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1 "OPTICAL METROLOGY METHOD FOR DETERM NI NG THE THR

DI MENS| ONAL TOPOGRAPHY OF AN ORI FI CE AND APPARAT Il |l“|\|“l“\
DETERM NI NG THREE- DI MENSI ONAL TOPOGRAPHI ES ACCOR

TO SAID METHOD' 5 The present invention relates to anso
optical nmetrology nethod for determ ning the

t hr ee-di nensi onal topography of an orifice

(particularly for neasuring mcronetric, tapered

nozzles and simlar devices).g It also 10 relates to a

nmea ' or yi hj rocedure
whosd hEE REE Y T bR roR it L B -
exPIMENSTONAL t NePPERARHY GPekN fORBETCH . AN A PERHFM SAIKDR

a g | Nt p :
Dt Ea R, S-St o oD Rh R AELLRHIRE: mo
measur enent of the m cr3heR rMBTHOR'T fices in the

nozzl es of inkjet print heads. Operating of inkjet
printers i s based essentially upon ejection of drops

of liquidlk PHESRIH AevAnddqm wmediatesnj éet opn  optical

meadsogiheme tiioepl ey hdktbhaid@npapeneandhteeMHiR8nsional
necessary points that gFﬁe up

i mages . and text. The ,
CORORE ARENG (Gl (bs & T 9T bl GO TLGHESThét tRBmpRFagyzing
ma, ctriome tpliat, e torpe red 2zl @z atesyandr olighl ahi dbvaicepy eciisealso
of i ' ' d j rrect di QN 0 .

e the Dr PEAEHEIEET Al B (L WBE FAEEELAET o cnis
PrREeHing obj éd1asof tieveal | f§atenesol ppevtdesesntperous
2@ SRRAYT A W15 GIEd e | thS Ut &6dnt NP &L s PELPISRS
is the determ nation of the configuration or
t opogr aphy t RELRBYZI AR | f PPRSTGt UShe PFi ntthfeadBresent
inheotdlonwhi elret he aimk 'parejieslmﬂad,t g\/\@ugs th@tﬁap@kclusive,

. f,qr.ement i on thin_plate that r t he . .
aE g%i b§l§FSEui%n o?g?hemfFFHFeﬁgg& e b2§he micrometric
omdfiicast dined e omzahasy adf imdt et absintOteeads t hese
naterialsdﬁ%ﬂé%i&¥pon$f_CD&HQE@E'Ont e an(r) ;o based
which is made up of flexible polyamde films. The
efECRARIPdY HP¥hgEAeEtiPResE fiFoRs| f liquid ink through

nozzles in their injector heads. These droplets hit the

paper and form the necessary points that make up images
and text. The print head includes a flexible circuit that
comprises a thin plate and nozzle array through which a
precise amount of ink is ejected in the correct direction
to land on the printing surface of the paper.

One of the main objects of the quality control
processes to which manufacturers currently subject inkjet
printers 1is the determination of the configuration or
topography of the nozzle orifices of the print heads,
through which the ink is ejected towards the paper. The
aforementioned thin plate that forms the flexible circuit
of the print head may be manufactured from several
materials. One of these materials is the Dupont
Corporation's Kapton®, which 1is made up of flexible
polyamide films. The mechanical strength of these films is
considerable, they have remarkable chemical and electrical

properties and they are also highly resistant to extreme
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35 consi derabl e, they have remarkabl e chem cal and

el ectrical properties and they are also highly
resistant to extrene 2 tenperatures. O her

di el ectric and sem conductor nmaterials represent
further possibilities. Orifices in the plate are
three-di nensional and in the shape of a truncated
cone. They are very small in 5 size, and increasingly
so, in order to provide greater accuracy and

r esol ut,i on whe rinting. Their _snmall_ size kes it .
qﬁﬁﬁﬁﬁﬁﬁ%f§§frékﬁ%%o%l?ﬂ%ﬁ¥ﬁ}?haB$EE?QFSRn8Hg?ﬁ§ materials
mates aft thertdiecwaespllat Bitewrder to provide the
desired Lang 4 gual L{y. The _LE :
froxi bie Hriiiqes b the o1a bl e G i Rpngiongl and
IrocEhedshapehefprd ntrweerfted scopesi Theyediza wegyvemall in
i angadf roRides DAPEy sGonshderaily £arthesy pYeY drrater
conparison to the size of the plate nozzles). An _
T s3Bfli fHRPHHFIYuMRERo P 4T t hdSiedit efmahe size
rdméesjrﬂplfleéc@aiﬁrg; teL piotsg.tgjoeﬁttimn f»mfn? phécﬁﬁﬂﬁﬁt ®h the
ead orifi.ce, i.ch_shou e perpendicular. to e .
é%ﬁiﬁ,oén§P?xﬁﬁ%F?%Espg?é?o+? gﬁggfngﬁePEPvﬁgfttﬁg dggired
Ryriintiedy quwel igreci sion required, together with the
ever- 20 easi dj S (Qf. b or L.t on
plates in the %BF?%t ?ggg; off?ﬁgagﬁgbr&%¥gggF’ &ﬁfbh’ ?S
RRCHS Nesdgpcirébsy, nakedodated finciihie t priwisubead, is
I Dl the qual i ighwin theyi dHande heademM thhe  paper
i gour anq)pre i si on. Several attenpts have been made
{Qéﬁﬁ%ﬁ%ﬁ§ L %@Ehﬁ?ﬁu@¥?%wlﬁE Ag-3He GPmdlE opgze of
tofe tdlatoutdetzlos) f i Besepforbeunoazli €scenconkjieturardintn can

Jﬁ} Sa1@££h?HQ£ fhknaggﬁﬁegf %h%9d¥§gg§g%§xya¥§egE?gk from
that noné of these {(echni ques have as yet prove 0
e eingector. hend oirifiese vbighi qlesilsbneesperpendicular

tsidhe QoAb OLAl aRHOELLORRLELS B eddchbalysget BE text to
retrorefl ected or backscattered light on the surface

‘e. A confocal profiloneter is a
The precision required, together with the ever-

decreasing diameters of the orifices on the plates in the
print head (of the order of 25 micrometres or less), makes
it difficult to measure and control the quality of the
print heads with rigour and precision.

Several attempts have been made to devise
techniques for measuring the dimensions of the outlet
orifices of the nozzles in inkjet print heads, although a
number of disadvantages have meant that none of these
techniques have as yet proved to be effective. One of
these techniques consists in using confocal profilometers,
which analyse the retroreflected or backscattered light on
the surface of a sample. A confocal profilometer is a
confocal microscope that scans a surface with a laser. The
device, which employs a technique called CLSM (Confocal
Laser Scanning Microscopy), projects a single point of
focused light onto the surface to be measured using a

scanner that sweeps a given plane of the surface.



10

15

20

25

30

35

confocal mcroscope that scans a surface with a | aser
The device, which enploys a technique called CLSM
(Confocal Laser Scanning M croscopy), projects a
single point of 35 focused |ight onto the surface to
be measured using a scanner that sweeps a given plane
of the surface. 3 The main di sadvantage of these
devices is that due to the specific three-di nensiona
shape of the orifices, which nust necessarily be

t d wh f b t I
ol i shed TOF QR SSATRRERAG. Ul Thgse ( Hey hav & that

dhegh tlevelheof spmmﬂfacntyhre§hﬂ$messmbnadlpaﬂqutmbf the

%EfHEEsOf &Qf %ﬁ@% (Hec%§gif¥§§ ?ﬁgeqFéeg%P dgﬁdtowhose

e steép ang e ‘surface
ipperdeagefare greaterbehapptdealind phélshadt fhat opeimum

pﬂﬁﬁﬁs 'q%aQﬁtt'fal B{e;ﬁoh shed, {ué tgg@@i Hr thdtertainty.

here 's practical o retrore
Tbaékscl&ttenwwrw Ysoth8 i Afesiidt i opfi stpeoviaktemie of
ré’ﬁ@or@@ibbt@ﬂ Qﬁgh"&ecﬁllérftﬁﬁﬂ:ﬁé) shﬁaé’ﬁ?aeﬁrﬂjﬁﬁ of the surface
Fﬁrther éh ficant additi onal 39502f 4 th
Fs %t ees oP Tt I G Feadsi ngr T2ERhi Tﬁ s’'that §h ©
fastexthragmetye slsow famy eid5 ddtarcald ysepohdshédr &dcls )means
cfafl dithiedl € Q. applydia i, measyr enent, Of B18EPeq o
l's present invention provides an op
bﬁ@kﬁ@%@yrﬁét Héghitor Retee niREAgmekies- dismerrdwidgd on the

pbepegbapM@SthEheSL@Ferg 1t Pkt Irﬁégaﬂé/d appi Gl edr@, a
measur enent of. the i nner surface of the outl et

sb?PF%&S@%f aq%@nadrlﬂfaﬂgﬁag o chSF? fs 9fotthe art
meaFukedgt &édhmlqw@phlsCath@ﬂ it s aexopdmeny SYweMmore

bl 20 I TnReF oRE Rorl THE LALTE 51 Engsl ALY L0 the

meeSheemedtbyftheeepl@@ﬂlsas will 25 be explalned

further ompeThe, JWeH | Olin%‘e%‘%l %ferﬁr 91&@ a%‘?@r abHgical
used_ to carr¥gout the procedure, |nc

mEFFEAPHYL | ORCTARE obd&at .c%ﬂiteﬁ%ralﬁsln%et awp%e%fdm%ﬁlonal
tmpbl;rbph@é@\u cm@ methidREri Pipd it i Ba F BP dpplﬁ@able to the

méggggghggt of t%epg%%gg éd?lggé(gk éﬂg(%ut{et orifices of
inkjet print heads, although it is not limited to this
application. It is an optical system that does not come
into contact with the object being analysed and functions
on the basis of the light reflected by the object, as will
be explained further on.

The invention also refers to the apparatus used
to carry out the procedure, which includes illumination
and observation means, details of which will be provided
further on in this report.

According to the present invention, in order to
carry out this optical metrology method wused for
determining the three-dimensional topography of an
orifice, in particular for measuring that of micrometric,
tapered nozzles and other similar devices, the following
steps have to be carried out:

Firstly, an initial calibration is performed.
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carry out this optical netrology nmethod used for
determ ning the three-dinensional topography of an
orifice, in particular for neasuring that of
mcronetric, tapered nozzles and other simlar
devices, the following 35 steps have to be carried
out: Firstly, an initial calibration is perforned. 4
This should be carried out periodically. The aimis to
check whether the image plang for the illumnation

ans des wi th bj ect, pl. ane_f or e . .
TRb et h REarR T HRA ofreorE T BataRht Joed it adp is to
cDHtkOWh&th’éﬂ’ﬂt?hi@Sd:ﬁlp.geSlpld&le WEoh the gridaimisiation means

c§LAEhes APeRl B LAGLNG Lhedd | Mald O BARS s Nneans.
e orifices of e anal ysed
centred oﬁhﬁheobbebtl otow}ew oifna-'t}h%e@bsleﬁ'veﬂafon qwanen a

m@@goEBSEebrgqgﬁk 'nﬁﬁiﬁPCW%é“/dgﬁgﬁbs@f @Daﬁ@EQ£OCH§enlng

procedur e usmgvvl -freld il lumnation on 10
fé%PgeH‘edlléLl%é{Hé‘rnadfp’é?ﬂ ngeang - t Ang pdi fihe t%‘él%ﬂr%%t ef the
o@?ebﬁe tor idd Cenangdssaj 6k drfGied SticBhas flika Ahsengeew of

Re a0fPed V= OB Ferr SRIhAdih b 1T obhko pf gris by means
ofnahdeutbliecarsi fpr@e:eohmdﬁemzpejfmmmdflékd niglhumdmaeinn on
ti‘x?l LRRA 2ERt %&'a%%t%t o V}ﬂjc 4%1??% el?ginéhethe diameter

um nati on neans,
opr éjhecten o ahd fr@a@g %%Ssuéﬁchsaé dirguplagence of

aRabLeEncW bh hRGHRASRA J %ﬂ&mat'rﬂﬁh | NBOeSOf s REd .
patterns projectéd onto _the inside of" the orifjce b

the pattefR rpteseP&PIGT SR entar & 26085§erR/]e%n%ylnSlde
theansopifLaser ass sughems @@l}ﬂﬂrn@vzﬂs CansEmas, aWhI phttern

ar.e [ f th q$]er vat rreans St onsg
r?ﬁeeggpﬁ g a on e ‘cofl %SP of” tha" or| &oc%h%re umlnatlon
meeasur ed seghvemaeheof nngeternshQSpmoemce:oEctl orub acthe focus

p@ﬁh%er%d@ﬂjd§ E?EEGQE&O a%@e&?ﬁvkﬂﬂ?rlﬁéfiiﬁingfradius.

orifice (virtual g e pattern) are
TE@péffT}arﬁﬂ?se%i oﬁﬁ%ep%‘éﬁﬁlf%s PHiC g5tecksente ategfide of

tﬁ@r argrfy@a nppbethef pptases | pepdeskhReadlich Ceyar@m are
remantss of . the contours for (EBS dlfa%gn
ohPERdEaaPY [REr ot CRRRF 1D BHOh T caneras,
whihche adiemgresito naf ’gberreblslea:waemoe)serrﬁam.oﬁl‘lmé pbeitions of
the points along the contour of the orifice are measured
when the image of the projected circular pattern and its
reflection on the inner surface of the orifice (virtual
image of the pattern) are superimposed on the camera.

This process 1s repeated for a given number of
planes inside the orifice and the measurements of the
contours for the different planes are then processed to
obtain a three-dimensional geometric representation of the
inner topography of the orifice and the characteristic
parameters of the orifice, such as its maximum and minimum
diameter, the slope of the wall of the orifice, deviations
from the design, position of the axis of the orifice, etc.

Preferably, the coordinate system should be a
cylindrical coordinate system of a resolution of 360-720

dots measured in each plane along the length of the
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30 inner topography of the orifice and the
characteristic paraneters of the orifice, such as its
maxi mum and m ni num dianeter, the slope of the wall
of the orifice, deviations fromthe design, position
of the axis of the orifice, etc. Preferably, the
coordi nate system should be a 35 cylindrica
coordi nate system of a resolution of 360-720 dots
measured in each plane alongsthe Iength of the 5
contour of the orifice, although a Cartesian
CeBbPurnatle thef &%&%ys?éﬁ#ﬁ&ﬁhal%ocﬁét%é&n TfRordinate

r8ethedcef st/Beehniant ko opbeviudesi.for acquisition of a
series of nages (one for. each of,the t}ﬂﬁatte ns

proj ect ed} *f oMSEHPI €Tt r GHOL0 +BVSBE{ RHgePTFGAes  for
aohuasitihe I@ﬁ nas sfritdee Dlﬁnemnaa;nﬂ oGonef ficie eathi o& the

4
oFpEErhlcpEaTLate oo R S B B30 B, e
Oh’éwngthhep@b}léét ofh&hei gn@@m@m%eﬁf at>h6alq1y1f3f<zﬁr

10 exanpl gpcEorHhecHe¥6HPCHa sPls ﬁ8§s@£989§%ﬂ5% given
pg?ﬁeated in order_to neasure the, contour of

t he
£r c&N6r 1S oBleRe R ﬁd’%n‘éﬁ%@%@ﬁ&lg be changed,
bgoaaiimat ectsysotBfiecbettzdl id NBgefgathadgeeid edkidlly, for
ordeieto bt@gn t he asured [ of the contour of

e nf p$50|9t%&e o S repeated
FREPSPT £ O from??% ﬁ% 8s aﬁlwa f &t CIH T e
idifdmﬂ&mﬂ:tprop@@$@depaﬂmernsnt$he foatushel avel fage bof the

HEQEE' el iRy m%xéfﬁségeus bigecs HBE@BQ% tEoreﬁgﬁﬁyleSeveral

one enbadi nen I'nvent 1 on, ane
l@ﬁgﬁﬁeaéﬁjé@ﬁuééﬁdbéUMQQQQﬁjﬁﬁ;Obﬁﬁ&nttm%sm%ésured points

oﬁeeﬁés ébyltbﬁrmétfalt'hea Jranfie-Of £ Mah uase f Dhadds dhégei 888 for
g g % t he nozzl The di st ance between the
tAft fa SﬁFePBCB§°BF§ g8 BRGHEF ™ ange from 1 to 10 [tm

The par angher sfausesd pmanbammyebesamdmflémpbgrammmng the
OBFSFQr'£b& r&EHXJfBgT Y f@ mug, di éi %: of the
o e of e evi a

I'ce of the or |ce I ons
ipgenhiphe §h&péocy@supthame &fd %l@rﬁct heamxbe, agtered as

mind’ @ infh ah edeby sREORErI{Y BHeSesSiNOrif§e of values for
g&gsurenents (the contours in the di fferent f

RESPE AR eyt bEPeciA%E - of D %VQ%SéPﬂC&ggewen the
dt B€eeeant fotushelaewsatshaulef range from 1 to 10 pm.

The parameters used to characterise the
topography of the orifice (maximum and minimum diameter of
the orifice, slope of the wall of the orifice, deviations
in the shape, position and angle of the axis, etc.) are
obtained by properly processing the measurements (the
contours in the different focus planes), which may be
circles, or even ellipses in the event of the deviation of
the axis of the orifice from the optical axis of the
measuring system. This 1s carried out by computer
processing means, using algorithms that provide a set of
values corresponding to the said parameters.

The apparatus of the invention is adapted to
carry out the previously described method. The method
allows determining with a remarkable accuracy the three-

dimensional topography of micrometric, optically polished
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the axis of the orifice fromthe optical axis of the
30 neasuring system This is carried out by conputer
processi ng neans, using algorithnms that provide a set
of values corresponding to the said paraneters. The
apparatus of the invention is adapted to carry out
the previously described nethod. The nmethod 35 allows
determining with a remarkabl e accuracy the three

di mensi onal topography of mérometric, optically

tQﬁEE%Qegrgfﬁ %%red orifices. The apparatus of the
ch was used to carry out said neasuring

met hod, e@b@mﬂﬁﬂagﬂﬁnmmpfséée|imvﬁﬁtmmmonwhéahswas used
Qb%% AL I Qe NBANg ﬁQQsEQEHF]t Slethadlr %%esce%ﬂ'h%l'ﬁ?néomprlses

The 11 "'um nation neans qof tThe apparatus of the
1#%9@&@?6&°80np@?%@§ra.rﬁQﬁ?ﬁﬁﬁﬁﬂé”bbjéﬁﬁVV% énﬁ1gh?°mPUter

pEOUEEBing P@kher.n representati on system an optica
system agg, i f. necessar ror i
fo

ich_ ma e
adapt ed t et FER K H“aﬁflsbé’aﬁn*éﬂeaﬁgP&%?}lsf Gt the
iexanmplien 9Gompmlddwugh | himapsabpe bekjiddtedegt aa light
f.erent I al .
P a bt o (e tt AT B AR 2n opticay aysten
apBser vat ingcewsany of a halappanat wsicbnpragede 18dgpted to

d@fQE@%COPEeOCN%H VBeafd é’rﬁ)t IgRl1esyskem ad akah$Ad, o90°,

one cajrer a. he COlTpUt er processi gg nmeans
atbhprSesih BBMpLREFO arRlet e Wit ofti ate SoffGarBE angle
debietl inac lomdahd g atalgorddifisgneadesh fof the apparatus of

tégrﬁ%vghneg§|onal reconstruction 20 of the object

ei Ng analysed after the nethod of the invention is
carri ed olhe Tipsegvfatvicme e rcul & eshe happavatins comprises

nﬁ&@?@s%% %OQ§§EHﬁﬁAk¥eehp |nt(9$gce (selogn&hgt leaﬁt one

orifice, provides the 'user ection of t
CRBno&r CYOSpsiaMmesa-etc.) and controls the various parts

of 25 therappar@bmsufsHCh RS JRarZedndasbl aciiiises a
C%@%%%Fr éﬁé’QheTQSpkéﬁggégétE%%t@%%%f n S 1ng&5%es the
algorithms needed for the three~dimensional reconstruction
of the object being analysed after the method of the
invention is carried out. The software calculates the
points needed to construct the inner topography of the
orifice, provides the wuser interface (selection of the
number of points, etc.) and controls the various parts of
the apparatus (such as motorized displacement stages,
etc.).

The illumination means has a 100X SLWD (super-
long working distance) objective, whilst that of the
observation means 1is a 50X SLWD objective for a 1/3"
format CCD camera. The magnification of the objectives may
vary depending on the format of the CCD camera and the
characteristics of the orifice to be analysed.

A computer, which 1is part of the computer
processing means, controls the pattern' representation
system. It allows to both visualize a wide-field

illumination and to generate patterns, such as circular
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| ong wor ki ng di stance) objective, whilst that of the
observation neans is a 50X SLWD obj ective for a 1/ 3"
30 format CCD canera. The magnification of the

obj ectives may vary depending on the format of the
CCD canera and the characteristics of the orifice to
be anal ysed. A conputer, which is part of the conputer
processi ng neans, controls the pattern representation
35 system It allows to both7visua|ize a wde-field

| uminatipn and.to era erns uch as
BAHERTE O GArChPRs B Ui FEPEeny dhrdiRg. The pattems
airearrqimjjsact'lérde ped trey nsthear espidj ecbgdctisivag t hedsaiogptical
3}124 d V%%];:% fi@“%‘kersyéﬁ}é‘gg g”té’ft é”'!fxfiéi%é A% e
€ ori 0 be "anal yse AcCcording to one
agvdodiasent , said pattern representation systemis a

liquid cr odi spl (L ugh ou
al so be aﬁﬁ%§54?§§y5¥§|-gﬁF’s.gﬁ%gﬁﬁ%E%%s $d1g0URttern

%W%W% EHSEXeM ghf braniPtidt &Tysisdocmdcagdisplay
emrhnthbﬂwmdlmg ac@@laeralﬂagexguaj|uiquaa b&ygtal on-

| the. d th
DN ECOPhy TVt THIBEER It | Fr ohl Bpedqdlh GRLLEte:
aswociiatmge wietdiel phopeovedipgt perbgts | tmage qaséity, as

Vﬂ t Qoh'lgw gaﬁg gt aéhé“ c&{aq_‘:ﬂ SE' %\él% t]:ﬂgtl '%%Suff?urfxeom the

emts a br spect rum of
adificter driigi Js@mbeeﬁaynbeeafsredplmlt matrameyarirrgren the

RS e iR b AYeBed 858 teth| UALNALT @ReSYALRMARM A iquid
scanner to geperate the pattern inside the orifice.

SHYS Rpp AR RE IR 3R met hod to be carried out 20 by
sai d apparraieusl Agleor diongceo diet $ ndetidcadbandiopectrum of

Ligfided e easyrigg gpiices jgthe, s0ape ofay be used.

ndat CONnes or “exanp posSi bl e
Pdé:tee:rrrﬁtrreretlh,e t dpography Rﬁssallp]eetrathy empépyd a laser

1A 168 tha NGyst & §Hg'5'@%ad%é?rﬁgtgéﬁekﬂteh%he pattern
greater di anet’er opening, 25 such as a prism shaped

ineddss thSetr iy said topography is carried out by
provi di ng Tae agishhdtonas eaderthd mébBod to be carried out

by said apparatus according to the invention is not
limited to measuring orifices in the shape of truncated
cones. For example, it 1is pbssible to determine the
topography of a partially tapered orifice having, in
addition, a structure in the greater diameter opening,
such as a prism shaped recess. Determining said topography
is carried out by providing an additional camera in the
apparatus, for example, of the CCD type.

The features and advantages of the method and
the apparatus of the present invention will be clear from
the detailed description of the three preferred
embodiments thereof which will be given hereinafter by way
of non limitative example with reference to the
accompanying drawings, in which:

Fig. 1 shows a diagrammatic depiction of a first
embodiment of an optical metrology apparatus for

determining the three-dimensional topography of an orifice
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apparatus, for exanple, of the CCD type. The features
and advantages of the nethod and the apparatus of the
present invention will be clear from 30 the detail ed
description of the three preferred enbodi nents thereof
which will be given hereinafter by way of non
limtative exanple with reference to the acconpanying
drawi ngs, in which: Fig. 1 shows a diagrammtic
depiction of a first 35 enbadinent of an optica

?EE)E‘allgl y t%ogﬁ{@t HI%V&IQ‘ElOget Sr n'lqplﬁ#ﬁlc%lar to measure

mensi onal “t opogr aphy o an o
macromgitng o thpeiradenandn, otbed iTinpb¥ay culcwzles in  the

fileasuhe cmr%h%%t IJ£C piRERG ANG PUNBE St Bt Afters;
nozzles in the flexible circuits of prlnt heads i n

i nkj et prifiders? FSHOVS showdladdrBgrarttat FePd&sion oRrt 2

sebodd 5 ex@lihe0oddENENOf ot iepil Cahet®E IOy PIYapparatus
aggaratus ag! d|n to the invention; Fig. 3 shows a
ag i

gfarfatc &ﬁlégha third enbodinent of the
i nventi onFiki.gs shdnniiidﬂ&gxﬁmmatdccd®§SGBEonioﬁsaothird

ebﬁggiﬁ%n%x%qpk%% g Jg%% #HIOUS possi bl e t opographi es

aratus to neasure with the nethod
of the ||F\?-@r$t| oh; armrlgS @rESmrdiJ@glrM$-cS@¢wrm@ of two

eiﬁﬁxf!‘l@:% the dmd h%x‘ifoutshepbB&?B&bontéﬁ)‘o@r&&@ﬂé&' Qhdt) the

whi ch the whol e _15 incident beamjs gat
2PRASEGHSt héSor PPLEe WPt HBRRSUBR n@lmﬂ e&ﬂ“qdneof the

ihveerisu;face of the orifice; Fig. 7 is a dlagrannatlc

drawi ng siJn ] ar .to, that n,whi ch d e ta
t he hlgheﬁnkblug of® t e ?aagra%magifhed% %}%%t owing the
mpahoer eforthichel ivensiphane, aa quarditgfort hien 2@hieki dbat whole

1%&%&1% PSORRY ﬁtsed?ijbﬁ&géwdt hapaidhe el fd L3 @dwithout

another part is reflect onto 1ts 1Tnner surface,

bgANGh r,egpg_lgqt@q P i g nld'g”ésr oifu’fiﬁ%c?)a‘?f ef e o‘hr%ﬁéce'

camera plrare. Fiik B dfa ﬂm@&tmfamﬂ@ammmar to that
i%kgkbggl Sn6fépﬁgzse éueaf Eh 1ghera9glgé o% %ﬁe radius
of the projected pattern on the focus plane, a part of the
incident beam 1is propagated directly though the orifice
and another part is reflected onto its inner surface,
which results in two images of the pattern on the camera
plane.

Fig. 8 is a diagrammatic drawing, similar to
those in above Figs. 6 and 7, in which the radius of the
projected pattern onto the focus plane coincided with the
radius of the inner contour of the orifice on the -same
plane, which results in a single image of the pattern on
the camera plane.

Fig. 9 1is a diagrammatic drawing, similar to
those in Figs. 6, 7 and 8, in which the radius of the
projected pattern onto the focus plane is greater than the
radius of the inner contour of the orifice analysed on the
same plane, which also results in a single image of the
pattern on the camera plane.

Figure 10 is a graph showing, for a series of
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projected pattern onto the focus plane coincided with
the radius of the inner contour of the orifice on the
-sane plane, which results in a single imge of the
pattern on the canera plane. 30 Fig. 9 is a

di agrammatic drawing, simlar to those in Figs. 6, 7
and 8, in which the radius of the projected pattern
onto the focus plane is greater than the radius of
the inner contour of the orifoce analysed on the sane

BaERen U Tl anbf a BranaGUTe Sot| BEchigpnproiected
palidwsirmg, oﬁortma séobes gblénei rmgbsalsbe thed ueadfiusheof the
viadlus of E%lfl lc%r rRr%lesccﬁldateDc?t%« ﬁ %’Puetﬂf LOCHE the

plrane ~an us o

ipstident m.m@@ WSt wetfAecpact wfta Hehe | h@néﬁnﬁuméa@\e of
t%gabﬂf%ﬂaglected onto the inner surface of 5 the

orifice. Alist of the various references used to

descri be #he Ehblbdi AEnt $P€ar M Btk oFCERESRAPHEr atifed to
d@fscﬂllb% pties esibbAY ABhiten dottovg: o) drl | the nappapatus of

ans serv neans; (3) conputer
oaﬁﬁﬁﬁﬁ}lﬁﬁﬁﬁﬁ£%9ﬁ6%ﬁ§i§)%bpe obj ecti ve associ at ed
with the GﬂltmﬁkuMIHHtImnwmﬁams) i ght source; 15 (6)
|'i qui d-cryg Hg%g;g} rmgg@gtatlon system | ocated
|on

in the pos Iun1nai|on systenmis field
di aphr agm ()7)canmitens R%BCQﬁﬁl@@Jm§§§ﬁén1aSSOC|ated

with the 20 igiumBnadpdno ivé9hsBbeiaseapfith the
obj ective aSSOCIated Wth t observation neans; (10)

opti cal sy%kkﬂﬁ%ﬁﬁﬂﬁﬁ%uﬁﬁﬁ%ﬁth the observation neans;
(5) light source;

(6) liquid-crystal pattern representation system
located in the position of ‘the illumination
system's field diaphragm;

(7) mirror;

(8) optical system associated with the
illumination means;

(9) microscope objective associated with the
observation means;

(10) optical system associated with the
observation means;
11) CCD camera;

2) computer;

3) nozzle;
3a) nozzle;

4) flexible circuit plate;
4a) flexible circuit plate;

5) microscope slide;

1
1
16) pattern representation system (LCOS);
177) beam splitters;
CCD camera;
19

)
} nozzle recess;

(
(1
(1
(
(1
(
(1
(
(1
(1
(
(r

o) radius of the nozzle on the focus plane;
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25 (11) CCD canera; (12) conputer; (13) nozzle;
(13a) nozzle; (14) flexible circuit plate; 30 (1l4a)
flexible circuit plate; (15) microscope slide; (16)
pattern representati on system (LCOS); (17, 171) beam
splitters; (18) CCD canera; 35 (19) nozzle recess;
(ro) radius of the nozzle on the focus plane; 10 (2)
circular light pattern projected on the focus plane
by the illum nati on neans; (1(1) end points of the

section of, Pghecll]_,%(}llarpatlt_L Ctga(crc)erbﬁgw ggtgla on the

circul ar attern ane;
(1) inmage f@butsh@lpatet éryn tdma tild ystigyee igfn tmfﬁean&“/arrer a

f or med byof bhe pant phikbs léghtrheamdhdlon i f the 1light
propagated directly t}lwough the nozzle; 10 (R) radius

of the i mMP§é&téfN‘he pattern on the CCD camera pl ane;

(01) end H@'“E&éﬂlﬁge %@C“ﬁﬁbCﬁcibéuYEktudlgHﬂghpattern
pattern; g' ., radi us of the V|rtu | ight pattern on
the 15 f&EFISHtETe CWEhsHGE it‘f"é“?/lrtual pattern

Ion thhe pl aie iafadehe fcamer a:aftofermrd day tthee pglaarte of f titiee
i ght t I
the nozz SRR AoElet e e At R el TRUCHRA, chae

pattern &= m@p@(gat@ﬂmﬂrﬂarqmtahe U‘(INUQB) SR HF Ik

t lhgtneqet er@ngddieid af UhOfimddle hozaie atddien e Ushe
P ' CCD camera plane;

(0’) end points of the section of the virtual

light pattern;

(r') radius of the virtual light pattern on the

focus plane;

(I') image of the virtual pattern on the plane

of the camera formed by the part of the light

beam that is reflected on the inner surface of
the nozzle;

(R') radius of the image of the virtual pattern

on the CCD camera plane;

(A, B) end points that determine the radius of

the nozzle on the focus plane;

(B) centre of the circular pattern projected on

the focus plane;

(B') centre of the images of the pattern on the

camera plane;

(zi) focus planes; and

(S) point of intersection.

Referring to the embodiment in Fig. 1, there is
shown diagrammatically a first example of a measuring
apparatus comprising illumination means (1), observation
means (2) and computer processing means (3).

The illumination means (1) comprises a high~
magnification objective (4) (100X SLWD), a white light

source (5), a pattern representation system (6) located in
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(B) centre of the circular pattern projected on 25
the focus plane; (B 1 ) centre of the inmges of the
pattern on the canera plane; (zi) focus planes; and
(S) point of intersection. 30 Referring to the
enmbodinent in Fig. 1, there is shown diagranmatically
a first exanple of a nmeasuring apparatus conprising
illumnation neans (1) , observation neans (2) and
comput er processi ng neans (3n The illum nation neans

1 .
%ﬁ%éﬁﬁ%ﬁ%&??s.é g%%tglggd rh%%% fg?ogh%%glvegﬁ which
ine hesm@@dme@ysmw%)ielfde@tt@d tire 11ighhebpesi t9Wh and

nggggcgueggﬁgbﬁpg gm a mrror (7), which in the

i ment Iects the Iight beam 90', and, an
optical sy5EeRPEEFvatheNoBSaNFat| n GRIEEL§eS a microscope

oBﬁ’EEE]ECL%@St(@) Mo@r %Rolt@iwﬁ n&@rit@(ﬁﬂdéﬁclné&) Q%n 5@%5&&/@ system
nticati an, n o | C
((Bherrd 19 ¢ R UA L sk BREBY i aberife CHOS

cenapdter proceSS|ng means (3) conprises a conputer

(12) runnlrﬁ% tg%%gl?@éﬁgrlr%tc S c_)Lft aggd {) %{n rlses a

al gori thns nee SUTe the con ours
cpippesrandl2b mewevigta uthe IEFPEhwéél@Itﬁen%QﬁmQarQ h@nd the

aﬁgegﬁ.% m@ozﬁégdé&3)to°f mEB%uQ@ eche beidis anad yegd &lﬂ-ﬂferent

| owm ng the of the invention, The, shape
Pé\aneﬁheaﬁéizzlté’ (f?)coéléﬁnd’é:tseeri”} n %rée?)arwaqmﬂonsr the

tﬁE@S:édseﬁbt@De 15 131) Fog. #hef drpeck a\Md‘ﬁgﬁg atahaqu%@cn n(14)

h
B s S0 BN g BRSRERES W Brepe of
toercauwizzl(€l4j1df the ben$a5mdln|Mhenmaﬂtxalrmrheadsectlon

1Wm %‘Eﬁ' nCI4l"d‘%>sf a %“‘g%{re%é@’é fi aglpec@r Fﬁzzéﬁé (%ﬁésent

of a"Highly reduce ize exanple, a pla
speg) fBeRAgOB0 [p thick with nozzles (13) whose walls

are tiltednlthaankdhaiddsowOULheka@REMIRG 1, the object
being analysed is a flexible circuit (14) of the kind used
in inkjet print heads, which includes a number of orifices
or nozzles (13) of a highly reduced size. By way of
example, a plate (14) being 50 pm thick with nozzles (13)
whose walls are tilted 17° and having an outlet opening
with a diameter of approximately 25 ym for ejecting
microdroplets of ink may be analysed.

The liquid—drystal pattern representation system
(6) 1is controlled by said computer (12) of the computer
processing means (3) and it enables a wide-field
illumination (when the pattern representation system (6)
is completely open) and also generates circular patterns
of different diameters. These patterns are projected onto
the inner surface of the nozzle (13) using the optical
system (8) and the microscope objective (4).

According to the method of the invention, the
object being analysed (14), that is, the flat, flexible
plate having a number of tapered nozzles (13), 1is fixed

horizontally to the base of the microscope slide (15) with
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with a dianeter of approximately 25 [p for ejecting

m crodroplets of ink nmay be anal ysed. 25 The
liquid-crystal pattern representation system (6) is
controlled by said conputer (12) of the conputer
processing neans (3) and it enables a wi de-field
illumnation (when the pattern representati on system
(6) 1is conpletely open) and al so generates circul ar
patterns 30 of different diameters. These patterns are

tﬁéoj%g % '“ﬁ%nlg§ '8 ert rf@%%%% éhe ﬂ% ﬂ‘%é&fﬁg the
usi ngt i Cal o sys and the n1cro cope
1bb]ﬂecna\7e0(14meaA§cor di ng to the nmet hod of the

i nvention héh%lﬂﬂﬂfﬁgtfgﬂnﬂeﬁﬂglyggd éﬂﬂ)tﬁém%béérvatlon
the flat, flexible pl ate havi ng a nunber of

neapsr etk oA e’s'h(flf})‘eaﬁ;‘ériﬂgecﬁﬂﬁﬁlﬁw alase t gdgysted and
chaseratetihesdr engecapr: sihdge( Pland thoiz tHehell\d.ldﬁinatlon

enin f the noz Ies i ng m nati on
naBERs, Hhe (ONRAIES o Ha%msg t3) “ahd e hdiatign the
ol:manSatz?amofnehhe rteasurl ng apparatus are adJ ust ed and

5 calibraged sQt ﬁeolegggfa%ara?hfor fbbe ?a%}(sed has

i || uni nat TonR° mean des
been tm@caxbsenvlatf@ﬁtm@s qR) th@wd@@*@s¢¢m| isllgde (15),

vQE@Bﬁs(éﬂépEOaQ% pRalnssek dacdremPl@segh@nlethod of the

fast ened the m croscope slide (15 10 vari ous
1§Y%B§19PeWBéFPo@ﬁ€d d&é&&rléﬁeﬁ’g iy Gt e P BE t he

I nvent i onwwMihcha ake ddesdrdledilnufiehaicliobel O‘M\haWtJhS a with
eldlllumnatlon hat t he att

eBe Rt | bRt P [ e PRV open)
thppapgauataenbeesr@rseomfe tdfe mzrtcessZIas) (bd) tbe thel dield

O%SVQfewV'a% %J@@ S&r Qﬁet rt% plaﬁ’lle?'ﬁ'hé@aéorfesponds--to

corresponds. -to € narrow open e Nozz
tirpi sagrey @aﬁnaégu%d the r¥q2r?dl%1 ¥$ caheP deplechg used to

£{ suchiam itthe ahs ensee ©f s Nqazkds ad 18 arb@etn@eqwﬁkh&szzles
EEERREeL IS, AR5 S5, WY e A0S BRCSlhceror of
thppararoy npeesnghefpitiee n(o]zzlz)la h@t3)i sobheihgy platad yskd) .
domnmard,Tﬁg %Eg@@akﬁsﬁﬂ$%e§Ltﬁ%zfﬁ%é%splgﬁ ERat is being
analysed downward, as shown in Figs. 1, 2 and 3 so as to
focus on the (z;) plane, which is located inside the
nozzle.- In this new plane, (z2), the position of the
points along the contour of the nozzle is measured (13),
either wusing a cylindrical coordinate system or a
Cartesian coordinate system. In a cylindrical coordinate
system, a resolution of 360-720 points measured along the
length of the contour of the nozzle (13) is preferred;
this corresponds to an angular sampling of 1 - 0.5°,
though these parameters could be different according to
the requirements of the analysis.

To obtain the points along the contour of the
nozzle (13) the apparatus acquires a series of images
(between 10 and 25) for a variety of patterns of circular
forms of varying diameters displayed by the pattern
representation system (6) and projected in the (z;) plane
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focus on the (Z2) plane, which is | ocated inside the
nozzle. In this new plane, (z2), the position of the
poi nts along the contour of the nozzle is neasured
(13), 25 either using a cylindrical coordinate system
or a Cartesian coordinate system In a cylindrica
coordinate system a resolution of 360-720 points
neasured along the |ength of the contour of the
nozzle (13) is preferred; tigs corresponds to an

| h.t hes
biﬁar aggﬁgngagrdﬁ%%tﬁpff%)en?n ceC q%?W§CF8SCPH§ objective

(dequirements of the analysis. To obtain the points

Scautr e 080t aed o tnd GBI Mot are
ohaereed Gﬁlpﬁttéﬁn§C@fC@mﬁ@@ldd135 forms of varying

di anet er spgbspl aysenbyibhe é’@ﬁﬁ@fﬁ‘edr e.LFH es@At | QRages is
system (6) and projected in th %é g ane 13 by the
kopéth

PBﬁFﬁéﬁﬁdsW§ﬁﬂﬁ(?@eaﬁﬁmpﬁéeﬁ(ﬁ m§§ﬁ|9%rr%%30?dlng
abgdbethiBges 0fd t he patter i | Neadge hel@OZdeﬁcaa.lfrﬁad that
observed ,usi CCDh ca The i nformati

o GRRERPREAS, (7 hEB8° FRIETAE o7 ot BhEoPHAPGOTREE of the
posipubar c(ﬂ2):h\m tgpirmtes caloaegpotite ngordlogar | Aimtheandozzle

(f3pet; of é’é‘i#;erﬁd' o0t 3lNed tfiat ¢ fradd & °”‘3ﬁe ﬁ@ﬁgcted

coordl nat es e neasurenent o posi U1 on of
chbFHL sralpeig ate 2kt dtip Gﬁe&wmlénl@hﬁlsénn%r surface

o€athkedrout cehgnet RapkraaRRed.Ne projected ci rcul ar
pattern agg its reflectlon on the inner surface

the orifi¢8%ar PRFF&TUIosHED ThHRORBBar &°%s tﬂ;e'ﬂ:%v%% be
aﬁhiaypbdte(]lln beo amal ysexit (pdhanko the nﬁxdi phenerdtdss is

o S, I 15 r ted fif for th .
QaEE # fﬁi tn%@ |nen %%1 8%8%% Fldﬁ dégﬁﬁl%%§°dlment
u(lpllamen(:an)tonseiamzmme&k) plahat (1id,, the smnpitiwklof that
Eh]? 3 U§£rh‘;‘5f119<§ bhe ﬂ}%zé‘ér&éﬁhibs SR ELEA QYL N (13) is

focus or test planes (zi,
carrled out in flfty focus or

test’ planes (zi, ..., 2Zs0),
with a spacing between planes (z;—-zij+1) of 1 pm, even
though those skilled in the art will understand that the
number of focus planes in the sample could vary based on
the thickness of the plate (14) and on the requirements of
the parameters of analysis. The apparatus thus acquires
the topography of the inner surface of the nozzle (13)
plane by plane (zi,..2i,..Zn). From said topography, the
apparatus is capable to obtain the output data required
for the nozzle (13): diameter (maximum and minimum), slope
of wall, deviations from the nominal figure, position of
the axis, etc.).

In the embodiment shown in Fig. 2, the apparatus
uses a pattern representation system of a higher quality.
This 1s a system that wuses 1liquid crystal on silicon
(LCOS) (16) associated with a light beam splitter (17)
that receives 1light emitted from the source (5). The
remaining parts and operation are essentially the same as

in the embodiment shown in Fig. 1.
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with a spaci ng between planes (zi-zi+,) of 1 ~gn, even
20 though those skilled in the art will understand
that the nunber of focus planes in the sanple could
vary based on the thickness of the plate (14) and on
the requirenents of the paraneters of analysis. The
apparatus thus acquires the topography of the inner
surface of the nozzle (13) 25 plane by pl ane
(z1,---zi,---zn) . From saidi4 opography, the 30
appar at us abl to obtal t he_ ou t .
required Tb%r %@rﬁofﬁe§ﬁq%5 %ﬁéﬂ%tégg ﬁafrg emgﬁglment,
whilehnuig , &lapeammdt il ]y delictn ons meg1tthn@mmes the
Sitko e c
e PE e (335} P el nbdfed cone shape
whaht &r Prispr sdemest |r<ﬁ1:es§%t éh?bf %\s hﬁ}gﬁ@n g§haFheyenlarged,

pakitg ails @&y@ﬁ&&m !ﬂﬁe?ﬂg' quat. d eryst %'ec%@sss'rﬁalycolﬂe used
associated with ht beam splitter

tg’hapoﬁéc Foes Pi ﬁﬁFrQFhlﬂsed“Fre&% §°§ouP€§r€§)1°nT(h8f) the

f35xﬁb&mlu1np¢mﬂt$1aaﬂ @Rervdidean ffeaassierkjed |yrife head.

sanmg,_as.__i n,_the_ enbodi_nent _sho in_Eig. 4 he,

B3RS atrd nRRoraTHy ST her LRty B e et Ahren g also
papagd&mnmmthaleMMmd|¢ri$@ﬁlSonaHhiMpQWE(LCOS) pattern
r%??%%%%@%@idﬁ £S(14pa ssBcﬁaErg%Qﬁhﬁg'@ﬂﬁel§5§99beam

, prISﬁls ape recess' own I n
seRfalrged, (57 par t1hg éW@é&lBﬁrtﬁ Frgd Dpemftsion being

et«s@@e&&armsy ?:Qﬂteuhss%ﬁnel tes leghdtﬁ@ee@tb@@iiﬂze?tcsheeﬁdga Feg. 2.
0 e exi e I rcul a). _provi
NERE R hedE s rt neadS AP behSemh RPEm £y bds been
repéagppar avishi s axlcdherpr obedad véglhitber quitd cray]slcab the
I r
E%g?f”gsé%% R L
e Fepes i id Pares e op@FaﬂEon & nngébseEﬁtl addytional

cﬁﬁ%r%anpl@)s, i guthe grbgdiceentcShove, | @tF'v&llz be however,
Nevert hel es in this enbodinent the mr

uBQ&ﬁStPé’ﬁ\ Wit Hﬂ%ﬁﬁ}m%rt%%n‘f%@??{f%ﬁyt oWBIlF wltshéhown
ﬂSmeeryat'@nmymit@®ogtaphlcw;ﬂﬁﬁﬁﬂﬂwnenpo@faphEes the

pggg%r%gm;g¥%s§§€ 19;yg£eﬁh%6qogﬁ5%41§§)tﬂ%tgmggdiment
in Fig. 1 may also be used.

The basic concepts underlying the invention are
shown in Figs. 6 to 10 included in the present
specification.

Through the illumination means (1), a circular

"pattern (P) defined by the (0-0) line is projected on a

focus plane (z;) located inside the nozzle (13). The beam
from the illumination means enters the nozzle (13) through
the greater diameter opening (lower half of Figs. 6 to 9).

In the case of Fig. 6, the radius (r) of pattern
(P) projected by the illumination means (1) on the focus
plane (zi) inside the nozzle (13) is such that the entire
incident beam 1is propagated through the orifice without
undergoing any reflection off 1its inner surface. As a
result, an image (I-I) of the pattern (P) on the plane of

the camera (11) is obtained, whose radius (R) 1is equal to
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canera (18), such as a CCD canera. It will be,

however, understood that to neasure this topography,
which is showmm in Fig. 5 (as well as other, different
t opographi es) the 20 pattern representati on system (6)
shown in the enbodinent in Fig. 1 may al so be used.
The basic concepts underlying the invention are shown
in Figs. 6 to 10 included in the present

speci fication. 25 Through thesillum nation nmeans (1),

circul ar patter (P) defined by the e i.s

theoj dastion & LPREECED ) \ront BACEARLAE heSy  the

magndlfd catipn ﬁﬁtnweaﬂttheomhj&ntitmnuaatmmdrunmsoptical
SE%rs Hpg nozzle (13) through the greater dianeter
penlné I'ower half of Figs. 6 to 9). 30 In the case

of Fig. 6Figse rladiau® (howfcqutiteions (P) phrbflcthd bydius

(he. 6£|%We”aéi98uf§fn atBer@n ¢ taﬁafp%ﬁ%cﬂ@@nsn(me focus

I.nsi de the nozzle (13) I1s such that the entire
pilRgied drfti) béﬁnPF§96?§Eé§§ﬁ§dlPﬁFGééﬁdthe orifice

wi t hout liﬂdetftg@l &gsanyofeﬁhgctlvp eht idsdiuwer r) of the

35
oAb g 1 e red (s Tt ”ﬁ&a%f}at#%btﬁmﬁ?ﬂ of the
fuloase psmlmets (eR) |1sls&qtealoﬂ othé rdwzlreadil8) ofist heuch that

ﬂygg g q%'éf (;%%%&gb% ggﬁg aﬂg§l %é@%f Qﬁrough

|ve stem
t‘het oOJQlEh@@v @@ﬁtduariqtrtm‘ npwhtcHSt hee h@l@ta@ @f(fr)ltﬁ inner

sl ol CUL QY aoafré@{t@tfp)tuﬁf ojRehed omr-iie Eﬁ@us rplprn)e are
i s progreSS|vepg i ncreased. In the case o

tazﬂt?@dracmutsh?ry lgret fé tB&ttcam%r(ap)Pthol e"'et%dlmgthél )

dfl lngdingt | @) reanse{dondy tdechd oceis] ptaneulaic) pabseda (O-
At Beanils BRUEEET a1 FRReT) (Fhr subot: Fadius (')
coritfei sgeoratsd tandttlr&arvzpamal saefeort €A oPf)i o€ rndens (x").
S ey FRLL 40RO (i g4, chonsgcius
@ t—f}e 6?a|1ad15\}75tf{1132) €6t r 88gorid & oosfhé)h@éa‘rl%w%m gattern
@att eru{Oidbi Oy obyr adines (hdgnibheegasohhe dawge of the
A%jeC£QVOf(§?dgHa Qﬂg optical system (10). As the radius
(r) of pattern (P) is increased, radius (R) will increase,
and radius (R’) will decrease.

In the example shown in Fig. 8, the radius (r)
of pattern (P) projected by the illumination means (1) on
the focus plane (zi;) inside the nozzle (13) is such that
it coincides with the radius of the contour of the nozzle
(ro). As a result, the images (I-I) and (I’'-I') are
superimposed atop one another and the respective radii (R)
and (R’)} are equal.

In the example shown in Fig. 9, the radius (r)
of the pattern (P) projected by the illumination means (1)
on the focus plane (zi) inside the nozzle (13) is greater
than the radius of the contour of the nozzle (rp). As a
result, the entire incident beam 1is reflected off the
inner surface of the nozzle (13) and only one image (I’~-

I'") of radius (R’) that corresponds to the virtual pattern



10

15

20

25

30

35

corresponds to the virtual pattern (01-0') of radius
(r'). The respective radii (R) and (Rl ) are equal to
the radius of the real pattern (r) and that of the
virtual pattern (rl) nultiplied by the magnification
ratio of the 20 objective (9) and the optical system
(10) . As the radius (r) of pattern (P) is increased,

radius (R) will increase, and radius (RI) wll
decrease In the exanple showyn in Fig. 8, the radius
attern ect dbythelllumnalo
enradtid o FHEP &% FBF) RAitieofnghe camera

(rlaz)zl e (13) |s such that 30 it coincides with the

radi us of _the ngour of the nozzle Q.. AS a ...

resul t, & |a}r%‘gees mrr)]g t%‘ (IsuPefl%PSglggpe??r}%Jo@e%n of
t@ﬁodm%nﬁheanéndlf he [r@@ﬁdd&%t' e irtadis g¥¢&¥silabd to find
thi )ra‘”l‘fl%seq% e $hpwgyi EQE' ro%'s t;ﬁ%ne (z1)

radi us the attern P) proj ect

fiom i rgd{"eéh ﬁ’éaHéaFl)COW%%tﬁﬁoc%C;ﬂréH@@( zity itHe dgraph
shlaﬁmnqllhﬂd 131)01 s1greatar righant head ash U§e@1f1 thet as the
cont our ozzIe entire

aﬁiél%enQro)be% r moé'gtc%dof?aYF%r%g?mné’P SH§ atrops of
1hﬂage|soazh<ere(alﬁsandhenlryacbmes | RYe bI' the wirtaslupattern

d%%g)eatsle?sf, COIEB@%Eondftto cto Qfe ({) §Ja| i tot er@héG cflnt of

served on a e o t he carre '
l@IPFSG&tlﬁber {tsdirni Wosiee sr@ﬁelra Moes| ﬁ@eco@@ptrud@na@fe axis

cb@%é%?ﬂﬂ%%(ﬂ& @ngﬁidﬁué(fggﬂFéﬁ]thé beipossi Bhethe focus

find the radius (ro) of the nozzle (13) on the focus

PieRce E2F) thEr GPHTITRCRAYRY ardRIOF ndtR T HR Y f the
domvticlve: gifapthe staaid.n Fig. 10. In Sald Fig. it can be

seen that ,as t di us of the cted attern
(P) on theﬁlseriﬂggh% ulsrreaé e%nl ntchreease Jnfe:ﬁ(em d?us‘?Xtremely
qud'ck;of ithéad r beah g&tmmwn@t@@cmage’sa wduisition and

p%%%%%@%ﬁ%'Egﬁétwﬁeﬁoh%%éﬂildd“@ﬁéeﬁbhggu@”ofm@ﬂéenozzle

val ue on the coordinate axis ~correspon
clegeusq e YR e Ridree(sn th%e:’f%*a% Canahg faid to be

elkite ct1ves pgfidcRgvangubar £RorhH @ dind e precision was
achieved. Tests conducted provided an estimated
uncertainty of approximately 2%, with an angular deviation
of A6= £ 0.5°, a deviation on the axis (z) of Az= %+ 0.1 pm
for nozzles with taper angles of approximately 17°, and a
deviation on the axis (z) of Az= + 0.15 pm for nozzles
with taper angles of approximately 12°.

Even though Figs. 1 to 3 show different
embodiments of the apparatus of the invention with the
illumination means (1) in the upper part of the microscope
slide (15) and the observation means (2) in the lower part
of the slide, it will be understood that the arrangement
of the parts in the apparatus could be otherwise. For
example, they could be inverted, with the illumination
means (1) in the lower part and the observation means (2)
in the upper part of the microscope slide (15).

The method used in the invention, as described

herein, 1is wused in the quality control step on a
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contour of the nozzle. 15 The nethod used in the

invention is extrenely quick; it has been

denonstrated a data acquisition and processing tine

when neasuring the contour of the nozzle <close to is

for each plane (zi). Results can be said to be

extrenely effective, as an extraordinary precision was

20 achi eved. Tests conducted provided an esti nated
uncertainty of approximatel y12% wth an angul ar

devi ati,on of 1x6=_ 0.5, a deviatiqn on the axis (z
PEpagFrioy 18H1eforf‘ﬁ522tf}bes werr Sngditest bems duch as
fappriolierat tkyuilfs afl a irndedtat pednan hdadaxi Hdwdvef, the

T .1 f nozzl e 5., Wi r ;angl es_aqf.
m%EBP%Xiggnggﬁfi.%%Ré??%ﬁﬁmﬁﬁ%%%gggidto 3-Show" 9 to the
igivehgdent canbbei mseds Iof ahg dppddatas béchhelogy related
N \VZ=Tel i i il ' [ ; ol h
s A LB o STTaE (T8 Rrl Yhethe three
dépsasgniagn taasr aehy | of thecToveePrhar er3fiepst ha either a
tslindateid cdind die dinderst aash#hatrdheodl rangement  of

the parts in the a erw se.

pparatus could be oth .. For
exanpl e, CH&F &6 goeb‘??ﬁe?‘ﬂgg}%\??ﬁhhgeFFF&meﬁlaf”il'@rfr the
metans @ndithéh&ppamatupabﬁ &mttﬁmﬂﬁﬁﬁerﬂaﬁépﬂiﬁﬁambnsist
i ﬁ)a&%ﬁ&bd%@ gBP%epaéﬁcfés%é‘edg‘a%ﬁﬂg%or’ei%' 1 de trstood
e nethod used in the invention, as described
thatei mny s dsediln mediflitdtioroncesl diep bmtaoddced as

a?FQ@@QﬁbQ@|dd1%s§‘¥aﬂﬂﬁ%iﬁﬂﬁﬁﬁ§§uéft9£ theMBs3eaRe®f the
dflexihle circuits for inkjet print heads._ However, the

1REERGE C3n @St R H5Far s s | IRRERLRDr e #gMBo t he

i nvention can be used in any field of technol ogy
related 5 to optical nmetrology for the determ nation
of the three- dinensional topography of m croscopic
orifices in either a truncated cone or simlar
configuration. Once having been sufficiently described
what the nethod and the apparatus of the present

i nvention consist 10 in accordance to the encl osed
drawi ngs, it is understood that any det ai

nodi fication can be introduced as
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appropriate unless variations may alter the essence of

the invention as sunmarised in the appended cl ai ns.

18 CLAI MS: 1. Optical netrology nmethod for

determ ning the three-dinensional topography of an

orifice, in particular for the neasurenent of

mcronmetric, tapered nozzles and 5 other simlar

devices (13), using illumnation nmeans (1) of the

object to be analysed (14) dmdl observation neans (2)

cof hhe gbkect to be analysed (14), which includes at

Ieast one camera (11), characterised in that it

conprisesl. a@ﬁtmqailalm%te@lwy wh&bRAN athade tememimirg the
tHk@Bedﬁﬁkn%QBn%Q5¥E§B§ﬂé n@f'ﬁﬁ HANS del) f@'ﬁ&kgﬁéular

obj ect piane_for the observation neans (2);
fPﬁe trﬁsﬁt hBéafSHFﬁﬁ‘@Pt c%?rpf‘il&rﬁ@ettﬁfécst epapgred. nozzles and

o8heanging Ide @byeeest q1m angsysedi(idhieRtdon means (1)

o Si° B8z 98 AN ALAS dent oLy 1 ATE' e R8N M means

(Bf Kﬁb'thefobeect1$p dfe taealphpect(140 bevianal ysmeludes at
o d

1%%%% ?xbrrbﬁar{énlgéln% vi Sﬂ’a?%c‘tg‘ils%%ﬁg”a&dﬂ {@agém%lses

aplP@#ﬁﬁ@ﬂl@ﬁqgmf%haﬁheﬁkénﬁnﬁhéﬁ G@QMMW?Qﬁ @¥ﬁne (z) for

sQ&UflQEluhiﬁht&@nbem@aﬁéysﬁﬁ) cdﬁﬁéiﬂéﬁgvhhﬁldkﬁQEtébject
of the orif bce as wel as maj or defects_ such

P4BEENCP of TAR d?kfﬁ’ref%‘éatdronl REGESschdle’ déhsr ﬁ%ﬁ‘%fﬁi‘% f%ther
compdiklyignghehe tlepaus Ml ane (zi) of the |nner part of

the orifice (13r1%§1th%1°b£80éc cha Qg% L

anot her focds P whe % ] neasurlng e con
mi hgogricbecs (1R witht hhef gresteirarni (wtel) openiier facmg
th@ ggggﬁqhgelbgenkggﬁ; ]§Q t opography of the orifice

(1 by projecting a sequence of patterns and

neasurlng "t hESPBEEPPonCBE tPE poiht LWHERIRS ddoupt the

obfiethe 1 i becair(ali3)sarhenithe iinrages &fidiRe oprefieet asf the

gattern and their reflection on the inner walls
servation means (27

ona

- bringing into focus by means of wide-field
illumination the smaller diameter opening of the orifice
(13) to be analysed;

- measuring the diameter of the orifice as well
as major defects such as the absence of an orifice or
large-scale deformations;

- modifying the focus plane (zj) of the inner
part of the orifice (13) of the object (14) by changing it
to another focus plane (zi+1);

- measuring the contour of the orifice (13) in
the focus plane (zi+1) 1in order to determine the inner
topography of the orifice (13) by projecting a sequence of
patterns and measuring the position of the points of the
contour of the orifice (13) when the images of the
projected pattern and their reflection on the inner walls
of the orifice (13) are superimposed on the plane of the
camera (11);

- repeating the above process for a number of
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of the orifice (13) are superinposed on the plane of

the 35 canmera (11); - repeating the above process for

a nunmber of 19 planes (zi... zn) inside the orifice

(13); processing the data for the contours neasured

in the different planes to obtain a three-di nensiona

geonetrical representation of the inner topography of

the 5 orifice (13), as well as its characteristic

paranmeters (nmaxi mum and m Mi%um di aneters of the
pRERELCR 2L 13) 7, S1.0RG 4O chdICMBE] cOf (1P, ori Tice (19),

evi ations from nom nal |gure, position of the axis

of the orifiRFEEEHinektehs datapvEprodhes Pnleiees | Reasured
il atme 1, qches eher igiethed0 4 bhehisal § senHescqifbnsional

gatterns ?re circular patterps of .a given, incr a3|ng
IPQLEE 1S, At | RREI APRPE, TORAHARNY oY the
orfifiBat t{he) poia¥ swefllt hgscardpuehamatherfigetus ppanemeters

Zi are asured usi,ng a, cvlindrical coordi na
b8t mf BT RS S inEr s 3805380 SRS L Rl cglope
oél ahg tueell endt thef oxiiicontddi , obdevie towinfs cergri3hiominal

4 th .c| ai i ai , el z |
e galBL"B0sA kRt Ll e DU 2B I e
nunber i ¢-adfRiited AR SHddmacdh bdt §laifmhel pofhesacterized

iAeasHEe@aaldong quihdhe Lyl rid dhe @1+Ehter(ddttebns of
Method as clained in cJ.aim1, characterized in that

2t HeVE§Paci G HECWEEN 'pl anes (zi) ranges from 1
to 10 pi n3.6.Md#idddaas claimeet] im c¢laim 1, characterized

ch X . : Lr
lﬁo%&;%%ﬂn%e@?%f%'f B SReo s tae il Ay EBS) S3608 bin, (20
agsomeas vnsslsuplngea ( giy+indicd cade pomtisd natg vaystemberth a

r86oti LB Snt @ Obi g VRl HESntR hMSkurdd MAPhS OGS length of
tgéanes (zn) within the orifice (13) of the ™ object

AFONGRFEN @itn N AHE 499 ckiness of the object 30
bei ng analdysedetanstt he redgiinteeirent s cah iinhel anahyshsterized

i a%%%%t%r%e£€eéw%¥”f%£§é§‘%a&%ﬁﬁ% P90 to 25 in number

hree-di-mensi-onal
is acquired in order to obtain the points measured along

the contour of the orifice (13).

5. Method as claimed in claim 1, characterized
in that the spacing between focus planes (zi) ranges from
1 to 10 ym.

6. Method as claimed in claim 1, characterized
in that the step of modifying the focus plane (zi) of the
object being analysed (14) by another focus plane (zji+«) is
repeated a given number of times to obtain values in just
as many focus planes (z,) within the orifice (13) of the
object (14), depending on the thickness of the object
being analysed and the requirements of the analysis
parameters.

7. Apparatus for determining three-dimensional
topographies, in particular for measuring micrometric
tapered nozzles and other, similar devices (13) according
to the method as claimed in any of the preceding claims,

characterized in that it comprises illumination means (1),
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topographies, in particular for nmeasuring mcromnetric
t apered nozzles and other, simlar devices (13)
according 35 to the nethod as clained in any of the
preceding clains, characterized in that it conprises
i1lumnation nmeans (1), 20 observation nmeans (2) and

conputer processing neans (3), said illumnation
nmeans (1) conprising a mcroscope - objective (4)
associated with saidillumrz@tion means (1), alight

[gtg %} aFatt % resoent ion 8 stgm

3h el £ RER R 4 T REVRESPLRE) et
Sﬁedns ilumiavad isai d rodeses vatibn rempsiéZngconpr i IISlcmgoslcope
H‘g@&@i@@p?WbJa%%to'c\i%t)%%) vﬂ%%ogaq_tﬂeql"ﬂmﬁﬁ(“ﬁ(ﬁn means (1),

servati on tica syst em
20336ttt 2 NFE h (Bhe  obaribai oheRBaRSntafioandyaten (6),

ahaaah @@eleat[ers@s(t%h (38) asdB.atARParatliscds £1 AhfiBSation
|ncah?)1 char ac erlzedlnthat it includes a
7

MEERPor ) PR SH| §p§§rtvﬁé:llqnghme@ﬂ1stt@j) f FOMPLdisdng 2
mhcgbscspéﬂnbjﬁcﬁivéeKBal@s%ﬁﬁradéa WDMHY&&d%hbbervatlon

t tus clained in
GBS 182 RAr B ePPEAg T Tharotne Rl €360 e gf. ”bf the
obhervaghon weaased (BY ,t hadnartr duea(St) ons eEmerk0. (
Appar at usgas cl z,y i clajm 7, %act enized dlrhlm 7,

that the Obj ectl 4) associ at ed WI t
cherartratrel ma:anstm .étanl%@@ﬁﬁgn@fu@aﬁ@ﬁ St that

déviabpectine (LS.?BQF - 100 AW lirde: dééi@”&&);htm%@é‘ée at a

CHBEALR(SFOLE " 12) bR AEGAI FPes PBiT LSAD S |V -

(super-loag woApparatdisst arce) , s}aaﬂxneaneran(ll)cltsenmng 8,
cgg}éé%erﬁégﬁrQn %ka<¥¥§53a|%l@a??eQEQEgtlgn 5¥'Ehe light

aracterized in FR fepresentati on
caysednPy( bhej niggetr dl7) edSb)‘?Oa -conputer (12) that

fornms par &oof %p@r@&maut e gPr 0casSink Means (JPr1am 7,
Ellowst ualise a wide-field jllum nation

AHSFEehoABRark EhPEUISe paPISERAvEr WX | BRsREiated with
tHéanBtiend nasdich paddes N$180 ikeidarg DOOKeaiarch il JARS T SLWD

ng eégl d?ggj gs(rﬁltéevg (@;M g$r)?%|édob8§8#:gglce§y8t %vrple( 8e)as the
objectlve (9) associated with the observatlon means (2) is
a 50X magnification SLWD objective (super-long working
distance), said camera (1l1) being a 1/3" camera.

11. Apparatus as claimed in claim 7,
characterized in that said pattern representation system
(6) is controlled by a computer (12) that forms part of
sald computer processing means (3) and allows to both
visualise a wide-field illumination and to generate
circular patterns of different diameters, said patterns
being projected by means of said objective (4) with said
optical system (8) inside the orifice (13) of the object
being analysed (14).

12. Apparatus as claimed in claim 7,
characterized in that said pattern representation system
is a liquid crystal microdisplay (LCD) (6).

13. Apparatus as claimed in - claim 7,
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bei ng anal ysed (14). 12. Apparatus as clained in claim
7, characterized in that said pattern representation
system 35 is aliquid crystal mcrodisplay (LCD) (6).
13. Apparatus as clained in claim7, 21 characterized
in that said pattern representation system is a l
iquid-crystal-on- s il icon (LCOS) mcrodisplay (16),
and al so includes a light beamsplitter (17). 14.
Apparatus as clained in claizd7, 5 characterized in

ch??%c‘tc‘.@rq z?'gig %; gggt%‘aséagﬂsd i@g‘c%egn tl’egf}.f’ebéé}gtaﬁpf&ﬁ 40 tem
léh&?agﬂéﬂﬂﬁeérwﬁtﬁﬂapﬂmﬁkiquﬂn é@@ﬁteI%EgrQQ#%P1%$eﬁl6

agfd a1tBe i patii il %ﬂﬂﬁ&%ﬂ'ﬂéﬂmféﬁffﬁEéPf ihe orifice
is 10 generated u3|n a scanner. 6& parat us as
clai med i hécl aj MPRPAT actd®t i ze%ll‘?luri“? at ¥ infladmes 7.

caarla@d:letrlleeall CiEMTEIthat(1&)3,1_dsalld_gmpa@@hli$:ef ureher emits a
LNnc

g litter (171). 15 17.
bﬁﬁﬁgﬁ & SQ§C5| gaqh. aim7, characterized in
t hat sai dlbaner dpparedner as <1, dBimed COD camkram. 7,

c%%raéﬁ%% %%5f%5€ﬂé¥'§%1drh{%§$"%§ rc&h?ﬁggﬁgkééﬁgsbg and

Sal canmera or caneras )
thgnmepastern on the inner surface of the orifice 1is

generated using a scanner.

l6. Apparatus as claimed in claim 7,
characterized in that it includes an additional camera
(18), said apparatus further including a 1light beam
splitter (177).

17. Apparatus as claimed in claim 7,
characterized in that said camera or cameras (11, 18) are
CCD cameras.

18. Apparatus as claimed in claim 7,
characterized in that said camera or cameras (11, 18) are

CMOS cameras.



