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Title: Method and apparatus for determning a relative

position of a processing head with respect to a
wGeaiwssmBE With a structure The invention rel aPEBENL2I0&000487

nmet hod and an apparatus forl determning the relative

position of a processing head with respect to a

substrate with a Preformatted structure, with

structural elenents arranged in a nmatrix, wherein the

matri x extends in an X-direction and Y-direction. The

structure may be a relief structure but may al so be a

printing which provides a color difference structure

il HeteRard oAb e deparuBbs bunhap bobilon o

proQQuifh REAd WAt 38dpecP o HRUBEEEEOHLR al stvRbtu@e SUbst rat e
di nmensions of at least 10 mm* 10 nm while the

structural elenents, such as for instance pixel wells

of substrate intended fo nuf.act uri ng,an QL -

na S MBS PG TPAERODANS AU S OO A 12 drermining
thlélgglla\gﬁ{el}ﬁostiﬁ%ncﬂfsi PReCEsHRE Wegh R I%Eevéti%ﬁckl rpbu SR &L a

e range of” 2-40 nicroneters. regard to
préfoenadeed atyuchitd) wikh strucheral elaneuts posingednnef matex,

substrate with respect tao_the processing. head i, s, to, be
whaRGRA ot MBI b e NrEr B BORRL S TiFoghpe: The Sutiture
Y Rt ply 418, %, e A groes o oo

diffbrercedstiactsute bnatheundstese. Gbservi ng the position of
a structure on . a substrate j.s, for, instance

.S, . carried
out AWbaugR éhedRvEze N el limited theacta, 4R GFfie Hhglre & better
. i S. fior.. i _ RERYY .
R RGd BscERufASbaRRE T il S5kl aitdions
of GeVbg&, 10let@arniomnng, widlepdsi stracturh] elementsssacices far
relief structure is_inmportant far inter

lia.

ingemoedrikphyellsof aubsteataatengedion @n%‘é@ﬁ"“&la ng gn OLED,
rolli. i i i N .

hef @ il ndifils BF pAD B RABR] miERoterd! A wHifidistance

betivcdatiheagrasutg] bleateno$sibtite rangd bB2-40heiqoaldteys. With
t he di sgl ay or the other type of device is a?} hi %h as .
regosditplthe atperasyopitehichitbeitalative Ropbentqidne subgtrate with

B B EANRe0ke b RO BB ont
in¥BRre an accuracy which is of the order of 1 micrometer. For this, it
likewise holds that the invention is not limited to such accuracies.
Observing the position of a structure on a substrate is, for instance,
carried out with the manufacture of displays, for instance OLEDs. For this,
see for instance EP-A-1 351 325. With the manufacture of a display or
another type of device, determining the position of, for instance, a relief
structure is important for inter alia controlling a reading and/or writing
laser or for controlling an inkjet printer head. A great accuracy is desired to
have new structures fit to the existing structures as well as possible, so that
the quality of the display or the other type of device is as high as possible.

The problem with finding a position of a structure already present is that
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position of a structure already present on the
substrate has not been determ ned accurately, a next
WO 202103183 t he substrate cannot be applied accuPEr/aL3006/000487
This results in a reduced quality of the display or
other type of device and therefore in extra rejects in
t he production, which is unfavorable to the production

e B ORI R RS BT e
i e T T

depbsainel hesuratelype meat laygd aithasilsitiyteatathnot be applied
i nexpensively. To this end, the inyention_provi

. . 2 ( es a
acrataiely Waiselerulis dnisstadsced agialitn of dae dignlay g7 offér fype of

r.ef or ted stru re, . W t e .
A Rt Freth el B A B SHERE unfavorable
toX¥bdigredit@bn @psksY- di rection, wherein a processing head
Is provided, wherein a canera is provided which 5 is _.
conrBee presenthinyemtion sentemplgterea et dwithrtheorigaf sekich
at_ | east gne series of sensor rr g1
tinsTGh of & T eree gt SRENG GLBLIRGRefdd £mIE
mhR8EEOYh Ak Qi IRSdMe VaFSiccaistely evBiloBAS nvdttlodcferer a
signal, wherein, for real-tine determning at | east

ohiseevatipo sanibercagnipdt e quipllyi andimespenswedY r uct ur e

with.r ect.to t.he canera, .t.h b - () ' :
11 nelt SRt dBedfivaRGrs oy vHSE Adnadar DaPran Sakciitete i

pro¥edet FHiftes tdrefbrny it @ strietdRgkath Stiekosel cdsbntdh@éranged
the canera signal contains spatially separated

in¥a postirit, onhéreio the matrixextevds os iam Yrdiredtarmand ohdigegtion,
Lhat t he X—gosition inforqg}io and the Y-pasitio d which

WHRFIPRPTSE SRS Ak isgoXideds PYRFHPThE CaBHEa S SrgRisee whic

isvﬂohtﬁﬁtsﬂﬁ with ale siRBAiInPHREAASE Mehich dABpkRYSAL1&1t one
further provides an apparatus for observing a

seiguct semsommarrangedtalang aamdinf necwheyéimgtheutaraera scans the
operation on a substrate, which substrate i s provi

sHrTtRale BHLEBPTRY IRVl IGRY, oG PRe-CPRGBEY CAtet Signal,
ng%?égglg gocil ﬁeragﬁmg Yt BrRidRE B e a MNBEEX PobitforBh A tKe Y-position
of the structure with respect to the camera, the above-mentioned main line
includes an angle with the X-direction and with the Y-direction, while the
angle is chosen such that the camera signal contains spatially separated
X-position information and Y-position information and that the X-position
information and the Y-position information can be separated from the
sensor signal with the aid of signal processing.

The invention further provides an apparatus for observing a structure
on a substrate and for carrying out an operation on a substrate, which
substrate is provided with a preformatted structure, with structural
elements arranged in a matrix, wherein the matrix extends in an

X-direction and Y-direction, wherein the apparatus is provided with a

substrate support and with a processing head, wherein a displacement
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X-direction and Y-direction, wherein the apparatus is

provided with a o substrate support and with a
w@e@cm3sBhg head, wherein a di spl acenment nechanPGIYNL3006/000487

provided for relative displacenent of the processing

head with respect to the substrate, wherein, with the

processi ng head, at |east one canera is connected

whi ch conprises at | east one series of sensors | )
maehamigayisapreniled feairalatvredisplrseaantigidbe prepessing head with

tivel y.displ ith. .
reBRE o B EbaRe PRty P PR plockSaibdh e S 18 one
caMEr LREANEENRSI WhRh &iPFideShPlalkt onbeedes of k@hsors arranged

real -time determning at |east the X-position and the
alyngesingiinfingf Whesekt theceameranis operatiyebt displaged with respect

canera, .the above-nentioned mai.n.line. includes
togg B e ReaPPBerTon bk iph DS dRE AP st one
o8B AsibAS] &b bixnalOFBBraiHCibrival-tinhe deffiining at least
si gnal contains %Eat lally separated X-position
thienX qpositidroand ilbie K-positionosf thefsbrweitice withuesnsich te hlae
apparatus.is provided, with.a control which,is.prgvided
caph i 4bE rgnsr PRTHOERa Hy e Beic it enge HihEs o
XSBP A 29d Wheh ¥ TSifrbORon, Ny REFERA itRB addlle i€hosen such that
Y-position information fromthe sensor signal with the

theei chmoérsssignal cprimdes spatgallnsepatated Xrposidiwnamdormation and
a ratus, as. a result.of, the fact that t.he,maipn lin

Y giobE e Ui tome POt I eGP e P PRV LB o (5ol

W%Fkgl niééf' n[%lla)vicnﬁl Wit & %féﬂél%ro@eésﬁﬁ%ﬁnd@ﬂl@ hich i§ bEriaidedator

boundaries are located below the main |ine of
sdpheatingeiha. X-Postmmirdosnationaral the ¥mesitioo dnfamagon from
extending in X-direction as 1 as.in Y-direction.
thﬁ]%elﬁ%isfg’t?ﬂé"]&g tg‘ﬁé‘lﬁiﬁ‘?é’rgo”@fpi%%smg't he structural
el empnty gﬁiénﬂ@{ﬁcﬁfaﬁ@% ?Q@aﬁdsﬂ &8s GARLR F theSRet tidd dhe main
separated over the eng h"of the main line of the

linaméthe chmetrhénfludehan miglaatithptbe &sdiregiionland: Wwihethe

spatially separated position information can. be used
Yf(gwe@&reraﬂaﬁgﬁ@%‘éerr sengars] plsmantde jqgeare located

b%]ﬁ)knamevﬁlaYﬁ @%s%i 6181 c%{ngéx%? THebd 6L E\%u‘%ﬁfhl r3Sheht bbAndaries
e canera. a result, avery good signal-to-noise
eXxtinidong BNR) dirsctidi ak Resll ws b -Gireatias UT'kerposisiosctf the
~addition, a great accuracy is_ obtained w.t t}11 t.he

injessactions d)éftge fstyes] edemeps boundaries and the line camera are

spatially separated over the length of the main line of the camera. In the
further signal processing, all these spatially separated position information
can be used for determining the relative X-position and the relative
Y-position of the structure with respect to the camera. As a result, a very
good signal-to-noise ratio (SNR) is obtained with the measurements and, in
addition, a great accuracy is obtained with the position determination of the
relative X-position and the relative Y-position.

According to a further elaboration of the method and the apparatus,
the angle of the main line with respect to the X-direction and the Y-direction

is chosen or set such that the camera operatively provides m spatially
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relative X-position and the relative Y-position.
According to a further el aboration of the nethod and
W0 b@7appsy at us, the angle of the main |ine w tPCT/NERD6D00487
to the X-direction and the Y-direction is chosen or
set such that the canera opgratively provides m
spati al l yseparated X-signals and n spatially separated
Y-signals. Preferably, therein, mand n are nmutually i
sepirbfted Xnsigpainand urdpetinllyPeerfaratgsl Y signals. Preferably, therein,
si gnal - processi nodyl e.of the,a atus.i.s .arranged
m 2Bl et IOy deRF AT ERE TURRETy & aiolab?iR and
sigﬁ?@&ﬁcbgés%mghoﬁﬁ% 8t tLAFHa A GREBFh g Br REGRREELYE O
e substrate wth the ai'd of signal processing
decioinpg tlsé nelative3&poFidiom and Nr—pm’tionméttﬂe rat (gwt)one camera

I.nstead of fast Fourier .transfornmatjon, the signal .
wigh sesaest hg thasuaTEate BT A1 o SEneh HicsRiFe Sompdising a
MANgh ' > ThisBHENCA Bt T UresPRadkREmation,
fa%wlgémgﬂggd;ﬁiﬁ@gg& alt ed X-signals and the n marion
thé pidnalgrycamny ataytal¥e sbopaise avdidcretesyingleosinkj ect ed
to such a sj ne/c?\s?ieige transfornmation,.in aor

. to .
traseouaaERe: FirecthdrSaRies HTSRROLIBESTER St Apatially
re t i : 14 i
R fRRE 3% SRS afATRE R pRAZAY Shartol M Hemil SR e
su?%ﬁadté(_l to ueli as$nd/addine trafomnghiah ihatrderio tiaxve the relative
- posi tion_infaormation-provi di ngepul ses

nd f he
X-yopidwin aofh Y-ReOHARITIER XERRRAT P He sameze tgﬁﬁe % LRor e
deriving.,the X- L ' | g o .
e ]
beAGW 8tk YalkAaCtHeosiggal betwdat theK-wisiiom at i on, a

~method and an apparatus are provi ded,lghﬁoer ein the ...
infayinaative-pXOpOERE PBlFesRNdhEes Y RasHARR IRloFmatipnap R vifding

r.espect .t o the [ g [ s
RSP AR G AT 4P LRI, DERR Rt Buf S5Kldion
infdi8n 4 8bA ch i DeddRSicla e 1§f sibdidy Suldsddcakatedg.r uct ur e

Wth respect to the canera is derivable fromthe nth

r esubeconflingreo &Earthenelahorationameethed and B appapatuHRTe

o R iSSP AT SR 0h )OSR R it

reRPS&! HLthdhrhHR GaRIAIASErdin ithe h® resulbef thé FFT processing
spatially separated

of the camera signal and wherein the relative Y-position of the substrate

structure with respect to the camera is derivable from the nth result of the
FFT processing. Here, m is the number of spatially separated structural
element boundaries extending in Y-direction which are simultaneously
observed by the camera and n is the number of spatially separated
structural element boundaries extending in X-direction which are
simultaneously observed by the camera.

Preferably, during a scanning pass, in which the relative X-position
and Y-position are determined, further, an operation on the substrate is

carried out with the processing head. This operation may, for instance,
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structural elenment boundaries extending in X-direction
whi ch are sinultaneously observed by the canera.
woe@fesmid y, during a scanni ng pass, in which PEENL2006/000487
relative X-position and Y-position are determ ned,
further, an operation on the substrate is carried out
with the processing head. This operation may, for
i nstance, conprise an inkjet printer operatlon
conhp:glae angl,nkaet pibheer mr@i;enaaﬁ) htings @rorblabign; qli’@ratmn

nents on the, sub rat cordlng to a further
Pél@ %Pg&ﬁniﬁonteﬂgs Pﬂ\syé ﬁtr %e X- posi ti on

| nf REEH'SIH?IQ B0 %h?i!hér%lﬂ&fﬂa‘ﬁ%@h Sfrtpe ibkentianptie Ximsition
IS use of correcting the relative X-position of the
infprmoation mghlhhawdemwd the camerpsignilsis uges for correcting

th quﬁ(ig%l?flpgg pt()gﬁg)ns\(ct) I{r%rgé]sgflag g‘?ﬁg 1%%'1‘8? e%ft tB I%ﬁe substrate.

der A\’;S&dlﬁg%%hm%ﬂf AR hEr 8ldddhtioh DFYEE @mﬁ@mdn rthng pbsition
operati on, ch as for instance timng the rel ease of

infbr@aitidnh ylanhiis Kpevedfiam éhe hemratagnah i h@ede)forttmamg the

op iR BB LR AR ST S ean S e iy, T BBt
prl‘t?lﬁcelc RAR& nlfer[go @lml‘f‘ QPHb 'Pl%hﬁ:ﬁlgab% dé'lﬁ'ing bahRksitnigaie @, the

€ I nveh e processi ng i s rotatabl e about
tin@® rPeHH £ bblrﬁn@xbmuﬂtmgl and/oi ghe taniylgesf the nelrase of
substrate. It can thus be realized that the pitch in
cop@neBtt-i on of, for instance, the nozzles of a

pro gg%g}g(g%aadﬁﬁfﬁéﬂggpﬂe ié of T4 flvettiodl She PeGdsbing

gea strate strucfure’in
heXddk kEEdtable a]é@@tﬂﬁ démgrline axsdndingfairtiglet aeglabdo &hé on
of the invention, the at | east one, ca

subglanise aliblopnr drust heprealized r#ila&%% prtchgny éhr&f?%e&% 5

.__head t

e haPaS eI S s B et b, AR iy e

is BBAfed tdehopitthef Chereibsteate éﬂﬁueteiresnéﬁ-dhﬂeatlonhe
canera signal contains spatjally s at ed égg

D oharardions b LISt sHabRGIaRe] s InprarEhatigAt lbast
onfggq%ﬁﬁgﬁfsapxle%erabﬁy D52 2R ith 6 edt Haech%%&%%mg head about

a centerline extending at right angles to the substrate. Thus, the angle of
the above-mentioned main line of the camera can be set such that the
camera signal contains spatially separated X-position information and
Y-position information.

Preferably, the camera is a line camera. Such line cameras comprise
a series of sensors arranged in line, for instance 1024 sensors together
forming a line sensor. By using an objective for the line sensor, a desired
part of the structure, for instance a linear part having a length of 1 mm, can
be imaged on the line sensor.

The invention will now be explained in more detail on the basis of an

exemplary embodiment, with reference to the drawing, in which:
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a series of sensors arranged in line, for instance

1024 sensors together formng a |line sensor. By using
w@eoookhpmeii ve for the |ine sensor, a desired pBCT/ND£006/000487

the structure, for instance a linear part having a

length of 1 nm can be inmaged on the |line sensor. The

invention will now be explained in nore detail on the

basi s of an exenplary enbodi ment, with reference to

t he Rigahishgwsizm ahiagigeFiegt of ashowsnplaryendmybment offan

an exenpl ary. enbodi nent af an aratus according to
appﬁéﬁ‘i%%}??r 2 ednyengony, pg top plan view gf a

subsiiLa | bl Vighett e SHGRERR) WRICAHEd®orent
pos?ﬁlgb%gh%\%&#ﬁ%%& ‘?11% Thea exeng%%re)fr enbodilmgrl;?n

sustessive ¢nrhern pasisioneshawsuthetreimt e 1 which is supported

by a _substrate support which can displ ace the
subs?hea%@@pi%mra Pdizand shawe h big oot 2 §bgrate 1

. I . _ g
wRIASE Sy BYAER I X SSBRAAL B pork ApiEH R Moflate tBe, ¢ he
subsbsiie dtie, Xalirestidogad 3-dmeattionx Ist thecpresent sxemplayt

which is, in the present ex l.ary embodi nent, a
embadigrordi Foe subeTabbAT WtARIST fol tiie Ml pidinlay
h i i S i i | c .f -
oL S Pl BRRSR00 S Ba b A0 s
whickek, WethSprasend ekbmpl@aygenbbdin ik, @ wiefetercsureThe

substrate 1 has a length and a width of, at Ie_a};t 10 ngw
composimg nige! wallsaThe pitel wells haygdrmengjpns yehigh @ge 1pdbe

mm * 0 . o : Sidi _

< f R P TPSS AE Kbl LSl I Mogathghine

will®¥d Hethd Partde b2 40rdffro@btaRPThOY stibktdate I has a length and
mcronmeter. Fig. 1 also shows a processing head 2

a whildhof &t Jsast ilgé@nl/vl* {19 muyubut mast also be mchiarges, fory

im0 s s AL E B aseach conpri 56 one. seri 65 of
SeNSPhE adélegesithl wWhidghaheal-positive. infeehatibAendaier a
observes, for instance, a |length of

Y-position information are to be provided is of the order of approximately

1 micrometer.

Fig. 1 also shows a processing head 2 which is provided with four
cameras 3, which are, in the present exemplary embodiment, designed as
line cameras. The line cameras each comprise one series of sensors arranged
along a main line. Each line camera observes, for instance, a length of
approximately 1 mm and contains, for instance, 1024 sensors arranged next
to one another along the main line. Such a line camera provides a one-
dimensional signal which is subjected to signal processing. It is noted that
two-dimensional CCD cameras may also be used, while, however, each time
a one-dimensional signal of the CCD camera —i.e. a signal coming from a
series of sensors arranged along one main line — will be subjected to signal

processing.
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approxi mately 1mm and contains, for instance, 1024
sensors arranged next to one another along the nain

WO wg/03%8xh a |ine canera provides a onedi NENSPOIAL2006/000487
signal which is subjected to signal processing. It is

noted that two-dimensional €CD caneras may al so be
used, while, however, each ti me a one-di mensi onal

S|gnal of the OCD camera -i.e. a si gnal froma
ser Ireanaflteymasiviesem ﬁélrli@@& ﬂ%ﬁ@b%ﬁﬁét‘hﬁ#%f Tsﬂg)e aranged

stabiFalh A PHE-SERG Yo hagy aF S5t Aol BblFl e

X&ﬁé&%@%ﬁ& Va8 nPT 9 686 thdit lbaat t# cnaljbbe i, ahged
nova X-direction and Y-direction. |Ln _another

subwretmhmal;e fot astaace.dre, axtaagedpaevahls in Yrdjxectigp and the

oo 05 B SBESSE R o Bplat A PR iction

andivitl egaily in X-dlrectlon and vi ce versa. The
processing head 2 is pivotal about a centerline

ext i m@cmsmg et dahi pivotad aboat augsaterine extepding at right
cane 3 h

anbarcfos baiseCEaR bl e T bl PP EREREl he

pré&%@ Bb%és\{/\%‘ bod rcEH‘é‘érhn%s @Eéﬁln@%ﬁﬁ@lﬁﬂ Qﬁgléslts the

controls the displacenent of the
subgﬁ&tesate support. The Figure further shows a

"nbam Phe, a“%%%o%: iediorgl inap R AR ERR R e
&Lisa ,%@ﬂg @5&8&%&@@%@9 Phd FeFu ﬁﬁtm S eh
%ﬁz 2l fe

drlver rence nuner al deS|gnates
pr@cédsﬁi\g,ahe@dl debasimg invHe Imese'ﬁteamrxgﬂaky P glgueng,

prg‘éﬁﬁ%'ngg he it AB BRI DS R AT CRP I REET Britopfdriver 5 is
arbbtgﬂ ?QEH{%&? 14 'd%g{errlaf’f? gi’g{&q%%e %hu%% ag ?S&%%igh]?%ﬁs%%

g_ﬂ&!bﬁﬁmééﬁg&ﬁ@dﬂﬁﬁlon or di screte sine/cosine

ransfornati on of the one-di nsi.onal mer
eac hT]@@mlg)rogehs@m%pmd%6 as the one- 1amensaloxs1la (r:]aarlael(f)a{

signals 7 coming from the cameras 3 as input information and also has
geometrical knowledge 8 of the structure applied to the substrate 1. On the
basis of fast Fourier transformation or discrete sine/cosine transformation of
the one-dimensional camera signal of each camera 3, the relative
displacement 9 of the X-position of the substrate 1 with respect to the
expected position is determined. This deviation 9 in X-direction may also be
referred to by the term actual tracking deviation. The actual tracking
deviation 9 thus determined is used as an input signal for the motion
controller 4. On the basis of fast Fourier transformation of the
one-dimensional signal of each camera 3, the signal-processing module 6
also determines the relative displacement of the Y-position of the substrate
with respect to the expected position. On the basis of this Y-position

information, a print trigger signal 10 is transmitted to the motion
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di spl acenment 9 of the X-position of the substrate 1

Wth respect to the expected position is determ ned.
wahiog/oss3 ation 9 in X-direction may al so be rE¢ENLEW6/000487

to by the termactual tracking deviation. The actua

tracking deviation 9 thus degerm ned is used as an

i nput signal for the notion controller 4. On the basis

of fast Fourier transfornation qf the one-di nensi onal
cogitglar by he ﬁlg:raef%errrgcgs,sm%aagdugﬁér ?wﬁ% BESTTY SRSGH @y

S0 Al LEE P A8 St %61 SnsRlace tde

e A R e T SR A
traxpedtied tpake theron Controtebds Feomfthehnstivnposttdllen 4, a

information, a print_trigger signal 10 is transnmtted
second mainidirigaes shgnal 1 brelated, tq Hhe dpghay tramspptiedity the
. podul e 6. e [ o,
ink3S3ib oo i 8Pk BNERIHTERERAS e AFRACHE R the inldet

piihfdishddd 2d to the notion controller 4. Fromthe
notion controller 4, a second print_trigger signal 11
r el alrethe praseat exewplay embadimenedhe subpeate kgngth extends

) i nter. head ive ' C L.s. tha-di ffer .

PGB 20 hb KRpsRalf b r AR b8 B0h eamning

pEXL R AFla Bk AdipTaBémehb of Shpidcabenkangldn eitienhs chmeras 3
Y-direction and the substrate w dth extends in

withirespect nthel snkstsatenhithg syhstrateys scangiegyin, ¥-direction over

di spl acenent of th Cessi h with th
the iRefF FaSpLee lebetme Bbet rara"s Haflatihfat PESF PR ARate 1
w%}?m%@cﬂ f hedpFRELLIAB Hadr 2 1K -Aedteors bedaliled, after which a
l'ength. Then, a relative displacement of the substrate
néxiwdamnies past in ¥ -diveciion feldey ngl hesigprtimnscrrdling peiss An

SyBcige fb o e Btee ertn L R O a8 huelene,

sub ks &CT h98 1RBE RaflhsRlFEL TR vHole Salbkitk el walth. S
repeated until the substrate 1 has been scanned over

t he Bhelrelsines displacomenthin Yikracsiont inay hi eipheastenwise

in_Y-direction be ei.ther a stepw se displacenent
digblacegiires ah denbuga disrlnre BpShaCH sBted 1t Ehe TRaRg 8!
0o Jy40 m's. The sanpling frequency of the canera
signal may be in the range of

The sampling frequency of the camera signal may be in the range of
1 kHz to 2 MHz.

When there are structural elements having dimensions of the order of
magnitude of about 150 micrometers and a scanning speed of approximately
0.4 m/s, a sampling frequency of 10 kHz is sufficient to prevent aliasing of
signal pulses.

The main line of the at least one camera includes an angle with the
X-direction and includes an angle with the Y-direction. The
above-mentioned angles deviate from 0 and from 90 degrees and have been
chosen such that the camera signal contains spatially separated X-position

information and Y-position information and that the X-position information
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1 kHz to 2 MHz. Wen there are structural elenents

havi ng di nensi ons of the order of nmagnitude of about
waz@nswsdmet ers and a scanni ng speed of appr ORCTNLZI0Y/000487

0.4 ms, a sanpling frequency of 10 kHz is sufficient

to prevent aliasing of signak pul ses. The main |ine of

the at | east one canera includes an angle with the

X-direction and includes an angle with the ] )
and dhe ecppwiionTindorrpatien vantheoieparaingl Wemyvs sansor signa with

and. from 9 egrees and have been chosen such that the
t}é%%i%f)%lgﬁ%]agrcggggighs spatially separated X-position

i nf oFg@td SowEdnYopasiahivisw! tHOsREbSRe Paitidia AtHE..Z of a
X-position informationand t he Y-position information

linarcabrergepwith sesrechn asabsasel rypyiked withha matri d

sPnetioR LBiB° BBl b pimt vhg SubARae Sinbrdied
with B gigsIPgehictiu@e 3n SWRRhItRE iteld HAVe AR th M sidh RofMBG Fi X

structure M In that exenplary enbodinent, the
150 beicrametersi Therlond craderd 8 haaipg adength afapproximately 1 mm

.Whi ch the pixel. v i mensi ops of 50 * 15 .

il at nlele i Eh & umeier SF Raiormate Bty degrees. This

r&RAECH RS BhY cAMBrhnatidesi R £i38 galn%elvn&dh&a*ﬁes in Y-direction

X-direction of approximately 49 degrees. This results

and inberskitmeg chitdeen pirted bewndarigs fin Yedjperigbn bDunitar $c@nning,

in Y-direction and intersecting thjrigen pixel .

e B g BT PV I SRS, P Gt e Scich vy spagially
ovi : tial y o _

oSO URATS ARG, S0 R BLAiLS S procent

ekempheryf @obodimént, im amden prebetit pexenpharbers vinidh rernt in

and n are both, prinme nunbers which are, in addition,
aﬁ?dfta%mryu‘aw Béfiéﬁﬁ_lﬁenﬁpn‘bP?JﬁaF@Wﬁ%Wle& {eg@iu%e F okl
bp bRt i BROUNGEHLE rld b ef bO BRI, ANY: Bepfiion will ocour, so
that db yr dnydbr asg ctedskable ocoursiin thbeigngndherdioes, afearline

cRECR OB ob | it SRS 1 a* Bardbiamy RATES on the line
c&%e@giE}d\ﬁhm}f gbiﬁgide%ﬁilszﬁ? Iﬂtgpse%ﬁioﬁi of ‘%hx&%ﬂlﬂ?&e{r?és il
X-direction and Y-direction. Both in X-direction and in Y-direction, the
signals of the structural element boundaries are spatially separated well. It
will be clear that the angle is different when the dimensions of the
structural elements are different. When the pixels, for instance, have
dimensions of 300 * 300 micrometers, a suitable angle which the main line
of the line camera can include with the X-direction is 33.7 degrees. With
that angle, with a line camera having a length of approximately 1 mm,
three spatially separated pixel boundary intersections can be observed in
X-direction and two spatially separated pixel boundary intersections can be
observed in Y-direction. With unsuitably chosen angles, the spatial
separation can decrease considerably (for instance with 0 and with 90

degrees) or a considerable cross talk can occur in the observation of the pixel
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X-direction and Y-direction. Both in X-direction and

in Y-direction, the signals of the structural el enent
whowntsmeses are spatially separated well. It wWdT/NDE06/000487

clear that the angle is different when the dinensions

of the structural elenents gre different. \Wen the

pi xel s, for instance, have di nensions of 300 * 300

m cronmeters, a suitable angle which the main Iine of

baunddrigscincBriirecttamand he pexalibopndpsiex igi ¥-datactian; With
33.7 d . Wth t l.e, ~Wi.th a |i .
ot AR gt e S s Rt ABtES, 1,

uRBRAFAI8haRhss oPONTALY okidiff STREbILNRIk GARhB&I@hser ved
in X-direction and two spatially separated pixe

bounBaring Hesignel pronsssiag ibdheissenalepracassingimedile &h the
P SR R R Pt A BBl EE R R i

ANibed BRI EHE S8S8 oSl BF ERE mqe%ﬁﬁbssiﬁr@wezh& ahknegaRignal and
occur in the observation of the pixelboundaries in

thé rhla@we iYopositint ¢fehei subistiade stiarctexe Withyresipeelctd the camera
.Wth sguare, pi xels, I f 45 d [ f

i5 Orreb o e e gean P ERY JUoh BE G HECa IO 8 PPHE the

nh AR o?gﬁ)?éltb&fncﬁaﬁ"ié%seﬁté‘ﬁﬁﬂgqntY-ﬂiﬁéb@fb@ﬂ obé@r‘%d‘?ef hae

signal processing I n the signal-processing nodul e 6,
cdinera ehdtwith Xbeing theamumbet hépixebbonndariss egtending in

ith respect tg the. canera is derived fromthe nth
Xrigetiompbsaruegppr JIG @8 3y of the camera signal and

the gl adtrﬁ%ftitlg%do?iﬁégfei B Qfsuithen $ vbs hindlegubl #sUat HEcation of

with respe camera is derived fromthe nth
theesaligbility bhehdEEnpl andshe nhaseiihformdieomgf tieemiurdsendt and

of pixel boundaries extending ,in Y-directio bser ved
tfgfen% reRBLtd8 REPROEIRRAL DR rs%thvg% }zrpésmfb aflﬁ&?*eﬁﬁ fve

houp [ . ing in X-direction observed per line
Y@%#%ﬁéﬁ’&%@ggﬁgggéude of the mth result and the nth

r esulDue t» e fastitlead, math ofistihetheal, iofilbill steyctofral blement

signal and the_phase infgornation of the nth result and
bpradarips lesated belov thp sraindig ok therqaanera, she yaiormation

PR A A (AR e ERSERONRSS i
with vled wicalsuebmiddné and, in addition, a great accuracy is obtained in the
position determination of the relative X-position and the relative Y-position.
The invention is not limited to the exemplary embodiment described
and, within the framework of the invention, as defined by the claims,
various variants are possible. Thus, the method and the apparatus may also
be used for determining the position of a structure applied to a substrate,
the substrate being intended for a different end product. Here, options to be
considered are electronics, memories, biomedical analysis arrays, TFT
structures for LCD and placing components on a PC board. The structural
elements on the substrate do not need to be pixel wells but may also be

formed by other elements detectable with light, such as for instance

electronic components in a chip, color filter elements and the like. Also, the
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boundaries | ocated below the main |line of the canera,
the information provided thereby is used, a very good

W@ e@nab78»- noi se rati o (SNR) is obtained with PEENL2006/000487
nmeasurenents and, in addition, a great accuracy is
obtained in the position detirmnation of the relative
X- posi tion and the relative Y-position. The invention

ﬁi’u‘? limted t?}?t he exenpl ary enbodj nent descri bed
PO SHEAPRINE PREr Rirtegnay YHYER BiRIShE AR hed

Ir@ﬁe:ﬂ‘ 6f Qﬁixﬁﬁg ihay! 'd‘?fé%tl\ﬂﬁrdlﬁpé’c% fég&é&lnge tfltﬁu)? direction,

he net hod and the apparat us rra & Used
sorziemmgrmam gldohmleqslate imanfobligsie rdlﬁetctﬂroex appin adlitértivpn

Q?Irz t he substrlat e. ggti ng_intended for a

whialy webessom aspiiaBeLe wis Rbon@ ek kiTastiond As
[ d I

SEELEELERN, o TR S AR SRR syl Bk

sdafindag thayl bekesplacetsepivisel Ienmea& ofia rehief stigtual withopixel
qt need.to be pixel vvel s but may al so_be forned by
wellpar supdagstrudsralelameatsia sirprigre, ingherorn gfey printing

I color filter
e B e B L e LR Rl PS BpBien i oboe
c&iﬁmﬁmﬁbt@ﬁ@sﬁﬁ;td@ﬁl ofafdre@stahcaphRYighg b fonced $¥1€aH are
of scannj ngE in Y-direction and stepw se di spl acenent
t

determeierd by tthebovandantasy thayehefsﬁruMabpb@@ems Ag already
1n(a%e{t8& %e%lr % é)'v\%n%lﬁt%%d 0 Ia 11?%8 igﬁ{tg.}n h\fla\ﬁlgcale procggsmg

an acute an

headlina§Cdliso @oﬁﬁ)r@éd thiﬂ%dlhé@i Q6 alsl6 AN A IHY a &)@B@essmg
pl ace at a conti nuous nd scanni ng may tak

hendpfor pdaeimg @énpw@ttéaﬂﬁ@ﬁlghtm nafy, frrripstance, Wlkehplace with

I
viGJHEE LighF UV, e, Riesired GidthRbnoxngy o tis sy Wheaithe
ste@@uirgHele@nd At W&l&ﬁét&@lﬂ“&l‘?éﬁﬁﬁﬁ 3bDSRIPERRINE, for

contrast differences instead for instance, height
oldpitiagengesd aptwachradderdiatila eegrta,l tltaelebrgmhdﬁmhesnm line

r-el struct al read i cat ed
IhgE af Rsh e YeritEdinaro it thh RpateTp AR e FRGAnOgpto be
inef&aEedsi ng head may al so conprise a lighti ng head, an
abl ati on head or a processing head for placing
co rrphh’ém exerThianyi gghbodignerdydestibed ndteasteacturak elephanis are

ar)v('gpgvy E)I?Ia.?‘llh(gt‘tiipg%nal\m%hrrlg g\tzvleggr tilgfrgfe{t%ge Ir)gsqilslghlo%g

structure of which the structural elements are arranged in a non-orthogonal
matrix can also be determined with the method and apparatus according to
the invention. Here, options to be considered are matrix structures with a

round, trapezium or honeycomb structure.
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structural elenents have di nensions |arger than 300
m cronmeters, for obtaining a good accuracy and a

w0 edo7abiee3 si gnal , the Iength of the main |ine BEDNG2006/000487
whi ch the series of sensors of the canera are arranged
needs to be increased. In the exenplary enbodi nent
descri bed, the structural elenents are arranged in an
orthogonal matri x. However, the relative position of a
structure of which the structural elenments are
arranged in a non-orthogopaATvegri x can al so be
determ ned with the nethod and apparatus according to
the i nvention. Here, options to be considered are

St t t round, trape hone conb
Lot i %{Oéﬁ‘ﬂrl%%fvg ARG ey R R b praiaraaried
stPaA\Gr8 Of 1tM éﬁu@tﬂa@@gﬁ@{t@zﬁréﬁéé@ IﬂJ ﬁ%naWﬂ; hWhereln the

structural elenents arrang in"a matri X, wher el
mahitix iextexd endsni XrdarchodiandcY idirecaioa, \ﬁfltbreﬁchllﬁﬁcessmg head

. wherejn a.processing head is rOV|d d, wherein
is pifEidsth TGN BéamlarRh Drevide Takichas spReatad with the
pREESSRS Had dnaafwiith %gﬁggé)?méa%@%n@tsekﬁ@%tf sgaﬁ rs arranged

series of sensors arran
alphg aciauesn dirsg avherehetlwdmhem scaarscthiehmiieibya tp rand ﬂﬁ‘ai'ebir

| ea e- di nensi onal mera signal, wherein, for
PrPXerSt %ﬂeaa PB? RPAT @egﬁlq sfmea sieils Frlieaping fer repd-time
[
degfgﬂng?rglh efegagili El? ngilt%dé;fﬁbﬂ Gnlf @%ﬁ-@%ﬁﬁfo}ng the sq;%*HcttUﬁg with

reXpehtrbedihle(Immm whe Baidma¥n (Iiﬂrfeaﬁilblmie.s ahen lenwithethe
ng ff i s chosen such that the canera signal contains
Xgﬁ‘fﬁc 19

Iy 3nd @bk fhe d-drpgien. ivohetedt sheranigbnisehwsen such that

[ h Qsd ti
thX C%orénltaatél:l ﬁhg%%[ﬂgzﬁé %Sh ?isilij% geﬁaratt %?ﬁ?ﬁlﬁlﬂn ﬂorgéatlon and
Y-@epﬁtcﬁi atfofmamonhend e}mmhesxg)@aiuom idfotmatRinchf the
si gnal proceSS|ng 2. A nethod according to claiml1,

Y-pretEminipematigneanshe senseated fiom Hae semworcagmalawith the aid
Of%%’ﬂl}f@cg@sﬁﬂ tially separ at ed X-signals and n

'y "sep rat ed Y-signals.
2. A method according to claim 1, wherein the angle is chosen such that

the camera provides m spatially separated X-signals and n spatially
separated Y-signals.

3. A method according to claim 2, wherein m and n are mutually
different prime numbers.

4. A method according to any one of the preceding claims, wherein the
signal processing comprises a fast Fourier transformation (FFT).

5. A method according to any one of claims 1-3, wherein the signal
processing comprises a fast discrete sine/cosine transformation.

6. A method according to claims 3 and 4, wherein the relative X-position
of the substrate structure with respect to the camera is derivable from the

mth result of the FFT processing of the camera signal and wherein the
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3. A nethod according to claim2, wherein mand n are
mutual ly different prinme nunbers. 4. A nethod
WwW@ewonsdliceyy t o any one of the precedi ng cl ai ns, PGITNLEI0H000487
the signal processing conprises a fast Fourier
transformation (FFT). 5. A m=thod according to any one
of claims 1-3, wherein the signal processing conprises
fasé(dls rete ne/005| ne, transforpation.

Ylﬁ% osu@ﬁgaﬁ% SEUGhire,w1 EqSPeft thle camera is
déﬁbé‘ﬁle\‘ﬁoﬁ ﬂfés‘hﬁl 'r@@ul@fof therubsideb&ngt ructure with

respect to the canmera 1s derivable fromthe mh result
70f t AemBfHodacwmedsigiy aliy oihe of ineprecedimatlazmd, wherannthe

SR paia Lop R RS caT dreqbiom A B14 PO W cadhnds in
Xo(IlréJJc? 1%: E}J—hgfe@ﬁ z'zl anrfrg:ltln a%E! t)‘fq I%‘Eé:tﬁ{ng H{J%lé&n%ﬁ‘t of the

’he prec wherein the substrate
cd1aegd kit resiet ko tlYe dulmﬂ;czﬁtteo hhasdbsirats ibhstamaied ivi YHdirection
extends_in X-direction, erein, in a scanni pass
oy therwhalq sebsiraisilapsthe frherein ﬁ]éelé’a?rﬁ?]ét%et‘ﬂ paent of

}gf a0y ééb(?rﬁfﬂeespegm vﬁ%l 2 S@.Ibaeltﬂ R- (ﬁf?&ﬂﬁfjﬁ' Iré\/\lfl1 zed after

Irection over rate

wihiéi a reexttelcahhitey Paspndl elivsttionf foﬂ]b&zssubst rate w t h
respect to the camera in X-direction is realized,
8af t eA wetlked acwsitn%@aﬂﬁmg Fekereim the giqneela sernning pass in

Yf<? ch 6?11 %d a {Eﬁﬁi‘c%%e%%‘iﬁrfg'{%c‘tﬁ z;ut%' fggggtev&qﬁﬁﬁl fnd he

scannrng pass 1n rect

sEhSRLACBAT Bbeh Reahtid ewdrl thie xﬁh@lefﬁﬂﬁ@faﬁ;@ whdth] t he
substrate has been scanned over the whol e substrate

9wi dt A method\apeardine bcawy ane @f the angceshag gfaimse wherein,

recedl cl ai s el n uri.n [ .
ARE e B e Bt DR £ ePEindth BpaFRI AR RS gapried out
“Mﬂiﬂhébgyﬁggﬁﬁ§§@ﬂg head. 10 A net hod according to
any one of the preceding clains, wherein the operation
10s ad ineithed apmndt@ topey anp ¢f the pregeding slxdnse sthegpiythe
one of the ﬁ&ecedln% cl ai ns, wherein the

oSty Bria dntet SuBEr Bp

11. A method according to any one of the preceding claims, wherein the
operation comprises a lighting.

12. A method according to any one of the preceding claims, wherein the
operation comprises an ablation operation.

13. A method according to any one of the preceding claims, wherein the
operation comprises placing components.

14. A method according to any one of the preceding claims, wherein the
_speed of the relative displacement in Y-direction is either a stepwise
displacement or a continuous displacement at a speed in the range of
0-40 m/s.

15. A method according to any one of the preceding claims, wherein the

sampling frequency of the camera signal is in the range of 1 kHz to 2 kHz.
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12. A nmethod according to any one of the preceding

clains, wherein the operation conprises an abl ation
wop®rasiceh. 13. A nmethod according to any one BET/NDE06/000487

precedi ng cl ains, wherein the operation conprises

pl aci ng conponents. 14. A netdod according to any one

of the preceding clains, wherein the speed of the

el ative displacenent in Y-direction is either a .
161 ep«%\a rg@%igvcge Figo 5 g0 BhEhepEtsding phamenBhersin the
Xgpco%glﬁgllq ihfbrM’aecicﬁf"%?cl'P{s ?(nﬁé@ed#r%m R cf)ing% BRfhal is used for

ng to any one o e precedi ng clal ns, erein
cdrirectsagrphé malativeqXipositicaf of the manessingihgndlwith vespédico the
range of 1 kHz to 2 kHz.16. A nethod according to any
SEhidrake- t he precedi ng clai ns, wherein the X-position

nf : ki s deri . . .
1 oot o tAS MRy ¥RE of YREDHIBdERT Bl ilBrohtne
Ypiastiaen iinfprivesibimviniblich ési@dted éronh¢he vhsierakiznal Is vBed for

met hod according tq an¥ one of the preceding clajns,
tigHagdhe anesakioposneh aniarinskanrae minathe reloage of ligyid by an
R HIE AER Aol 8 NS Rl ) 1108 e prccesoipg head

tHd tiulithglyf sanabllticet ogyrhtibaradbathd fieninicrifnte akldake of
lighting by a lighting processing head, the tim ng of
cynpPepents. on operation and/or the tinming of the release

f c onents, 18, met h rdi ng ne.of .
181c BTBREEN FoceEingrd Tng Blle R ERE DEObalite BIMERTilein the
s Styh e hiies i<p roRidd PREs Bimahsioasf at fedBNTO héh FMIBAGN and

wherein the structural elenents have di nensions of the

whegen dfe sguspiral elegnentsrhaveydiapensionhef diesardee of

2 srBisr e horas v ETRBH BBBra HY tBOGHy=BRlegente is
it 8e PABSEHN DL (Chdrdnet¥fter €i N the accuracy w th which
the X-position information and the Y-position

19nf oAmanetbed aceorginytaiany pse of tha@resading ofaims, wherein the
aE@xfr%%{rm v&tfl%fl ‘which the X-position information and the Y-position
information are provided is of the order of 1 micrometer.

20.  An apparatus for carrying out an operation on a substrate, which
substrate is provided with a preformatted structure, With structural
elements arranged in a matrix, wherein the matrix extends in an X-
direction and Y-direction, wherein the apparatus is provided with a
substrate support and with a processing head, wherein a displacement
mechanism is provided for relative displacement of the processing head with
respect to the substrate, wherein, with the processing head, at least one
camera is connected which comprises at least one series of sensors arranged
along a main line, wherein the camera is operatively displaced with respect
to the substrate and thereby scans the substrate for providing at least one

one-dimensional camera signal, wherein, for real-time determining at least

the X-position and the Y-position of the structure with respect to the
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20. An apparatus for carrying out an operation on a

substrate, which substrate is provided with a
w@e@osmBi t ed structure, with structural el enmrePCBNL2006/000487

arranged in a matrix, wherein the matri x extends in an

Xdirection and Y-direction, isherein the apparatus is

provided with a substrate support and wth a

processi ng. head, wherej

cagneka, dbg spaft m@palm%m@ﬂ@ﬁﬂ %‘&?é%g h&@ aH 3{5 %éd with
tHACRY W defbad. %ﬂ?egf%in [gl?ef Bﬁglte%% RELESE SuckMiRE LY ca’iﬂa&g&l al

processi ng "hea one canera IS connecte

contba iy grtdlls espattédXspositiondafirasatidn ardIpesition
~arranged along a_main |line, wherein the canera_is

infranatippempencianiheanparpt s iscRiwaded witha control Méltléh is
px%%dé(i‘%g%gggﬁ%lf%ﬁfoﬂssﬁﬂg iﬁ&ﬂh@ },S’iEIV}h%e %%a‘r}{éégofr% sepaPiting

one one-

tHe€8pdsiti®n Gefoefiit o gndthé e’apésmbﬁ iXfr@sd thd0 fromn @hé Bensor
Y-position of the structure with respect to thecanera,
sighal wathitheirid of aeignsd pyeesssie-angl e with the

ection dir ;0N erein
21,1 A5 At R et fpf B8 el DR f gl g gmatin
lig®itRirb¥ptRatRE SUd e 96 hndthie Y QiflRtiodNs @8€lsuch that the
Y-position information, wherein the apparatus is

cqm@m eevides I spaionlly sepaated X- -sigmads/anda siatinlly separated
-YSI I-proceSS|ng nodul e which is arranged for
< #&ting the X-position information and the

22/ POAhtdithrhbh® bR AR {0 AMh e, sansein & 8Adln Wd Mdtheally
aid of a signal processing. 21. An apparatus accordi ng

differentpmn2@ punklerei n the angle of the main line with

2P el S GOMaE e e Sh PG i spehine
mSdsi&BRLIse Qﬁﬂafhtﬁ%é h@ilalﬂgeﬁef@flﬁéh%@né/bﬁt dTatSFogder AN

apparatus according to claim21, wherein mand n are
tremisfoainhgticn {FETRNt prime nunbers. 23. An apparatus

2foaune %?p%n%@ﬁ%%%ﬁré%m adogh ettt CeeFigg Tbisine
modtile GO §hpiFADSiOLIRIHRLA fﬁi': Eddrying out a fast discrete
sine/cosine transformation.

25.  An apparatus according to claims 22 and 23, wherein the signal-
processing module is arranged for deriving the relative X-position of the
substrate structure with respect to the camera from the m*® result of the
FFT processing of the one-dimensional camera signal and for deriving the
relative Y-position of the substrate structure with respect to the camera
from the nth result of the FFT processing of the one-dimensional camera
signal.

26.  An apparatus according to any one of claims 20-25, wherein the
processing head is rotatable about a centerline extending at right angles to

the substrate.



24. An apparatus according to claim 20, wherein the
si gnal - processi ng nodul e of the apparatus is arranged
wo 000703168y i ng out a fast discrete sine/cosine PCT/NL2006/000487
transformation. 25. An apparatus according to clains
22 and 23, wherein the signakprocessing nodule is
arranged for deriving the relative X-position of the
ubstrate structure, W th respect.to.the.ca afrom
75 he AR APPELUIE ASFORHES L A, UL Ao RO ero. wherdih the at
leftSoiH EBASEL N0t GBS Avifh $88peBRE the hré@iskMigBedd18bout a
relative Y-position of the substrate structure with
cenbsliant exttentlives atamghs ahgbas tothergubstedal t of the FFT

rocessi ng of the one-di nensi onal .caner, i . .2
2 B EREES R HGPHIAG GG G Hec IS PO 7 BReiss the
coBf165 Bk A MG di B¢ Séﬁié‘ﬂlé‘x%joéiﬁoﬁ Qhafrabltfor?RNeh & derived
centerline &xtending at ri'ght angles to the
frambidier @tmeR/sigAnl fipparetaimgadeoraatiye Xopasiyioond the
clainms 20 qQr 26, wherein the at | east one canera is
prpeie%auasgh@a 'Wlﬁﬁrréél?fé%t%ottb?tgﬂgsﬂ%%essi ng head about a
Z%Snt%l d %rgfﬁsewa‘(ﬁn%iﬁordlgﬁﬁs angs %vﬁé?c]gh{‘ BhS URSEHPIE-

aratus acco ng to any one of clalns 20-27,
arrhaped foif ieingtherBiposisicar irdogadtibarwhichng dehived from the
X-position informatjon which is eriéﬁd fromthe,

cagaens sigupk fan timang the preratigp.ianehas for ipsfancs fupingihe
f_th ' | resp .
reSipdcat IS e P HERRPAE (b AR AT by
lidhung YrbéddsinShedd ahgatming oflanrplatien bppostiién and/or the
information which is derived fromthe canera signal
timangtof the gelense gperrappBentssuch as for instance tim ng
the release of liquid by an inkjet printer head, the
timng of the lighting by a lighting processi ng head,
the timng of an ablation operation and/or the timng
of the rel ease of conponents.



