WO 2007/ 037683 PCT/ NL2006/ 000387 1 Title: Method and apparatus for
determning a relative position of a processing head with respect to a
substrate with a structure The invention relates to a nmethod and an
apparatus for determning the relative position of a processing head with
respect to RO2MBO08 e with a preformatted structure, RICIANLS006{90048F al

el enents arranged in a matrix, whereih the matrix extends in an
X-direction and Y-direction. The structure 5 nay be a relief structure but
may al so be a printing which provides a color difference structure on the
substrate. Although the inventionis not limted thereto, in order to give
a better idea, this should particularly be understood to involve substrate
di mensions of at least 10 nm* 10 mm while the structural elements, such
as for 10 instance pixel wells of a substrate intended for manufacturing an
OLED, haverifemevistisiband abparaans &r d¥tedRin3hg ameldtorEpediton ofd while the

di stance between the structural elenents is_ in the range of 2-40

i cr onet er Prosgseing haaghyvith esperd to asbgptewith aitaEtaee rel ati ve position
of the substrate with respect to the processing head is to be provided,
this should be understood to 15 involve an accuracy which is of the order
of 1 m cromet er Thedhvehiien related fokeitiesiodahdl antdppiardies fondetdrndnings not
limted to such accuracies.. Qbserving the position of a structure on a
substrat e itBe relgtiverposaensof @ REgeaHng beadiwikh rerperhin® subsirateoVithiap| ays,

for instan lei F LS, ; Etnﬁé]r?t@ - A- 1y 35 . Wth the
manuf acturg’?% agg?egpﬁggé%?é’z%ltgﬁgﬁ Cerra!tl Epe o C?E\E/)?lﬁ%eh lgle%g%%‘l ning the
posi ti on ofwhdrein thasinanria exderndsl inefn Xsliraetiburamd ¥-dimetiohathe fstructwteer al i a
controllLing a readi and/ or itin | aser aqr .for controlling an inkjet
or i nt or ShodERY B grislet shughizet atioalep Ba & BrinFing VR PEOYIder Brealo i ¢ 1o
the exi sti Ngerstonds LR SuRSoEhd sibt2@ssi bl e, so that the quality of the

di splay or the other type of device is as high as possible. 25 The probl em

with finding a pdshduginthefinyestiomit notdimited abyrato ciwearder o givata bgter

2007/ 03768?{d§ac,11-311¥3"s Oo%. é%%?‘ﬁgglargf be understood to involve substrate dimensions

of at least 10 mm * 10 mm, while the structural elements, such as for

10 instance pixel wells of a substrate intended for inanufacturing an OLED,
have dimensions of the order of 20-500 micrometers, and while the distance
between the structural elements is in the range of 2-40 micrometers. With
regard to the accuracy with which the relative position of the substrate with
respect to the processing head is to be provided, this should be understood to

15 involve an accuracy which is of the order of 1. micrometer. For thié, 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

20 anothér type of device, determining the position of, for instance, a relief
structure 1s important for inter alia controlling a reading and/or writing
laser or for controlling an inkjet pr'mtei‘ 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.

25  The problem with finding a position of a structure already present is that



the accuracy of positioning sonetines |eaves nuch to be desired. \Wen the
position of a structure already present on the substrate has not been
determ ned accurately, a next |ayer on the substrate cannot be applied
accurately. This results in a reduced quality of the display or other type
of 5 deviceV2W 8 %PLfore in extra rejects in the produé&ﬂ@%ﬁmWWWHﬁ7is
unfavorable to the production costs. The present invention contenplates a
method with the aid of which the positfon of a structure on a substrate
can be observed in a sinple manner, while this is done very accurately,

while the nglhRdufly kPosRaiiNakbRBtLIARE 108/csahhitIEth P HeSived WheARHe
i nexpensively. To this end, the invention provides a nethod wherein a

substrat e iposippewof astirustute alreadsf present euthst suhstrate hasindt bsenuct ur al
elenments artranged Jjn a matrix erein L.he rix extends in.a

% directi ontaridnyed Fslrh < betiare o oot FEnet PEpRiS qeq,
wherein a cad¥Brately THiOVb&At Whi ebduled ighiatity BEfHLdisplaylort itBePtRfeestsi Ng head
and which conprises at |east one series of sensors arranged along a main

| i ne, wer edaviechand dreneforedarextraeejectsbstheaprodugdon hehwbyispidgyatebleat | east

one one-di nens i onrgl Sahera signal, wherein, for real-time determning at
| east the Xt-p ipugH AN ?Sﬁ%- Y-position of the structure with respect to

the canera, the PhoyfosaRdinwigibn®interhhlages’d) matbbdeesh dhe aithdfowlichh t he
X-direction_ and with the Y-direction, while the_ angle is chosen such that

the canmera Slegipsitionpt aishaickwie e Sybseygarcande obgepvad i 8 simpleor nat i on and
e carera . ' TP Tt . or
position &Q&%&Fﬁg{{ﬁﬂgtﬂl@% tpaL v%ﬁf%{éggﬁé%hﬁl}]ee{% PR g and the

Y-position 1n i on can be se sensor signal with the
ai d of 15 gnélsepvait@ssdambe c2friddeut quiekly -onl inekpbmgivelyovi des an appar at us

for observing a structure opn a substrate and for carrying out an operation
on a substrate, ﬁ&hﬂ'&ﬁ enéuB@‘t%”é’teét]P§p}5?Y}@?ﬂédn%thPﬁvﬁhﬁ¥PB? Brsﬁgﬁt(ré?@tructure,

ith st t i ' i t end
it St UCt il dedeh RIS FofBhh AARE 4ol A dbrulREAPLIBHIdiE, BRlhEggext ends

in an X-direction a erein the apparatus 1s provided with
a 30 subst rit 2 nsatpixp mthezeich thietthatripextends imgnediectibe nadY-dirdcEgh,acenent
WO 2007/ 037vt?r§1§re|:i)rﬂ/p[\1|r|6(2:gsos?rllg ggg Zs provided, wherein a camera is provided which
15 is connected with the processing head and which comprises at least one
series of sensors arranged along a main line, wherein the camera scans the
substrate and thereby provides 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 camera, the above-mentioned main line
20 includes an angle with the X-direction and with the Y-direction, while the
angle is chosen such that the camera signaly 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.
25 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

30 substrate support and with a processing head, wherein a displacement



s

3 nmechanismis provided for relative displacenent of the processing head
wWth respect to the substrate, wherein, wth the processing head, at |east
one canera is connected which conprises at |east one series of sensors
arranged alon% a main line, wherein the canera is operatively displaced
with respe®OHIT/B7¢83e substrate and thereby scans the sBEENEA0&0G0¢7
providing at | east one one-dinensional canera signal, wherein, for

real -tinme determning at least the X-p@osition and the Y-position of the
structure with respect to the canera, the above-nentioned main |line

i ncl udes a I I - di i ] - ok | .wherein
the angl e ?%@ég]%ggselﬁnlés g{:ch}?g%%%sr%fa?ﬁée (%ig?rel% ?%mé‘#%ﬁfﬁh@?g}% %S%Iggsl%% ?vé%y

separ at ed Xegosk o che substratef wherangwith-the Jirb¢espingriicadyat least onber ei n t he
apparatus is provided with a control which is provided with a

si gnal - pr oC8BErads RARRACEdINiN Goamptises Atdaast one %wapgﬁ?wrs RE3RE8Esi t i on

I nformatio E It ] hnf or I; | with the
aid of si gr@a@%?%@gﬁfﬁ%}%&ga&ﬁ% (‘%hl S r%lgatlaﬁé)%qg?ﬁy E%Bg%aétaﬁg{tﬁgg@% esult of
the fact tHhattht bebsimaie aid tiereby sétwnscthemubsiratd fod exoeidizg gt ast bhe t he

X-direction and with the Y-di,recii n, a Iar](g?%lnunbgr of .structural el enent
boundar i es %eEimsastond! cyuetRsienal. pERgre A telthpe datrrpining,atleast o

structural TR+ Lh68s. ; | B etord vt ' | as in
Vo ai T eet oo DR AL O oo Mt st o e e B I et ur al

el ement bouadwmrackheaatshvetmentiomedoyain linanecludeman anigle wipaihet ed over the

| engt h of .mai.n line .of 1h anera. IL.n the; further .signal prpcessing,
o hese 208iERfy andSafh shO T-BRPRIG, wibr bt e A B st Sugh e

det er i §i NGhk REnleeh 3ldn4e ceniR®@sd bp AilBNsbpabgtet X Bbsi¥Rn HiRSAtioPEnd@f the
structure with respect to the canera. As a result, a very 25 good

si gnal - t o- NbpssitioatinforeeriRn, wheseimdihecbparatustippromded mabieatcontneli, in
addition, a great_accyracy,,i s obtained wth t siti.on_determ nation of
the r ol at VRCh i pEGed Wi pienalproceetioe nodille WiREh isarangsd 1"
further el abpasdtimntlef Xipbeititet indsknaatton Aed aRPALisitSon infoematiohdrsth t he nain

line with respect to the X-direction and the Y-direction 30 is chosen or
set such t the sepeorcagralavishdbhaeid of geprloniogessing.spat i al | y

15 With this method and apparatus, as a result of the fact that the main

line of the camera includes an angle with the X-direction and with the
Y-direction, a large number of structural element boundaries are located
below the main line of the camera. These are structural element boundaries
extending in X-direction as well as in Y-direction. The positions of the

20 intersections of the structural element 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

25  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

30 is chosen or set such that the camera operatively provides m spatially



WO 2007/ 037683 PCT/ NL2006/ 000487 4 separated X-signals and n spatially
separated Y-signals. Preferably, therein, mand n are nutually different
prime nunbers. Preferably, the signal-processing nodule of the apparatus

I s arrangedveeoragmesy ately deriving the relative X-posipirNi.2608@00¥gP0Si tion
of the at |east one canera 5 with respect to the substrate with the aid of
signal processing conprising a fast Fgurier transformation (FFT). Instead
of a fast Fourier transformation, the signal processing may al so conprise
a discrete sine/cosine transformation. Here, the frequencies correspondi ng

with the meeprrated KysigaalsandieepatialiysenasateddY sianals.frsferably therrinat ed

Y-si gnal s vaI h e transformation in
order to derf vetni%e r&ﬁﬂﬁgﬁe@tﬁg {n%on an%%ﬁ%%g%%%qg’nﬁlwth respect to the
camer a thersi%fnrae@smodessnganbdwluIoatha\hﬁpnmamh arrahgedivrurchpatdly f erent prine

nunber s, there will belittle cross_talk. in the si ghal between the
X- posi t i onderiying thea Fedntipr Swogitin pad eeosamn phihevatplgapk prmeamera

'nfor% o0 9g%pgwg> 688 I@ﬂ@ﬁﬂée fs g%%@gwage&ntg% r%zﬁ i on

i nfor n and I'on ormat1 on one-re |ve y sinply

and accur atfﬁtyﬁ‘o u%mcﬁrdmﬁfgrmanan (BFThdnstaddnsasoRowderntiametbrardtioan
apparatus are vi ded wher ei n]@t he re|l atiye X-posi %I on of the substrate
structure e ﬁlg §5‘é"@t351f15 mapalsg capprise Lserehe FRefOsMet he mth result of

the FFT pr qflexfeh&ecﬁgﬁﬁ&cﬁés%b@}%s%ﬂdiﬂﬁﬁh%é% g&hﬁﬂ&v_e

Y-position e su straté stracture with respect to the canera is
derivabl e fsepanameuiaM1gnalesaﬂdIthefn spnetlalBFQénammteds‘é-mglalmriH themibs the nunber

of spatially. s r at ed struc ur.al rrent boun s .extendin |n
T i1 bt oRBIREIE i D Sy T BRHLE S a CEHEI® JRAHTE 5 ¢ he

nunber of %éﬁbh)éuﬂe?%Bﬁh%ﬂv%%h%éﬁe&%@ﬁe @dxﬁé‘i‘%“ﬁhe?@ﬁ‘&ﬂa!thes extending in

X-direction are Simultaneously observed by the canera. Preferably,
during a spanticwgr pass); mi andvhiachntitgallgldaffereat Xrpos ntinders,dhdrerwpldsi t i on

fhe procesSPilhaltes ik & Bchefbhtiagn e Pigbance, o o
information-providing pulses and the Y—pos1t10n 1nformation-providing
15 pulses and therefore deriving the X-position information and the Y-position
information can be done relatively simply and accurately.

According to a further elaboration, a method and an apparatus are
provided wherein the relative X-position of the substrate structure with
respect to the camera is derivable from the mth result of the FFT processing

20  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

25  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,



WO 2007/ 037683 PCT/ NL2006/ 000487 5 conprise an inkjet printer operation, a
| i ghting, an abl ation operation, and/or placing conponents on the
substrate. According to a further elaboration of the invention, the

X- posi ti on WORPE0EB3 on, which is derived fromthe canmermcTa@i@loodss used
for correcting 5 the relative X-position of the processing head with

respect to the substrate. According toga still further el aboration of the
invention, the Y-position information, which is derived fromthe canera
signal, is used for timng.the operation, such as for instance timng the

rel ease of CPIRGEISE apyinkieti piipter opgyationep higbding, apahlafiomgremtione | ghting by
a lighting I (P f an abl ati on operation and/or
the tim ngaggﬁ)?ﬁ)géérl{elgggg@(ag?ﬁﬂggln%gnééﬁsgﬁt%\ccordi ng to a further

el aborati on of Aherdiwetd & dmtheheapoxatassofithe iheadiors theXapaditionabout a
centerline, extendi ng at rig&gt.aag}ees ho the substrate. It can gchus be
real i zed t HAPTRREOR; FEHCR 1 CErtieAdEi dhe Grmerd pepsli iNdSaR &F Cr ez 21 es of
a pr ocess! peo Pﬁ%ﬁvg %gaaﬁgn%% tRptdekisihe REAAWATh Reddct to5tnBaahetkato. t he
pitch of the substrate structure in X-direction. According to a still
further el abor afAccordidg tda stiventhep elahiohation of Beesinveotien ctheeY-@oskion

preferably.rotatabl e w.th, respecgt. to the processi head .about.

cent er | i ne ' ERT24 _‘)ngylm}} }sdfﬁri)vgagfrcgg t%‘f’) cg r%ﬁ’@é‘iai’gtgé{segﬁ?fsﬁlmﬂﬂ%%%gl e of
20 the aboygsiRiHd aned a8 iinstdiRe UmiMierHeadRiRe GaNgRA BEhnSHEft! hat the
canera signal contains spatiall se%r ated X-position information and

Y- posi t i onprinter head,dhe thnaieoldhe Jighting laadighting propdssingberst, ahe Such | i ne
cameras_conprise . a ries of sensors, arranged in.Jin for. i nstance 1024
sensor iot og}é’l’]ﬁ’@r(’fi"? R oRpPETY fcﬁ’ea%‘i(ﬂ%f‘ﬁe. H%‘)}nﬁg?ﬁlée *355 dctive for the

line sensogempoflestst €d part of the structure, for instance a linear part
having a length of 1 mm can be imaged on the |ine sensor. The invention

wi |l now be expAstarding to advwetheeelabpragion ofethodnvention, dhe pasesnpingr y
enbodi ment heddl tish rort%];:aelglg% %u% 3 Cgﬂt%rﬂﬁg \émxtrégfdirllgn aWﬁ'gﬁp iangles to the

substrate. It can thus be realized that the pitch in X-direction of, for

15 instance, the nozzles of a processing head designed as an inkjet printer head
is geared to the pitch of the substrate structure in X-direction.
According to a still further elaboration of the invention, the at least
one camera is preferably rotatable with respect to the processing head about
a centerline extending at right angles to the substrate. Thus, the angle of
20 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
25 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:



WD 20071037683 PCT/ NL2006/ 000487 6 Fig. 1 shows an arrangenent of an
exenpl ary enbodi nent of an apparatus according to the invention; and Fig.
2 shows a top plan view of a substrate with the different successive
canera poswa mmso3sésewn t herein. 5 The exenpl ary enbodi npef/Nsleesboish Fig. 1
shows a substrate 1 which is supported by a substrate support which can
di splace the substrate 1 in X-directign and Y-direction. In the present
exenplary enbodi ment, the substrate 1°is intended for manufacturing a
display therefrom On the substrate, an orthogonal matrix structure is
present 10 whi chig. d,showstdreapraegementabapbremp by edibrelinentof ghi ef

structure isin i xel I.Is. The | xel wells have di nensi ons which
are in the pp%gs 3?&5%"?0@ %(}PB‘?HQ% dThe di stance between the edges of
the pixel wellpid ;Sldﬂ%v&s@tdﬁﬂﬁﬁﬁéw%fﬁ%uﬁ‘s&h%@’iﬁfﬁle diferaitbstrate 1 has a
length and a width of at |east 10 nm * nm but nmay al so be much | arger,
for 15 i nsswgressivgoamam Pomgsﬁh@wfrhbemuracy Wi th which the X-position

i nformati on andyf he 05|t| tion be RL; Vld d,is of the

or der o% appr oxﬁ’r%%?mp afyrﬁ% }9 Shid nmﬁ%e]s%}? Vﬁ%%/s? §St|5r oc%s& ng head 2
which is pmm}dﬁdsuypbbteﬂqwa saEst@@uwu@goﬁ; whith@anatigplace thhe present

exenpl ary emnbodi nent, dj’lg@fgned as._ line canmeras. The line caneras each

conpri se opebsEttedsinK- wnsang Yabirpstionalmthe presanherqmplarEach | i ne

canmera obs and
cont ai ns, gﬁ%%lalr%% ahchggﬁg%zgse%sso@g‘g{ar r g?\%%%%%ﬁ%f%#@%% her al ong
the main | tierefrbut 0@ thé a&bmranpfmwgdﬁﬁ Batrie séuctiiveds preseak si gnal

which is subjected to signal processi n is no (tj that two-di nmensional
CCD cat®r a@hﬁ}/lsall%éh%ér‘i?@%ex%mplaéy e ?nt piEctyeone- di nensi onal

si gnal of CAYEI Folls! The pAPhANE hat mlﬂgﬁglsﬂmcﬁ gHd f5ufy. sensor's

arranged a |n I e subj ect to signa processi ng.
range of 20-500 mlcrometers. The distance between the edges of the pixel

wells is in the range of 2-40 micrometers. The substrate 1 has a length and
a width of at least 10 mm * 10 mm but may also be much larger, for
15 instance 1000 mm * 2000 mm.
The accuracy with which the X-position information and the
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
20 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-
25 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,



WD 2007/ 037683 PCT/ NL2006/ 000487 7 In an alternative enbodi nent, the
substrate nmay al so be arranged statically and the processing head 2 may be
arranged novably in X-direction and Y-direction. In another alternative

el abor at i onWOtZBE/03Fdhstrate 1 may, for instance, be arr angedL2osaidgy in
Y-direction and the 5 processing head 2 may, for instance, be arranged

di splacably in X-direction and vice versa. The processing head 2 is

pi votal about a centerline extending at right angles to the substrate 1.

The canmeras 3 ate pivotal wth r ect to the rocessi ng head 2 _about
centerlines ext &E‘r?éte&f’apivﬁﬁﬁnté@s&%@gt'ttgetsﬁ Stf?)tpes‘ﬂﬁgt sq Be apanged, | 4

ot on_contskehldly dhd thPbRLAaHe WOED 0PV it mebaRlagerent of the

substrate support. T gure further shows a rocessing head driver 5 -
in the presédireeti@nphdi¥ydertoi.nipranothéealtgmatios siladsprhdiad, the an i nkj et
printer head,and the prqcessing head driver 5 is 15 I nkj et printer head
e ver 5 ROPERaKL Bk ties by ALRee mrabn i el o The
si gnal - Br 0G28&isBih oA £ by s indeaRBE A FRRSE P DRIl £AFRY fn XSdigddich 7 coni ng
fromthe caneras as i nput information and al so has deonetrical know edge
8 of the standctice verapplied to the substrate 1. On the 20 basis of fast
Fourier transfo tion or djscyete sipne/caosine transformati.on of. (the '
one- di mensi onal rPEP%es§}Dgg}1 ?ac{ﬁ l%glé'ﬂpa?ﬁg}lga(??n{eﬁ@nfe eefig?rf(iigg 2 irﬁhtacemant
9 of the X-5@¥ddtodhe@lbiiats UPThE sdmerasy® hit piRsRAGH th @esitRt teKect ed
position is determ ned. This deviation 9 in X-direction may_ al so be
referred t®rbsessing haadn? abewtatenterlines sgtensdingat sight prelesctodle tracking 25
devi at ilcan 9S tbg%%tdeterm' ned is used as an input signal for the notion
controller & %he basis of fast Fourier transformation of the

one- di mensi onal FRirfhwdl adhoti@t Borctolsred 3, prohRledivgiizh-cphbwéstiag nodul e 6

al so deternmi nes the relative displacenent of the Y-position of the

substrate difnlpcereenieefithe subgabs pannost Theskiguse furbhex ploowaadi s of this

Y-position

processing head driver 5 — in the present exemplary embodiment, the
processing head is an inkjet printer head and the processing head driver 5 is
15 an inkjet printer head driver 5. Reference numeral 6 designates a
signal-processing module.

The signal-processing module 6 has the one-dimensional camera
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

20 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—diréction may also be
referred to by the term actual tracking deviation. The actual tracking |

25  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 |

30 information, a print trigger signal 10 is transmitted to the motion



30 information, a print trigger signal 10 is transmtted to the notion WO
2007/ 037683 PCT/ NL2006/ 000487 8 controller 4 by the signal -processing

nodule 6. In the present exenplary enbodi nent, per pixel on the substrate
1, one pri NYO2007/6%je83. 10 is transmtted to the noti on eomwNLadob/esndsy. From
the nmotion controller 4, a second print trigger signal 11 related to the
clock is transmtted to the 5 inkjet prdnter head driver 5 which controls
the different nozzles of the inkjet printer head 2. In the present ‘

Cubarrat L BB B A BAR R RS SRR Lo " 21 2

substrate wi i

di spl acenmendmpbdéditdeat,Feraagsl sigtkeathstratk Nohd priadmEEasr 8019 Wi th respect to
the substrate 1, the substrate is scanned in Y-direction over the whole

substrate |tsaaemRitterhtntheamptipacpyiroles i Broamthe metiontensidierhee 1 with
respect 10 LA, PROGEERERG: H8RM 21 Lt o BRIARR i Z%a[n(;’sgéi%%dto @t er whi ch a

next scanning pass i n a scanning pass in

Y- di r ectsi onin&jt paixtes pbad diiet 5iwhi$hdonarols thie diffefeapanizelbswithé itljet 15
substrate 1 has been scanned over the whol e substrate width. The rel ative
di spl acemerripterpegd Zect i on may be either a stepwi se displacenent or a

frequency of ¢ hdtcuudrzsddit shefRiaty olbbdrB e Shsyded Julb oxl 80 ™\ on
there are sinrYidinecbn @ndrthetsaibbaateryidihrextendsin Xiditdetionr lien sehnnimggni t ude
sanpl i ng. | rRHCRE] ToI S JLFBlapenent Pl HLaHDoBi S ML AT R FAERAS &1 gnal
Phe X3 r eoih aREhagbh By Sibdiiced, dhpaberele [RIFRIAd AT AR R AR € WD
above- nment i theewhaa glhibstrate/leagth.f Tlem, @ miativer displateniegt eftheasubsheate lbeen
chosen such LRAL tae 1 AP h bobdIng hesqHid X191 2Rk & tomBeRAiRL P qniGPes! 1 on
next scanning pass in Y-direction follows. The step of a scanning pass in
Y-direction and a displacement in X-direction is repeated lintil the
15 substrate 1 has been scanned over the whole substrate width.
The relative displacement in Y-direction may be either a stepwise
displacement or a continuous displacement at a speed in the range of
0-40 m/s.
The sampling frequency of the camera signal may be in the range of
20 1kHzto 2 MHz.
When there are structural elements having dimensions of the order of
magnitude of about 1560 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.
25 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



i nformati on and Y-position information and that the X-position information
WO 2007/ 037683 PCT/ NL2006/ 000487 9 and the Y-position information can be
separated fromthe sensor signal with the aid of signal processing. Fig. 2

shows, in WweRodlafsyi ew, the successive positions A B, .poryn.20d6080487 | NE
canera 3 with respect to a substrate 1 provided with a matrix 5 structure

M In that exenplary enbodi nent, the sypbstrate 1 is provided wth a pixel
structure in which the pixels have di ménsions of 50 150 mi croneters. The

| ine canera 3 having a length of approximately 1 mm includes an angle with
the X-dir ecmiddieds- pa@pmnmngn;mtyom&rdb&ﬁ@esatedrfmm thes¢nser $ignahwithi ne
canmera int sec# ]{1% Veﬁ?pl xel boundaries in Y-direction 10 and .

i ntersecti b 11 P ]plf’ SP¥Bendaries in X-direction. Duri ng scanning,

each |ine caner Fproshees iftep pldrlieyr, SRPNRESIvepoiitioak A, BNd. 2ofepat i al |y
separated Y-signals, with me13 and n=5. Due to the fact that, in the

present eimemame,rae?rmﬂn yespect tmassubstrate & Dyovided itk anmabEXs whi ch are, in

S8 A L5 B it SO OR BRbRGR 07, P

occur, so wibih fifeltridudé in hyclCtHRSsixéle Have Gthbaisionslofig0si gnal .
Therefore per line canera position A B.. Z, Fig. 2 shows no or hardly

any positi dhd léwrQIﬁétqun'Ehe biageameza giaving ailergthcol goprosimatalyel suBt i on of
el o ] b B g, o

str oundarl es are

spatial |y sepatairetheighé camtera MtklscbEing hﬁealplidiaiouhkienas@he( dizectidd er ent
when t he di nensi ons of the structural elenents are different. \Wen the
pi xel s 10f orandrigterseeing Histeen; nisplhomd agies 3p&-diretitpnyipERg feINg sy t abl e

angl e whic C

X- gl recti o% m(ﬁé%ﬂﬁl gggﬂfewﬂ]ﬁp%g é\%ldeﬁ@véﬂﬁé Hﬂ? nV\éeé r@fa havi ng
a length ofsepmmte&Ymgﬁh},s, mth’rm—lﬂhmden%'j)d)uatd @esfap’at}&ttedl thexptesbmundar y
i ntersections can be erved in | X-di tlon and |aII separat ed
pi xel boun&éPW?%FtYeer’%g%“f » BB arg 8 HRE TR B’FW q

unsui t ably Jaos60 RAElA8 diffaceSPab 'oiilhardly any coinciding pulses for p1xel

15  boundaries in X-direction and pixel boundaries in Y-direction will occur, so
that no or hardly any cross talk occurs in the signal. Therefore, per line
camera position A,B,...Z, Fig. 2 shows no or hardly any positions on the line
camera 3 which coincide with an intersection of pixel boundaries in
X-direction and Y-direction. Both in X-direction and in Y-direction, the

20  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

25 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

30 degrees) or a considerable cross talk can occur in the observation of the pixel




separation can decrease considerably (for instance with 0 and with 90 30
degrees) or a considerable cross talk can occur in the observation of the
pi xel WO 2007/ 037683 PCT/ NL2006/ 000487 10 boundaries in X-direction and

t he pi xel Mboudzes7ess in Y-direction. Wth square pixel BeT/anzea61goss7of 45
degrees is, for instance, particularly unfavorable because of the |arge
extent of cross talk in the signal. Dugpng the signal processing in the
signal -processing nodule 6, the 5 relative X-position of the substrate
structure with respect_to the canera is _derived fromthe nth result of the

FFT pr ocesdiongdaries e Xcdivaetion apéh dhe pixgl bewndarigsdim Velirechign; Widh of the

substrate | S : | fromthe nth
result of %ﬂﬁéﬁﬁ%}%gg%sﬂiﬂgB?g\ngtd}%&%teggsl’ﬁg ELSgandﬁuﬁggcﬁéﬁggﬁgi xel boundari es
ext endi ng iunfXveiab&chécmuseo o eliesBagpextent nEcrbs calenahandgvidli h n bei ng t he
nunber of pi xel I?ound ries e)l<tendi ng in, X-di rgction ,observ?d per line
camera. The anplPuieethe signal procepangin thesispakrracasying predyle 64H8 ndi cati on
of the g el jphid Xﬁ)ogfti @ftﬂe%%lstxﬁféjstﬁcﬁ&uﬁ’@%‘%ﬁhf&ﬁn%m {Hbatderhls M h
result and the nth result 1s proportional to the relative X-position and

t he rel ati wisrivedYrposheinh resds pfthd FET prodassingofithe chaeta sigatal andt h thi s

met hod, of all structural.elenent . boundaries |ocated bel ow,the main |ine
of the cameiis TS VPOPHan Chine sHbUT At RETED Yo sBac (odhe ShpeiBod

si gnal - t 0- nRIgRRivEAH i BRI deSulR BF BANEET ﬂ%éé%siz e yIBRSY bEiethe and, in

addition, a great accuracy is obtained in the. position cfeterm’ nation of
t he rel ati veaxbpodf pikelbandaries extdraking en Y-givsdtionovhseriétbpémieat i on i s not

limted to the exenpl ary enbodinent describ and,. within.the framework of
the | nvdnt | GrieE L ARG 18 Toraetaot PEEl hoyRdaiiss eSRERF R poss: bl e.
Thus, the negdhediisndbidi®capRaldetsn®ry. al so be used for determning the
position of a structure applied to a substrate, 25 the substrate being

i ntended for a dikefamphitudmef thegataesultiend the pt xesylitis ameindicabionddr ed are
Snd bl aci ndPedRBERIT of She esa Bhd PR oHR S ioRbiion fFthe AMHHSLHISR O

the nth result is proportional to the relative X-position and the relative

15 Y-position, respectively. ,

Due to the fact that, with this method, of all structural element
boundaries located below the main line of the camera, the information
provided thereby is used, a very good signal-to-noise ratio (SNR) is obtained
with the measurements and, in addition, a great accuracy is obtained in the

20 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,

25  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

30 electronic components in a chip, color filter elements and the like. Also, the



el ements on the substrate do not need to be pixel wells but nmay al so be
formed by other elenents detectable with |ight, such as for instance 30
el ectroni c conponents in a chip, color filter elements and the |like. Al so,
t he WO 200wbQawB38383CT/ NL2006/ 000487 11 pat h of scanniBRQJ/NIeGs/00H87

substrate may be varied in many manners. Instead of scanning in
Y-direction and stepw se di splacenent 1n X-direction, scanning may al so
take place in an oblique direction, i.e. in a direction which includes an

acute angle &tﬁ th%.x-giregﬁiolﬁ) gr t he Y-digrec ion. As 5 already

i ndi cat ed, PEEARNPRG RS OV Fk & pT'ae rage _Irbayc%%Yl ntfoths e e BAE scanni ng may
take pl ace 7841@RWo$ Scadiiakaady-Gfreatisrehh@ ktepinfises Hisheacshidhtih 3eHire¥Bbh,S OF
simlar structural elenments, a structure in the formof a printing my

al so have lsexmniagphiealsodakn@lachintaraeldiquptdirechion; a¢. itheditgpgerve contrast
di fferences_,i.nste far,i { i {feren . Wh e 10
determ ned%b}%/lgﬁ ﬁ]%&g%%;} ar fglétse %ﬁél? %&} g&?}é%{sﬁcﬁaétou rtglFG% g\ré}gdﬁ@s]'. al r eady
i ndi cat ed héfeadpahdi¢ated, BehmnithgahaptakeWhed aps icohhubedsheedtmdr ocessi ng
head may al so conprise a |jghting head, anﬁgbla&ign head or, a processing
head for plSSEMHEEBAPEHEMPLace pRpWisyHDstegd el religh strisiurpcuth pased pl ace
with visi | i.qht . i At i nf iab.l .o the |ike.
Vhen the. 187 e i Ebler ¥ AL ok R 3RELAThihe e Srb DRk

i cr onet er snay also halvkedieshrepplieddodhacahsteaty. The cameeds tidreolsiegval , t he

| ength of the main Jine along ich . the series of _sensors_of the canera
are arr ang&aniragidifiegenges ingtead ?14%#@%51@;&3%&1%?5%%&@?%%9 descri bed,

the stryct We?érnﬁh@&%@tﬁlfea:gﬁnd%ﬁe%f Me&ﬁtrﬁ@hﬁﬂ BRAnIAL, H@tr\hjee?dy However,

the relative position o structure of ich the structura enents are
arranged i nndicaied-lorrehadova) insbestdrafanciakjetlsmtoe hded cthe prodessingh t he net hod

g R TN LN ENC O b
12 head for placing components. The lighting may, for instance, take place with
visible light, UV radiation, infrared radiation, X-ray or the like. When the
15 structural elements have dimensions larger than 300 micrometers, for
| obtaining a good accuracy and a reliable signal, the length of the main line
along which the series of sensors of the camera are arranged needs to be .
increased.
In the exemplary embodiment described, the structural elements are
20 arranged in an orthogonal matrix. However, the relative position of a
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.

25




The invention claimed is: 1. A nethod conprising: providing a substrate
with a preformatted structure, with structural elenents arranged in a
matri x, wherein the matrix extends in an X-direction and a Y-direction, the
structural elenents having boundaries, providing a processing head,
providing a canera that is connected Wth the processing head and that
conprises at least one series of sensors arranged along a main |line, using
the canera to scan the substrate, thereby providing at |east one
one- di menge QRahtionCRIMRE: Si gnal , wherein, for real-tinme determ nation of at
| east the X-position and the Y-position of the structure with respect to
the canera, said nain line includes an angle with the X-direction and with
"the Y-dirgecti gmethbiBdogipAsihdie angl e is chosen such that the canera signal :
conprises X- position jnfornmation and Y-position information regarding the
structural el EfYHENEFCUPARIEY 2 PEYMARAI SRS Rgih ke turel Gs8TeRt BFEERLIN E he
Y- posi ti Ghat®df, whéreineah @ t@kdn@dinsh Kuidestiof aidd aldirv@ioh,@hd sh@ctu@Pdi@ieaatst hr ough
signal processing of the canera signal. 2. A nmethod according to claim1,
wher ei n tHYNRRYPETES chosen such that the camera provides X-position
si gnal i nfor mgkdvdingliprédessiathead, | y separated structural el ement of the
matrix boundaries that extend in the Y-directiqgn,. K a Y- posi ti on
i nformati on o™ H! ?%tan‘Fﬁa@‘aé'éﬁmﬁt%‘G”‘thstp"rU8Te§ﬁ‘§| € qaé‘grglmccg’&ﬂ‘ﬁ%‘fﬁ %5 of the
mat ri x t hat ses enehsbm atrkigedraléligaesdin e, 3. A net hod according to claim 2,
wherein mand n_are nutual l ifferen rime.nu rs. 4. A nethod
Becor i g to. ¢ aE I ERiH st T et B o panii SadSy s
Fouri er dafmedasiigadl netete0) for teal-#méerddididthagancd bidéddghd K-posiadrand theWhpdsion t he
signal praqcessing conprises . a fast discrete. sine/cosine transformation. 6.
A Mot ho SEESTEHHE b Feateah i1s it e Aopas e GRArn dampr s XAedel Four | er
t r ansf or raat wah thefy-difeeti@ankeren gegnad is chbar ecinthithie Ampasighdloompises Xie '
reformatted structure lative .to.the canmera is determ ned fromthe mh
Pesul t ofPop e PaiFateh i Lpoyion upiHa PRt s b Hiscwgrae Epdaes g
- Wherein the r ekaintiviag te pogisitivoindake Y-hesitiphef e pridradted strwatreifeltivetb dtei ve to
t-he camer a ir%thrgle er mlnreogesgir Oé?tﬁehc% re1r‘ah. reﬁsult of the fast Fourier
transformatton of e eaner a i gna[n. 1547, A nethod accordi ng to claim1,
wherein a substrate length extends in the Y-direction and

2, A method according to claim 1, wherein the angle is chosen such that the camera

provides X-position signal information on m spatially separated structural element of the matrix

boundaries that extend in the Y-direction, and Y-position information on n spatially separated

structural element boundaries of the matrix that eXtend in the Y direction.

3. A method according to claim 2, wherein m and n are mutually different prime numbers.
4, A method according to claim 1, wherein the signal processing comprises a fast Fourier

transformation.

5. A method according to claim 1, wherein the signal processing comprises a fast discrete

sine/cosine transformation.

6. A method according to claim 3, wherein the signal comprises a fast Fourier
transformation of the camera signal, wherein the X-position of the preformatted structure relative
to the camera is determined from the m™ result of the fast Fourier transformation of the camera
signal, and wherein the relative Y-position of the preformatted structure relative to the camera is

determined from the n® result of the fast Fourier transformation of the camera signal.




a substrate wdth extends in the X-direction, further conprising: using the
canera to scan the substrate with plural scanning passes, wherein, in a
scanni ng pass, by a relative displacenent of the canera with respect to the
substrate, the substrate is first scanned in the Y-direction over the whole
substrate length, and then by a relatjive displacement of the substrate
with respect to the canera in the X-dlrectlon after which displacenent a
next scanning pass in the Y-direction follows. 8 A nmethod according to
claim?7, furthgitRIRILRUNRS cILRPCFhérfid 2 SARMM REIPASASinithe ¥ARecton gHdr ect i on
and dlsplacenents inthe X-direcfion until the substrate has been scanned
over the siptete widhertendsdn (e drdicecton, farthepeompiisig&cor ding to claim 7, further

conpri si ng: Caﬁsirﬁé‘tlﬁh@:a&%ﬁoQh’ﬁﬂh@glbé’tréﬁeo\ﬁiﬂmhﬁ}ﬂs@ﬁlﬁﬁlgﬁasé’esfUrther operation on
the substrate with the processing head. 10. A nethod accordlng to claim?9,

wherei n the op#iatihdha ?cgmarrg Hagik Pet reBrvertisplacemmsat afthesamera pith regperbioribrg

accor di ngsdbﬁirafel e E'ﬂb?braté/\@%s@bc@nﬂeb%tﬁ@?fdﬂrtadt@ﬂoﬁ:@fmMhﬁl@%u@tritb ghithngd 12. A
met hod accor ing to claim9, wherein the operation conprises an abl ation

oper at i onthen By relativeedispigerngab ofr s HBsrats Wétf‘é‘iSPﬁ"éto thafamer i Ph - BFetgtaish
conpri Seswﬁibl@-@ihﬂ]@elﬁm(ﬁé}@@@aﬁmn Peds infheMeliRQborelsWsdi Ng to claim 7, wherein
.the speed of the relative dis %acenent in Y- directionis either a stepw se
di spl acenent or a conti nuous dlsplacenent at a speed in the range of 0-40
ndh s. 15. & WEtRQiétfﬁ@@@bldiriggo ¢16imCA, airm&frbomwsafgeieﬁeatii;@sw@ﬁﬂgl(s pasdgs iﬁﬂﬁqgency of

t he canera si. in r e.of 1 kHz to . 16 met ho

hecor di gt isRacept fde TR Pephb e S R B s e

pr ef or mat §lsdrasd witt ur e determ ned fromthe camera signal for correcting a
relative X-position of the processing head with respect to the substrate.
17. A method according to claim9, further conprising: 14 using the

Yh posi tion of Alﬂethpd ea‘cﬁrrdtf@ttd Esimst, ﬁuﬁérubﬁpﬁsﬁr(gn&atdyﬁigea‘tnmrrmfgalts@nmh% ﬁagsr timng
t he operat suc e tim.n e release o i qui an
|nkJeF pr?h?@?oﬁgﬁﬁnoPtﬁfﬁﬁrtﬁg%p @ﬁ??ﬂ@gﬁ?ga li ghting prochS|ngyhead an

abl ation operation and/or the release of conponents. 18. A nethod

di h t h di f .at | t 10
ot 10 ol % wheb B st Qe it BireR kb HRE A BT GRS fhe of der o

20-50 nlcroneters, and

11. A method according to claim 9, wherein the operation comprises a lighting.

12. A method according to claim 9, wherein the operation comprises an ablation operation.
13. A method according to claim 9, wherein the operation comprises placing components.
14. A method according to claim 7, 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 claim 1, wherein the sampling frequency of the camera signal is
in the range of 1 kHz to 2 kHz.

16. A method according to claim 1, further comprising:

using the X-position of the preformatted structure determined from the camera signal for

correcting a relative X-position of the processing head with respect to the substrate.

17. A method according to claim 9, further comprising:



wherein the di stance between the structural elenents is in the range of
2-40 mcroneters. 19. A method according to claiml, wherein the accuracy
with which the X-position and the Y-position of the preformatted structure
relative to the canera are of the order of 1 mcroneter. 20. An apparatus
for carrying out an operation on a supgstrate, which substrate is provided
wth a preformatted structure, with structural el enents havi ng boundaries
and arranged in a matrix, wherein the matrix extends in an X-direction and
Y-direction, wkiegekIY-gdi€oapphy @éfosnatisd stictonifidedhadainira signslibrsintiag the SUpport ;

a processing.head, di spl acenent chanismfor.relativ i.splacement of
thg procé)ggrgtﬁoé” ng%sa% 'Psﬁlgnf%glﬂ@ég"erq%s? ‘%‘%&f“? 1:9{95{ Pr erﬁeélgstfrﬁg ®camera is
connect edightingttye lighthges®enfg hedosn abaiich qpanaioncand/ontpe refasegpfadmpopasst one
series of sensors arranged along a main line, the canmera being operatively
di spl aceable with respect to the substrate and configured to thereby scan
t he substigat e A méthqt @virdingiy cilim [l eagteirnthesubsrae-ds dierssional atdaastgba si gnal ,
wherein, for real-tinme determ nation of at |east an X-position and a
Y-posi ti W0 e preformatted structure with respect to the canera, said
mai n |ine i nclwhdes thastruengl denndntshatehiimotsidny e cliel ooder efiit)- 3 rhibrotrlersYandi r ect i on,

wherein the antgela glsti X % Osequs?r%aurt 1he%[meg1§es in%%rgaenr g‘ofsj-wg{ ro?n%@?ii S€s
= POST t § gar di

PR crel ncg petwee .
X-*pOSItIOVY'I In OI’I’TB.%ISI’] ancfll on 1Tnformati én regar ng spatlal

separation of the boundaries of the structural elenents in the matrix, and

a control,,i ncludi a_shanal - I - . rranged t.ar

Get or m ni Rt Hoaghsl Bechu RO LA YRR IR Rl e 240G

st r uct ur €Y-paitehiof/he peforhated strmstuge relati Gug He singanadre ofthoordgof hgnigbmetére caner a
signal. 21. An apparatus according to claim 20, wherein the angle of the

main line with respect to the X-direction and the Y-direction is set such
t hat t he 20anera appagaiad fopgaoying ey axoprsation pomsubptratep whigh substrabiis mosided i al | y
separat ed,.st.r . i . ! tend in the
oh T oot 1 bRl S AR R en b e i BB, it ur o
el ement boamird vhéreis thegfattihextamds iniax Xtdirattion aedeYrdirgation, dekingha apparptonis 15 22,
An appar Wdeﬁ%g:rdi ng to claim?21, wherein mand n are nutually different
prime n ers. 23. An apparatus according to claim 20, wherein the

si gnal - pr oces giswgirate slpbert; ofprackrsing Agsdar at us is arranged for carrying out a

fast Fourier tard?sﬂﬁééﬁ{e%écﬂﬁhism for relative displacement of the processing head with respect

to the substrate; ‘

at least one camera is connected to the processing head, said camera comprising at least
one series of sensors arranged along a main line, the camera being operatively displaceable with
respect to the substrate and configured to thereby scan the substrate for providing at least one
one-dimensional camera signal, wherein, for real-time determination of at least an X-position and
a Y-position of the preformatted structure with respect to the camera, said main line includes an
angle with the X-direction and with the Y-direction, wherein the angle is chosen such that the
camera signal comprises X-position information and Y-position information regarding spatial
separation of the boundaries of the structural elements in the matrix, and

a control including a signal-processing module that is arranged for determining the X-
position and the Y-position of the preformatted structure relative to the camera through signal

processing of the camera signal.

21. An apparatus according to claim 20, wherein the angle of the main line with respect to
the X-direction and the Y-direction is set such that the camera signal provides X-position
information on m spatially separated structural element boundaries of th.e matrix that extend in
the y-direction and Y-position information on n spatially separated structural element boundaries

of the matrix that extend in the X-direction.




24. An apparatus according to claim?20, wherein the signal-processing

nodul e of the apparatus is arranged for carrying out a fast discrete

si ne/ cosine transformation. 25. An apparatus according to claim 22, wherein

t he signal processing nodule of the apparatus is arranged for carrying out

a fast Fourier transformation, whereinsthe signal-processing nodule is

arranged for determning the X-position of the preformatted structure

relative to the camera fromthe mmresult of the fast Fourier

transformati on of the one-di nensional canera signal, and for determ ning

t he Y-pos ion of the pref rnatte ructu relative 10 the canera from
i

the nth résul tABPpHaWEJSF&Cé’f e gy %W@?ﬁ%‘%‘r FE%“”& FRYPBE  the

one- di nenaumtedd. canera signal. 26. An apparatus according to claim 20,
wherein the processing head is rotatable about a centerline extending at
right angles to the substrate. 27. An apparatus according to claim 20,
wherei n tbhe at Ahegmtateaecoakiprs alains20; @hatia ki sigitdl iphocessiag pedile bfxhd¢ he

processin about center tending at.right angles to the
substrateg ?gm“ﬁﬁaﬁﬁﬂ%Fé?ﬂ@m%&%%gﬁﬁﬁ&“?g“@ﬁﬁ? #°0, wherein the control is
arranged for u5|ng the X- position of the prefornatted structure determ ned
fromthe for.carrecting, the tive X- iti of the
processing hea nﬂﬂ%ﬁﬁpggﬁgwgt?ga %)gﬂ%?Plﬁf@mﬁ 5maﬁ$g§83%?aﬁﬁs accor di ng

t 0 cl ai m 2fharanda ésratanget! lfie caoiig @k a fast discreengedosirenransgormgtidanhe Y- posi ti on of
the preformatted structure determ ned fromthe canera signal for timng the
operation, such as for instance timng the release of |iquid by an inkjet
printer heéad, Ahepna'rmtristag:oaﬁngtthelaini 1 htereig thoyigaal proghssinggoiloctebsi ng head,

the tim ngpp%rat is a?i‘lgng%h e ar r?gro%]i R F%ngf!r?rans%o?rgat m ng of the release of
conponent s

wherein the signal-processing module is arranged for determining the X-position of the
preformatted structure relative to the camera from the m™ result of the fast Fourier transformation
of the one-dimensional camera signal, and for determining the Y-position of the preformatted
structure relative to the camera from the n" result of the fast Fourier transformation processing of

the one-dimensional camera signal.

26. An apparatus according to claim 20, wherein the processing head is rotatable about a

centerline extending at right angles to the substrate.

27. An apparatus according to claim 20, wherein the at least one camera is rotatable with

respect to the processing head about a centerline extending at right angles to the substrate.

28. An apparatus according to claim 20, wherein the control is arranged for using the X-
position of the preformatted structure determined from the camera signal for correcting the

relative X-position of the processing head with respect to the substrate.

29. An apparatus according to claim 20, wherein the control is arranged for using the Y-
position of the preformatted structure determined from the camera signal for timing the operation,
such as for instance timing the release of liquid by an inkjet printer head, the timing of the
lighting by a lighting processing head, the timing of an ablation operation and/or the timing of the

release of components.





