LI THOGRAPHY SYSTEM SENSOR AND MEASURI NG METHOD
BACKGROUND OF THE | NVENTI ON The present invention
relates to a nulti particle beamlithography system
a sensor therefore and a nethod. 5 Such |ithography
systens, alternatively denoted litho system generally
operate according to a nethod for transferring a
pattern onto the surface of a target, thereby
normal ly using a so called particle beamtool for
generating said nultitude of charged particle

beanm ets, 10 which beans may be scanned in one or nore
directions by means of electronic controls. The

mul titude of beamlets, also denoted witing beans in
the followng is to be calibrated by neans of a r
sensor. A nmethod upon which such Ilitho systemis
commonl y based conprises the steps of 15 generating a
plurality of witing beanms 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 may e.g. conprise a cathode, and which may be
suppl enented with 20 witing beam shapi ng nmeans such
as an array of apertures for converting a beam
ehETHeERAHHS oF CEERMr SENSORO0AND NEBSSWELNG MeTabbt y  of
significantly smaller dianmeter. Also, such known
litho system may be provided with collimting neans
for directing a source beamor a set of generated
WERCKBRORND beRnBHE movmparmadd el . 1 n such known net hod
each witing beamis deflected separately at witing
said pattern on to said target surface, for
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means of electronic controls. The multitude of beamlets,
also denoted writing beams in the following is to be
calibrated by means of a sensor. A method upon which such
litho system 1s 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 ewitted by said source intoc a magsive
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



Such beam tool and such lithography systemcan in nore
detail be known frome.g. patent publication
W2004038509 15 in the nane of Applicant. Further .
typi fying the el ectron beam|ithography under

consi deration, application thereof is directed to

hi gh-resol uti on purposes. Nowadays applications are

capable of imaging patterns with a critical dinension
of well below 20 100 nmfeature sizes. Milti beamin
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tools comprising a number of beams in the order of 1
million, which systems are intended to wutilise a
principally same kind of sensor. |

Such exposure Llithography systems only becorﬁe
commercially viable when at least the position of all of
the electron beams is precisely controlled. Due to various
‘circumstances such as menufacturing tolerances and thermal
drift, a beam generated in the writing beam tool of a
lithography system is however likely té 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
correctly witten waters or fields thereof. 15 Known
calibration nethods commonly conprise at |east three
steps: a.nmeasuring step wherein the position of the
el ectron beamis neasured, a cal culating step”"wherein
t he neasured position of the &l ectron beamis conpared
to the desired position of that beam and a
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said electron beam tool therecof.

Such known wmeasuring ox calibration systems
hardly pese any inhibit to electron beam lithography tools
w_hich 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 wmassively multi beam system. For maskless systems
directed at high throughput or with a massively multi beam
gystem 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 wmethods, 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

or in both. A sensor then perforns e.g. the detection

or the position of a beam The sensor being a charged
particle sensor, 15 nmeasures the anmount of secondary

or reflected electrons created by the marker. One

exanpl e of a method usi ng chaﬁged particle sensors in
conbination with a plurality of charged particle
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of either secondary or reflected electrons from said
alignment mark upon scanning. The position of the alignment
mark is 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 electrong, 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 beame 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
pm in a present day 13.000 beam gsystem. ZApart from the
above volume feature of the known sensor and calibrating
system, the known system is also relatively expensive, and
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10 massive anount of witing beans, i.e. wthin a
period of tinme which is nuch | ess than the period
required for witing a wafer. The latter problemis
especially significant because of an additional

requi renent, at |least strongly desired feature comon
inthe art, of frequent 15 calibration of the entire
beam t ool during the process »f witing a waf er, so
as to monitor and tinely conpensate for e.g. said
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té\g,,pﬁg{wb@;g T&Bﬁ actual beam properties,
and/ or by |n uenC| ng the beans thenselves. According
to preferred enbodinent, calibration is solely

The present invention scolves the problem posed,
of swiftly detecting charged particle beam features of =z
massive multiplicity of beams by convarting— the charged
particle beams into light beams, thereby using a converter
element such as a fluorescent screen or a doped YAG
(vttrium aluminum garnet) material, subseguently detecting
the light beams by means of an array of light sensitive
detectors such as diodes, CCD oxr 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. Tn 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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10 perforned in software by nodifying said pattern

data. Such light sensitive detectors generally have a

rat her poor performance in that the response of I|ight
sensitive sensors such as a CCD (charge coupl ed

device) is -slow It is the nmerit of the present

i nvention however to 15 have concei ved that despite

such sl ow response, the sur pr6 i Si ng conmposition of the
sensor according to the invention,"” achieves a
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litho system heggh{-; %?n?egfﬁ?egsg ﬁgﬁﬁ%ﬂﬁ’@e}‘?g}ﬁ( have a
sFghifE, Pqoie. ppEBeoRsnts kitowhbper e f respoheef et d 1ight
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f.or det e%m ni n% er en pr oper Yed
aksl%?l | € gclget &€ or s:l.multaneously In the sensor
‘according to the invention all of the 1light sensitive
detectors are preferably read out simultanecusly.
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 1light signals,
i.e. photons is kmown per se from the field of digital
cameras, where alsgo a multiplicity of light detectors is
electronically read out at least virtuallyl simultaneocusly.
By utilising such a kind of array of detectors, the beam
sensoxr according to the invention may as a further
advantage thereof, be realised in a very cost-effective
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in the followi ng. At nmeasuring according to the

i nvention, 10 so-called point spread functions are
deternmined for each respective-witing beam Ri se and
fall times:of a beamare not neasured directly,
however.. are derived fromsuch function. It is
remarked that also the.idea of converting 15 charged
particle beanms into |ight beais is known per se, in
this case however, fromyet another technol ogica
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}Esﬂﬂ?{l%nA' so at scanning over a mark the known
etector is considerably larger than the pitch
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beam conversion are recelved by a so~called
photomultiplier for an amplified electric signal that is-
subsequently o  be attained, Such  photon-electric
conversion ig performed by a single convertér 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 regolution of known sensors. Also at
scanning over a wark the known detector is considerably
larger than the pitch between twe 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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is smaller than the resolution of the converter
element. This is realised by utilising neasured
intensity values of 10 a |light beam for determ ning
beam properties, in particular in conbination with a
kni fe edge;vas will be exenplified in the description
of the figures. Such determnation is perfornmed on '
the basis of a plurality of $i gnals resulting froma
st eppi ng proceed of a charged 15 particle beam which
i $hc ¥R ing ofetditert isystan &tdqqnellngvetro athar Krention

b @eki Fgrekaae %bldFHx%.%E?&gDﬁﬁlt V}E‘eflé i a%gs;e Q:Srsplllaal 1y

e nman ace |ng to the 1nventio

0P EPRATTE PLEBIEaF BASGHR Yerkd i @@{m@r). &n this
arrleaysCther‘elmé Giotet20- asfCCh (whariged begual eeypically is

devikgea) 3¢ CMS I(Hﬁo"{ﬂgh %@%)y t aI g EBR, Bresent

sem conduct or sé devi ces.
| FGHERERPB EREBASPt ;’?m@o&ﬁt @lr@ﬂiﬁéﬁ épe@t mmh@aise@ystem and

amenkave meladmarmﬁgesﬁaiﬁtsizt@yoﬁrg whdeb¥aayair-kakh g peam
{ eEldheAner Wy KON, 808, 00l eLEEhLY St i e EOTS e

in 2 rat er corrpac form
%éﬁ ige¥BRULFEA bﬁnubélo%;mwrm@ﬁsunedninnenmmm@svaaues of

FT&SSIMﬁghtaFTDIb@&mOf f%'iar g8t RafilHiGle bedls. RLLS éﬁtles in

C into t heans,. can sensed at t
CBREELSLER: L somiitr S e diva ?5@@& sG6fF as will e
| ﬁaﬁw%ﬁieﬁl ght othei xébsceisvien: cart 3GtHze rm@@hmut Such,

aﬁebéa{ﬁinéltiézﬂaﬁgYP§k§H%@@eQHS£Me EQQRS' 5F urail.lty of
S|n | Opera ei t her SUCCGSS|Ve , pre era

hGARR T Bc K 4t m@r T Paridtiring A’ﬁ“é‘)(%ﬁ%l @fofatﬁfflér98d
fEartw:@l@sbsem iickf ésescenhedt ha appl Beattenonfasughtime

seRspers &&Qigﬁt@iom 2:By Vvirtue of these
above said features eI east virtually

si mul t aneo USSR TRy o"'tﬁe ahiFRonveresBn-onf ighakgetanner
partbrdbsy i hbo Hhghinvant bbmt ayebysslt@w gt o9 relatlvely '

SEhefy APgkO n@@ﬁ@ﬁti QYL {1 gned lénrﬁm tslc':1 E%e%eo £, such

particle sensor, can be used to 'still’
c&Fi 6FRt i GhaTgrE % PRIt vRl SoTifAes) chad gENOFar tdopind imentary
beabal omtidmt hemsegnificeand) yaéastes. aﬂﬁcﬁhiﬂﬁﬁﬁ hRBctors

aboieerOf1 £har 980 5 particl,e Sc%nsﬁ %Jgﬁﬁ ﬁa;legt]arsap based,

und e requiTenment of sSpace,
@@Vﬁul'flile béM@H@Wh%th@ﬁ are widely available,

technlcally well known and cost effective. They come in
rather compact form, meaning that a very high pixel
resclution can be obtained. In other words, a massive
amount of charged particle beams, after comversion into
light beams, can be sensed at the same time. Tn line with
thig advantage, such individual Light or pixel gensors can
be read out at least virtually simultaneously, that is in
a single operation, either successively, preferably at a
high c¢lock rate, or simultaneously. An example of this
feature is set by reference to the application of such
sengors in digital cameras.

By virtue of these above said features of at
least virtually simultaneously reading out and conversion
of charged particles into light, a relatively slow light



10

15

20

25

320

35

resol ution. The new sensor, calibration nmethod and
I'ithography system enables the calibration of a
massive nulti charged particle beamtool in a highly
econonmi ¢ 10 manner, despite a seem ngly conplexity due
to the nunber of structuring elenents of the new
sensor and due to the physical conversion nethod
applied therein. In a sensor according to the
invention an accunul ated charge or intensity at each

énso %Fy %ng{,%%[; é\r/r: glggvtl e, read o t ’Tff‘)g‘rﬁ} charged
Sé’r‘?‘srttlr:’\}@ EFRARAL €RBrbof uﬁ‘h@u“e‘edswl tm@{ﬁ- rﬁiﬁmgmmmatlon

bod i ghtmamrmry ALY nahay dd a@%&%&b@@ BEERSStAdNE porn

at._one _corn a
ana% 5at caﬁ@th AFSES Ry d??ﬁﬁ?f’sr e%%ﬁxpl‘"")?elu%evaffu€harged
i mnta@vtzgla gegeoak ., vallde wilthoGVOBndewi cespiicemmanl wf space,

t aelae a@.‘ieen§§3(§ﬁ§‘| al E@Q%gggﬁe B X eégéﬂﬁ&s required

Bé an such charge, using wrin

Ff'?’ﬁg t'h“ Schdtg)e tsaasmffead%h%bﬁ%?%%f pREhod  and
déut@egraphﬁtbgstémvoam@mﬂ@sfEBéUEelabrhheoﬁr&ﬂenh md2sive
i B i DRSS t r r arge
begﬁgatggl |§itE§%%98$Ee an§ﬁé?ng%£ca tg%ggi
sa‘@a‘ﬁ&aryd@ﬁ%??oﬁs SeHelHEW sesdready divectPy the mmber

rreﬁsmteruconemg B ERewtist |dfg Heaffew i sdhisdP N8 8§88S€o the

%ﬂ&'sﬁggl SEEL 5 LR ré?%ék‘?&é gligehoggt ed.in the

ojection o “Ihi*the surface
ar ea of a vJa‘fera W%?Prbrﬁmmt tsi griitfs camtvention an
s patuabl atyantagesyd noLhelﬂb@&qurt Oftt f@a&l@afaetiqm isAat a

fLeLheradkant 405,01, Lhe systen aglgg{?gw 7 2%g device,

vention 1S desm
35 ierggt wér & hhhglb*és Perahtond yeleamemt t I:blerepﬁy ipfluced by

f eabures:nfehder baamitioplt ithedebar mll%e%délhkrallﬁgr acransported
Fﬁg LEsMRa: ur q?nt her eqf , thus addln%

efficrency &t PP Re T8N TF TthsoPr™ ﬁch%ea%e3ﬁ¥aY An
t 88RLPH- %@-@aﬂfkﬁrjat @@IV@Q%@L f eatny esachnpliydé 'beamlue into
p95|&igﬂta@eaﬁﬂ%ﬁ0t shzecand Q%@qb%%rre@Bmm@ﬁlgME%ﬂeﬁ§ are

nct 9 a_bl anki ng .el ement c¢o n.to such beam
BB R BB %” | Fernop CoT L 1 (el GG R FRA move
i Bueht Phar e tibetng e bt sy t opantanspohackionghe charge to a
read out part of the device,.

elc%nomic

A rather favourable feature of the present
invention over the known sensors for charged particle
beams tools i1s that rather than using scattered or
secondary electrons, the new sensor can directly measure
one or more writing beams, 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
therecf, thus adding up to the efficiency of both the new



a beamdirected to the sensor by nmeans of a bl ocking

el ement provided with a knife edge, thereby enabling

nmeasur enent of a maxi mum di nensi on of a spot created

by said beamon the sensor in a favourable and

effective 10 manner. The beamis scanned, in fact

stepped relative to the sensor and thereby relative

to said knife edge while opt|8nally bei ng swi tched on

and off at predetermned intervals of tine, thereby
crERINY and nfhedozam urrolbf to da¢ acehibreaad f asoth abbytures

b eLntSLQﬁie‘ We e HetitAgnhe 8L AS SBBE PEELLesnAYLUSH ngu%%éhet as
q%%%%g¥are Such stegﬁ can accordi ng

|nveﬁt Stdeudrdd o bla énareﬁ6W@nttFﬁ%%°n to such beam

prefeimablandeadvibndeabyi theease i nheiotal ek, tine.
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setngf S|g I's obtalne nut ua y S
S8™b Hekl ERenthie | sensaur Kandeshs obfar gedolocking

p&ritannaim b@amva.déherﬁb&h Usd NGcret A 0GRy ekgaBoty, enabling
| Rl dnoun, RISLE Al Lelative fo the a
AT S pret et afiPy CstepFegd by

converter in said sensor.
oVErt % uBAE b SFe th%ntﬁe(m@ér ki f @ efigedubtibbkernndr effdctive

| meaindreasthd hseen 25 dbagsLEONS tﬂa%&:e%e%g%@
ere?o preferably ftﬁye to

elchj s | t i

he%%ﬁgﬁaéoé b§h?ﬂﬁgﬁr5% L6t Fiti §PAY §@H§&'ﬁqﬁﬁ3Whlle
byREASBRLAY sb@p@@d Boamiiedy end au@t esti ontbopheddtermined
ba@ke&ﬁdlﬁordf‘ Qitﬁ@Ct kaarehya @1%\66(359 l'llqle%' mgunt  of

dlr Ctl%ﬁ % is according t i nven
t CCRRI cAPTY aﬁﬁnec TR YY) #ﬁ%o@@&@inyﬁcI@ﬁ@HC%&nﬁt beam
k pFwpegsdieri dy reditg veite Eﬂeniagscmrqftmaraartm@ﬂ Htepping

b Gl | i
mﬁl?r?fl Eg:@)ltrltd&?ilg ¥ol EE@gEﬁ‘E‘éﬂg 6%e$%3%$§é§@ec? %c?]r one or more

sengor - PB?eg%H%b%£a§ﬁ¥%heﬁF§e iak. igicresged f dpteBeals of
nmeageri fgewbehinngrbpart fasrentd Hovertined MEaMd asis of a

dls%%thﬁfj s@g}ncﬁsl, o&@éé%@nwﬁfig t%eg gi}ﬁ?ﬁ{%&%gﬁﬁgn&% beam

%lls not  1nterceptie 6 sa
Oﬂﬁéﬁ?a??@ﬂeﬁF tﬁeesy%¥f#héﬁﬁtﬁ%@ pazesedfrageitie bean,

auhzrrabyéaﬂwyngde@cbe?cheam pép@@éziny \&Qidifbi%iekis gtf a known
- e ect r.oni ca nodi fyi ng
T%E) QEHE rgyﬁﬂvé% D% Ol Sl & Aiy B2 ga¥§n 505, 4

ectronic parti cular CO
pattern to Pe beam is 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, thexeby favourably
optimising sensor time by enabling stepped scanning and
detection both in back and forth direction of a beam sweeap
in one direction. Such mark is according to the invention
technically and economically favourably included at a
known pogition 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 sald sensor surface where it is not
intercepted by the said beam blocking mark.
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5 imaged by said charged particle beam system

nmodi fying line width, and electronically influencing
a-position nodifying nmeans of said beam system for
nodi fying the position of one or nore charged
particle beans, in particular by introducing a tine
delay. 10 Especially, however not exclusively in the
case of Application of a CMX device,"” in the sensor
according to the invention, a |light beam nodifi cator

such as a fj Y ~Pr | e tem e

i nt egr at ed %gtgggaeﬁiéﬁeoecg%\?er Srlé%[?]dgflhe@%/eeg%apﬁeﬁ Pbr such
ofHFEERFyCRbY f Fiedyctpde beem |prorsEhngvatudecieasianforned
tb?:iQWQGEQEtanqﬂ€1kﬁf?fiééﬁ&Oﬂi&éﬁ? FH%EE? ing ﬁlectronic
€] Sl Lnt.erna eperate I ght eam ' for

t%éjc f hltqgsé%%t F%ga%eéé’%&t%ﬁ I%a%lat:al' rati BG-&FEtento be
adBBFERNGY o SBAE ¢imamegnrd oparvatlies Yem t bgsaboye modifying

f eghdr esi@tl, defhyedifd@Pn20,31 Jul &hﬁhﬁe%%@es%sg:r sition
b -y L cul at |ag% untlt. Cgrrectl oh signals_generate .Oby

t APS  thi P9 a/ 3 ol 1§ o RIRT FHPEREF orf & t HeRifishey the
fBPsihidomenef ngonhe deamdool ,cluargddr pafdiErc mgaag, in
| pRge: PaliLrhy SLEEAdnIdY R COTRYLel. aBans, which

pattern in fact fornms an’instruction basis 25 for the
beam t ool . FXRSTHHHHEe SPHMEVHT tHRE newCsBALYRLY | inchhe case

bef aAfplisattonr difng taMdcheddwnvent i on phace@ndbr according

nubt iRl es PEsSLEL QRS i cd.n this manner .

calibration fre%én%yﬁ%@?%&r&eglg%d&%‘%%tgﬁ W Et PRg® fiber

Val tab| €Topdr at PRy YRk SRy Bay sikpi fincgsratederteritvasn  the

tbeatarget , ahde.thisafBicegdor pasti 6ptabadisensar fying, i.e.
e

asSoLd t ew Qr _correct ositiaoning thereof
rel at i%ééﬁ?go ?’ e #e%%nea_tsfbl'og i%l%sémalgﬁe ao%uratnhegmltteg light
PeHor atPEFEY t PRt HetHow ahlle lintwgmddhy systemed light

doson diang tine theynaweplienvet heceparged 35 particle

beam syst egin at | east; ; Qgtbgam %enecr at i n%%(%)ar . t her eof

is provided with an opticalr-genser =fhe O oy the
FETERG P e propEet i ke fpopar Erebhaest heepderérad from
12 mﬂi?b}bmﬁkbtégm?!éﬁiﬁtcbﬁs gyheg te_@ElEﬁ%HEﬁ.hgsﬁgi{:(?r Corraction
Bibgel ]y o SRR he Rost Lgh oy s2l S systan. ™ T
HeF @G- t ateer swskdcdor 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 gize 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 is
increased without wasting valuable operating time by
significant wmovement of the target, i.e. wafer, in
particular a gensor associlated therewith, for correct
positioning thereof relative to the beam tool in use.

In a further elaboration of the wmethod 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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and conprising said detector. 5 The various aspects

and features described and shown in the specification
can be applied, individually, wherever possible.
These individual aspects, in particular the aspects
and features described in the attached  dependent

cl ains, can be nmade subject of divisional patent 10
appl i cations. BRI EF DESCRI PTI &K OF THE DRAW NGS The

invention wll be elucidated on the basis of 15 an
efpPapFkipbogileprntel themskl eds |utditigrephyosysi@mcally
ackMeditn@gt orkde i i&Rd, | R¥entl o8 o NrLh Eive. to an

-atitached .—drawi ngs, |n which: Fi i
" apPEdEheanion rvazblal Bhrdei Srlphnlosian Mareptapy:Eace

sypsttencnprpeisgngatd &csensor according to the

i nvention; i,gur, ' Qggpt' ‘T epr nt atj on o

an eandingﬁg 0 Ig?ggnggﬁ%accoré|%g%§%gﬁﬁ%siﬁ%ﬁﬁ?ﬁgﬁg and
f 5POWHet’dt nFif ngPeRAfAerbiont Fas o cepplidthg bedividmlly,
awhieirelrogr aphyibys! eThedd Eh@WEund 1 SadpS@REMB Coartioular
repeesentation af .a Jurther egg%glggnawot a sensor

for determ ning SharaCtorsti CES6F18%Gr i tPng Ham Fgrached
a SPPEREGRE PR} EYSL epin FPgunade #ebiet hefredici dlamali emtent
okpphecsenses. enbodi nent according to figure 3; 30

Figure 5is an illustration of a signal derived from

the sensors according figures 3 and 4; Figure 6 in a

t BBLET MBS S RISOMt OF) BHEaRRAWINGS nati ve and currently
preferred enbodi nent of a regularly shaped

si x-angul ar.mark to be included in a 35 sensor;

Figure 7 provi de&¥He R rgraPeaeiawidesads pomtae dgsts of
cPBs sHegPdantr kmeddmeas iaf fégumsekGesssad thobrddhy system

detesfdthd0r8PRheS| A8 RN POSIAQR Nl dire %#&&? %t%ached

rg%g%ive mut ual,_.nmpvenent between beam spot and
| SESVIT s o YBilglire 8 schematical |y represents a top
view of a Figure 1 is a schematic representation of a

calibration paxt of a lithography system comprising a
sensor according to the invention;

Figure 2 is a schematic raepresentation of an
embodiment of a sensor according to the invention, for
determining characteristice 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 is 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 wmark, e.g. as in Figure 6, used for
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5 waf er and wafer chuck, and part of the fields on
said wafer, to be processed by a |lithography system

i mproved by having the present sensor |ocated at a
plurality of strategically selected |ocations outside
the wafer; Figure 9 represents a graphical relation
bet ween 10 neasurenent signal according to the

i nvention and a typical Gauslsian distribution of
Amperes per neter (A/m versus size x of said spot;

addt&Erginies; 18pand slkescmﬁatpﬁﬁ,ltlwnl |iﬁ1h8%ét Cifr&Rion of
c asy ccording to the invention,
géiﬁ%\?\/l‘}éng edsﬁﬁre 3?1 RS rb%?a B FPONd ofiprk, i.e.
réfrafPVe to a knife edge in figure 10, and the
subsequent 98 sthengelchely

1gihB08 s ¢ OfE : Dgﬁl EE%ﬁeQ of a

del aé\lu thereb in flgure 11
D{ggﬁﬁ eT-"'HEc NEBTHRATY e Oént ey EAEIBR on said
praferes-a kdepirgretsedaby| at hoghaphypisy Sherod,t h.e@roved by

VihiRi@h ehRct LeRshgam aljgope niocac’teﬁorfé:sglet 3% emg‘gf‘gy of

transferrln pattferns_af cont enpor ar
AR R ﬁaﬁ ﬁﬁHE%WNﬁcaaftl%%@@é@lée the wf@rs or
][mre per hdguréhe iryerisicon si I’a?g&%‘hl@amg\ﬁeﬁéﬁﬂéﬁr between
N S (0] roj ect char
tﬁ)éag%%'ﬁt g9:6hay a&é&gﬂlﬂﬁ%‘: k?e %HW oh Znfl g typical

particle beans”such as e ron B
s%lf‘c’e?ﬁaq(n Wt pidiutden e0§. mmemom:oss@@er. nlafm versus
reipe of <30 cAppl 60 ffgwithin a nul ti beam i nspection

tool. The nsQr rise Ia r, here

in the for %qurggsgs n%nq&l ﬁ&% ﬂ#t‘ El?ﬁ‘ﬁ'ﬁl’?ﬁte & 80-
RN red ameasorsnaal wcphral@D tohaltge caupkation,
Ctﬁ‘!@mm)g @gleeaatpo\ée_ﬂoﬁen@ﬁ%eaﬁ@"%@ dhe YAE:BCLESD: jve

.S _a.Ce Cerlu gar net .

AP br ot S ohde e A" b ae quPeomueny cimings

dihesinstie forelcdet fsaine aﬁeasencl n@ andtiaé cbhty Nngspar tiereby
am fikereasis of a neasurenment of a signal generated
in such a 14 sensor at noving a charged particle beam
relative to it. In the present system normally a
\REWA%%@EWWE’TI@E QFbVETE DRaEINGZe to the sensor by
realising a stepping novenent of it within a witing

beam t ool., ggpl caII over a djstance 5 around _the
range from: apflﬁﬁ dr YR eY Prsvidas a design for a

- lithography system fitted with an electron beam alignment

sensor suitable for transferring patterns at contemporary
requirements, e.g. of 45 nm and smaller at a spaad 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 systenm
known per se, e.g. from WO04/038509 in the name of
Applicant or within a multi beam ingpection tool. The new
sensor comprises a scintillator, here in the Form of a g0~
called YAG (yttrium aluminum garnet) material, combined
with a CCD (charge coupled device), alternatively denoted
camera. The YAG screen applied here ig a Ce {Cerium) doped
garnet. Features of a charged particle beam are derived by
automated, electronic wmeasuring and calculating parts on
the basis of a measurement of a signal generated in such a
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Stepping is in the beamtool performed by influencing

an electric field on two deflectors, or on one

defl ector and a wafer stage. A beam can herew th be
scanned in e.g. three different directions. During

such scan, a beam bl ocking 10 part provided with a

so-cal l ed knife-edge is maintained at a known

position in between the beamb‘éner ating tool of the
system and the said sensor. in a favourabl e enbodi ment
of*STERE AEWISEARBEr 3 Elrrdncd dlintgciieahsainsréixietrd ad He. Tn
S uifeageresehtt N, SRRS Omorka 1 THe K ShtLon sai.d
blr%fqléitgg p@gt:f{ls at t ai ned b§ at %}g’ggg&oygagn&ﬁ 11589 movea
preferably a COmbTAEPEn ef Teat1s g i nsbeRpinm fiovement of
ned&s Ufddtigonpr Wi hijngobdamanubact uybhgal Py asktee of Qfistance
agguhatie Pasi ti-9Ri-ng lijbrati of t system i.e.
petform ng ,rrea,saglr@eerreﬁt“gk@vwat hls'ln %ﬂe r%ame‘ %ﬁ% 4t 26° 25 pm.
i Astart Fag it Hhd-p? ePerBbEgoht Preforaed| werivdleething an

aredecsiini fiedat by &x}ar QEEl;ehzaﬁr& @ﬁéﬂg{:ﬂg %éﬁé}&or and a
V\/E,gb_ﬁ'fbﬂg tg r_a | r..a ,Ltnir , [ ’

ogti %algg ggt,e?{m%r%aﬁlg f\/\@lme E_ngﬁ%gg RRd & )éde)c(%i fi-8n three
r ef-AfFEERE o Aeheantt odluring tsuqlespesn, t & t heam blocking

| garer pravpasti sutar aglbap@a_piled h@ﬁ?éiaalr@%kii@ Rtca®heq at

t he 0 utiljised in the present

Ry EaeRE oy e A Ol At Lhe PBent sereyAt g depdops the

naVREOA 8 daftbe, sadid ssngomar K8 en favesehder cubblenent of

poBethen eénsbe, WBhST bWbILILTRES: UG NG FENIOL LS (rrace
er s&.

kpe S| an optical neasuring system known p
A?t \é\?h%oé%}?ss%l'havi ng determ ned the position of a

nunber of Wi i rigiovmeagesikidn r eheetitio bb@g]ﬁ:&igzobart is
ST D o TR0 ol S g g cion o
WiTi NG beant PEFaPFvBSREIR GRIRFLSiPT |gRath manufacturing
fw%%@c%me dgureihanpestoioindCCWAGH Ak 138 of the
T he bt bR Akt OR L RS Hiporenfe ax
Sensot c?‘r’fpg a K DreiTRtdgerti deenlast inhermals that are
eSdsEnsi igmrgdoh dsrgsr gtaias_, &g-%éﬁzﬁgwaﬁi? S. writing
e Lo e Rl N ik e
bedm P vBofo "6 s @IRsdEionn relpEaver fhed the beam tool.
efifoti mempeot tthe itheentdwergach WH#HiRGIREAMESoe of the
%dﬂi@@e%art of the sensor is favourably utilised in the
present laovention. With a known, in casu optically
detectable mark cn a wafer, and said marks on the sensor,
the posgition of the wafer with respect to the sensor iz
known using an optical measuring system known per se. After
also having determined the pogition 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
swall as possible and that it is included in the sensor on

a layer of low coefficient of thermal expansicn such as



5 over a single, related mark on the sensor. Wth the
system sensor and nethod according to the invention
a-franmework is provided for detecting the functioning
of a beamtool blanker feature known per se, any tine
del ay thereof, as well as position, current and 10
spot size of all of the beans produced by sai.d beam

tool. These features can novwisfor all beans of a
massively nmulti- beamtool, be detected, mﬁthin a
reflakbyed yg s hﬂiércp efirod gqfas sti WBcnCefe . é{‘ﬁ:{: attalned in

| uci dat ed th
MR A
befmetsidiag U@emfﬁ:e&enuvaeasurtnag @ehhaﬁs with ;&Ié@erred

- Wetdhedtmdisi NG a:lr@' fr?we@ﬂﬂ%gr &3R§ C'&JJ:‘JY@IL%{ rgg th:ise l a@%s:l.t?oned
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this respect. is et weén
i REEF Ut Jd?gle'forjf‘el@rte'dof“P-rkt%nttH’@ k?@mﬂotrool and the

ef f ect t heriiofh athe Waf/8tem) Ns6ASHY S&ﬁéofneltﬁ!é@' ac€Brding to
Figur e trates. em palt
EHH %n% hkhus §? ePafl égfﬁ E]Pﬁgxggg§ g?ﬁv@ﬁ??ﬁﬁ%@% the

a sensor_S accoral Ag to
e %ﬁﬁé?lﬂ%xﬁﬁlﬁpﬁﬁﬁﬂnﬁﬁo%ﬁbhﬂ@ﬁar@&ﬁ#ﬁﬂ&|bh®mbamM'se

4app tiwasOelSy idhepids, CWsArydmn C@élvﬁb%@&lshe”‘éﬂ&rént and
e converter

t 0 a 5 iS emtte th

Qﬁ%ﬁ th@. §5g?%c§?ve ShySRE REPguﬁgd DY =3{d bgep tool.
b? BSPHRASHTEEC Spromow2, EAFt @kl aberresiat®rari meth ey multi-
cb@aﬁm o&dce]q e aiét%lc%'&ir opk eniSYstAM £l ork Psrhéﬁe geriod of

egepy, [ he _i ndiyvidual ce
u% § % eﬁtﬁgﬁ§1enaﬁﬁerléﬁd bgjapauridated in the

pF%HC?}@dHfo ‘@ml @ellap i ngndinpos i dmiriheesyst e6f 30writing

Theag 6&1@3!:” Béi REablibgdel B‘Pf%%?eﬁf;f ﬁx%tasu:gﬁb methods, with
predet e 1ﬂ?d val ues of beam features suc

posi tT on g 1 dE HHiEA9sr GFRPResStéBrLEet iféﬂe delay in
Vel srsemecto i@ ¢het delapehaswai far 1mgﬁuﬁuﬂdﬂlnm§kbactlon

ch@fgengaéi €l gsb t t e I a
oo k0 0 i 5B LIS T e
dg%é?ﬁtﬁﬁgcﬁsﬁa?FE?ﬂra ﬂv?%e beam tool is

aut omat i caFliguaeait elet%atdsCanEyéteﬁEf_éaSF ZRESmetBbd in
E?@g@%ﬁ%;g{?g%%gg%ﬂ%n%ﬂ (? artl %é:.h anrxg\ge&i ion is

€ s PEOEM PR NIENERE @Frédcaﬁﬁaaiin@ﬁrtlale beam 4 on
sﬂf-msenm &t ki feardiyenlsoanmi ddnvertidd ngLdeaim bl oskéAghys, 5
Mardit GheQyerd ng gt h@mft‘?@é’c?rk?rr thd converter 1, which ig
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
1r1d1v1dua1 cells are read out in a conventional wmammer 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 is
automatically adapted by said control means. Thus, for
measurement of properties of charged particle beams such as
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casu YAG screen, is performed, the pattern resulting

from5 such scan is imged fromsaid YAG screen on a
canmera, preferably a CCD canmera. Figures 2, 3 and 4
schematical ly depict enbodinents in accordance with

the present invention. Besides said beamcurrent, and

the X- and Y-position of a 10 ?eanl a capability of
detecting the size of an i ndi Y% dual charged particle .
beam i n e.%. x and y-direction is nmade possible.
CSAfeEPRgbREBAS D ar Bupkackeamncharsed photicde system, in
racqﬁéﬁ/@:xrwr@m%dﬁ\eﬁwk $ §QH@£1§éc{19m§n@'é&g§dESan with

| erred to as a first exenplary
i iélg e‘%hﬂ%t“a %1 BsEPYSPHY t FBReoBEPEERY, in

safladiu CB% ertrerenyedns ey v, Opihecaj:atp:@tch\l\ﬂ)emﬂ,thhg Erom
chakaeds.fpar icl h rk c an
sc %is ﬁna%%@g‘eﬁrorg &R Ky can,.0e, gll i ctiarera,

nost _pre epl cted p05|t|oned
ﬁrﬁésraﬁ %rﬁ?@@?ﬁng means 1. However said mark 6
may, still Fmga:eeaccqr dange wiridh the igvremht®8ally depict

aLhponantxely be |ocaled gl o kaovaLocalion, TULher (o,

rom sai d Converting nea
s@‘&éﬂgﬁ‘é Eai-fi bpajp) §Pérﬁ¥l’anséaf1eﬁheféﬁr aphafgegsition of a

paetatgcl @S .capabd 1REgT e ﬁﬂét@&@@ﬂb‘”\?ﬁ% stlae MGazﬁ%!rﬁﬁ%dual
i i on _such, carrier en it
SR R R o bR D "t ot e e ov - e 15 mace
aPPéﬁﬁLhéea Cgaveriethall némes elr sdacpilonedf obhéop of photon-
tbé@&ﬁ@iﬁeﬁnebﬁ@ Qea'ﬁ Qé@ﬁk'sngsd@ﬁrs'lﬁb alNgni fe edge, in
cetlve nmeans inthis e%r? osed of ,
arcty? S erﬁegett of &§ri d s 38%5%‘? aﬁéfarﬁnﬁﬁkber is
cﬁrﬁﬁﬁaﬁb@y i nltamatslxt eehoselis Posatiangtd hesdPea said
f e8P eotes dHRLASC an LYUERRT QfGoRf0 r}:ﬁlﬁgﬂﬁggi cgf efzﬁg %qlarged

Yet accor dance wth

ppﬁﬁgﬁgﬁﬁ hgam c%nc By ¢ he2T nRentidns SiRet Puetanebly,
caf aksoebedepiboski edpdmyltaa.maml elioedde19. $hougbpf Obf the

S@&ﬁv@f_’tﬂﬁ‘r 'mte)énEOt depiGkedr Nsfi . mair fd 9HLS, ’st{‘ll in

t he gaé % an eI ectron beamin the sensor,
| GEE_FFET h‘é?tla:o%‘% $RESREIP N FHYBIOFGITEBY 0BRI ﬁ@ca‘f—ed at
bac kgoound ddaghbn, e fgrthasralasaiyn Lﬂfldma)@rldOfcoalvart ing means

thi C%8§S§n§zané% tn t%%barr%.g:%e af-30,.t % 8? r\{gansparent for

|nc uded between a nar C arge

bFBRKPRY IR GrSthelBendorRrefifrasse ewbodiment, the YAG

screen dig  also included on such carrier when it is
incorporated fixed on top of the senéox, thereby allowing a
desired ultimate reduction of the thickness of the beam
blocking material. The receptive means 2 iz in this axample
compoged of a plurality, i.e. a set of gwrid cells 3 per
beam to be calibrated, in casu sixteen cells 3, arranged asg
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.q.
figure 2, in the pathway of an electron beam in the sensor,
the latter further comprises a thin layer for blocking
background light, e.g9. an aluminum layer of a thickness
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converter. Such background |ight bl ocking Iayer
enhances quality of the sensor by preventing
background light from5 interfering with the |ight
generated by the converter, i.e. wth a witing beam
The beam bl ocking | ayer or mark 6 should according to ..
the invention be thick enough to sufficiently block
an incom ng charged particleleam while on the other
10 hand shoul d be thin enough to m nin se defocus and
ediyjehin otigh tft%ﬁgeefcffe clos g:onmfs i, ltrrq&ie 1638 lB;@Ei@é’é@da Qfark 6

e . of a tungsten alike
ot e Aro TR BarcRH SR sl Jary B (The TRe g the
oFOBE¥ e 15005HeR Packguewnd ildighhe pddingentayer enhances
ageal Ui 0ot Othé JUERSor 153 S C ﬁsiuﬁ{ :

g g r é}sf E%%Qeﬂtiﬁ% B%QEQ& ij\!&tn fFrom

spatially. separat part Bl and and shows,”in
t ﬁgt%r%eel@tt}go n 3..}:%D$g§0 gﬁﬁ% gFeRe¥ahed by dfise fEPEEEERTY 1-©.
tolshaia whiitdew brad. oriented knife edge El, and two
subsequent j f e E3, h [ nder

s ({TECIWETRTs) 501%%_1«?]21q_rsaﬁ.c?y§?c Q1 ent.ed Sould

a dif&frent shazg angle w ) rection as taken
FFTH T View Byt et PEs &fc dherkaenrught tonsugGeniently
sbkw%k ??E?ngomdmgych93gdﬁrpﬁi&iﬁlé{b&ﬁmﬁ%ﬁﬁmh@gohsthe other
negwn r edof o8 | sit.ion. i
measyr ement | sg?%ﬁér;}rig&)lvg‘%1 % %hgﬁt mgflgﬁlf‘?lecg%tfofzﬁgr &3Se edge
TP TR d= SR ngTidsed Btk fcl Leli fgmpaeedhafp a beavy
a&gienul@ﬁal,,E2 maacff eiEdbl¢acdr ord er&b%gsu@ﬂeraﬁ%ﬁe‘i_ Hafcen ant  inoa
& I, . Iment _in ing a mar
6C, aﬁgé%g 5%%?%é§ﬁg§§EE%gE%FhéaPﬁﬁe?gh%&é&gﬁoo ..
provi di ng dHeraEkyvEl yustiper ewpodinprdl agpuabiiiygi 5o figures
di sa:h@se]g imhﬁﬁ_@ofsieggrﬁ'azwcﬁd%tl?iEI% s&sldrRf JN8s 6m1
r | per pendi cyl.ar djrection pver an_,
eggeeﬁgﬁeggﬁgggpgsha%ﬁ %ﬁé)%kﬁﬁégﬁﬁTi n & §GPERYNgs > first
RHUWETIH crilgadE 50 i@ hliepresent’s ordegstdckatifausdey B,
@fncCOt_:mch s@as@&{l&ﬁtakﬂﬂﬁgered%fesst@ﬁsahd E%e,f U oriented
%ﬁgyrggégg%éﬁgg:eggg El of said exengla(%%nark 6
he phot on-recepti ve-nBaf8I2ecYuhts Sehe Auhberidt as taken
pAbt B8 35cin Blye tdit ipwessew® of eataleanst ame murbersharp
eingukot afst©l onel fidebectL£d Pess UBLLLRT LT TE. ééia;iﬁ e
Q%@hr inde}g;Ic %e lcharc%ad rticle beazn}ﬁgﬁﬁits é:tea for
'eft edge EFFSF tReher®ie 18" %at "SPEHTEBHhI | &5 noviwipved
HowdcYs tHemdifghent ninctéaset innr&quired 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 scamning time, however

r—rcﬁ

providing a relatively superior signal guality is disclosed
along figure §.

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 Bl of the mark &



fewer electrons wll be converted thus fewer photons

will be detected by the photon-receptive neans 2. By
conparing the expected step of reaching said |eft

edge A, the actual 5 position of the charged particle
beam 4 in said first direction is in accordance with

the invention determ ned. Wile noving said charged
particle beam4 further in sat® direction 7, fewer

and fewer photons are detected. Eventually at step

t Bt tHetdbehide deviuy etbywhaiondel @ighachesoadirection 7,

i mwﬂﬂné@d&% Eh%q ighar e t@ﬁg“
e(r}:t)l re %erk?:l g;’d ; Phekgiemgcrdlgﬁg%s LiTh enlé'?vlﬁ of tons will
h ST ggip di BheHn ﬁe&%EtBé'Fmé@rﬁlﬂtSB %n By occpr@armg
a theaswpectedr sthp sfzeveaﬁhizl@ feodn deit) Sadel A H§He actual
di teds T, T S nt nS|ty|s at tk
Smsfgjc%itl%gt V\%fenIE Eﬁgroé%]cg gayg %/el %et a4 ed]g% %3 first
frRcEd s 1t9hé-1be%<h¢%’6§3rqqeomlm ffleg | dwiegt tolyed@2rmined.

glﬁﬁtlﬂehatobs&m Wialika Rﬂﬁ&g}&ﬁypﬁrﬁ@&lﬁgb&alﬁm W?ﬂf:}tﬁ::%g: in said

i s nat_orien endi cul ar, to sai

flc%fse{etc ??gct :76n %[ “"Bife to%t hefe&% entpgf‘?ttﬁPSof §¥f g detected.
sdetiduaddge F2, ste® WEBt i ridicbeanmidewi |¢f r emtlecsaild photons

10 edagﬁcﬁésab. ﬁlﬁﬂn@hf{r@l@é‘t ﬁi@%h%@ggapﬁagbﬂglé’nbéin? 4 is now

i h direction éndicular to sald
f| Fot %E};e?:gtliog%egn Phet 9| B# 16 t hePens®roth @f fBe scan
t(ﬂ&?ﬁareﬁﬁotl@ﬂpllgll ew. tBenkitaps nget\trdaen noBeaedt tian dshey measure

figst el @GLLOREY, r ted
by the ehot OE ?)gcg}{gl)vkgea?rpeglns@{% %C}ﬂ% aédﬁe:jcgttg‘% 7. The
B NBAES aCPBor BEERS hERSUT GHentns HOFifls ppetween high and

15 dﬂ{oebtlewﬁé &5 amusdenall -t by sersni ag tneabéa:ﬁ%c%ltz_on A
d'ﬂcﬁ@.bbv@ﬁg @ti@@sﬁbbltﬁa@ $advantage.9f Sg%xs% dgtaect o Noving in

%&{IIE %/ however be constituted aroun!

a élSFh%%r gtiyul risd 1SS %a@@?edt a@rmpnﬂiwglaa@m said
rfap,f@i:t idégecBOofhi7’s mus end ﬂhéadvaﬁh@i@E:_bﬁV\@Efertﬂﬁ sscond
anldeei pat ed Lo Wit vol.ution,o
cogg§§t :%%g ?'g%h W){itsﬁl%o 't %ml ]‘g CTOr S0fF efightE2 at a

20 “folaveiage © utd‘@%@lt‘f‘éllr}gedoﬁea%tﬁl mPeidiise i blnaa the
metiredt o mtpemd_aggaﬁ:dlﬂtg ltsalahefifwxentdl%ctaoﬁasin the
C t i cpal ities js util
PIoeR Pr fag BOy DLIED AR TP pEf T rptdging

predet erni red mni him HuRber: o
adPfo BRYSHERt dBsi Fed a@@lﬂtacﬁmwtlmt &.m miomwg tdvel more

beantpasi ti-en cdticdkited he, resyi pRABSL- rMd: L& weans 2. ™o
25 the depicted embodiment a position measurement in multiple
directiong 48 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.
30 This current disadvantage however is anticipated to
disappear with the evolution of computing technology.

S0 as to allow for sufficient sgcansg to average
out so-called wmeasuring noise in a method and system
according to the invention, a fast | camera with binning

35 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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the present type of detector it is not needed that -
there is no dead area, both a CCD and a CMOS caner as
are equally feasible. Actual application of either of
the two is based on accuracy of avail abl e canera,

bi nni ng capability and,- 5 very inportant, readout
speed and possi ble frames per second. At using a

kni fe edge scan and an approptfate mark 6, not only
the position and the current of a single witing beam

i S:It&tgﬂlémaﬁedty@éﬂoﬂ&étéd“@nﬁﬁ@ i8l 26t eltdRy LD there is

t hree, di ons orda ce h a preferred
% ddrrent&% sca n| ﬁg er Ii‘ nﬂqb g28 are equally
nvf@ﬁ?rl@ﬁf@nt Ac§u@ha&pm1¢atbm1as>ﬁ re ftikgar @3‘5 ther ta® i1 based

ficgur £cd K fi
r Icg:lé andurfci;!fy %@pg_%&ﬂﬂé%ggé cggfegé é:ﬂglglglltl? onrpgﬂ%ﬁ.?ﬁg and,

si‘gite of™ ?Wét@tbs&rﬁl? beﬁﬁ?%‘ﬁle %bﬂc aPregib¥ne Fewwas per

cwecemtl.i s obtained fromthe maxi num si gnal A

p033| bl e angd.cyfrent! I 6 ownin__.
figure 6 W th thglgknai/f gﬁg g %%ans &ﬂf s otPpropriate
P &n, "fotrrdivz &hes mszc‘c&ppeﬁm ahe tquﬁﬁrﬁgtd@ifayt single

amdrlﬂ:ungt beaimngsotickkankaedaar ButnaQQQOEﬁ@n(é@oW bhz&htin two

2 n 0 peasur e roperties

|%IJ| viylg % ra“%%ftggn eaa?r’é’;vsJ %n acc%%%??%/) KAt ac?:orﬁﬁeﬂgﬁlr‘?‘d
t@mg’ﬁdéT“Q%%r aBYofcenipe dvazenthonmasly 5@ redEs Umetburement
aalgduantvazgﬁousawaays I $nt hgl gBeAMspOosist i g ral atfll\égrgo 7 at

i nfQr t|on t her, word
gp%%@&n ‘g%g}i;tlggn hatlgi‘:1 gSp%‘ﬁagl Fg‘e mﬁ?aﬁﬁéngaﬁ of a
s?@ﬁﬁlﬁl DEpEst é@%lﬁ%?&%@@nﬁndf thiee sWdrtd ngf beam dasissian
apeandixzig tdl)t)é.&hefiurttﬂ‘}%f Mdﬁ %ré:r@é ' is UBbtRiLbe 28l the

|s cenent of am and the relative
PRESLARY, B8P R Reefinls: GRal SHTROFLEpoee TEE pRemaTE &
i F}ﬁer&#ﬁ#‘fmsolrtl B bR a'J:IJtlht hdgr akhyfsysiem acoos di AYL of
t epbbe posh¥eshi Olépo'tn shich Lhe cbarged ,pag.ﬁﬁ(:ltgmgﬁﬁmdelay

|§ nkur ed .an_.and o% blanker means acting u
an"8l LT Ei® 8| Bhki %“%?@nﬁF € AR cASPFERPRE anth the
sitAgkEet beamesb dieh mesentmedbats ang oar properietiedd andididual

Tt}gsg_gg@ga@an\_/@y to calibrate said position and timng
error is to _neasure the total displacenent in one

time, |n actor ARG HFEEY (RIIRdiagpder F alipboration of

i hentmomtion may be measured in an advantageous way ig the
beam position relative to the blanking information grid. In
other words, the real beam poéition that corresponds to a
blanking signal. Detected displacement of the writing beam
is according to yet further work out split up in the ireal
physical displacement of the beam and the relative time
delay of a blanking signal with respect to the internal
clock €l in a lithography system according to the
invention, in which the charged particle beam is turned on
and off by a blanker wmeans acting upon an electronic
(blanking) eignal. At calibrating a single Dbeam, 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,



20 the total of displacenent is nmeasured in a single
instant. This is perfornmed by blanking the witing

beam A witing beam4 is scanned over the sensor S

and switched on when it is at a pre-determn ned

| ay-out position. The beam4 is 5 switched on for a
pre-defined period of tinme. The for neasurenent

requi red nunber of electrons € obtained by

performng nultiple scans over the detector 6. Since

i nthe h’r'—%tc’ab p@%a@fﬁmfamasur lllsg meakuchdaduant agequs! Ynstant .

rephxcfes ngkge ng th ,
B o BB ISR bl oo

e%‘éamﬂtsooﬁca“&re d8¥#hg %&%%% Bt [Fwihehpysncehen it

duasqal a@ermnrpraﬁdetemﬂaareld@L@ytl@oﬁaasaﬁed The beam 4 is
f_neasu

Advgnt ageougly ag f rin
" beam 4 | & S\%lhtc %d on and%{efff:L SR t OB |Lg3rr??/ ofrie for
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t iR HHEMAY eF Rt 56 | BReeRy 1:»§ | ¢lemyrdss cleamttadned by
byp@remmngg fisomgike sdurecedi-ag, arﬁl@eee@&modbm@ﬁce in
}SL %g rag&%e]{}%f Htlarée current rR/enél on_ I further
eve g & exanple of’ YRly reduces
frréiPrS@@ Chehi §P\0§cﬁ‘énﬁt waltllylgsﬁmmtmeont apesmefmoe g, is
ofom;as]empr byn ﬁmﬁ%ncﬁhéé" tlgba{nhe 4 n%?@ﬁix‘?”’tréo beam tool

ICIt 0 ual orlented bl ocki ng
m , er e %edggéﬂ BEKGGRy efbiRtfreement and

Iﬁ'é"r%délm‘ét dedayt Iﬂﬁr@@amqj eﬁgeanﬁagedi%lﬁln a further
Myl loF ordgakad ueﬂerbé‘éima@gkg Qhé@zﬁ’ecﬁe&ﬁ &% éfk for a

thi s Jrnner, accor ing to the-invention, the neasur

spot propertiestc H“&E?e & tdtléée?gnw Pﬁsh%l@llﬁfr pse

shape. Alterrat ingel e andleeas oth&f degr eRfparéoubd Beom the
Uk ngvéricﬁ&”' fpbetAOGLE VJ:LrEhE.Bh N8 soq S oRE the

scanni n e’lfr%r er ormed 1 h at ast ree dire

urrse“%r ﬁ“éaonr few fureher ]er aBevatPref of Onshesxample of
[ @\wem ilen pricovidedr by sticturdd ackivig.cel eeRrnz6Coh sl shows the
prtQ) c@ﬁ:ﬁ’&cteh Cg_n% eéel‘?é%ﬁ a.{l’geglcéo a%angco de%trel’geéh J.nvent:r.on

glé? a nmeasure, jn accordance
Mg & he™Hviendcasy t id ch%mé%lhf aorprgjstt edlocking

f edesedtbeam ertrer akbjobed I’IQCI nt’ﬁgc emﬁeﬂﬁﬁg éﬁ&neﬁ‘@é Kinciude
[ %_ 0 e VAL T po e ance
topidused, AL %gcﬁﬁ% d\é L POSE 5 A r%tftr.{aﬁé_yna?:ﬁlented

nEﬁspot béing s ver an ‘ed
&r @by 2g9drupfi Ag0t Aegneasur &a Ehgﬁamanm@r according to

mt:huem isatnt i5aC ontky mewktifean @ S8l ethaRn9% e fitteq
dGgE8e S kéﬂli%s%d%%ape 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 ig provided with angles
larger than %0 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
maxk is optimised. Alternatively posed, the chance of a
beam spot being scanned over an edge part of the mark,
thereby disrupting the wmeasured signal, 1s 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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scans may still be performed in nore than two

directions, 21 enhancing the capability of

det ermi ni ng spot shape and size. The nost preferred
mark i s conposed as a regul ar six angular shape,
conprising two sets of such sharp edges C1, C2, C3. -
In this manner both of the earlier nentioned 5

features are integrated in the mark, while noreover

the mark provides the possibility to collect a signa

behhaﬁbz.ngm\umg bagkb angk+f opkh. déibﬁn:fr&‘irrlt%“‘ar%glcz}:t sho e and

ra n t he ref red._sensor
29%re?%§r%§£% pEEY &5 ﬁEWE@@&doﬁS folﬁﬁélar six
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dinpekt poavides nthea§6d51binta}/ ned hedlfeft UL bighaD both at

sush , scanning 15 is performned
P o and T05%s,

pr ef erabl thin mltiple directions D1
to D3 as | nzﬁ‘ilc%t%b‘”ql?‘ﬁxt lvd 2BPEM hen ehBchhe dprafstined Bénsor,

tcz b@ub&mgp@fge?@'pﬂéﬁrﬁéa Q{éﬁcag@h f%@iagjegh%p in9088a on
0 e marks on the_surface

se}ﬁ%or%a%e the sa?r“':‘\énSD aﬁ%ﬁ Gire A %ﬁ} bﬁhé'}‘? &P@aﬁﬁd In

pF%f%r%%be%W?ahgﬁﬁw§@cﬁftharlahthammsxgpqnadumqgadas well

pasti che beﬁmﬂl&yonaa@ar&é&éﬁﬁméﬂtr echy Onhav:. %r multiple,

p r of th es of, a mar Kk
sgén%%&%ggcﬁn Wlaﬁp %&f’nt g’ T SCHRG! §S ncreased.
oFFeﬁté@téééefprrﬁépé¢SLM@ sﬂChts kpog§i tiforrensblr, scanning

respepbrtOrhdle SEASHEradi, OtheN WoLdS, 28rin multiple

c ondi ngl y or| nt ed "ed of different narﬁs jorn
(SLEEIH h 3 17 g ORSPERSt et FRet S Haiher each

adlzg@:a‘;vpm Hedm \MBI beiingt herpeididirhard @fé tHbfe said sharp
D%éé Oﬁl waeres i t avas %Wéh%herﬁ’aqge; ghways esﬂﬁ%‘& eroia the

n| gtﬁ orlented in the sane rection, 1.¢€
near VICI YS 36"Frar R&Me; @P?E%aknlPéléﬂﬁ%El@%ereﬁﬁeY are
aelfoferahiv h@xrmz@aael ;sacal | ehadi r ect i @anbtind Sﬁancharged

I fl a I T1 ndifular O
ﬁas‘%&fﬁ&ﬁ T A e RO SRt Sl

ortier Phe 2neHa B%%u%?%ﬁl@tﬁ begwhg6ill pngounter
tdhe narkssnacbm:erglyandozb&mneﬁooledgﬁe SUttréfiddotdiredt of its

SeiRg | giene dhescld ond hepghapcg,of engountering a .
correspondingly oriented edges of different marks join to
each other, while being diglocated. In this manner a
scanned beam will in the mneighbourhood 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 m. 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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knife edge is one. Favourably, the knife edges are
nmeasured a nunber of tines the |argest expected spot
width, e.g. are 22 neasured by a factor within the

range of 1 to 6 tines said wdth or dianeter in case

of an expected round spot shape. Wth respect to

nunber of marks per witing beam a ratio of

a'plurality of marks per mwit?%g beam may be utilised,

5 thus enhanci ng the chance of swiftly encountering a

ki uredgbywit BrAtehewsthimi tige range aif gcarmumg:mes said

charmd rp@fib.hté{:é bea e
° cordf%%b{’%#%ﬁ@?néen?ﬂ%%&’%ﬁ R Mdde | shape.

%@‘ (% rﬂ?ﬁtpe e, LRt 9 SETfe PeET Wrﬁéﬁnﬁe&wrﬂs % ratio
apd iethludsildtyr atf onzirdksl Gpea: aqua;dy@m}mepm&y bd hatiliged,

b
t hena %th%.helﬂgs AR o%h%_f:ﬁ:{%h %%argw:tl%%ﬂ_?ge &%ﬂ’l@&fl@ A, knife

det erm ne
t FE95T WP iR X 4R € SRPOR-1B6| yrarBB00 alr | Er:ﬁgnm@am eteharged

h@amtgcaet ymamal Spoleveize 9h AN owedl dahere arqund is
2&%0‘&%#@ EQ etﬁgr Elenr}gan %%@%%ﬁ%%e?%{ ?«‘:H'g? gr@?orngr‘]é%&r ghere.

Fi gure i N a manner ¢o
52 bV"W | @% sOBe prevkdasrarbeenpd anypsibed of which ratio is

rreas:ur %ﬁﬂﬁhtﬂ@é@u@f iAat thﬁ@skh@nsb%@&t&VEBF%tP AT gkl %ybeam

Shat n one direction, e, urality o
S MRPRF00° del et inane 8 apheRae iakhy Sodudide-cdge
Fgmcéal # sdtheof p2@sppisuekagpdat adchi noelyhelmca};emmtmg
Sb&&ﬁ&ef@r Hﬁﬁﬂié' 39 @lesk%ﬁaem%{i@l bﬁ' L% oxlim woulci be |

weith % é),?(?ms i's_deyi sed rat e measurin

f Fequ ThonThd o FFAFERT t FranRlq redgeg; to 200 .

m croscopy.FiMhere 7n tihe d atdmiet aSOr@ASIHAIRG 1S that of
p@&&;@f@fﬁ‘% i nbﬁzheb%'iﬁgﬁs‘)f k:;'%‘orv%.td%l gr than in.t 0 ds%t of

as..in the resent a ter nat Ive
d@ﬁ%?‘é’&em%r%ataa Q r?EaPP?SEoﬁWnﬁ@% svgnak ipdurality of

atshame@tigstmarprcemmrerma&nr i 80y sy&tmmg off @es o1,
thagupder ytPQcé n§| Qg%hégﬁdlcaallype edug&ggn‘%rowaﬁabg set of

measur i ng dat reaadl ngs
siﬁF?F‘&’fﬂé?ﬂ ﬁﬂ?“ﬁ% fﬁtmr:@ péef pYRsEntassamsdr aBoB0ntersnring a

thessihsd ghtilthpliaiéyt off a&fﬂlﬂghaﬁeé‘mw ritguakby; @6d Uabrher
SBooy | gumt s hn T ShECsRA BTG | ski'be. 24 n deHBRTed o
| 4EtEts9b sHedbicresqpput-hdihsirspdnofehie tlattitace ceies m@nsuring
| heli pati@mef iMerBPobrdst 2651 Rut a8 NERAS in the order
dbfeﬁ£'£§] 11¥v1t_1t}etg%egr eéecrzlg.lsé/ da?f‘éerndatlvely denoted, where
a wirtually continuocus signal is attained, the present
measuring system departs from the underlying insight that a
limited mnumber of measuring data, e.g. 6 readings per
gecond, may be gsufficient if a fit is performed, asg well asg
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 respeact,
e.g. the slope of fit trace 9 is an indication of the spot
size in the scanning direction. With the rresently 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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35 sensor, detection of feature values for a nassive

multiplicity of witing beans to be calibrated wll in
nost cases be significantly faster than at
repositioning the 23 known, relatively fast photocell
and kni fe edge sensor, as known from m croscopy, from
beam to beam as would in the use thereof be required
for a nulti beamtool. From &3 signal thus attained,
apart frome.g. timng delay 5 information, also rise
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aflulrth@r syastcemiangortcbl n’rgflet oithentionertiiabhel. @n OMEen the
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Figure 8 schematically provides a top view of a
wafer as included im a litho 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 sensors 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
posit‘ion, 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
Crack 13 is indicated only partly by a number of arrows.
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F, 35 distributed at regul ar di stances over a track 13

of a particle beam projector 12 over a wafer position

10. The track 13 is indicated only partly by a nunber

of arrows. 24 The sensors are included in the litho

systemclose vicinity of a wafer 10, so as to

mninmse travel of the beamté8l. In this schematic

exanpl e, sensors 11 are included after every 5 or 6

f ildledsemsofrsaawaf énclifiedrin had dsitigr eypteh Slbseld@bcinity
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injti I,é)ositi on, here at tﬁelrpjg?% {t:%%)v%?dé@o' ?ﬂ:éeam ‘ool

d ﬁbl wWAFRETRhiC nareRple, bEPREOER| daderrs riomlituded after

Ew:term %ﬂ%thﬁzméfz?r@mt%ty@@@rpf%f@@f UEO O L8 b_;}ltecglp of
¥ 5 r rfor n.a nmethod _accarding- to

CRASS TR FBRe R LR  IBE bRall FRRC 16y Grrent made to
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measur ed. A~ GPalPEy ot *Fedturemst £F MeaspRingrgrabled by

ofhED- pEnger pavidor redfermedf ithese Mathod) eaagerdifhg- to the

CUkfeRtibs, deter gl peds-Md hihe _%%”%Q{rz%t%%gﬁg%%én%n of a

tr‘keiti.nvegti on EEI s, can be done in | ess secon

f SF AP 3080 bBENESTH i Fen AP RTESN 2P DEHAF area
t @fhdda i detatstcer nrmddwitionzt bendahactBubeganet ahefurement
Theo et ed tJ h cury RASLUE e W th .
1t{é§, t I)II%I cgl I%/ﬂg{sm%%%lx% T &iﬁi‘%\/\%\% J?/pllq%%ﬁhﬁ/ements’ o
WitRi PEPSTs oF CER 3R E5wPrETBEmed | ppdd ofTHikesea tihenererage
ofureastr enentietesmpesd or wedh  thepi s@hdo \é\fé_b?d'afcl'{qﬁag to the
r F QLN - W erfo , ...and .of these
ARvEnBionndnis: L ]‘H |£C§‘§D d{e‘{‘ 125 Fhepnils seEgRdpdor all

t he aver age current w .err.n ne
ddr@%n &€ -t hEpe 1 cegEeRl Veriabiopedmem Thremp5to beam is

cdetentinedi arbantheomnbgathte heasrised! SensletLfltiNed « ime
b Coor LyerEt QO ETRENEECI T CRE dvePugd AP dF 160
t HE - vl VFEantyPEeaity hivathpaci¥d casi oh. OCP netll will be
eifthredt herses | i "gs mugseh;e ﬁgﬁﬁ@%%mggeggggs;Jhr%étn_lfi%mea,
not PRt VIl Pl aterRindd 1P CHe Lol drimed,
expecréd thesst fhe cisirage curdeng twid i dr¢ hdéerdmgned. This
expaswe abnklf 2nsSaukge #i0 a6eNBMond for all beams. The
current variation from beam to beam is alsc 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 sifstem
determines 1if 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.

As‘ already indicated in the above, with respect
to beam pogition, DC (direct current) phase noise and point
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Is required. Pulse duration variation is nmeasured by
performng a tined switching current neasurenent wth
pre- 35 determ ned on/off ratios of a projected beam
As already indicated in the above, with respect to
beam position, DC (direct current) phase noise and
point 25 spread function of the generally Gaussi an
di stributed spot intensity, 2®cluding rise and fal
time, two alternative nmeasurenents have been

deyeleapedunwbioh 8E| théNgbheral o} | guhag: Hetd sousedy spot

s t . further in detail: one with 5 the beam i
coﬁ:gggéagf y 185?“%?1% ofié=Ri tHY he2beamBR: oy Ghlternative
t megduiravenival shawl t odde bidarelogrtd, nuetsky omiltthein the

bR oPeRy hON ANhddLe RRILLIR! EANRUPCLL OB (RS 8L wicn
th %gussmn distribution in one direction can be
0&P6r FFRBCSRHRIPIHG (Fhod b ame [HETS Gl EeapSPR only on

i ndmedi ngiterselsr E@thwﬂhdiE@a@ﬂdohﬂ&ﬁﬂﬂé%Yi@n, the beam
S -b jti IS asuyre I.nel udi
p%%%gggglﬁse.l or 't ‘epg%ﬁlttl ndT ugaﬁeagﬁ?%%?ﬁ a{%EggpéJé the
dEPPEELFBN AL StHERHBraredini PRet KerBeshPDn cafihdepotstidronned.
OWithh&:Hﬂ]i*:g-ﬁﬁeﬁﬂgﬁcM,ththésﬁﬁ;%_télﬂe@ tﬁ'@_',d_eilllueﬁ%ﬂng rise or
v ge, . ure for, the beam position change, | ,
ng%igilr E%lﬁ%cy g{l‘geﬁisnsa ﬁ%ﬁﬁiall%o&c? i @f“erﬁg%ﬁl.on is
| RepRBT ek aciniosiirgoRCophashenetite. i s now known with
respect to gde wafher Sbageinfosd!i AbashBEmEXACt DeaDronneg
PQsi-{Lop; san. be de%erm(ged. One npasurenment trace,
represents the PRt eyritd beantipoPSa0°BepdPei Rysitbf of
atGaudstde-béam prichi | eespdret t kaceltehudef Iepra@senbstage, a
theabBt&gkal @he! MRAFAYSS FURE! | Oindti 5115 USEMecd Oro its
I an.

t he. neasurenent . result wth_a cumul ative SS

fit
Fromtne PretePacty depREniRedet 8F nfhRdeXpRtcaoeition of
i shedetdmen bed roldtkidien spathi srexmiecshaped ta% awbpaiss stage

HBL €135, AERMI L8 -PNgrliTe, detary nat oBe Ofdetcg%m?ﬁgé. one
S a%e IS rﬁ::rformad. The neasurenment results are then
AMOAGST = Biter $¥2FFt t BEPTF I the Hhicevilohssyaheds issn  spot.
spgpan_sih'apae. fEpguree Gpubséant heednef proante Si decgraépbee thus
thepfidenc P10 doR 8041 LHSLAA! 00 0TS 81 2 ARAVE s useq
dj scgsseg 30 conti nuous neasurenent an ussi-an _
dF8t FbutP8n "6RSHREBART t FeRPAT oM ials Fotcumiledingt iGralspian.
deénot ethspdi.tsddpGauss a PSF is determined. In case it is
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 i1llustration of the here above discussed
continuous measurement and Gaussian distribution of
intensity A/m of a spot, alternatively denoted spot shape,
as cre_ated by a beam 4 on a sensor 8 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, weasured in applied deflection
voltages Vd in the writing beam tool for two writing beams

Bm and Bn. Bach measurement ag reflected on the right gide



as created by a beam4 on a sensor S according to the

i nvention, or on another target such as a wafer. The

right hand side graph provi des CCD signal read outs

Sccd agai nst 35 deflection of a beam neasured in

applied deflection voltages Vd in the witing beam

tool for two witing beans Bﬁland Bn. Each

measur ement as reflected on t K& right side 26

corresponds. to an area under the Gauss, integrated
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t lectign range for determnin posi

a ae‘g%-i et eatp%rmn SXHI e (Wt 30 @ dgeiting beams in
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ound 1 nm Crosses erel

maxi
kni 2 L Ford SRRy PHETSt apesient I this manner it
NEas upBaentd | ﬁ:(ljz'as deppehef WM aa @i%bm%ﬂ%{lﬁpe%fOfmaximum
P i ti.ng a Gauss .cyrve. e amount
of _ti rre’:1r ﬁggdgg’fégé?r%%%u?%%eﬁﬁ%’fa aciifs-poPRt " Fer setting
dett nPREE il %eheof r shemeagdrouenspedd, inhiddpsetsl from a
t heirtime f aumeach ofi Ngbends an.c Q192G FegHr eﬁdltqzqn nd,  caues
11’_,_?_%_a3’|,1,?elt rnative tg,t he precedi ng, and as

preferred method of TeastPFngeegeti hod maasdwedapht ofs each
| FUSEr Afedetyyminegd thathaneasueereatl mathede28, theich sets

nutiserint pokndscinghagkesscan is reduced

signifi cant_%ﬂb Fiﬁgureh 10 in this respect illustrates

this so-calT8d T Shilf% BWydTpr PAcEpl eliwTrative to the
f PFEFeELvE, pepresent arebarvéd ankbihd® eHlgfeaNd-IRE 2 timed
r eguisiednenn” is POSIULQ%Qly ayGeuPLe (9, fesRech] ve

W[i:h%l n ‘%%ams Bl to B3. 25 A" p%siat itgﬁﬁﬁgﬁlgg?u%ement method
wri ti ng” BEath " O i BPaRhFev@f by HSiHE astame del ayreduced
peidehihmeltlmhi Blgumse avai bablumifr oraddeet PrEMi@YStes this
exposHi ez@nde Wi gh 11.$; L OV] L Lhin the system_. _
pref er abl %%b. t he beaafnﬂ% op%gggnm%%ﬁ&cé#aar ‘ﬁt&'fn thigurative
cORtror AT 1o% hefeof. FRiEetisRI%lela® | shen fegereed]l “on”

repEdEEo edf 39 byuphe cbubbepsiiiont affiiglbeWRi B8 to B3 .
the~phocksoshow the 5 writing beam “ON“ is achieved by using
a time delay per channel, which is 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 beanm tool, and
implies the presence of a beam spot on the sensor. For a
writing beam measurement it may be assumed that the beam isg
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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period of tinme where a beamis set to "on" node. The
latter is perfornmed by the blanking system of the
beamtool, and inplies the presence of a beam spot on
the sensor. For a witing beam neasurenent it may be
assuned that the beamis 35 not shifted drastically
(less than 10 nmwith respect to previous
nmeasurenent), so a tinme del ayaper channel for the
previ ous exposure can be used. The neasurenent result
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scannl .ng witlng beam
mean dije ‘fJo*—fDC—’Ggﬂm beantposrevhoehangesurenent,
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L 0 To rm I's repent and
otgf‘%hnrc %gl eaé%‘gﬁ e Jdgc?eas ‘:"th'%sear"En%&ituLhElme 1o perform
ke etigsuxindniy e ands colpisa i e aper Leamed. Fifle duidt hpoints
ofaricheabed Q&llsﬁaorlé%@‘ée I8 fUCht hat g ;ng ey e}_g yﬁrct‘nea The
sin @I {_‘g % The di spl acenent o

p&’ﬁ%?‘oﬁ’ BEAP Y SETHECS A=t ﬁéCHaFEaEyéF eﬁ‘ﬂoY qgers a
a(ﬂl@gﬂengnme-ed@e ERE dﬁsl;ﬂetcemanuobfagae Bpaniod rf¥Bition
t he r%rb%ﬁ%ag eﬁlﬁﬁegagﬁo'ﬂ?}\ée@ At y%t'eg'[ oqf lﬁl t eci:iuegtll\{l% the-

descrii g g fine ng the ovv| ng
t AF&y %?t+‘?nc‘ﬁ?11b§é7@st at ed that the invention
r eI at es t 0 apsetsoror Othe friddedlingg thBespRsi thoasc el 15 in

va f raed parl icle bea ,
!a.?_gééf%%t?{v% Qie%rc@lbtﬁé?ﬂ S&g@ rgepc% APAOng o?h lowing
%Pescoﬁﬁr F8é5 #esBECHf LEhargele pareted etiel e@n@rsnventlon

ha*euagea tanown behabiVerposkhi @Bra¥iid regar goE:Qtf&Qé‘ and

0 char article detectar is vi d
%%Edlggt &t i on gﬁgaﬂfﬁ con‘%rl E‘ % I?ﬁ%e‘% E‘B%?‘S with
offe§Pret ceFPs. e8ahd PEhtTed S@k{irbe&pmﬁrégmaj oot | eam  tool

e@uﬁbﬁlﬁéls| %asbeﬁgl%f there ﬁ@r t@ﬁ@:’cl@@@'@é’@eé@x@t H£§1ng a
a gi ached, 0 each 0 val i d

E‘S‘:’% éér%%% G e d b ¢ ﬁ?géﬁﬁt 9 SaRe © %PtheSa-"»d
s§‘§ﬁ§ﬁ?@c@@?‘%ﬁ¢ﬂg€ tdetigmbamienironiigd 261 det @r ﬂemcr@on area

V\heﬁlbﬁf.sn\ﬁ};ta rﬁ:ﬁﬁhﬂﬁ‘édtﬁu@o@feo@etglﬁ ned1set Qfis 1imitea
prﬁ%étl es b ﬁj_ur ed awitin beam sensor,
alf™ -0 tohe %Iéjf r i oftt HE fpuy.  &heh charged
vEkykliole dakdchesperts vsemgmrcblperatty;ad}ma Wi tdwah aother. The
pradedeewi Bed 4 apgerifef bagd iy SACHWASRECHIVehe control
pr oggrt)é

£ the system according to the inventicn 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, i.e. each value of
each respective property, fall within a predetemlnea 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
beamg and positions of said plurality of charged particle
beams detected by said set of charged particle detectoxrs
using sailid known relative position between said get of
charged particle detectors, and to calculate correction
values to correct for said determined difference. The



15

© 15

20

25

30

35

30 The apparatus furthernore conprising a calculation
unit: to determne the difference between the design
positions of said plurality of charged particle beans

and positions of said plurality of charged particle

beans detected by said set of charged particle R
detectors 35 using said known 5e|at|ve posi tion

bet ween said set of charged partlcle detectors, and

to caIcEIate correction values to correct for said

dSTREATPREE dFf Pdith@darhed r afpntatison wflsw individual
adapiged p‘am@amhammtaomﬁglanbeaﬁh Vicdigaly dm&éﬂ Ae8bRs of

of | ati ons of
CAd LSt DARRE NaTT HaE' (i atie T abparatus 1o
ad4lpPEadt boatidppt CFP (beritical diistance) control im tHee same

saEnbrBNAEr . Ahe t Y3 Qf’let hendNel oy ed %@E&%ﬁ& nﬁnay be

L enent.ed i n the sane apparat us
St e PR T e AT SRERRECHF LDt bt us, | al 50
may conpri s8addpbosatioy obret@citoro i @Efﬂ:i@@teﬁpﬁaratus

S@Jl@ochﬁ&g%@nﬁé’ﬁbéc' e};ﬁ%&%‘i&ﬁ? agy eﬁgmiéggﬁtlc Jeflectors.

v%rt 10 nmeans .t 0 conver det ect

pg’ﬂ AL s P@é%%d"anéie&lﬁﬁt&ﬁ BRGL awqréfé@sftuv@onvertmg
n¥Eass| coatethvsetti ndl datdctednyRitddy PRADScBEONE LRE 1east
Ol%hbcaﬁh@l%ﬂ]wa Ht Hetect 5ol d n?é Last g%\%%ﬁ Ihﬁahlnd said

creat ed sal converting neans. |d C
ngé}ﬁgeﬁjé ZoMipPrse2dopratée retpraki edhweyhte detect said

f Biokessentnd ayestdrd RElelM§absh a COMMRLS 0] ﬁl@gnéa' d

fluorescentg te rise a YAG crystal.
phot on-rece EEl)llcé/le ?ré%#n% rrgIP onprise "8y | rﬁ?“@flsﬁunﬁ‘er plate

oPrgVidecel PféthAn Sopt fb@wmﬁfﬁné:m nkgyde posit pemédrm said

betweens sai daﬁ@n\é&&ﬁl NELUBRRSAR] S may com 3_3.se a YAG

p ec | O neans. Such optical system
a??g%gae% t‘gﬁ%l P he PO Sh e a ey Or%’réea‘tet & ntimited

| B‘E@P?%noﬁygé'éﬁd C@éﬁver A gptieads syemendsiay be positioned .
Cbéteémnﬁaﬁ,@. |@§@§é@@1ﬂ1§‘ gakdsphoten sa:.@ice)[%ﬁb’ﬁlcgn receptive

Thé?uc tlcg stemis in an enmbodi e

i g (8ot BRYThe i GHRARSHs hPt dbiiert the
t® QBO%%I greahe@r picng neensaimheosaitothaygetgid converting
pRethe| ewRead t 90l corhSed b RAnk CY% J%Ipoq.'nedsgf'denphoton—

on beam t ool The el ectfon beam tool
par%éé I%\e?l?‘?t'ho'alll%pﬂytlg% %yﬁstem ig in an embodlment a

magnn.fylng optical system. The said mark is attached to
said converting means. The said charged particles besam tool
is in particular embodied as en electron beam tool. The
electron beam tool is wmore 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 coxresponding to
structures in the figures are for reason of support at



Apart fromthe concepts and all pertaining 30 details
as described in the preceding the invention also
relates to all features as defined in the foll ow ng
set of clains as well as to all details as may be
directly and unanbi guously be derived by one skilled . . _
inthe art fromthe above nentioned figures, rel ated
to the invention. In the 35 fpdl owi ng set of clains,
rather than fixating the neaning of a preceding term
a r € er P t [
TR fFoT SRe e [P IS 40 T RS, slaning
tﬂE Eraf presRditdede¥Blel y as an exenpl ary neanlng of
said preceding term 30 AMENDED CLAI M5 Recei ved by
the International Bureau on 16 February 2007 1. A

nmet hod of neasuring at | east one property, of a
massi ve anount of charged particle beans (4) of a
charged particle beamsystem in particular a direct
wite |ithography system in which 5 - the charged
particle beans (4) are converted into |ight beans (5)
by using a converter elenent (1), using an array of
light, sensitive detectors (3) such as diodes, CCD or
CMO>s devices, located in line with said converter

el ement (1), for detecting said |light beans, 10

el ectronically reading out resulting signals from
said detectors (3) after exposure thereof by said
light beanms (5), utilising said signals for

determ ning values for one or nore charged particle
beam properties, thereby using 15 an autonated

el ectronic calculator (CU, and electronically
adapting the charged particle systemso as to correct
for out of specification range values for all or a
nunber of said charged particle beans (4_), each for
one or nore properties, based on said 20 cal cul at ed
property val ues, wherein determ nati on beam property
is perforned on the basis of a signal resulting



froma converted charged particle beam (4), while
shifting the blocking elenent (6) included at a known
position relative to the Converter and the charged
particle beam 25 relative to each another by one or
nore known shifts, 2. Method according-to claim1, in
whi ch the charged particl &bl ocking el enent (6) is
applied integrated wth said converter elenment (1),

| ocated in close promxity of the top of said
converter element, in paAMENDED @pAtMP AVENDED SHEET

(ARTI CLE 19) 31 phbenedfvy the MedfadoaatBugiaigono claim
1, in which the spot si Zs %b?ﬁ{'ﬂ Spar ged particle

beanms is smaller resolution o e converter el enent.
5 4. Method according to the preceding claimin

whi ¢h variation of the intensity of a |ight beam due
to passage thereof over said integration bl ocking

el ement and convertor is utilised for determning a
beam property value. 10 5, Method according to the
preceding claim i-n which a knife-edge is used in
conmbination with said light intensity for deriving a .

value for a spot_size in ope direction. -6 t hod
according to hep*pingggagn% AT %l\ﬂ%gclyﬁo\l}gl gageerty. of

f or aspepssizeainnuat péasharaw] partgaris dwiear (Ghr o8 Ajcharged
di r E%trit@['}ie | $adsed @i eReri W0 gadpduishapes 7direcy

Cisbmite
Met hod. accordi ng to_any. one .of the preceding clains,

whe ég§085?%F%1%%??% 'd?lﬁggﬁ%broportion is performed.......
8n the basi s bheachrupafi Pyrioicky JiRans r @duldtenGonygrtsdainto
fr omianst Bpphag (py oeceedksniy & changed sparilioket béaim

bei ng scanned,,.q, gne di ﬁﬁ%} 00 ak ¢ At | ERHQYLEvSAkbiectors «(3)
bl ocki ng eleﬁggFg %?lﬁit d accor%?ng tg any o e,oflg%it;y
the SBFEc et i i RSP | #F vRIGh SCBLERTT SLeRtt efffof g with
and senddubhigrsdehel @bescat,) i fpadkiceskdngatald light beams,
1 predefi ned {E%E@BE%& EEaiiyfreagdi%chﬁg_n%ﬂrt@n@gﬁﬁ%nals From
any one 85 e prec § n cl ai ns ere a.s i ng. 14
" of Feigh at‘oqfatc?%s i 2 be%ﬁe | |chosuz"e lcgelemw tb%* Mg Light
beams {5), .
- utilising said signals for detsrmining valuas for
one or more charged particle bsam properties, ther%f:%bﬁ;;;g%ng
15 an automated electromic galeulator {(CU). and s
- elecbronically adapting the charged

system so ag to corxxect Ffor out of spegificati o]
values for all or a number of said chazged particle béams
. g P

{4}, each Ffor one or more properties, based P

20 calculated prouperty values, wherein determination o X _".“baam
property is performed on the bagis of a signal rSsulting
from a converted charged particle beam (4), while shifting
the blocking elewent (8) included at a known position
relative to the converter and the chaxged particle beam
25 relative to each another by one ox wore kuown shifta.

2, Methad ageording teo <laim 1, in wl:}i%huiﬁhe
charged particle blocking element (6) is applied hﬁ#ﬁf%ﬁéd
with sald converter element (1), located in close Eﬁféﬁgh
of the top of sald comgverter slement, in particuléggpgﬁgﬁp

AMENDED SHEET {ARTICLE 19)
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del ayed during nmultiple scans in one direction,
relative to the starting point of the scan. 30 10.
Met hod according to any one of the preceding clains,
wherei n pul se duration variation is determ ned using
a nmeasurenent with predeterm ned beam on/off tim ng.
11. Method of measuring préberties of a massive
anmount of charged particle beans (4) of a charged
particle 35 beamsystem in particular a direct wite
Ilttg%%a%hy system wherein a nunber of beam
S is derived wusing a beam detector
conpri si ng a3bedrtbbdckingrélement ,claimANENDEDWEHEET the spot
( AREICL 9 r I el ect i BN
r eadabl EOéh)gtag% ch% %% oﬁ tl%cfr%e%ﬁtrge%ﬁs a!étguas{m%rlh%?r'%i'j“é?}ﬁgﬁf‘t’he

redl s} h‘?jlﬁnr gfa?li*‘\“'/ecm}mte Isfeqk -el ect ron beam and

(oahlcslaudaﬂraqﬁ%t &5t %%néltgc'&fd' Qg%wﬂaofﬁe@%’i&c

position, timn 0SS evice -
actﬁar?fa@ﬁoﬁh?ﬁregfpﬁw#"cIséllﬁeéﬂteﬂéﬁﬁﬂgﬁopl%ﬁég 6&5‘&*}@% and
curdasvergnd biankitng igfeeheioxf udeteoningnd 2.a A}mtrrhgﬁroperty
acGgidicng to any one of the preceding clains, wherei'n"

the charged gartl cl.e beamsystem 10 at | east_the .
beam - gener ati nd'SSAPE tHFXGF NS B oFifePiidHigy claim, in
optildaih §eﬁ§@rfe -aigewher eismed hien detebtost for detiectand Tight
beaﬁk@hﬂﬁe?t'ﬁﬁc BB PR hb CU abatfe Q@ﬁte£n=§kmb|9§5engll one
el enfent s thereon is utilised for optically detecting

t he p03|?| on of said systemrelative to an

i ndependent | § - 15/sfbpealt eceirdige fop hbkdimp@diagetlaim, in

wed u;ar
p J,L':l} -

(S one r haracteristics af on
or Crore REPEIEI D% OO o (B SOTRTLE! Fihes it
system and sachM§§hPﬁ a’mﬁﬁ’lrﬁ—nﬁeém 134 |<?¥$‘?)e‘éf| ohe “J.?jf sding

t oellzigkar asteriksed’ idethatirihecaensd (1Ram COBPEhEEEL R i g
2 GRRYBLRE éﬁ)tﬂerbsgmgee&'%ggﬁu&éﬁatgl%fb%aghagéznﬁlg%ting

|ntoaI|

0 ar FaRGed gﬁequgg vﬁ’%‘i’f%@‘?l ght %@%%ton LE PyPeAL. being
salsdfaﬂ@@ﬁve‘-rlt epngl)dupor-iori dénce dfiwe pavbrclmibﬁawﬂockmg
(4k1capfr25 transfornming light fromsaid received
l'ight beam (§) MEEI’Lgd according ko any one of t:he preceding
claits, in which a beam ig switched off and on “during such
Scan, in particular at predefined instances in time. :
$. Method according to any one of the preceding
claims, wherein a switching “off” and “on* is :.ncreLmem;al’.Ly
delayed during multiple scans in one dlrectz,on, relat: {rémta
the starting point of the scan.

10. Method accoxding to any one of the
elaime, wherein pulee dJduration wvariation is
using a wmeasurement with predetermined baam on/off L

1i. Method of measuring properties of ;
amount of charged particle beams (4) of a charged partlcle
beam systew, in particular sz direct -write lichography
system, wherein a nuwber of beam properties is derived

using a beam detector comprising a beam blocking eslement, a

AMENDED SHEET (ARTICLE 19)



5pr oviclesimict Hva nufrbesamf poshardn edgesingEladily Gl Ca?_’

an electronic signal, enabling read out of said signal
from the sensor (8) by an electronic control system
14. A sensor according to the precedi ng~claimin which
a beam bl ocking elenent (6) is provided to the 30
surface of said converter (1) 15. A sensor according
to claim14, characterised32inn that for each beanl et a
separate bl ocking elenent (6) is provided, in
parti cul ar included at a known relative position. 35
.Asesor ordlgtoclam13 I n which the .
bI oKl Ay eef%neﬁgef“%n 68, 5%60) HLECHFOU TR Wi t KeadaRARY: ho;
edgeccdifloE3el@hedB) amnt alcmaperpehd c wearillisiter tBe;_elatlve A
S Urrf@a@én&{t AE/EQQE%l%Erﬁ ARTA (LB, £9) *g‘f}earﬁ hSloFk?r,

conv ter rreans ( 1). . A sensor according to

RS %%awwg WHdneifiv) (6 568 Bopawies east

5 ISafksengobiaccordif Oé%aﬁal aéé‘ia%% rtp:\_éf\fé Cge%p\e .

bl ocki ng .el ement is co terra
pr e ETRbIFRLAYEESRT gt @Fﬁﬁﬁn%fejaari‘%tc@%@é: - SEf
a range from®b0 to 58%mr iacqartiogul ao t gk ema-ugh;f the
to pﬁétfefd:. @erﬂlla)im@ 0GK 3R ihNEam Qﬁafggﬁgﬁgr{)féié ok'::@am system,

beam 3.@ the other hand thin e mnimz
10 defdc ebE?%u%%%%tw R tl@r%fse]rﬁsdrrovlded with
ac oot dfbmfgm@l charmrid, anllemdiemetihe theenkaredtnel ultes @tecting

thll’lféelnﬁy &o@ErEiQQt r@{alpa%%gﬁuﬁér a&l&'én teQ%t gn blocking
sald caonve te$ in 1 gggtlcu

sai
of egl%ﬂl ctknesservﬁ?% St HEd S SBELG8Y f?ﬁtegélng the -
A FEHEG <8 c $Edi. ﬁ@lléo @Iﬁf&ltmﬂlsremu*etn the aﬂsensmemndf;rgtly

18I ncleidedial dweast e h0Tking etermnt 4 6)shayi ek comprlglng
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three,s %{%(#ng_ges (C1- &) rrut ually included in

hexagon hape, in particular under an angle with
nom nal val ué3of Alzeeﬁé@?feeés? 210N Feasvriagcordt fpniviore
t 0 cH=mimtES Lskhovhicth care opt incad §aﬁt§:ﬂ1¢asbbaﬁguq@& 4y as
betmeen tReGOVEILy eMBMten and such as in a my piisbeam

ingpection toodl, characterised in that the sensbr (S)

comprises a converter (1) for converting a parblcle beamn
(4 into a light beam (5), as well as a photon recaptor . (2)
arranged fox receiving a light beam (8) emitted by said
converter (1) upon incidence of a particle beaw {4), and
transforming light from said received light beam (ﬁ), i
an electronic sigpal; enabling read out of said Eil-:_
the sengor (8) by an electronic control system. .
14. A seunsor according to the preced:.ng
which a bean blocking element (§) is prov:.ded.[
surface of said converter (1).

15. A sensor according to claim 14, chara%term
in that for eadh beamlet a separate blocklng element,_‘(,ﬁ) is
provided, in particular included at a krown relatz.ve
pogition. )

16, A sensor according to claiwm 13, - in which the
JPplocking element (6, 6B, 6C) is provided with a sharp edge
(EL-E3; C1-C3) as taken perpendicularly to the surfaée of

AMENDED SHEET (ARTICLE 19)



(2) and the light sensitive detector (1). 25 22. A
sensor for neasuring properties of a nmassive anount
of charged particle beans (4) of a charged particle
beam system in particular a direct wite |ithography
system 23, A lithography zysten1for transferring. a
30 pattern onto the surface> of a target, using a’
charged particle beamtool, said tool being capable
of generating a plurality of charged particle beans
(4% for witing said attern on said surface, in
Bfi ePRYRTEHNSe# % he! -measuri ng net hod according to
claim1l and the serztmoin acdbrddagr dance.ativt i) avimEIin the
| SpIBRELSY. ofdnefle! I(6NOGHADRY, SY ?pcmrdéd ANSHerd i tper of

ﬁatter using a
chﬁ el <AENDED fﬂ(ﬂﬁ?ICLE 19) 34 particle beam

stool, said tpel heishgseapabterdingeneralang a3, in which the
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P! Hgsamgof ~5haLged plagt'&agp&ge{afegé) for M@é NOnarexial,

rn on said'surfa y tarni n o and
onP§SE‘ﬁra3’6l%mt(LH)9%ﬁar AP EFEEERO I | PENG s&PdC B?F%r ﬂmhm a
onkangheﬂ&dnwﬁacexby5®@amﬂ ofira bhﬁnkeml@ﬁrthotks&m@ugq:to

Sy%h@ﬂc?@ﬁ*\: b@hcl e%%‘lt ir[bcﬁrﬂ ?ﬁ%eﬁrf e@ éfﬂ,:ﬂgle

action, sensi g%FEFIStIC ) MWIt Eeam :
Pudedvei 5%8’%?‘%%?@ %ﬁ PCP’?oﬁ?d‘edqe
sardughngs$ sfif¢ace, characterised in that the sensor
852 'f arraP?gd bﬁ'é%y%éHJéﬁéﬂf@ﬁdgﬂt&“éfé&&y13, whe¥ein. - the
etecting a of said writin eans 3
si ﬁﬁPF‘aﬁeoh’%‘F]yu‘g‘?fﬁe %eﬁ%ﬁ‘rﬂ (%f‘y?ﬁer‘%%o ot i Sii§a
copventeum( 1etomesr tdavg. easiof edded apar t beld bQHW@ﬁe in
(4partDt@1dr| b@hts beaRt:Rss theo1s8NSekhe ( Shnblr thefn 30 to 80
co rising an array of light sensitive elenments such -
ot oi dode 15 el enent s (2), for detecting such ‘
Ilght beans BS8) éri%Fder aRAREFArENF Ak et fdn vherein the
Ch%é@@ohpdmdﬂmﬁ@ﬁﬂéttmehsghmemhﬂmaNﬂﬂgnmlem&mmd(euthav1ng
at th&g% itdyal Ly ngéﬁrt%quséﬂMFeglfy S AUaR N hexagon

uni t correctli ng val ue Si
upé‘ﬁagﬁchii“eéif’%ﬁj’tm’(lﬁ WHIET Gt e%nqjcﬁvma‘fl nPéiénﬁ%:sn- &

partictlesbeam t ool , and/or to a controller for said

pattern,. for zaudisf iduses! egldppiicedata sepresent | B, whisicly an
Salo%tical system is included between the converter:: elerr{ent )

=
(2) and the light sensitive detector {1).

22. A sensor for measuring pxopert;-cu e - &
massive amount of charged particle beams (4) of a- c;lzlargeci
particle beam systéem, in particular a direct. ‘write
Lithography system, T

23, A lithography system for transferring. a
pattern onto the surface of a target, using 2 charged
particle beam tool, said tool being capable of generatlng 3
plurxality of charged particle beams {4) Ffor writ:’"
patt:exn on  sald surface, in which either one}‘: oF he

accordande with claim 13 is applled
24. A lithography system for tranerepmng. a
pattern onto the surface of a target, : :

AMENDED SHEET (ARTICLE 19)



pattern. 25. A system according to the preceding

claim in which the sensor further conprises a

bl ocking el ement (6), 25 included on top of said

converter (1) 26. A system according to claim 24,

wherein adaptation of the systemis perforned by at

| east one - el ectronicall y3mdi fying el ectronic data,

in particular control data, for a pattern to be

i maged by said 30 charged particle beamsystem -

nmodi fy line wdth, and -electronically influencing

a Mm%@ RSO wcwgl weadds teplsbrdnpeanrse el q@reratmg a

nocbn‘wdlg.ﬂweo@osﬁamg@dofpa&a@l@r HeEes chay gedr wrltlmn_g “said

paréé1 beamsggl?a % é-}r sL(nelnglhacc%r dlb‘g‘grétaio cl aHn 24

c’:’l' ‘n"' gach
|nf1?ﬁ'aﬁfht|(&% f FoREREIENSBE Q)L L oisdes bekterhi vWEELE: fhe
sval étﬁ%f(cmyftﬁéaﬁ@r becLi Bgaﬁﬁérob?re\w%@?%@lgH%?Etlem 1. of

e of he pOSI Lon.Qr a parlt.lcC Q
be %rlg (4){;@%3{)‘ wg‘n St Sns Of apl lfe “prer eraaaé‘lly?n = _sensmg
par%ﬁ@cwaﬁtatcsof 0@:hea terjetnar ean hetsingensi tyemﬂcx RE)
::Eriﬁiltud%fd“ﬂﬁ paag t];itoﬁlﬁlaﬁarﬁpaﬂ'@e SRRt :@:Qa‘?dt iraRaRnd ; gurface,
e | | Sl
d|§#%ﬁ% tfgﬁ%$%atﬁnet§9%t%g§3 S?n%?ﬁcﬁgz 3granged 1o the

1 0sy stvehest dovdiHg ads 1871 aﬁewﬁ-zz}ma aéér@ﬁcﬁ@l@eﬂm%m)g@ams (4)
scasmeﬂmﬂrolﬁﬂyd seftgdr £&=and (sW t ehed @R atcdprising a
| nstance.uher ?1 coﬁvgﬁgﬁ?ﬁ %E}éhl ocgtg%ie?la a@tiﬁle beams  (4)

redetern1ned | ar
det®t5H @ r?d-%jd‘sllﬁaé‘h (’a'fﬁd tL ﬁ@nélorror{%f fb}r%ﬁfﬁfl AgTPrising, an
beam:2y, Iyst dmgancordinagttiost helpneaedi nguehai a3 i ghptodic
159 Sl Deam (4ot Saspiiehied gacﬁoalgher%egﬁger et
perlod of time, Ggfgartlcu ar” thereb eterm nin Gy
pul E&* HPLE G CHfOEN CBRFEE . u@@ﬂgﬁng§§¥% nFe 1ig
accordivhgi s orekdi mu24, ait nlahichvimiukilple sscansarey
perd0rmad avel (AL SqRIOr :%mdﬁw]g é&a%&@at@ﬁgowl@g
to. ﬁ! hmg4. in @hﬁcgmmml Quég%i particle bgﬁ S cun)
sca negl oVBFt he S ensot t thr&e arfFeErents (CM
204 REEHGHS, &e@%rmfnuﬁuél/lﬁy diEst r Rbueegtrollexr Lo,
pattern, for modifying electronic data representlng gaid

pattern.

25. A gystem according to the preceding claim, in
which the sgensor further comprises a blocking element (&),
25  dncluded on top of gaid converter (1).

26. A system according to claim 24, e ‘Sin
adaptation of the system is performed by at least o -
- alectronically wodifying electronic dats
particular control data, for a pattern to be 1maged}*’7py }S‘y id
30 charxged particle beam system,
- modifying line width, and
- electronically :Lnfluencz.ng a posirion rpodlfylng
meang of said beam sgystem, for modifyving the position of
one or more charged particle beams.
35 ' 27. 8ystem according to claim 24, in which the
calculating unit (CU) based on informaticn from the sensor
(8}, provides corrective values (COR) for correcting’ che or
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20 in a plane under correspondi ng angles. 32. System
according to claim24, in which a charged particle

beamis scanned for a nultiplicity of steps in a

single direction over a sensor at different

| ocations, shifted over at |east three tinmes an

expected or 25 deternined38pot di ameter of the heam

33. System according to claim24, in which both

physi cal displacenment of a beam spot and tine del ay of

a blanking part for blanking a beam are neasured, 34.

A ﬁFFﬁongphghgysﬁ%%ﬁﬁkﬁﬂtFéhsﬁer?ﬁﬁgl@JESd%§§mtéﬁﬁ in  two

ontd rche isnef age of p aahgr g@blfesgémg p=ehanged o that of the
pa eamt | 100 eln

geﬁ%ﬁ t?n% ag]pgg?aﬁn? “B XA g éﬁf g%%jﬁ%éﬁgtﬁﬁ}e bean,
f ofthfr igHaYy B iE igsataed ntlvn saPd §l}|2f%ac@nd35:hEA Sigma, i of a

5 Li chogeaphy d&ysﬁm@@m rfesdthged oSt @8R £06t 130 Aeam.
obj ect such er_or Cessed by.a

pr
mul t i bean1c%§rge&y f?l@Fgof%5?g gﬁid t4e Yei ngts
pr ¢rgeglew rerm rﬁf&l)t i pti cidapnetl sevsor sactordnng:

anyatchbe AVENDED, SHEE(ART/QLE 19) 36 checedsn | i5eatad
urlgg %harged artlcl H thereby

or cla a
fe%%urég %ﬂ%PgLﬁrgé%% sehsor ot “sai drul £ Flg?f
10 | nheERERE BADE oPOREBARR | A0 AT icHargES paFt iacw;l %%Fl"ﬁt{ beam
tool at a time. @EreherLidrrERNSORS ofhdaptecdiing claim, in

nUIWth'ip:h' Cﬂl%é/ @:E—zgmdl ?’4)” Qgt e&l@:th\é%{l 84s éo%ca% gc?:se determlned

ject to di stances
di ?FFr‘LEiGt & SUIP 1 bt E%Wib?‘é]ﬁ%ntlé?r%%é BesFITHOInT 3 pulse
engbhedinoreathatienceradrentirely treating a wafer,

1sin particul 3b. thé s@@xﬁb'é@&:?&&tﬂgfe dd eatan 24, in which

ef fi out significant toss
ChibiERBLE Briefes Jéw%rrﬁh A M E N L
- sensor syst eRi- 36ydliarhographylsysttem atebndiavg tmnt
Sf ebegdsag ﬁ:@l‘ﬁl}@"‘%@éﬁ sai dzenakbd ?@xﬂ@.& regd i %%@s@
[ Lhu ensor.s_at. .even f
co?%%s%oﬁé?%ﬁx Etgﬁgégg Dﬂ% ﬁ)rﬁﬁﬁﬁﬁ%nm%tuﬁ%%g ﬁi&ﬁlbuLEd
20mhﬂ@hatH%aB%aﬁ¥@%%lC?%ﬁﬁﬁfqﬂﬂqﬂﬁNaﬁéﬂéﬁlve to sald

obj ect to bezprocessesh 3Zcotithegraphylsystem, niiepich =
ace@rding 4.0l 3Bean is scamed for a multlplnﬁc:_.y of
steps in a single dixection over a sensor at different
locations, shifted over at least three times an expecged oxr
25 determined spot diameter of the bheam.
33, System according to claim 24, in which both
physical displacement of a beam spot and time delay of a
blanking part for blanking a beam are measured,
34. A lithography system Ffor tra nsfa:;’
30 pabttern onto the surface of a tarxget, using a,_)rcf%:{:gfed
particle beam tool, sald tool being capable of gen%:i%é%g
plurality of charged particle beams (4) for wrztzng sa:.d
Ppattern on said surfacs.

35. A Lithography  system comprising a atage For
35 an object such as a wafer or mask to be procesa%ii by a

i
7;‘

multi beam charged particle toel, said stage being provxqed
with a wmulbtiplicity of sensors according to any of the
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wherei n any one of the nmethod according to claim1 the
sensor according to claim 13, and the |ithography
system 20 according to clains 24 is applied. 0O

0- 0- 0- 0- 0- 0- 0- AMENDED SHEET ( ARTI CLE 19)

36

pPreceding sensor claing, for measuring charged-:‘,
bean features, wherein each sensor of said multn.pl el y‘:‘
implemented for measuring all charged particle :
sald tool at a time, and wherein sensors vof.
multiplicity are distributed at various locations r}g
object to bhe processed, at mutual distances
distributed such that calibration of the beam tool is
enabled morxe than once at entirely treating a wafer, in
particular thus enabling entire treatwment efficiently, i.e.
without significant IYoss of throughput of the system as
compared te a single gengor systenm.

36. Lithography system according to the Drecedin.g
claim wherein sald enabling is realised by dlstrib_.' : g.;__‘;at
least two sensors at even, at least corresponding . @iy 'g;'s_ies
with respect to the track which the beam tool is o Eollow
relative to said object to be processed.

37. Lithography system according to elain.,
“wherein any one of the method according to clail
sensor according to claim 13, and the lithograp}i}h_ gystem

according to claime 24 ig applied.

v
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