |ng si gna
maxggpBceignatne A ReyFErl SeR erurmnalm tyefemned mark 6

1sS¥HAM angordbiget & t hRitAVeMd Ofni F&- éhskaﬁs all of
arged particle beamis turned on and

SPBF &t tHetns SRR n§LEBon SBPTel SRTFORT C @Elfiantkz’r‘?ﬂgr}g delay
andi ghahct Mdniosd | krfat blgnkesi ngte hbamadmddiiance with the

1§05 LB 918 28 SO AL S ol O TOELEE8L B8 pBYchEr
wrihgngopedmsli spl acenent in one

One property that according to an elaboration of
the invention may be measured in an advantageous way is the
beam position relative to the blanking information grid. In
other words, the real beam position that corresponds to a
blanking signal. Detected displacement of the writing beam
is according to yet further work out split up in the real
physical displacement of the beam and the relative time
delay of a blanking signal with respect to the internal
clock Cl1 in a 1lithography system according to the
invention, in which the charged particle beam is turned on
and off by a blanker means acting upon an electronic
(blanking) signal. At calibrating a single beam, both
contributions are corrected for.

The easiest way to calibrate said position and
timing error is to measure the total displacement in one

time. In accordance with a further aspect of the invention,
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time. In accordance with a further aspect of the

invention,the total of displacenent is neasured in a
weiogldrast ant . This is performed by bl anki ngrPCeL2006/000457

witing beam A witing beam4 is scanned over the

sensor S and switched on whaen it is at a

pre-determ ned | ay-out position. The beam4 is

théw’tEEQieLd o dfl% 1§.cg ngefl n%%ra%q{ %{j :LQ(I g.l 51n%%egeﬁ1f%%\r:ant

msasuremsnt requl re rons 1Is
Thpg @er Renfargesulay &Jealsltmg bher wrisivgt dostegr. @ . writing

be&hNgeikNstBhie@POrOACHH Of sé@?@éﬂ:’ré nQndV‘Qxlv.'rf:@ched on when it
advant ageous| y reduces n0|se the spot o ng

ishém & e mEseds Laysobbt é???e’otlb%ﬂ bl ZBRi r@ea}fhe‘l is
swbeaned wi hifert hg Qﬁﬁndmlndﬁ Oﬁlé%h.ﬁﬁ tbe heam 4 EI'he for

t he I pl t d
neBELDRAS: P 631 1 Splacerel Q00 Lhe Ll P LN L,
Penféasmmglg mulltepﬂeansdlans swietrc higlte oledied toff 6 or Sdnce in
thf%'l tdp?fcﬁcw 8% o ﬁj' TIRLERT RS %@% l&/ MY gyces
eparting ng, va

ar that fromthe prece rtous
noé%odrcﬂ?@nt@%t%i nat heiddage lodamhd @iy rehe Eewsori ¢h is

obﬂ@i(né@!rt r dertevel opad. K0&mexanplie i syel 'ﬁeam tool
whi ch schematically shows t

ovi y f| ure 6
Pr?@%¢%%$f s%ns&quwER%OPHXE&@%Nt%%%ﬂﬁ?cement and
the nwtemte odelajno\Mmgm@amxtéd plle@hzhﬁé:@fge@@@%M ﬁl@r Eenfﬁﬂther
ocki gre, denote 6 The 0
klgﬁ ok Egag ?Eg e|€%S? £hit&e gﬁgfg'gd (f(%gﬁ & 2
muhﬁ%mhﬂytﬁ@%rﬁmmmterdlaif@m@gite gm‘s11:2©rx$egr ees.
t h' S manﬁgr REFONGH NGt hgga@/e%&' OBEPH}Q asklﬂglq the

ropertie€s can be fitt an e se~sha
tl\i’@r’iﬁ%l @@befilmenaégr‘é@éh%uwcl%es&@@@ Pof the

cufﬂém ngnaeﬁeg@hamayrfaﬂtgher be td@v%l}@))édﬁcﬁ‘ﬂ{é NkdWyle of
Qr e eas rections, as
sulf P& PEATERRS DT ISR of AHOTHER oRCOP e RbCS HE PP the
tomomvéagesu:cﬁh ab| smksay EJhEE[EUblG.@nC& prigh deite Wihhention,
sh@sﬁﬂk?s Lar 91 l%chggdegéfes gr\fl\g&t.l]. sucgl, E Yt urblocklng

accordance wth~a concept undée the I NVenti on,
31?Wﬁﬁ%%aﬁcehéteadSﬂ@F@@té@ f6&@8éwim&mﬂgﬂﬁ1¢m¢wt$elmglude

at ﬂb@.@'f'&e%l@ﬂe@)’shaﬁp”@ dss epti '@253dc3 Nﬂﬁdﬂtlweévi’lented
osed, the_chance eam spot bei ng scanned over

Undef e PaftfIbe PﬁelﬁﬁrQegFﬁ§FebgqmQﬂ%ﬁn@%ﬁPQ4mﬁ?ﬁﬁﬁﬁﬁQ% to

thei gnakntisnm mhel sedsured spot properties can be fitted
with an ellipse shape. Alternatively angles of 60 degrees
could be used, forming a regular triangle. In this way
scanning may be performed in at least three directions as
is preferred. In a further elaboration of the invention
however, such blocking element 6C is provided with angles
larger than 90 degrees. With such a measure, in accordance
with a concept underlying the invention, the chance of a
projected focused beam entirely being intercepted by the
mark is optimised. Alternatively posed, the chance of a
beam spot being scanned over an edge part of the mark,
thereby disrupting the measured signal, is minimised.
Secondly, with an angle larger than 90 degrees, knife-edge

scans may still be performed in more than two directions,
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Secondly, with an angle |arger than 90 degrees,

kni f e-edge scans may still be perforned in nore than
woww7hidzaat i ons, enhanci ng the capability of dePemmML2006H00457

spot shape and size. The nost preferred mark is

conposed as a regul ar six aagul ar shape, conprising

two sets of such sharp edges d 7 C2, C3 . In this

b ; i ercnme t ar,

g et n ThevAattY he| S RF, LR, Foflape ana
Slé‘?ov%ﬁésmpﬁ‘é pPosEebirept oty d6l lasmpasss] gl 2 boedulkar six

anfBVaRJshask, apdmbeibiing! Bwd EWitihess %L?J}Pr@ié.%‘ Sigddecy
Czprg%grred sensor, a plurality of the preferre hexa

s i h&FdelaB theb%‘al?fé?:fe dhey sexdders oﬁ“e’é'g%%ned

h

fe;’egm$03h@ Ciaht@ggzt@éid (5] ttlillté \n@tmgt hhalléh?tmfo@fexa the
i . as ual |

ek BEDASE' LSRG SRSk, o

mo@ﬂ@@sbawkrmmdcﬁmﬂthxect|on |s |ncreased In a nmethod
f til sQ a
or utiligi ngﬁﬂ’EE?? %ig’go:%.tf%gr tﬁgmﬁ?éfg]rkéd sensor,

performed prefera and

a a?—wéé%%*éﬁsoél the mea@mﬁe% Seregam hapek aw nickaded on

thei seethes Bk b.O sa:ﬁsa@l FSrPRIEREN UM Ao L 0881 PhrSEdd. In
shar e marks,.on the surface

enff YR RIE oF FEORSE 1 ArBLEtY POt TAat | STEn Thagvel 1
asar ehpr ef quald yy ar béngemlaaaamdfemdrsi abyscamtingy a multlple,

ariicle ' rtl ul ar dlrec |on
N .
Inséaﬁﬁ§@°§e£@hmw#lk#ﬂmngnﬁwcb.aoknegbdﬂhlﬁgmﬁomxlemanmlng
is ed@%rhﬁb&ﬁéaeaﬁfé%egab'ltys RORIK | ognMi t g especiy t omlgb@lple

sensor. In _other words, correspondingly orlented e
AIRRCHPISr Bt bRr k23| @ £59é5aRHt hik, tHe | SrBeilng, each
digést deated. td D3 hbeim@NPeFpendLtaines beasnai bf baid h@harp

cafl 9BoLond OFLTe PR O MheT 2 L AES RSl e
semgerect hevme | .the | reavemr spathaly marlentatient he Hmf e are
o8 LIETEpLa el el Neng0 {0 PoUSLLedt 01 Bl e
PaBtif b hoRAm s dRd oRgr et tslage @rle%ﬁ@fore peregiicylay to
ondMd £ @é‘%&‘gé@ HOSEUnatNe Phk Usba RSt bOBMOFi SENSREounter
a Icgrrespongrllglgszjlg/heroer%.nenacré% beagg];too'lrIrZSgggElErea of its
position with respect to the sensor. In other words,
correspondingly oriented edges of different marks join to
each other, while being dislocated. In this manner a
scanned beam will in the neighbourhood of the position
where it was switched on, always encounter a knife edge
oriented in the same direction, i.e. in near vicinity
marks, i.e the knife edges thereof adjoin in the in the
parallel direction. Such scan D1, D2 or D3 of a beam 4 may
take place over a width on said target surface area of e.g.
about 2,5 pm. Otherwise posed, the mutual position of
sensor, i.e. the marks thereon and beam tool is such that
at scanning in one direction the chance of encountering a
knife edge is one. Favourably, the knife edges are measured

a number of times the largest expected spot width, e.g. are
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at scanning in one direction the chance of

encountering a knife edge is one. Favourably, the
wenid7@3sdges are nmeasured a nunber of tinmes theChALges1000457

expected spot width, e.g. areneasured by a factor

within the range of 1 to 63 nmes said width or

di aneter in case of an expected round spot shape. Wth

n 0 r.ks Witin atio

e Y P L3 C 5P ke o Tar PTG Bark riy bebThed said
widthl pgedlamhusrennam@naeg ctﬂwarcrmcpm:uﬁd smku‘tmdi yspot shape.
w1 BACQUBLBEENG A i CfPenUbLll kNG, I6aRY HeLANd? Bheio

scannlng a partic wever
ofhgr 134 aﬁﬂtﬂééugtm¢§k%céérdWﬁgtﬁﬁgtW@aﬂhvﬁﬁﬁlbm utilised,

thakt %hh@.ﬂch.ﬁgaftlﬁﬁt&ﬁ’é_ﬁ@éﬂ oﬂh@,wfelgfatér&cﬂi‘nt@ﬁﬂgafak knife
which ratio is a .

b ed,
edﬁﬁvaﬁfﬁ“&%a§§§£ %ﬁﬂHQ%ﬂgzﬂﬁﬁﬂgﬁteaﬁosFFﬁeﬁlBE a?peghrraed
pachhckasibgame detverwamed.arA teW@mcahlowledt bwdlEta result is
|.Ee-ed a
ac%@%%gngﬁ E?I %egg.glm'v%ntttq% pra%%%.q e X :LrH) %Iét sthere,

aving ypi ¢ spo
a J=Rtig %upﬂeb@aéﬂ@wzb@ammls napHmbl%@lrrwhthexamﬂJ@ is

a.bal 58¢ah02388u8M;nFiaike Ehe éﬁs@lﬁ@QnEBSQQEBESQﬁpqgnﬂeam
to thagyof f| ure 5, by bullets provi des an

capx &RFIE yb§et SRS en%n't:YEh?%l ofigth @dsta okeifeandge

ClogBr ﬂnlplttl[éi| ;ﬂnedgéntshamn@d@es?ﬂl?h?n@ndyresn;goou, frdting
ra 0 e |

begm?%enhtl g{ll 358?&8%5&%0 ai I %ot ng Greallri fpuid be

ardand. 28 noe, t:he he samtragnsotanipde redswd e a;omalsm .ve
mul tipli fowritin 1s ef._s
the neasitist Fequdhos Mefhy eoBitaSchiflo ool ity of
fl%Prﬂ1c5oséﬁbyka&ﬁﬂ§| B t PEOVAOesT éaseeﬁémﬁéaIMg Sst of
me@@u{*@tﬁé&@@ dachherorder1 HatkHend akhgh Hhan qucp e ed

as in the present, case, alternativel
Shmr%d%e%lHlu%II“Fydi:Bﬁ?Fh%us Sggn%lp:"lér%%% ned, edges CL,
angrasént neaswr |9ng1a&3rﬁnem1daaawt ﬁe‘dimeﬁh&xtmdegéw Nget of

L QS t nunber neasur.i ng _data
me%g&ig%%nggeée? ésllé'{c.:goenggh fregen&ffﬁecrfse?ﬁ ?Pra“feﬁsqlgmg a
mapeiveor med.tipd iwditly aeff momttimg i heaght ihadexifsied, rather
s16@! hefnd hape ey {4418l fyeﬁéﬁg% tyace b SpLfi 86@#& & to

be 00

{ he pur pose of derivin ove descri bed a
ut%ﬂa%%%t%ﬁ WEFESSCPRYt hihpget én téspdattar caspemerapeing

is opetEbrheédcend the drdavisntiwn e4-h8e $BAh in the order

of Hz as in the present case, alternatively denoted, where

a virtually continuous signal is attained, the present
measuring system departs from the underlying insight that a
limited number of measuring data, e.g. 6 readings per
second, may be sufficient if a fit is performed, as well as
from the insight that a fit, rather than a virtually actual
trace is sufficient for the purpose of deriving the above
described beam tool characteristics. In the latter respect,
e.g. the slope of fit trace 92 is an indication of the spot
size in the scanning direction. With the presently devised
sensor, detection of feature wvalues for a massive
multiplicity of writing beams to be calibrated will in most

cases be significantly faster than at repositioning the
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size in the scanning direction. Wth the presently

devi sed sensor, detection of feature values for a
worewins7oul tiplicity of witing beans to be catTrhLatsdoo4s7

will in nost cases be significantly faster than at

reposi tioning theknown, rebkatively fast photocell and

kni fe edge sensor, as known from m croscopy, from beam

bea I d t f e ed

o ERAabYObY ‘el PRoLSE o RER IR I oo as
kn‘PY”@mf§Ogl WHCHORG OB ayEHOW obmmu @@ kma@ma 28 s@oaﬁd figl | the

uséi MEhdredgtedyst %c_\mﬁ d heobeadn &Nt p@ima Mdti Ngrom 2
beam i s derived goes W t hout saying that various

SigpaLr Ehifes AhaATREre ARV nebtPBne&-Fay HeMeid sedelay
ll’lf@fm&ie:&bm,SI ﬂgséhaﬁ.pee@.@d Sﬁzallllsdtﬂm@VQB Fdi&ﬁﬁtﬂéﬂn and the
r It|t de of ections. Three
be%&qrcglg r%lﬁts Oj# :Jbs %Méi “considered a
r easonable aneﬁnwwhogtaﬁayngtgdltrmd:t inmrifars other shapes
th&G OB LabbYyE atnﬁ{t PRI S ﬁl dpL erdi N N € £9y Sipgg.%l sing
si ze and shape |nfac measuring 1s perfo
shayp stedgs ngscé*@é*r {Re SEPBOrMO¥Yt AR hdMrs€anniing. Aln a
muBt EPRAAY of alheRMBiichd SWrheded)q i iMithhd Lok s JRlRtine is

to_the sensaqr itioned at its_expected Iocatl on.
hOVPERT ¢ h HBFEERan GT 1t FECHEPPPAG o GHGIG t BT egiFEmAing

. ditecthen exfact etosiogiiak,lliyhe raftherpopirkcBelyr Ofie88tmining

i m rr of e er he .hea ol Is . .
%erlg\}%d)ée Zéeamahg f%lrl%er arlg)c;:%éf’dl nlg’l t rpatC% MRvERtieR *°
resiprug@d bl?f wisgepPpPhagdspotveast eated byenisoon t hetdensorthan

scadn 9y, OXEr sReppihgl'hat He%nplﬁk?gwbﬁcﬂeg?r En @h%&‘lr &8 is

schematical |y provides a top View of
re%%ﬂﬁ%l el Eh% FERFRF T L ARG AF nyte oeacna%cw@ eheFapion.
From the Saav et Ma | oliscHe &ﬂ@ﬁl\%@&éfﬁgmnwﬂmtféﬁafd% the

Xthetd aw ﬁ j; ake of  si |C|ty of draw ngq.gén

PR P PRtbe r Afbs SERE RSt BH7F 1 72 0he F0 (HaLRg error
Ofsttlhmgbitanleeiuced cidsetsb@‘ana senisorlsacden:dvag tAtbeam is
fui' et 'a.%orﬁ?i.nbncédjdﬁh p:irlﬂ&é&%{é(n of 8&%@?}% L) llkﬂ?lﬁn the

ose VI CI Nl t I oNn
SP%‘}/S‘FW%\%@&}GHTQ Ctro ‘%h% $W|m net Evene seasortihaly is

blbﬁcé@cgyeg mdri@d starting position, e.g. at the left

and top slde of the wafer
gure 8 schematlcally provides a top view of a

wafer as dincluded in a 1litho system according to the
invention. In this view various fields F have been omitted
from the drawing for sake of simplicity of drawing. The
drawing illustrates the possibility, due to the strongly
reduced costs of a sensor according to the invention, to
include a plurality of semnsors 11 in close vicinity of a
wafer position 10 within a litho system according to the
invention. E.g. one sensor may be located at a starting
position, e.g. at the left and top side of the wafer
position 10 as drawn in the example of figure 12.
Subsequent sensors are, in terms of number of fields F,
distributed at regular distances over a track 13 of a
particle beam projector 12 over a wafer position 10. The

track 13 is indicated only partly by a number of arrows.
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position 10 as drawn in the exanple of figure 12.
Subsequent sensors are, in terns of nunber of fields F
wo 207882d7but ed at regul ar di stances over a traekT/NR.2a6/000457
a particle beam projector 12 over a wafer position 10.
The track 13 is indicated oaly partly by a nunber of
arrows . The sensors are included in the litho system
I [ y f o 2s L9 nin se tra
Th& Q%IESH%& QII_” lﬁél?dé(@h% 1;_'-19 C %j&%@e crﬂ% 8 sh O:I,%ll’llty
of 1§ afﬁéerfnél%de@ oAe etoemenym5ser t&afiedl @i FEhgf keam tool.
InV\@B?L% ﬂﬂéﬁaﬂﬂ? E§§ﬁ1 YEOURe fsof.t‘selﬂfé ExkS 4 tr{c%ﬁfd%‘a bYfrer

beam t ool a shift ISI’TH Initia

eV‘TJB\él Pi BH, Gherielgs tEr'1e°¢ eft ebprsi déter tohe dredli rgroup of
Fighdd ert g.%f \flﬁfﬁté@ Bei ﬁEerlbb@.ﬂldQQxflr Onétlbﬁéﬁgsﬁgmma% to
to.t ifferent,types of neas abl e
eng 0AbAR G BESTHih TBels e Eheaasrar fon Ride of the
drawizept ivdm le tthe washear kied Heliatg ﬁmlaanﬂerde ftroneaker epehem.
of a wifing-.b SIS ' oned
a YAG arAe%\ % ?ﬁéﬂ %Retgg%?or a?#%\%tﬁfaﬁg%ﬁhﬁ e@ﬁ‘noled by
the e H#AHPIeasdr eperformrd cdir ent m@hm@aﬁmdmg to the

inRnl b | Vi ©f 1 SeASHE BRRNtShat NEdPEc@F A8kt OfedSiddhdre of a
erforrred a %lof t hese the average current iIs

wr ? PEHES SBhkbrPe et HE Hyred PRV v G drea

of t hhs ﬁmtehﬁodort&ld nwl€ssat hﬁﬁ#ﬂml%ém bcx’cl‘i | md 888Cement
e The _cur rent atjon.from peamtao beamis

end Bl o, iR S PRI PER B Sty i

thQ i pedeor ofucho €20 r dat peedsumede#nd wof hthegd, the average

cuf:}’éﬂ@a%y aﬁég&lg@?] eg’%‘éﬁVeEhéy% %@'olry é{\t%&mcﬁﬂé E® % he

Thus, a nunbe

lnwrén’éhﬁ CEp T oioRRY, 1By Jiesal Ityh%ltlhl gegopdnder all
13@6®Ubdaﬂqg 15w | burbi@eﬁﬁrfv%{rﬁ%.%lcﬁi;dfﬁ_émt hRse Ltlf@dbeam is

average. current. w erm ne is_can be done
?%Wg%d ﬁa‘ﬁm EE%céﬁEaf 8?‘u§| ISpeTRE e - TR rgBHred time
fo::vasuehu onrfeam hesmtremkaan iveitd s dat eltmpﬁ.ed.lﬁ.yoms 160
%t\f% B@gé?cgfl%h%u r n£.5 a.&?“re"EBB e l?ea 1l be

em of Th

“Stool Sys ernhes i dtagé curren
fildgd d e, |savm1thbﬁJSpe@ff|m%ﬁ$mwem¢lﬁt$10tls ei pémeformed,

typ a8 tiyngaial 4 heasour 6eoahe clftarhgaedwsml |b ng!@ifcsimed

asurenent has been Teached, or i's
an%e i BRESSt S \RTHATRt SV ¢l W#lﬁ-héoecﬁqt@mm%@d This

carexbectednéo I ayegenstidit 1 second for all beams. The

current variation from beam to beam is also determined from

the data. Based on the current measurement the beam tool
system determines if the average current of the valid beams
is within specification. If not, either the settings of the
source are changed until a wvalid measurement has been
reached, or when that is not possible, the system
determines if the current is expected to stay constant
during the forthcoming exposure or if a source replacement
is required. Pulse duration variation is measured by
performing a timed switching current measurement with pre-
determined on/off ratios of a projected beam.

Ag already indicated in the above, with respect

to beam pogition, DC (direct current) phase noise and point
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during the forthcom ng exposure or if a source

replacenent is required. Pulse duration variation is
worasnmssdoby performng a tinmed switching curraT/NL2006/000457

measurenent with predeterm ned on/off ratios of a

proj ected beam As al ready2bndi cated in the above,

W th respect to beam position, DC (direct current)

spPQé‘éefﬁHb’éfoﬁmgf PRinat nee%g.lflg/n ¥k 19 IREOENG A Yepot

Gaussi an distribute intéensity, including rise
ingpesiars LRARUIing dchtS@r néﬁﬁivéaﬂéas'eiléﬁentféﬂqwa%bt%@tlve

medevedRpets Vb ed Wbkénl ndbb@léﬁé!iow ik dlv\fg,_qllsse_]_qi the
foigrrevvnat fu ther in_detail: one wW.t

TP 1SSR TRt ftlﬁaﬂ”ﬁ’éﬁn}r%n‘g’ Jylonone with

théi beami nebntyndmuslfyt hnt handeanecatithnwdwes lbezmmn, o ehly on
eiREAMiRasLLLoR afd ihepol gl RPread funGidan LESPLQl pean

USSIan di |on|n one |reC|o
podttEpmi el Wheh tmlmt netpiseat, furctiemnetP$BF, of the

Gahé‘@ia%j | g9stisBueiohalih tdie @fﬂe%@foﬁ hibh gL sgapoefined.

- beam positjion is neasured, 1ncludlin g ase nol se.
'lﬁ

Wl?%r thie TWORY nE68E ., mEA%Ur EFRRRSR ﬁS@ppeHn%l &Ry | &dses or
faper framedantit thde sbﬁ.ajﬂ Ofn THEa oSt icObelin t BBsition is

knife-ed hr to_the deflector voltage, a
MeRARUET e q-bcrll{(i?élgoz)% & "6tSEhange with respect to
its nomed pddd i omontingdeter m nedsukbmehe exact stepped

dePP éﬁicﬁ{] ijé %Q?fggﬂgd' %71[11.91\’\’14%0\’% é%tgnre%‘?l%m té%.tbl%% of

osition, the exact eam posi t1on can
th%leﬂ@rlﬁﬁﬁné geOYéliﬂ%a§@ﬁ§ﬁ§ﬁt e atber eppbbegiiert Noltage, a

mea%@rebﬁd tPRABSAR poBepabhi Q@lafn"g%mﬁltgﬁu§§!s§8c9e%@ its
ﬁ us represents the inte

r of the trage t ral o
‘E%%js POREEOR. TR SSTSTIEEE 0 ¥ tt]ilﬁeeﬁéggur%rﬁlon of
the esdigle W h reowc URHbahi mﬁauws@@ctl:r@m tdree f whired stage
t m ned. case it |s erm.ne
po% Eaiértl’hegggote%agecno a88812§°3 (Saa[ﬂ‘,sjo %eé:mm
MeJPWLATRIE orferadene m@lrenswnihat i bheof inhegspbedshagami sspot.

Depef{ DidTe %I‘O;Flhe sq_rgg.{]t bégﬁlm Sofdfel hgf%eam&ggé thus

ot hers fitted reviously nmeasured spot
TERTIRAR-D the Jé'ltetgd”eaji G T Eae gl aherErde {e used

toPEQYI @88 afedduresierat l:@é}smt thethepe ARV e USS@skian .
Fr&SELOVEYE DRARMIRPNL 808 Ul AN LRIt on o Ly i
determined that the spot is not shaped as a Gauss, a more
accurate one-time determination of the spot shape is
performed. The measurement results are then amongst others
fitted with the previously measured spot shape.

Figure 9, i.e. the left hand side graph therein,
provides an illustration of the here above discussed
continuous measurement and Gaussian distribution of
intensity A/m of a spot, alternatively denoted spot shape,
as created by a beam 4 on a sensor S according to the
invention, or on another target such as a wafer. The right
hand side graph provides CCD signal read outs Sccd against
deflection of a beam, measured in applied deflection
voltages VA in the writing beam tool for two writing beams

Bm and Bn. Each measurement as reflected on the right side
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intensity A/ mof a spot, alternatively denoted spot

shape, as created by a beam 4 on a sensor S according
woaod7a2d7mvent i on, or on anot her target such aBC&NL2006/000457

waf er. The right hand side graph provides CCD signal

read outs Seed agai nst defl2ecti on of a beam neasured

in applied deflection voltages Vd in the witing beam

i d Each asure n
coagg%%{)ﬂqect tﬁle Fi E{ 51 dé%%rrgglﬁ%ﬁds o S&T g Erom
infiAEEYt ke @amtallm elg?ﬂem‘edomaﬂmel refpati t ywlnn:la J:eprasants

th@opBél@ﬂoﬁr@fS@@é kﬂ‘féréég?@ref Nty the ?EIQ& }hgn gén LLhat
h% kni fe ed%ﬁ. It can e seen that ?
Ehen tERESY Aght d@&hfgﬁ%demm%rﬁs #ered5 (aFwivRd £rom

thaeammmﬁerd:at datther Q[hlé,refl@lpf e&% tr%séﬁttsnt gdr alﬁgegrated
the r esent exa &%5 Q0 writing beans

GafB¥? P 1n; k" B et, Al o %tY’b 80t G iddigr ey in
th@h@%lt@@h ofthe biafléstiet atnd@0 for \d&lﬂe&*ntllm&ng the

pog.{‘ti&l edge,i ﬁealna(j‘.%d e ngﬁahgnor 'w@llﬂ.epq—iet haD £d N edge

hi s manner IS ensure éam Wit h
is dpéaFﬁéeﬁEma d?owlmmwmnno&@mm énom thener it

isr @r@ﬂ@:@d kﬂhi@ edgBeam FOfwiset t bNYaidier SRS Z%fOfIPéleum
er

ar iu%(%na it is depaqrt ed froma mninmum nunb
Dot i rEPITS 1§ ?|W§l%v‘i‘%1fus]§n%fcﬁ°v%@9@rheF%lﬁn%m¥tln9
thef dtere seededf oa MeeasueaRRhtof ieacts pddpariced from a
M e Y e read out sp h sets
mlgﬁn@ﬁ f or eaeg:h éEn éﬂ%n%%n r%{%%]f;eqi gf?rfes\g%ﬁ%éﬁg 13, %%uss
cunye al Tegnamovatt of hbllpeecmciaagi Bod asaaupeméatrexf each

oifet hps Qdcdmpsidd hd
POTT st r at ed. Wthri%tl e TS U Tt net%éedd‘t yhich sets

the, fnlies 61T R $1p@ilesiSsgie scan is reduced
signifi qmlmg/dmt@xgte:j@ i) armtiu S é@smcaltlﬁéﬁ%éhﬂi@é &5 the
so-cal l'ed tine princi ple w
p r%?%%lrna% i vaem%' Pt 3 eﬁf'ﬁ%?b’ﬁegf tﬂ?ﬁfif @ge&t‘f@%%e a timed
meFsamet "ion "1 josithiatrecal Wi tdtoupl eimid respestément method
thé!\"'I hiupgeheargy B I‘)glélgg p%r pogll.Ifl gnl n%eCf o ay er L% cea

beam "ON' i s achfe usi ng ay pér
Sl%rﬁafrﬂﬁnt%l ciigwraavaP| am etmx%nrﬁﬁeeptewldw@temt@surtﬂus
so -l WY Chedfedr Ophded wWehBhbn RAPHeM P er?%lyrﬁlve

t he tool, in particulfar fromthe control uni
e egg?arg B s Ofi nB dBRAYSi sefiger i gife Bher chr@srgdd “on”

position of a couple of respective writing beams Bl to B3.
A “positioning” of a writing beam “ON” is achieved by using
a time delay per channel, which ig available from the
previous exposure and which is provided within the system,
preferably by the beam tool, in particular from the control
unit thereof. This time delay is in figure 11 represented
by the double-sided arrows 14, while the blocks show the
period of time where a beam is set to “on” mode. The latter
is performed by the blanking system of the beam tool, and
implies the presence of a beam spot on the sensor. For a
writing beam measurement it may be assumed that the beam is
not shifted drastically (less than 10 nm with respect to
previous measurement), so a time delay per channel for the

previous exposure can be used. The measurement result thus
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by the doubl e-sided arrows 14, while the bl ocks show

the period of tinme where a beamis set to "on" nobde.
woher7ioard7er i s performed by the bl anki ng syst eRrCOMNLREDS/000457

beam tool, and inplies the presence of a beam spot on

the sensor. For a witing beam neasurenent it may be

assuned that the beamis not shifted drastically (Iess

.t 1 h ecl.to previ t SO_.
lsaqﬁgﬁegggggghéer cﬁﬁhné f&%‘thquiecgﬁi §Q§%§%rﬁc%3ﬂln9
wrhbinge@eathBneabtis enespecestiot thrispsevheupositasonement,
duéht&t DBl phake~ bBh §és9£léﬂecﬁ£ﬂ ai ”ﬂl%' Eg@gpgﬁa@aﬁéumd

respect to t previ ous nea ur enent
Wlﬁlﬂagﬁlseaﬁﬁb@é. f—%?au@ﬁ%nelée BS® PHeIPSE HEWSurEd RPrRorm

th%ﬁl SméRs hestné e lédﬂsd bb@a&hser?@{ ié’é{é'ﬁf_tlﬂmﬁde tTaalaarfﬁéﬂhts

[ o) n a eas ive da

2 e Ao 4 the L TPt SCRURs e TRy The

widhke mfdtheobeameoheaeq@anseqﬂensechstsathithahlytc@méys a

si% stﬁnﬁfé'8§§8 k@hée face ﬁ 89|§ﬁ moénthg ition
amon positron is o eT T at a stem

is opbﬁyla@jdugmtﬂp@lt Hien n@zm @@ta e@tys@;ﬂmv@m eh;e adsmﬂlng the

megﬁoaéfbgcgigﬁe@bigh#@e same invention is in an
alternative descriptjon defined along the foll ow ng

li nes. ﬁPFEstF%pE]E? Precarding that egmenafvepeion is in
ani na{Bﬂérm]tieé at@@sdmp&fwﬂsmef&@fed:aladlbh@tl Bget h!?ollow:_ng

t d_validit it f h
118281 | 5o SHaRnE SHPER s SSpEEP DY cAch 9 nepet g Lnvention
reh@pasatmg & lseawotrooforongal Sesatinset tfe cpasdgeédons and
el
v ot oSSl o SRGHRRIS SRRt ki wicn
regeeett ogol s SBCHvi @EHS-t h Saidet eitﬁpaé?ﬁfalfea @onpeeam ngtool

coﬂpfigaaé edy ngeheropf Hdrdeee! bartSand |dé1‘&é@£bf§m@1%1%§ a
rid I 1s equals,at |east four. The c ar%ed partlcle

kn @?eéi e PPt HHOP atidbheBCeR3t@adly obfeh
changedlpglbichemdeteﬁgobeﬁﬂWpSodfdednwDEH dydebection area

7 ée?llé “%tl%mﬁé‘cﬁh%ﬁﬁo%@ a&forgp ihe MR Qi kea

Said

m ni n Wth'fe pr e-
nugeeBr rﬂfnegl”@ét eflls oparailes ab ﬂ@m@asﬁwzd byfh& charged

paﬂi&wgdge@erté@gsa&e fitllblafl t he (dehRigned Val USShOf | The

the set , i.e. each valde of each respective property,
vab it of naawﬁﬂééélﬂer]?ﬁ%dlﬁarfb%temlned by ‘the control

unit of the system according to the invention by
determining whether, with respect to a pre-determined set
of properties to be measured by a writing beam sensor, all
of the determined values of the set, i1.e. each value of
each respective property, fall within a predetermlned range
defined for each respective property.

The apparatus furthermore comprising a
calculation unit: to determine the difference between the
design positions of said plurality of charged particle
beams and positions of said plurality of charged particle
beams detected by said set of charged particle detectors
using said known relative position between said set of
charged particle detectors, and to calculate correction

values to correct for said determined difference. The
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defined for each respective property. The apparatus
furthernore conprising a calculation unit: to

wdebt@roazate t he difference between the design pBEeTINLOGS/000457
of said plurality of charged particle beans and
positions of said pluralitgsof charged particle beans
detected by said set of charged particle detectors

apgﬁiﬂé}guéahg KRQWN o, lp%téd’ ef@PSEQQ?Eapf{:fQB%rf s@i d; 581 Ohual

arged particle ctors,
1m%ﬂi?ré’éFF6ﬁnvé?lfue% eéngder earf.orbased st é?afﬁ%c&tlons of

sadif feirncmc{dieapparat uains &heo adaRt eghborapparatus is
i ttern of_a, single

aptation_of an_indiyvi dual
2083680 i aton T DEr M Tt SrEndE ) i} ol e  same
mavhért heAkanecytdee ayfparcaieus f_ndladaatiEdaﬁapadaEanRl tlnay be
- it nce control .in t nner
lm%%%éé%#éahgﬁﬁ% i ¢4 ed%ﬁ?ara 2£§%?lﬁg ‘nmpl enent ed
in the s%m:edappanmgs cbruestneu mSang pdsithenapparatus,
algerfhsgt beﬁl freags 20f M}%m@ar&# uéle@éf@sif@é’l&oﬁgfié@térs

[ ura el ect ostatlc deflectors . Said c
saaar tqfa@ediet BRLELChBYy SRFRFFRE: rr@éfnvépmpﬁQSﬁean@owertmg

me&REVebt corfefirectedqeharged RaEige® pareicleash M€ least

hot.o hot on-_ rece neans Ioca ed behin
ong oI §9Hig e d o MREaE pADHARES! oPaBLR said
cozsmxjtmg | Basts oaéopgottme crpat el bypashwdy ctoveidtiar) said
Y} a_pl ate
© ora opt A RS AR T B3R A0 RS
converS|%%l@ndc@@V§rtLU@re@@éﬂﬁ phayve reoynrooEs | se aplate

prdNI&Ed YShyakn The ph@h@?es&@ﬁépt 'l\é%ré?cean’éo”a)beq&'% S€said
a limted nynber ptical system may

COREEIR/EIR | BREd S@ét@/veggugﬁ“?%c%%vy-taflﬁg BRANSORRY1SR| & YAG
crpdiod bn- Tmephb'denﬁﬁaﬁéptﬁd@hmééhbcﬁlb.ys)tﬁin@ﬁlé‘e a l:Lm:Lted

nged to .direct otons created at a.certa
nu££%§t$gn ﬁdsﬁéii t?% hngY F%ﬁﬂr&?ﬁabe b84Lkionea
betwrers seridi nQOHUeatnng'|meswsdenhbtsanécephotenﬂEGQSptlve

medie, ogéfdcﬁ?l o?ﬁ. eﬁln Ebogwsﬂgﬁa nﬁgn'éﬁ(ié@t the

OtIC Syst e is attached to sa
Ph%?ﬁ%r FFﬁ@tﬁ@aﬁst Fh @egéaanc he el Qsar byms@?sldoegmv%tmg

medids | EddRiddscukar c@f@é‘gp&‘i’diﬁg en LGP ikeaght 80l photon-
reﬁ:eFQtHg\!éqe grbr%qs beaH1e opt:.lcsalmsryestlert]n pnfasrtlllglu'a%r eambod:l_ment a
magnifying optical system. The said mark is attached to
said converting means. The said charged particles beam tool
is in particular embodied as en electron beam tool. The
electron beam tool i1s more in particular a lithography
system.

Apart from the concepts and all pertaining
details as described in the preceding the invention also
relates to all features as defined in the following set of
claims as well as to all details as may be directly and
unambiguously be derived by one skilled in the art from the
above mentioned figures, related to the invention. In the
following set of claims, rather than fixating the meaning
of a preceding term, any reference numbers corresponding to

structures in the figures are for reason of support at



system Apart fromthe concepts and all pertaining

details as described in the preceding the invention
wahew/wzd7ates to all features as defined in theCT/NL2006/000457

following set of clains as well as to all details as

may be directly and unanbi gueously be derived by one

skilled in the art fromthe above nentioned figures,

e 0 in ' [t fol | ow f .
red L cent D dim nAREH R Y hho e la® meaning
of psat@dbrereding tanmref erence numbers corresponding to

structures in the figures are for reason of support
atreading the claim included solely as an exenpl ary
nmeani ng of said preceding termCL Al MS1. A

nmet hod of neasuring properties of a massive anount of
charged particle beans of a charged particle beam
system in particular a direct wite |ithography
system in which - the charged particle beans are
converted into |light beans by using a converter

el ement, using an array of |light sensitive detectors
such as di odes, CCD or CMOS devices, located in |ine
with said converter elenment, for detecting said |ight
beans, - electronically reading out resulting signals
fromsaid detectors after exposure thereof by said

i ght beans, utilising said signals for determ ning
val ues for one or nore beam properties, thereby using
an automated el ectronic cal culator, and -

el ectronically adapting the charged particle system so
as to correct for out of specification range val ues
for all or a nunber of said charged particle beans,
each for one or nore properties, based on said
cal cul ated property values . 2 . Method according to
claim1 , wherein determ nation of beam properties is
performed on the basis of signals resulting froma
converted charged particle beam (4) , thereby using a
bl ocki ng el enent, included at a known position
relative to the converter
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3 . Method according to the preceding claim wherein

the properties are determ ned on the basis of a set of
wei2graiss7obt ai ned whil e shifting the bl ocki ng eCEMER006/000457

and the charged particle beamrelative to each anot her

by a known shift, between gach signal point in said

set. 4 . Method according to the preceding claim in

whi ch the charged partég!i g!ggbgng el enent (6) is

appliedintegrated wt i rter elenment, |ocated

in close proximty of the top of said converter

el ement, in particular on top thereof . 5 . Method

according to any one of the preceding clains, wherein

adaptation of the systemis perforned by at |east one

of electronically nodifying electronic data, in

particular control data, for a pattern to be imged by

sai d charged particle beamsystem - nodifying line

w dth, and gl eethodi & meastidinengrperties tdfHdne massive

Lfypn ans of_.sai eam syste A

B30 | FonCatToRE S ol es SR hat: o o R et 1nd Mean
syglaemi cith apabyi¢utanduciigeet twnkteel dyhographpt sipettem, in
whaggording to the preceding claim in which the system

I's adapted solely by nodifying said electronic data. 7
= . Met hodtBecofndasd oPakyiche JPe¥Re HcefPRYSEF§Fnsinto

1idie ibe&hs tbg @@ﬁ{%%l Zeoriferstird cQkadegd particle beans
is smaller,than the resol_uti.on of the conve

[ t
ol enent . SELNT BPNGETAY, OFd MR TP Hr B iR % Ty Such
asi diolieeh P iort eI ydeofieed | ghbchead e Udtine seidcH osaid
. Nj A I . '
coffGLELLY LN DOAMDIARAIL 0L iep ddba A sl ihs,
- kni f e- edgéettronbenlhy corddiieg | ont wresubhing | sygmals from

sal8t §O8LLYoFOT 2 fELH Wb Al R fIF 315 RRL S12GhitN bRBAs,
direction, /10. Method_according_to the

i iptilisi d 1s°f det Erecgglng 1 £

claim iHtilising said signals for determining values for
one or more beam properties, thereby using an automated
electronic calculator, and
- electronically adapting the charged particle
system so as to correct for out of specification range
values for all or a number of said charged particle beams,
each for one or more properties, based on said calculated
property wvalues.

2. Method according to c¢laim 1, wherein
determination of beam properties is performed on the basis
of signals resulting from a converted charged particle beam
(4), thereby using a blocking element, included at a known
position relative to the converter.

3. Method according to the preceding claim,
wherein the properties are determined on the basis of a set
of signals obtained while shifting the blocking element and
the charged particle beam relative to each another by a
known shift, between each signal point in said set.

4. Method according to the preceding claim, in

which the charged particle blocking element (6) is applied
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whi ch val ues for spot size in at |least two, in

particular three directions, is used for deriving a
wepoet7/stape. 11. Method according to any one oPCTMN2006/000457

precedi ng cl ains, wherein determ nati on of beam

properties is performed onzthe basis of a plurality of

signals resulting froma stepping proceed of a charged :
: b ec a ti
o T YR o DY PEARREE) et " 1R r B g o Fose
pranjmbee opft h&hsr e@@m n®icl dAamsl | comnexten b@hameﬂlst in

pa®Wh &Ghed @ﬁft@‘?du@éy_aéggl ng such scan, in particular at
predefined instances in time. 13 . Method according t

any one of PREDGFeEEHATEIaGi iR, aWherBrn of siie cHFﬁ@edlﬂg
clanhé, ahdrédn”adsptacienest athy gebeyrdi dupéPformed by at
leg]#{:t%lql e scans in one direction, relative to the
ar |ng poi nt of the scan. 14 . Method according to
- any one eletheopiezkly ngmobafpingwherleiatyomise data, in
r n .
P e oo R s O P o Ep ngo " IR BTy saia
chaggdf dPEt i dlakeyneSitathe precedi ng cI ai ns, wherein

- the |Ighﬁloa_€gﬂﬁ§8yiﬁé neid#wmasgpi ngement of a charged
partlclegeamons conv rter .is optically nodified

" for recePpEChYCRLFH Y gHPELMRTCiNTe YetRAFIGron nmodifying
mepastbﬂﬂ&HuﬁybGEmnSyetea | efitar SSELAYINGr &hieN position of
c S sulting |ight bea
onfontt e £ kit BRabIR" B, DOty rPRRCL A by
lnth@@uﬁbn@v@rt-‘apﬁ bﬁelﬁaen said resulting beans occurs .
16 Met hgd NEENd@'EkééE&§H 098‘%héhgr9528§ﬁg %lalm, in

ai ms, wherein a nunbe beam rties
Whi':%#’ ngtBe bR Rt ecior a@@ﬁ’ﬁteldsl ﬁ@lﬁlﬁeai‘%fbl perifying said
eleterenic aaepnverter el enment an el ectronicall y

dabl e, phot tor el t
el 151 . alFOPEEY FECRBS R bl 4B BPBcior B aRFaRading

claiheamibl odkich ahel aprad esieeniaf cabddl aiham;gelml paltlcle

beér&‘) s S%lm%.l@. ;‘iliﬁs @lllel el_aec'éo%wz{éfgi
beam posi ti on I'm ng dela a possl EI an
elemsiee acting upon said parti cI e beam beam spot SI ze

beam cur g entveahdabd! kbR R} €8BNthe preceding claim, in

which the intensity of a 1light beam is utilised for

verter

determining a beam property value.

9. Method according to the preceding claim, in
which a knife-edge is used in combination with said light
intensity for deriving a wvalue for a spot size in one
direction.

10. Method according to the preceding claim, in
which values for spot size in at least two, in particular
three directions, is used for deriving a spot shape.

11. Method according to any one of the preceding
claims, wherein determination of ©beam properties 1is
performed on the basis of a plurality of signals resulting
from a stepping proceed of a charged particle beam being
scanned in one direction at a time over said blocking
element.
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functioning. 17. A nmethod according to any one of the

precedi ng clainms, wherein the charged particle beam
weysi/asre7at | east the beam generating part thePeDNL2606/000457

provided with an optical sensor, and wherein the

detector for detecting beamzproperties, in particular

t he pattern of bl ocking el enents thereon is utiIised

ol at i veido SRtPrac soraanirs” oyt i age FOF PESceding
clhomndi ngnawharpet heemces aswil umsd |csﬁﬁ1m doxdetiering. such
scifl, - iﬁ g%%@ﬁ&lufir ”§E‘r5]![§ (’Ifgfﬁﬁé’@e{ﬁ% /e

anoun % eans O artlcle
beam systém Mg hﬁalr BNy R sty v@met eo Fh@gpﬁsﬁ9dlng

cl&iﬁb?WWhéQelnAas@WiQEhQHEOdeQ"fthpebﬁmrﬂbnﬁnbgémentally
iin_accordance with _any one of

ri.ng. net ho
ae R R NG LEP oot LO38. SRaBaNE, Ohbr GaBbebitRg BRASIve to
th&ostaarhimgcpeimstmtst]@é mor nore particle beans

such as ay gr%Qnﬁ such
beam i ns%gctl on Iflglol ar a erl se3’ ? Hﬂ‘e ens%filng
claémpy i selseretonvenlse f@;rammrertwarxgtaé;lp@rt il edptammined

ushﬂboaaméégﬁfe@gﬁﬂ]wﬁéhmﬁfédégbfhfﬂgﬁ(%Eéﬁﬂﬁﬂydff tlmlng
arfanged for receiving a |1ght beamemtted béﬁsal

convert etSup¥FthRE FGTFBN% FRardt| @ el thfgPreceding
claiapsf amtr@gnl | e trtgntswedmr Q@‘éﬁdﬂﬁﬁ.ﬂg gfht:orbeaﬁiph.ﬁgément
ogan el ectr t% benab % %d out of said s % 11

F Porf b i By P ERBc PP AL L G ET e o OB LoALLy
mogefised aocromhcnangto bﬁespnécé_djgmry, cengmtiverhdeteator, in

pa?%ﬁ‘gh?};@c'f: %EB; 'atS Pér?é“ g %91 thr?)t%uriﬁcﬁagglcular

sal conve sensor
Suﬁheéfé@itngs%Jr%l wesuhsiast élrntgéféd b?ﬁmﬁaﬁrﬁoﬂieﬁc hapart from

onBeafbehed, Separ agecblpekirngaeLarBRNENEE RHO¥HRdap] Between
rti cu#th%%&cgl uded at a known relative position. .

stRsY TFRY ©o°8F3Ai m 20, 21 or 22, in which the
bI ocki nglel erefhods gyctdied Wd hardy shes po-_edgneapreceding

clgg%snK%ﬁé%%EHCU|arl¥bég Qﬂ? %%%E998r8£e£@fe§o%¥$rEgglved
using a beam detector comprising a beam blocking element, a
converter element an electronically vreadable photon
receptor element, an actuator for realising a relative
movement of an electron beam and a beam blocker, and an
electronic calculating unit (Cu), said properties at least
including one or more of beam position, timing delay of a
possible blanker device acting upon said particle beam,
beam spot size, beam current and Dblanking element
functioning.

17. A method according to any one of the
preceding claims, wherein the charged particle beam system,
at least the beam generating part thereof is provided with
an optical sensor, and wherein the detector for detecting
beam properties, in particular the pattern of blocking
elements thereon is utilised for optically detecting the
position of said system relative to an independently

moveable stage for holding a target surface and comprising
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means . 24 . A sensor according to any one of the

preceding clainms 20 - 23, wherein the bl ocking el enent
woo0@roewivded wi th a nunber of sharp edges . 25PCHNL2006/000457

sensor according to any one of the preceding claim20

- 24, in which the bl ocki ng3el ement is conposed of a

heavy material, preferably tungsten, preferably of a

sabBi gg@gé,g:o]yvlthl n arange from50 to 500 nm in
particular thick enough to sufficiently block an
i nconi ngl@haf ettt t PE | Bepsuhinanprepe et diBra hmagsive

ambBhespughatfedn pHFE 7€l seboshs SNy edee-gQy £¥§§cle beam
o {:fects 26. A ensor da%:cordép%to an¥]§one 0
YBFeRedh P G &8 dHdhogranhy ﬁ*éﬂsifr&%

a thin lager of |$@moﬂet ambeddledas sbuim @éﬂﬁfo&ﬁh\f@en the

i f S nverter Ln particul ar o

me %hgkﬁgssﬁﬁm I'n ?ﬁe F’&lggagg om 3&1@8 8€nﬁ’m D he
Preepdbrg acwimling to any one of t he preced| ng cl ai ms 20

- 26, whggeinathessgaser Mgl udgsaatrl

bl ocki ng el enent having three, shar g es mJt ual f"

ChaFRE LB FIFheXagone sHEpBOTPnPBALL A6 REamAd&Can ds in a
1iehgyeapthi hspordmabndakuenofas 20n degneRasi Aean S8HSQEtion

cor di ne,of t recedln clainms 20 - 27,
togf %ﬁggﬁg% %{%(gl st éﬁgﬂartg E]E?ud §RFRF ne &SP SEs  a
Commlvm:t efowrl cs:sremrtamg teh qaéurtghtle; evesdnd | Mecaled eTighit beam,

n ope e f (AsSive
as 2ne1f 2502 o tin AN 08 FEORKSY Bl Al Bl 3 ione
beyp apniysed iy |$ﬁ3phr<t¢r@:\rﬁla¢ela woewrctngwdancd iehoyrpphyicle

be&¥ St 8AY §9ansfbfmiﬂ§glﬁﬁﬁﬂ %&%ﬁe@bf@'ﬂ55gfﬁﬁﬁr Q?ﬂ?dbeam

attern onto the surface of a target usi ng
Nt 37 P LB oT LI d SRR LR riepach b eo%fsald “signal
froenstatdagsar phyweal idlectfraehiar @@iht@@[l.t vsglsee{aeanrs for

writing |dpttern on sai.d_surfa helther ,
one of t%f msa%u TR %%986813&8%%%& tpd'eﬂe Hym in
whitle adpsan Hivckiow delrmeent tis ghredwmRH it agppe Iaadrface of

said converter.

more

22. A sensor according to the preceding claim,
characterised in that for each beamlet a separate blocking
element is provided, in particular included at a known
relative position.

23. A sensor according to claim 20, 21 or 22, in
which the blocking element is provided with a sharp edge as
taken perpendicularly to the surface of the converter
means.

24. A sensor according to any one of the
preceding claims 20 - 23, wherein the blocking element is
provided with a number of sharp edges.

25. A sensor according to any one of the
preceding claim 20 - 24, in which the blocking element is
composed of a heavy material, preferably tungsten,
preferably of a thickness within a range from 50 to 500 nm,
in particular thick enough to sufficiently block an
incoming charged particle beam, and on the other hand thin
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31. A lithography systemfor transferring a pattern

onto the surface of a target, using a charged particle
woeamwooh, said tool being capabl e of generat PAG/NA2006/000457

plurality of charged particle beans for witing said

pattern on said surface, thereby turning off and on

each beam separately at witing said pattern onto t he

o315 018088 Slecl AR AN Lol g

I'n advance of a wr ng
char act ePPsti &s SfNSOW i BiCTPLIdéDn ushcng anywenser of the

préaédiﬂlq?d dl‘%.l%siooé;d)t I Ofb@Pa%eEEQW s & 5@5985: S.LLHc,le{-?fes a

C aracteri sed t hat he sensor is arr ang ed
thinsdéreforoti iéath n@é@écﬁ%}ﬂ aff @rléwlammm tkp%r@}vq%nﬁald
knstUéﬁgéeana|¥alﬁheoﬁ€é§@érth@ﬁepgrﬁﬂﬂﬁlaﬁlﬁﬂ & thickness

nverter_convertin ch sai d particle beams into
ngﬁf‘n %]%l CpeANTt Jémgg%(gafr f%trﬁ‘é‘r conprising an array
of |ight 2§ensN i wengbenericsogddingas fghotatdr odmne of the
r@&@&?ﬂ S¢ ‘fﬁnsde}(?cu 3¢ Smééﬂbt tﬂga%%’ns%gd Jflfcrltho%es at

genera |ng an el ectron éhar e upon exposure to
ledfk choraer aplpskivad @h@m@@tl eh@tflvgrtghreg, sharp edges

mu‘éualliiraﬂﬁ@m‘éliédbinah@@:'a%haté%ém'JIn oMt b r under an
rrecting valu nal s u uch read out to a
anggﬁt‘f’bﬁﬂile]go‘ﬁn?ﬁe %ﬁf?l%ﬁ 58S - and/or to a
control | 28.f oA Saictspat t e\rdo‘:,orfdﬁ_lhgimdiicf yiarrq/ el@ed rovf C the
pr i ng, sai d,.pat{
prgé%%%% ngc(it%g&‘ttshgzgopr ecgzc?png 1§| ai rﬁC% nar\l/\hoﬁﬁlf:g% S s
inglndedr behpeesesthebl cekveytetr enehemenncl awd@d thet opight

seﬁglgﬁ,—g §opyerter. 33. A systemaccording to claim31
32, wherein adaptation of the systemis perforned

by at | edSt ofte 8PNEPECt FBHI CAPRGUKDEIT yPHEPRTEEEPONPE 2
magdeive | a(mcmm Id @ﬂhaehaggbaolt pﬂlﬁta% 1& Orbé’arﬂ&at o8 Nat 0Ochgrged
said c ed particle beam syst
pabRRe, bl o SN anid ol BELFORRIAT] o IHRRRS ngwEite
11pbegraphnyn@y1$1£gmng means of said beam system for
modi fyi 190! hg;:mm %hgne ggtaw efspafgfg%&%mgs a

beanms. 3 temac one of
PapretRdiNY | & %lllfa@% qfn @hi bhrgﬁ‘é,cals:mgat Bngcharged

pakPit1PaBEEM O0Pool, said tool being capable of generating a
plurality of charged particle beams for writing said
pattern on said surface, 1in which either one of the
measuring method according to claim 1 and the sensor in
accordance with claim 20 is applied.

31. A 1lithography system for transferring a
pattern onto the surface of a target, using a charged
particle beam tool, said tool being capable of generating a
plurality of charged particle beams for writing said
pattern on said surface, thereby turning off and on each
beam separately at writing said pattern onto the surface by
means of a blanker part of said system, and of at least in
advance of a writing action, sensing characteristics of a
writing beam using a sensor included in a position apart
from said target surface, characterised in that the sensor

is arranged in the system for directly detecting all of
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informati on fromthe sensor, provides corrective

val ues for correcting one or nore of the position of a
weoaodzioske@obeam in two directions of a plane pretemaboog/000457

parallel to that of the target area, the intensity or

current of the particle bea&® the spot position and

the spot size, and the sigma, of a Gaussi an

saﬁast%w&lﬂfn HEARLT €5 %ui?&é@ﬁéi | e heam o@s%lﬁgeto

according 1o any one 0 precedi ng CT ai T
COMPEL ihiRh & pﬁPPV@?—”EeBeé‘rﬁqV§r§cléll§Ineﬁa@herOfsaﬁé@en@@?tlde

beafd swtbdched ihtatbadin] Nshaneenvher %u‘ﬂth‘e& edgatiedng an
| ocat e 3% %?gnredet erm ned sition, articul ar
ATYRer e%€ t nFHgS posTE i ot MRS ni %‘@C rrdf gphgtodiode
elementisng béam 3GetSystiany acsacHi ng_ﬂghtt heb@are@ﬁdl agd for
b e n for [.e- .
gefefifind ot TS0 PSS UL PR (rerabyf. wnicn
arpRy el fi Mang aOpul 8& deaati oniveua bty Oﬁlmuibaneemsly by a
ca.ﬁ’ﬁia@&'&rﬁf‘:@th@tn gpfgv%i/né’n%og}fretzhgngr egedidg s‘ig‘ﬂbﬂﬁe%on

which rultiple scans are forned_ov
Sugl%ngﬁiad ML Rt BmAEESPdLRG tF a’h]?e oRBT&fCLRe beam tool,

ancﬂ),l‘@lce(ild’lgad@cbrliﬁr@_ﬂler 3tor nsa\DdCfpaa:t(‘eﬂﬁf gedoparhodl fying
el%c? éaq:nned over the s L1 at _three different
FeEi o r%qpegeasoq%):% li'fﬁ Pat&ErTbuted in a pl ane

under co32 es@oaﬂshmaaqtce:sdm@gto Sylse epr @cedinky n:gla:cm in

0 i clai 538
unfp UM beePRSHD PSERDS Tdipipth . X pabPilcle fenene,
inglydad jof fap r@ SHiF VeTte¥er a sensor at di fferent

| ocationss, Sﬂ'é?@@e@Vﬁéc@fdi Sto td £y ti1BSr &b, wherein
| aneter of the beam 40

expect ed etermned s 40.
e G M P T NI
- - 39, |mmmmm@1mysmoaifylm@l aegeentroafica RA®, in

pafPOb A dOfE O A O 2Pt £HALRENO T Dl a0ki g, 301

gamare neasure
charged frant imle ran eﬂ}fsilmt,o the surface of a target,

- using am%é)aﬂﬁé:lﬁcpﬁ@mwl sai d tool being

capabl e of g€nerati nJ_(_;
- electronically influencing a position modifying

means of said beam system, for modifying the position of
one or more charged particle beams.

34. System according to any one of the preceding
claims 31 - 33, in which the calculating unit based on
information from the sensor, provides corrective values for
correcting one or more of the position of a particle beam
in two directions of a plane preferably parallel to that of
the target area, the intensity or current of the particle
beam, the spot position and the spot size, and the sigma,
of a Gaussian distribution feature of the particle beam.

35. System according to any one of the preceding
claims 31 - 34, in which a particle beam is scanned over
said sensor and switched on at an instance where it is
expectedly located at a predetermined position, in
particular thereby determining position and timing error of
a writing beam.
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plurality of charged particle beans for witing said
pattern on said surface . 42. A Lithography system

woaogrissi7mg a stage for an object such as a wabPer/NaR006/000457
mask to be processed by a nulti beam charged particle
tool, said stage being proweded with a nultiplicity of
sensors according to any of the preceding sensor

clains, for %gfn‘ sallgl%Em 8' %1%%%@1@1%6“&{8_111’1 in

mhereln each nsor |m
whilgB| ERenkednf gis ne‘a:se@hﬁ@ anl f@ﬁfarage@r@a@ﬁ%mmnperlod

ofotimal dlfl O?Er'éli c@lhtMBne 288y V‘@@E@hﬂlﬁﬁﬁ@ 0f Spf s&alflration
are distributed at various | ocations near

mul tiplici
Vagé?ﬁlg% fo be processed, at nutual distances that
are di sth busgdtemchct:baamgl telor @fnhyo rorf dmetlbeaﬁré@eamg

c1pBfR221°d TR © ik WhaR R s e e R e PorlE bver

' particular ﬁﬁhs
thef geesent |y, i.e. mnthout significant |oss of

t hroughpyg onyéggmsg.%tcggﬁ gcgg‘p%&?ﬂ it &HF1 gﬂé ep%:ecedlng

Sensor sy ste tem accor
clppms p%cedﬁg “emawm%eaei:hag@@@ eﬁ:a‘mq:h@ lpeameas| geanned

ovey ditgleri géiéﬂlétgr at jlheasjtt }/\’ﬁh%éesor(%;ﬁexﬁfﬁﬁt @Eﬁé@@§éns,
ondi ances, W respec 0 e trac
prﬁﬁ %’f 6‘3%‘?& ]g]éf g”t%”ﬁ‘leﬂult&ﬁ reflBt i v@ toPdapg under
conbeep¢ndxngmanghm£ssed. 44. L|thography system
accor di n99t Os_ggééﬂ‘ é%cggfiﬁgg \é% gl ngt ?ﬁe orEEEtt S pigcedlng

according to Oné 0 e~ precedi
Cl@h@ssehsor3&ccbmdwhgchoaaﬂyabﬁedoparhe0b¢ebedmngs scanned

fofé' ai nﬁll%qpal%%tyar@ftgeebgt H&grépeyniyét eme%qr%] NYrer a

any ‘o precedi ng cl ai ns
Seﬁ%or F|9E55F56H§ %?§P§%PP§V Fhéﬁ§ﬁ@rﬂvﬁ§'éﬂba%$%$% “three

timas cah r@q@wﬁe’ﬂ: Bfdecd@iigrid Py iddeshetielh dinQ:Hér beam

f t f eat descri be
o comanitngSHakeR: BEFERaTnaT 5P BRgur i, Ahothe "oreSeaing

clatwonpany n3g9,dr ani ngsich 46ottA pbpsbeatl odispasnemle@torﬁ a
f t4
beQrE o€ QH&" ’é g r b.%tl'a%‘; ¥ L0 M Sgaaﬁ:qg sf%] e%f%u?ilg%lg a

as in a tho raphy systen1an

be%léaﬁ#@ mn%

41. A lithography system for transferring a
pattern onto the surface of a target, using a charged
particle beam tool, said tool being capable of generating a
plurality of charged particle beams for writing said
pattern on said surface.

42. A Lithography system comprising a stage for
an object such as a wafer or mask to be processed by a
multi beam charged particle tool, said stage being provided
with a multiplicity of sensors according to any of the
preceding sensor claims, for measuring charged particle
beam features, wherein each sensor of said multiplicity is
implemented for measuring all charged particle beams of
said tool at a time, and wherein sensors of said
multiplicity are distributed at various locations near said
object to be processed, at mutual distances that are

distributed such that calibration of the beam tool is
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tool, provided with one or nore of the characterizing

features described in the acconpanyi ng descri ption
wanw7os2ahown i n the acconpanyi ng drawi ngs. 47PCHNL2006/000457

nmet hod of neasuring properties of a massive anount of

charged particle beans of awrharged particle beam

system in particular a direct wite |ithography

ené%fé& oggmgﬂ%lngnegeﬂ @Hrg& hcescrl gftgf'w’a in

steps_desc e acconpanyl i On ‘an
Paxhbvmlan thes acrdppbny| ﬁ@t@lrfamn:ng@tmenta ef bioienbly, ol e.

without significant loss of throughput of the system as
compared to a single sensor system.

43. Lithography system according to the preceding
claim wherein said enabling is realised by distributing at
least two sensors at even, at least corresponding distances
with respect to the track which the beam tool is to follow
relative to said object to be processed.

44. Lithography system according to claim 42 or
43, wherein the method according to any one of the
preceding claims 1 - 192, the sensor according to any one of
the preceding claims 20 - 29, and the lithography system
according to any one of the preceding claims 31 - 43 is
applied.

45. A lithography system for transferring a
pattern onto the surface of a target, provided with one or
more of the characterizing features described in the
accompanying description and/or shown in the accompanying
drawings.

46. A  sensor for measuring one or  more
characteristics of one or more particle beams such as in a
lithography system and such as in a multi beam inspection
tool, provided with one or more of the characterizing
features described in the accompanying description and/or
shown in the accompanying drawings.

47. A method of measuring properties of a massive
amount of charged particle beams of a charged particle beam
system, in particular a direct write lithography system,
comprising one or more of the characterizing steps
described in the accompanying description and/or shown in

the accompanying drawings.
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