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11111101 *159159* 1 " OPTI CAL METRCLOGY METHOD

FOR
DETERM NI NG THE THREE DI MENSI ONAL TOPOGRAPHY OF AN
ORI FI CE AND APPARATUS FOR DETERM

THREE- DI MENSI ONAL TOPOGRAPHI ES ACCORDING T
METHOD' 5 The present invention relates tomwmm‘m\mmm
nmet r ol ogy net hod for detern1n|ng t he three-di mamsioonal

t opography of an orifice (particularl [
( _ y for neasurin
m cronetric, tapered nozzlesjiand simlar devi ces) . gIt

also 10 relates to a nea
out’ OtfPﬁ‘lI§3’str‘»"@c’f'eg%ﬁﬁ'céG M@@#M% ures pr(ﬁjgmm_
NadY A FEAPHYS G AN ORTFICE tAND fRRFGRTUS FOR

S sﬁwgﬁt llggngBEg ﬁﬁagﬁggﬁﬁi&a%%%w%n st h@c@RgﬁﬁGtTo

ut’ “not exc usi ve,
appllcablllty in the messLD MEFHORY t he mcromstrlc

orifices in the nozzles of inkjet

print heads.
Operating of inkjet printers is based essentially .
upon ej ecThen pfredreoys dmvanguiqn i feahugit® né2zl gptical

mﬁﬁﬁg?ogxd Je%ﬁto %@dsde{%%r@.rﬁrr@| ehe hithretked2fiensional

ormt necessary ol n
topagesphand afextan Th@rbﬂﬁ? h aar ﬁEPEBE&Ya ?P i Begsuring

m?hESHUtrU&at t%% gxleizealébl a?ﬁl ?timaad nle,;vz.k:esarrégi also
anoun
r@ﬁiét@ér reet i F‘ééﬁucfﬁ'ngt oanﬁaagﬁst Ih%ésfolr?:ntjl ghggrélg%ethls
QEgFP?r%@pe{vdfﬁséhe nbvehe nmieatubjiesct s pFPVige — numerous
y contro es.t
ggppgﬁgpf,sﬁﬁié%¥5i gé? §%r?R%QFEQFEEEUEﬁébﬂfitﬁtlon
det er ni natTirom ofnettlil@dconﬁrléura%?%r%\‘usto&fgraﬁ;ﬁ ofpresent

lpt&grﬁ%ﬁiozlg ga]rfe%'tg tg&ﬁéa{a&%ﬁ&mrhea@t t atugh esvlotsive,
apbdriembitliidned Lhi n thicat é‘???\%‘?r%)%gﬁgt%g fl%qe)‘ﬁ pircrometric
B e e areecs hao

HJDO_nt CHRRFALIBH' s fgtonﬁjeegv\zlc ?Sﬁﬁgge u%sf based
Jlsrtilf11y upon ejection of drops of 1liquid 1nk 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 is 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 pe manufactured from several
materials. One of these materials is the Dupont
Corporation's Kapton®, which is made up of flexible
polyamide £films. The mechanical strength of these films 1is
considerable, they have remarkable chemical and electrlcal

properties and they are also highly resistant to extreme
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pol yam de films. The mechanical strength of these
films i's 35 considerable, they have renarkabl e
chenmical and electrical properties and they are also
highly resistant to extrene *000002* 2 tenperatures.
O her dielectric and.sem conductor materials

represent further possibilities. Oifices in the plate
are three-dinensional and in the shape of a truncated
cone. They are very small in25 size, and increasingly

St LTS BB P AR SCERLE! aBACURRE P cror macersals
resessaty forpost tposs ibkehi wied. preci sion on the
plate of t$¥%f 5&3'inpk@%eﬁﬂ%éﬁfﬁ¥?tehEE%VHQ%éHEional and

desired Thg™ qual i ate o
i1 exheél ehaplecu:ﬁ a V\hrl@rmaa%d gragi. o@ﬂ%bf qeEer VB&Y, small in

émf?t e%nd? lggfﬁééﬂél ie‘fa%o | 5§ nPQsiddOned a% @vﬁltﬂéerbreater

ance Trom conS|derabI far %
Totpea ¢y oando ¥&eO tntzxeorof whteﬁe Mh‘i“élﬁ%zzl lr ARTRLL size

ﬁiﬁ@QGQHFg?ﬁb&bﬁ@ycQ@“ﬂ%ﬁﬁﬂﬂdﬂuﬂﬁﬁm}51tHU§ﬁad1ﬂ1dﬁmbn the
its ec t
e P! FheP oLl Shanks PhoBehRl b0 Bea i VA Bazea
pﬂp@$1%QHQu@Dﬂt¢ t hus dlstort the image or text to be
printe C|S|on re h h

Jnga?e ate %qT ){Jheeé 8h Ll b @ﬁlch as

ever- 20 d ng dlanE ers orifices on t
previsushyt kesquibed,hedd (fcatrd oddertlbe D¥rint head, is

é%d1998§é83 oge l esg), %?%%ﬁs '&1§¥Jﬁé&U|tffémnEa§Mée paper

control t e qgual it the print heads with
H:g@@lldaﬁdbb]f’ecflaé‘t@ﬁr RNRY altNatSVMRAEL PV e HoeehP Fradd 28 ©F

%I?e ?ﬁl{hés n8§zls§bm AHes rkehebBRESs WiriFd deheofi fensit anson can

Sl Bek e L Bt N6 DRTAIRR NALKEG U €con
that mgréet@fr these ot bfhoé guehilchyeslasul@t ber vexperdicular
B FhcchRPbEn TR Rogirafs SENAHE e aRIHEES ( texe vo
betpoirtedect ed or backscattered light on the surface

of a sanpl @neApceRfiaeah RieRfuil Bt efogStiBer 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 gquality 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 usihg a

scanner that sweeps a given plane of the surface.
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confocal mcroscope that scans a surface with a | aser.

The device, which enploys a technique called CLSM
(Confocal Laser Scanning Mcroscopy), 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 nain disadvantage of these

devices is that due to the specific three-di nmensional

Ec,hape gf theWhori fi ces vvhi cl8 nust necessarily be

apere an ose sur £ Qs

pol i shed fX dﬁ‘??ﬂu ‘{ﬁ% qgg ftth%%e?ﬁ%e’;&ﬁ%%% é‘s that
dhegh devethof speedtfdicnt ythré|'¢rr<§;lm%n§)¥¢lf‘1%l paShppene of the
OtrFr L{'gt@ggf tE‘d-|C§bS§‘ & of'xec%%tsra‘}rl?.fyl eBEethPGBédduﬁnao whose

Re surface he an j
mneu:dersmfaarcm gmesster heharpoiokgakhg t l%n%‘g tFRf  (gRFimum

pl?:ﬁg 3.%%5 CET ac{’£ggl lt%eﬁfé'l'@@@da Hiigh Neeel 10 £t h.ﬂ'tcertalnty

retrorefl ected
Thaekschs t epednlcll@ﬁtllyeo Hoei &SN orPfs BPGvi §OF BT of

g&%or%‘ﬁ.éd‘&ﬁi 0]‘.1(51'3‘@ guef aeethe @Qé@ﬁ&iﬂgﬂﬂb of the surface

her nor e i ficant additi onal

(thies analesofof hé“&rltde”r%easﬁrrfanggr[ee%%%l que |sot<?1 { gpd the
fastext heAelvhes| surfaeee S bipaicald lgecontibshed. eg‘@ﬁ.S) means

%d d|ff| cult to appl atcg_ clgq_ P,ov{rg{ao;uref@moﬁfﬁé@@éu or

e Ppresthit i ﬁventl on an opti cal
brmtwsuaogyemnhbdghm det S hnﬁgrmﬁtéendulﬁerpsﬁodﬂéled on the

tQ hi [ apbi I

HERR 5 e S0 Ehent G The ?ﬁﬁe‘?ésﬁ‘ﬁﬁ%ﬂ%?ppﬁmﬂﬂm' :
so:grfuﬂ:wecsarmt ardiEeonel AEHSAREK % Holigh ptafe he art
e'h 4 O tlhirhiappl heattat it | $sare:otpter¢alys3s§m (more

R e g Wb ey e e

reafdpedshbyot hetebpeatllas will 25 be expl ai ned

further The invention ers a at
used to EBP?y &h° eﬂ pré‘ge 3Fe%fm|%%8Y%§Fﬁdg§a{ optical

ridtroiogy i onmeahddobsémfatl S FRENSD LRt ai FRTSF -Ghpgpsional
(ééﬁ%??ﬁi?g'dﬁﬁe E%Eh%@'inpékﬂi&@liﬁpprappBﬂcable to the

measurement of %hgriiggflgngagééwgf thrQSEleQ 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 used 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 perfornmed. 4
This should be carried out periodically. The aimis to
check whet her the image planed for the illum nation

ans . coi.ncides w.th the qbj t
ﬁ%%r\%’tou&ﬁi Ranse ecgboggt %fetrlbe ana]l%ed&?lse sae:tLm is to
chiéconwaethem drhescipags| pd@newu fior t heegdddt@dmation means

d#fgﬁéges Qf@ﬁngh f@ﬁgggtt €ahkl ¥Ei-N@hicORYRA L {31 means.
orifrces o ect to be apalysed is
centred onThae $hiedtoftqi &f of2nakes ecf{;séfs\/a &%n fmson @

ro i nt cu
ﬂ?ggé% Qusig%%\?vl de?fllftgl d%ﬂ%yu%eff %ﬁiuf:f‘oéncuspenlng

Eaainesthei ArareY. RIS 305 1 RS pBEnETY 2 foes f the

QEJEEE Qb f}dé?&ar@éw;(@@diolisdefeemm,d sam:htlas tfhelab@ﬁ]ctélew of
an orifice or arge lLe d

F@gsapgarvﬁlggl means Sﬁlngcg:r?eeﬁ %{ oJ%ﬂo%gt@rfocus by means

bAskhée autb€oauisf pme)oesiulmaemqae‘rq mmfl%lﬁglhlb@%f‘é‘r:ﬁon on
re atil t

oL SRATIERL NS et 4 R SSLAU ehe dicnecer

pEojubet cuk ik @e { Aodf BBGST PIRiRSCSUCRUGE &Scivha Fpsence of

RAt bes QLW%tBr'ﬁ%Egé 5@ e Hefprmalbiion ,mapes méasiheed.
pat terns projected o

nto the insid f_t e
t he patterﬁnre%ﬁ%%,%nfjétspéﬁcse)’]??%meﬁgeaz Ee g[elrf erb€yln51de
grﬁgns s{:ﬁ@aterhaslsbsucﬁhas C@lR rffo r@as carﬁala\sg ®hi clpattern
art of e observatjon i . :
Fﬁé’rﬁ&eﬁlt?téloélngﬂﬁte on oﬁfﬁeg%sh%;orl ?:Iigéﬂﬁg;ﬂ@hmlnatlon
feassr, ec sm;a.rertd'e ofragetbernhe igr sjradiesked rewfar the focus

gﬁgh rn and, i1s 5 gﬁk@%&h?nﬁﬁiﬂéﬁi'wﬁﬁﬁ shefesging radius.

ori fice (V|rtu 5 1 mage of, the pattern
Fhgerimageedodn thee E%’é?ﬁnsTm@J;ﬁ?ﬁeégs opEoy ) o bpside of
ft‘]"ir oQ'J.‘f%@enUBJ?ertﬁfe phanegni n&eﬁeesbataltllfqme syrtem are

e
tJiRer i fensd enabf gehsrbbise rveyriesemeanion Bret pesitions 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 is 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 parameters of the orifice, such as its
maxi mum and m ni num di aneter, the slope of the wall

of the orifice, deviations fromthe design, position
of the axis of the orifice, etc. Preferably’ t he
coordi nate system should be a 35 cylindricé

coordi nate systemof a resolution of 360-720 dots
neasured in each plane along 8he Il ength of the 5

contour of the orifi al r ' ' :
CEBE&PYTNa?P tll}bef e?gﬁgg'%‘seystée?n&qnggggl sc% %ggﬁggéénThceoordmate
reghethaf dyetémwenyiahsprbei 888dfor acquisition of a

series of Jmage f of ¢ gl cOf oAt '
proj ect e,d)d,hr?prﬁgégﬁp ,e?(S? r orehi:,‘lfo tioﬁgen?lrfg@ ;ptmgldes tor
ackpdisi tien pofnts 6RriRE | Ahel"éGfur °BF 1%%5 oé??ll'lcg.f the

e the S n d [ engs
pt%)%gc_' ocus p a%)%{%‘f@?f hgggr i???g?l?ﬁo qn;itnbd?:;mrﬁe:dfpﬂ y, e
olba iy thee RB}RES PRathPs1PBEFHGC °9‘sre3’ ax?gelgl y,l%lore'
rlgp:;;aggl Q??]g@r g_hae et dwcurapl dresn theapupeds$oirs a given
order 1o t

oA cetor HREuTH LERE baing Hhar Done fa Pho Al be changed,
LSPOREY DAL e toystan eSevehalt selgesnar anadggedediplly, for
e{’,{%ﬁéﬁ o gbg:a'tﬂet & EASULSApRANALS thHf gicednt Dair repeated
1 fi 8f_romt e i mges gcqwred or_. 15 the,

it f bedent poojrprserathd n§ONFRE LT o%%s t&ean%rh’g§c%e of the

4E5gé£egﬁgﬁgm%ﬂ£¥&§@§ udljrRCta Upvairdinafter sxstahe. Several
1m one enbodi ment ‘of the jnventign {Qe f9cHsapl; .
iglagee abfedCAdAReRe 1 QHIRF &° ‘%%%?/ 0 £h@Hi8aBufll points
DECESS AE¥nt Buebba Rhe rangkicé fadmethé oimagedi prgréned for
pl anes_of the nozzle, Q; dq'tstﬁ{gce bet ween t he
e e r&F ERerPBEUBTPPETES E’@u d Tange from1 to. 10 [IM
tTEe par amerhes fisaes t pleher auaer bse Bo@1E18Pofadiyy H79 the
(E}Pfije?(? Ifdﬁfaé@f'wa%%#ﬂﬂ@mﬂ apBkerembodiment of the
rrce, sshope of e wa of the orjfice, deviati
iventibe, shhge fosesi RIANARE aﬁ@?e°{3§efzﬁe039i isDg éggﬁ)red as
lgiﬁ% %?.gﬁg‘oﬁgzb)ﬁefé{e%w:i%/fﬂbommg 4 heamgas winealyges for
L _ I N e different fo i
Fressnni mianss oplosie oo fpis AR MAGHlce ppbelicen che
deviatban @bcus planes should 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 is 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 nethod 35

all ows determining with a remarkabl e accuracy the

t hree di nensi onal topography®of nicronmetric, optically

paol is orifices. The apparatus of the
R o B

I on

d _t t
ot hod, _6Eent AEPASAEBRPAs S | APURRAAETon THBaAD, a5- used

ans

%S@g{ﬁ 90t MBaRY G sHIRY afetody oessshhialdgnsomprises
Ve aﬁrﬂ o EEE a_ noRPEELaRoshn; cerle, | T4 ghpomRuter
5§ TP Tdnp 'a bj €CTT Ve,

nﬁég@gn representation system an opti cal

B dSs

system a ecess 0 leC e f th
adapt ed to'ﬂi é?f‘@&f’a?ﬁénl ?‘b%?tr{{)ean \gﬁean%l??;é/rof ?o? h:
Bx@smpt fon 90tompal sheugh | mimlosdaRe beORIEEREVEL a2 119
different a d e syRakmal t 1 system
SO Four &t PO SF e ARBar Seud T STeRe Cneen °.ponl°a s oo
atder vaf | aecessag Yof {ih<=_mJa’ﬁ>¥)%ﬂFatl!i":,h fedes %ap

&f{g%%é) eghtVehe N QP i gAL1EYSEEM ot aethlaée, 90°,
CJ&/D% canera. The CZ ater prgces ﬁ@gr&%msangle

abbheigks Ht d@%ﬁ)utaelfsoana’et h&t gg opfFat® software

a\@bggdhﬂgl geeshthepaslgar icohifs guneeddonf of tthe apparatus of
hr ee- di hensi onal reconstruction 20 of the object

BE?nﬂanﬁBHQBd after the nethod of the invention i <
carri ed ouTheThbssoiatdra ogeas SfedhhEPRAFIRES comprise

needed t n e iapneptieRagraptenofaridieat least one
chgs%oggvﬁgé%k e usgr %%terface (sel ection of the
ﬁﬂﬁber 6M0§0|cﬁtn§raetc ) and controls the various parts

of 25 the apRar aldsolsaeh psorRieLnzed mjearp:t aceopprises a
zgg‘ﬁgierl %m{?ﬁ%é{nﬁ@“ ggﬁj eC?I ve 1239%%%/& the
Qﬁgbﬁithms needed for the three- dlmen51onal reconstructlon
of the object being analysed after the method of the
invention 1is carried out. The software calculates the
points needed to construct the inner topography of the
orifice, provides the user 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 is 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 is part of the computer
processing means, controls the pattern' representétion
system. It allows to both visualize a wide-field

illumination and to generate patterns, such as circular
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observation nmeans is a 50X SLWD obj ective for a 1/31'
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 conmputer, which is part of the conputer

processi ng neans, controls the pattern representation

35 system It allows to both visualize a wide-field

i l.lum nation and to generate patterns, such as

circular 7 S b nef diffietens. The patterns
PatLrEPsr £f Tﬁgk%zt%{%er% Q%ngs%gj ected using the saifeical
aebj eptriojestatd opinal thest 8AsdonCEIERE i Miver St f ace

of .the orjfice b al dac® Aofor dheg opifhee to be
\ +h@ Pennaral ¥gedac g

Séﬁﬁ&ﬂ\%ﬁb&%a. E} pattern representation systemis a

ahiadyiseédor ystal m crodi splay (LCD), although it could

al so be aHddBﬁdkﬁﬁYSE@VﬁﬁheSiHmhmdﬂﬂﬁﬁﬁ» said pattern
m crodisplay with a |ight bea Lt e §9CiRi @bdispl
refpareamintda torJvi AYRF L bétt ef rlnggléﬁgua?wg? as 10 it P ab_,
( 1d praeriudthe idar koaldasaihat Pesudt o dnerystal-on
el ectroni i_nvol v e pi;Xeh f&omiappeabeam osplitter
%H%%quﬂadgﬁgﬁ)th@lgggﬁgg?EEQba?Fern, as i the Caseicy. as
adddridtnd dthergwish provddify a9 sPethE™ iJHRISotrte Y

emts br S tr f adbaki at LERswlit afrom the
iy@uﬁﬁbhgéggg%@ pREt rggrRf addabi gt

source may, be used. , Alternati el st 4 S
st el € SRPPAYeR | dbePAC) |Hﬁﬁ%?at¥5%t“s;\é§?§%faltﬁ’ o0 the
#ﬁmeéft&geﬁgbgg@tbaep@&ttteefm dmsislethdecaspf vébh liquid

€ apparatus and.the nmethod to be carried out 20 by
ey et abpekaf 041 8R¢BYding to the invention is n

ot
limted torm@aguging ssufteesnits he Srgpelognd spectrum of
truncated_ _cones. For | €3 iighti S AsSEd| emsép be used.
%&ﬁ%ﬁh1ngEPﬁe OFbpébrap gggf afgartially tqﬁeied a laser
Rridigethawipg, int additi ®RsSSdREtE uctlre FHPLRE

at er _ di +tQRENIAY, 2 2Bcaugrax @ gensnathapbd pattern
?%@é%%r}agéggf%ng’%i ng sai d topography is carried out by
pneviei hgeafraddri-onal canera in the apparatus, for

exanpl e, ofpthepgEdtype. and the method 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 .is 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_flrst
embodiment of an optical metrology apparatus for
determining the three-dimensional topography of an orifice
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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
acconpanyi ng drawi ngs, in which: Fig. 1 shows a

di agrammatic depiction of a first 35 enbodi nent of an
opti cal netrol ogy apparatus for  det er ni ni ng the

at&?::?%?f&?{ h i ppal 1heragraphy Wedniorpartécglar to measure

| to the inventiaon, ed in. L.C ; th
AR L o7 SRR PRer BH0RRd BLRGESEl mpar oo in the
oS idn theitd | 6Kiptenciheadssiof ipkiat REAASETF/
Inkjet printers; Fig. 2 shows,.q di tigo®EPt L&hOME a
of a 5 setthd é%bd%%ﬁﬁ%t%ﬁ %é%é%ﬁ%%ai met r.ol ogy £
AH At Usmbademeding offo tdre | AREAERSN; TBEFOLOWhoFPRATETUS
di agrammatic depi ¢l a third enbodinment of the
QQRé%éﬁ%%;t%iggg hﬁgggt ggﬁe partial cross-sections ofiyi,q
two 10 exBipl e8 ahOWHeavé#?é@é%ﬂi&ﬁQNQ§3¥éﬁﬁyhﬁ%|es
%ﬁg%?éﬁgnta89a£ﬂgu§nbgn@@bg;to measure with the method
invention; Fig. 6 is a_diagranmmatic i £
showi ng thEigﬁetHo@QéJﬁréF?nQQH%Fgﬁ E?%;%xﬁgﬁﬁgiﬁ%i?F "o
%Aﬁglége g@o!t?léSthgbggntp@femble pmmfimpwwr shght the
e orifice witho eing reflec n4fe hRRebd of the
sppREeEUSf the f?i s I*—‘%ga.s#el st"g' leaé:r anglti c °
dravhpgoaimMlar to that in Fig. 6, in which, due to
t he hi gher _val ue.of, t he radius. +t he PFof eghowing the
pattern onFt-Re f%cdggpgaﬁggégﬁ%gg%,oﬁ the.i%ﬁ?n idgﬁé whole
healots off dpegatrecent ¥ert iy BhE@RitHO i i Eat i .
%ggﬁggtpaﬁa&‘s isef b 865 £6 €88 0 trirorigmet heurdmiclice without
I"C u

Eakona et gh BHL g S P £y e
similar topd% .t hoses i dihoyeamhasic 6daading shmﬁﬁpghtoﬂthat
Eggﬁgzggﬁicﬁgbalgqﬂ?fﬁé?“é@ @ﬁétﬁiahQPtQalﬂé begcehe radius
of the projected pattern on the focus plane, a part of the
incident beam is 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 péttern 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 9f the
pattern on the camera plane. |

Figure 10 is a graph showing, for a series of
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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 orifice analysed on the sane

pl ane, which also results ina single image of the 35 q
1RALLE] N e 118 GANBE atRbatedifigu e thei s1aCcylagh projecte

g, for a series of.9 i Sa1khe vRbueLfiddeof the

paadbus(ﬁntW@QﬂFQGPﬁrQﬁ%ﬁ%c@ pattern on the focu% h
,PLang1and aksos £ hpatedicns afsadiatedr wddh diheupart of the
pattern associated with t e Rald 5ﬂt%hehei&%d¥¥ﬂsdrﬁﬁne of
ingadeng ﬂéﬁ?@cﬁ%ﬂtoﬁForFﬁg inner surface of 5 the
tggig&qgiceﬁlishbog t he vari ous referenceih;fed to 4

escri be the odi nent rri 281 Q4 Orelffee eppear aturse to
of the plpése %Sanggtigtrp%?ol*%ﬂflé:leo 15 29h25 (]p)aratus of
dielslatiibemt tlon eebostimep®)s BREFVEE N Teds FPE3)FF

onmput er | Do ERYS10oWd): mi croscope objective
RS eégzr\?\#ﬁ%ﬂe i | [uni nation neans; (5) |ight

source; (6)L)iktdamtrystal BEPLE'n represent ation
system | oggf eghsarvaeipasmenas;of the illum nation

o S b SRR By b tir ool el
niCrOSCODE(@bjﬁﬁtfuecagsoobﬁgg@imq|ﬁqqﬂplate with the
illumination means;
(5) light source;
(6) liquid-crystal pattern rep;esentation 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;
(12) computer;
(13) nozzle;
(13a) nozzle;
(14) flexible circuit plate;
(14a) flexible circuit plate;
(15) microscope slide;
(16) pattern representation system (LCOS);
(17, 17’) beam splitters;
(18) CCD camera;
(19) nozzle recess;
(ro) radius of the nozzle on the focus plane;
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observation neans; (10) optical system associated wth
the observation neans; (11) CCD canera; (12)
computer; (13) nozzle; (13a) nozzle; (14) flexible
circuit plate; 30 (14a) flexible circuit plate; (15)
m croscope slide; (16) pattern representation system
(LCOS); (17, 17') beamsplitters; (18) CCD canera; 35
(19) nozzle recess; (r0) radius of the nozzle on t he
focus plane; 10 (P) circul a&01light pattern projected

on the f s pl t i ] ' r
poi nts of q%ﬂe E:el%{&ﬁl&%)fof ﬁ?ﬁéﬂt: ;J@Qﬁ{t'a;felrg{lt g?:!j&gtge?% end the
radi us of fommscinlanarcy it kﬁiﬁ@%?ékkﬁQﬂ%%?es'on t he
focus plangy (lhd rrgggngfs the pehéersecniome qff afdef 1ight
the camera forned by the part of the |ight beamthat

i s propag®@add-«fitiectly through the nozzle; 10 (R

e of e sk 0p pesrmiomi Cfbhpaccest
P ane: (O e P4 TS e SR chy BRep e i rtua
A i itk g

the part pocfa“f‘%ga |o|%%‘FeedEﬂégm%}%g{’a?ge?gfﬁgéaégggﬁeﬁﬁgm that
i nner sur fawepufpagakedodirect 2P mr?ufiéd?ﬁg BPoERE’

i mage of the vif4ugk PAtERENimage of the pattern on the

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;

(z31) 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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on the CCD canera plane; (A B) end [

determ ne the radi us of ghe n%zzle gg'?%: ggghs

pl ane; (B). centre of the circular pattern projected
on 25 the focus plane; (B') centre of the imges of
the pattern on the canera plane; (zi) focus planes;
and (S) point of intersection. 30 Referring to the ’
enbodiment in Fig. 1, there is shown diagrammtically
a first exanple of a nmeasurihl apparatus conprising

i I'lum natj o
Sl g ey otasianiatn, monselSh dnd, nicr
1h1ﬁjﬁ9nembed$manh|ghDWEB %%@%?@?%aFPGnQHHﬂg%tP$%m %@ and

100X SL light source
eﬁF@@E at’i-on sys¢8E3 J (5), a pattern

t he f|eIdﬁhenghsgﬁéggi£%r$%$g%$) \n theﬂ%%%é"“ﬁfgroscope
ogﬁé qu1 g ¥ et | echs ﬁtbgnh.lf@hhtli@am wt ogjwd:a]ansystem
ical sy ten1 8). The P erva n$
ddhpraadsaa W@r&é&‘@ﬁé 8 gbje 1Ch ?5? id %‘so be a CMOS
canef%!??alon mﬂn gpt|cal systen1 (10) and a CCD
i ch caqul DS
conput er pr¥teSSPRY tﬁééng ?é% ngalses a Cﬁmﬁrgfgﬁheses >
dekgutemn 2 )t heuappngprtlaee ARARORF b Bhd T3 RFe and the
%%0“1&& its needed t 0 MEASHE8rE e KON DS dlohf edeﬁferent

to reconstruct t
i g
& ;Eee{%eo'rlo%l@ the)meshodtpé tdiej dawertsiory e Lyt (14)

@fb@s §@é@pyh§gg%%% %%gﬂPZigggtﬁhn LNGRA AR The shape of

e drawi ngs att
H?& HB%%Q@ (1Spectdn chei areer mthhexmﬁj?@aihoagggg section

o CE (1%) the oblect.Baima analysegeds anfl exebl present

ki nd ajse in 1nkjet print heads,
eebhfioatidas a nunmber of orifices 20 or nozzles (13)

of a highly reduced size Syowayiaf said Fig. 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 pm for ejecting
microdroplets of ink may be analysed.

The liquid—érystal pattern representation system
(6) is 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 microécope 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), is fixed
horizontally to the base of the microscope slide  (15) with
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exanple, a plate (14) being 50 pmthick with nozzles
(13) whose walls are tilted 17* and having an outl et
opening wth a dianeter of approximtely 25 for
ejecting mcrodroplets of ink may be analysed. 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

i Llum nation (when the patteﬂ@ representation system

)  dSa&enp %fewm90peds\ﬁ agteal 3 geNes at ¢34¢i r didcdmg  the
patterns 30 of different dianmeters. These patterns are
lorenadd ShtePaR e i nner surface of the nozzle (13)

usi ng thGCMﬂélQaﬂum&mstann(ﬁmeand t{ie nandosdepecbservation

Ob eCtI ﬁ égcorétg%a{%‘le%%géanﬁed 1]:1)trlée adJuSted and

dahlﬂ.l:fz’raiﬂed fbexitiat 88epl Hnaghavilegea gﬁb@rheoflllumlnatlon
t aper ed zzl < | xXe or [ | it h
nsdis o (P27 c83n C13ks ylégﬁe ?h@ bb gRcal | pilethd heror  che

e n1croscog 15) mn 2 ‘the wi der
cmﬁn\mj:mntMQan@zﬁB s (14) facing the illum nation

neans. Theol?cl:éU%Eatﬂl%&l'mai‘spiéﬂeamﬁﬂhﬂzoobﬁé%ra/wdl@:ﬂed has
nmeans nmeasuri ng appar at us are ad uste d
b an! phekeey SBt AL TIRES nd Be bRandnfgrotfees SHide’ (15),

Hfi«lﬂ@aét@ps WE@BSpéi:)Eo®memblat&mmﬂjtr’fg tthe O ecetipbdnef the

servat
SRR fan) R h ot BRar S Sad kel ek e S o © |
fast ened diithe ari widecdpels i déleS)\athO vékhebs is, with
fﬁhepstl o% erE%EE‘E@eg‘E‘é‘E 1dN9s Qttel?te U@)‘h%n@ﬁéﬂé@y open),

are descri bed det al | beli)
Wb Geapparatib| GAnRAERORTE IR TRS BRERLSE hE gbt?’érﬂhe field

6%B{é?g‘tgB%ﬁ?eﬂ{%c?s/s%f?%(&thEOMﬁt Dérﬁgg:ﬁ)at ¢beresponds- to
e n '
6L Gra v et SRANEDEUSEs W (RZXTY) Thime trg: SaR Dechled to
ﬁ;ﬁdegggﬁdilchgttd&ﬁfﬁﬂso%&umﬂna@ bhet labseocd f nozzles
s. step can be

E%kh 8 gﬁégﬁgg %ﬁ%%ﬁ“%ﬁ% kjgga%ﬁdggﬁga?gameter of
mmasmasrbheophapegand the mQ%ﬁ&QH( Qheth {10)
openi ng of pfhe nazzheuslHows (it PbBi€e (1#) that is being

analysed downward, as shown in Figs. 1, 2 and 3 so as to
focus on the (z2) 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 using 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 (z2) plane
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20 The apparatus noves the plate (14) that is being
anal ysed downward, as shown in Figs. 1, 2 and 3 so as
to focus on the (Z2) plane, which is |ocated inside
the nozzle. In this new plane, (z2), the position of
the points along the contour of the nozzle is
measured (13), 25 either using a cylindrica

coordi nate systemor a Cartesian coordinate system
In a cyllndrical coordinate 13ystem a resolution of

bxooti i %?It al @2§Féﬁd %)ongntdhethée@m&&icéﬂ?@ objective

€ no is preferred; this
(édrresponds to an angular sampling of 1 - 0.5, 30

though these RA-YER! &5 1l shibeeghéf enentieatter dioxyle are
to the requirenents of the Egangﬁlms To obtain thogg

opsRAVSJarEAG Fbec S FEAHITE he' Thozzl e (13) the
appar at UST%%qUh.h@&rmaﬁe_bheScafmtam@els ifibethhesa llnagels is

P§SF§L%%dgﬂé§£éiﬁ §%ftt e ?ﬁ%g %#?rtﬁé QﬁHﬂPéégondlng
aﬂ.@l@fr@&emsatl desysaems(e&) acmﬂ plvejleletsed in tpbtpippd that
cgﬁj?:g%tpongsbygéh%a&ﬁ#ﬁ@brﬁiﬁ%@@?(8)Tﬁé‘dmte'é%d1‘éir[éi&008§ the

he patterns jns
Pblsatn@mlefartéle opsénted Qﬂs@ﬁﬁg the ceIneaner® 15%‘6 nozzle

gc'ngrHQEEQEdCOBEé'n@Hehn Eﬁ@selmQ%QeSOfS the projected

eSsed usi ng t he caonput er

qyﬂq“*ﬂﬁNRFVEFr%|@Bglﬂﬁﬁ% r%ﬁg %§8P 6?‘V§T%e§HP§r surface
Sotaicned itthale 00 ragRONRpéSedai d coordinates. The

measur emenﬁ_tq?; %{%5%7 oli%t I(%BfOf the poinf s, al %Egt[ehe to be

cont our off i s "CAarti ed out
anmEgeef {he) proj edtednesitr ilane pdesbr anghdthe sprocess is

oy ef | ecth{ Oglggyt heddner surfpce o dnde o ftre ain%odlment
ﬁ 0osée The apparatus then npoves the pl at
Gasky"” that

mpdleyrsaed:a(tﬂzr-)n t@esﬁélh@s& (Rlate (£3%) andQ hlémprt
iisS o' SRERLER S 4 Yehb MRt it dhe efamtes nézthe (13) is
edbo nent |nplenentat|on descri_be 4

Qamrcl@d, eWat 1nj L140e QT R &F dﬁweﬁgi??%%tgs i of tlﬁe 2s0) s
wiazz! @ (4Bhcifig between planes (zi-zia1) 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 (z1,..24,..2n) . From said topography, the
apparatus is cépable 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 is a system that uses liquid 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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carried out in fifty focus or test planes (zl, ... ,
Z50), wth a spacing between planes (zi-zi+i) of 1 m
even 20 though those skilled in the art wll
understand that the nunber of focus planes in the
sanpl e could vary based on the thickness of the plate
(14) and on the requirenments of the parameters of

anal ysis. The apparatus thus acquires the topography
of the inner surface of the Abzzle (13) 25 plane by

plane (zl phe Zpparaid acEbeBLRd &d apegrEaiing diiodinent,
apparatus i s capable to_qbta t he outqyl da%

f , ; . I a
whd@hi r &8 @ngFﬂ@mﬁS%EPé1@13FR°HPanﬁ?er ¥$raxidfunfhhgrs the
m]'cé‘ia@'ltj:flgﬂents! t@!@e nc§>?z!\t@ﬁI , (¥y) atiinona fymmddteedionbnal shape
\ , position o e axi,§.,.etc.)._i
WérF%bd’i S HIARPES EPGESS, (?‘I?é ’apapgarsa}foumsg tHﬁnsetshea enlarged,
p_r%%_ttti@_ln EE£pE eseatatban isysFeg o .a Hiighereqeasi mpy be used
is i.s,a,systemthat us [ guisd.cr al LhLco
s R LU AT il 2@?%%*%%% (1% tre
ﬂﬂyﬁibkmecﬂesuﬁtgm14aﬁtpedvidgmtﬂn;@@uﬁ@.jgg)prmﬂ; head.

A E_gﬁﬁéﬁn%{agg%ﬁanflrgﬁerﬁ% onzar etﬁésed}iﬂa?ﬂéﬁhé hes also

SanE as” i n the enbodinment shown in Fig, 1. 1 The

pappeirdadiswatboredi haaeddt ke vistiard b SALIERP, @tﬁocﬂ jRattern

%e%%%@lxyghew (1% )Fi gssSciatbawwitthe the light beam
no

| .

SR S Ty (Qlanabos 1 Eeeelntne) PaktinGlid| REERRe1a® being

e@ﬁ@f@%ﬂllﬁbpnétisainecaesamema @Embod Fient 5shawhsin Fig. 2.
ece e use hi A I k

NS eeet « hE YA BReCetieat, G aMERolrqaq Y peen

mplavgdt pritit headtheAs ikeaman E@lId&PS rokPFi gligy  the

%ﬁg%ﬁﬂ%%%éﬁ?%gﬁ;é%gﬁ?r§$9ng§dﬁ@dﬂhﬁbdéﬂﬂ“QfCth&t@rea of

10 t
tkD) rases6 af B8 Wi ERE 1N bediipl VLFRr 41 F3oditonal

ddie F£MRILBI NY &K Sagndh opeDaldamrekel Nt eddénthel | owever,

ST Sk I8 RIS VB St Bptqn i ahown
hreenigr e agesl welh amotdenebpamiiffienendr tepedranpis® the
é#%%géfr¥Q£E8geﬁQg€fyﬁxg§§%%ﬁakGWE%ﬂHHﬁnﬂﬁ ©Ohe t 88bodiment
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) 1line is projected on a

focus plane (zi) 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 is propagated through the orifice without
undergoing any reflection off its 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) is equal to
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the recess (19) of the nozzle (13a) wth an additiona
canera (18), such as a CCD canera. It will be,
however, understood that to neasure this topography,
which is shown 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 nay al so be used.

The basi c concepts underlying the invention are shown
in Figs. 6 to 10 included i3 he present

speci fication. 25 Through,the illun na : (1 the
theci reafiiys pRft ert] p)gaE%F%é‘d b hehgg{ﬁd‘ ?Lirézie i%y ,
rRG@ieGied jon aratdsustplare qrjgctbeat dd)i dethfie optical
nozzl e (1:93). The beam fromthe illum nation nmeans
s¥Fiters W% ‘nozzle (13) through the greater  di %’Ser 4
openi ng (IFdwer. Haltfo & SHQﬁ&CQﬁ@%ﬁQQ?SBGnIHhﬂﬁgng g Fadius

of, FLg. t LUS p er & tpdojorct edebyfocus
(e ??I l}-%nena ﬁgée%gnga[t)ﬁé%n 352 f%]r%is p]@gnje (zi )e-‘ *
glesiede 2ihe 8o PLIOG LEEI) Ved Ys AEIF AT he entire

i nci dent BeAM LS RI-@RAGSE edilghr ough thee opeffiise (r) of the
wi t hout undergoin reflection, (Lt

eage. (o BF O EeiRY RS R LN 2F1 o5 e pat e 1
{Puonpihgep! @ne ahsidee chmehe (1djzle dBSdi nky, such that
whose radius (R), is .equ to 1 Jug;iekctthe th h
A 0P (TP NI EL Rt RE BRI ot of oLl G,ar oo
the ebli€ttbvar(®)anothehepopti chs refdeshed oyt Fids inner
7.t9 9 shqw condi ti.gRrs i lighdee radrys arld ((E’efl’) are
ﬁ%g%??tu?‘\gr éa?te%PEQ(P)%%jlg%t ed 051 Eﬁw faq.% s l)“-IPA €(1-1)
Gzidined ppogEBSsPEENE e i BN EREt gase 0 |éﬁg

Jr thasgadinp Cobrebobhas pol then xRl priojatian) By-te: o
iT1'um nation neans on the . s ®&l.a ’
@F @ﬁerﬁéiQFe((28)wgglgﬁéhgpﬁaﬁm%ﬁ%béﬁi g$)tﬁ% fi?i $ (? )
b56+depbnhsatvi shpr opagasddpattesnl &' MPuget thrdius (7).
ori fice and,another..pakty i efhect 0 iall’ £ d nes dius
g@?fﬁ@ép?ﬂglgerggulﬁ,q?ﬂoaﬁﬁ%ggé F|$ﬁ§ %Ega&L'-l' argitl 0
obt ahredreni t petpeane (of) tard chharfa Q1Y0eT éﬁﬁ’ﬁé{}e patter
g%;iérﬁg%6@$¥ﬂga(FﬁyCO£B@SP%E§hﬂﬂ1diﬁidmal;atioMznf Fhe
objective (9) and the 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'-1') are
superimposed atop one another and the respective radii (R)
and (R’) are equal.

In the example shown in Fig. 9, the radius (x)
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 (ro). As a
result, the entire incident beam is reflected off the
inner surface of the nozzle (13) and only one image (I'-
I’) of radius (R’) that corresponds to the virtual pattern
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15 0) of radius (r), whereas the image (1'-1") of
radius (RI) corresponds to the virtual pattern (01
-0" ) of radius (rl 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
magni fication ratio of the 20 objective (9) and the
optical system (10) . As the radius (r) of pattern
(P) is |ncreased radius (R) M1l increase, and

PR (g LE0RRAGvdd e EHEMUIBRIONE Tdhe  camera

pattern ) "proj ected by
th]e)jllum nation rreans (1) on 25 the focus plane (zi)

inside thep gf %ceeféﬂniﬁgs'ﬁﬁlé tgébe'rﬁ.mﬁg'sﬁ'lﬁbd%or\{ﬂiﬁhon of

t he radi us ntour” of the nozzle r

tlesuinagebe (Taged ((I1) 448) g (R :afrelssla%éﬂﬁi%ssa find
f\ﬁé’%%%u@”‘{%?r ﬁ%h@%df@&ecuw baditihel E\’)ocufylcﬂ)lane (z1)

In the exa own | ,
fadi @ Q#Yenofalflgﬂéléat tC‘é}q]r(% E’?OJ @checbrcgv go the graph
shbini Bat iRy means 1d)saod Fhg.f dtusca doe $eeh thstdes the

égﬁiggfz(l q.lé F\b?z r%z(%teerte Qé‘QSEh‘En Scy)ustrﬁgtﬁe%eserles of

iﬂ@gégnhlrhﬁm’a(ls&,r ethectceaﬂlofs‘ (hé) 396 rithe ELrfngd gpttern
e _nozzl e ] I 14

% F2PRaY co‘?l}espon tot gw Sfjé\l lglz;t\étérgﬁfga%é&t of

xa’dense(:tlpm s (@bserv@@S@ R YRt arfd ofthhe OaRetipate axis

%%E}eﬁgﬁxdés%% ttadé“ Pagdw@ HPEr oEPeRbNBregndet oantole focus
el es (1) and ' % & %é & 035|b e to

piades ﬁé r ?usc‘ﬁ’é?s%?nii BYIno2288 ?53) %%r‘fbn%a?%cf the

t@éﬁﬁﬁuﬁszb)f ther rﬁbﬂl\een angul ar coordi nate, according

o the %has ?ﬁ}é dI g %O tl{‘\g S.'L?W%n@l%n 'chl sC¥ktremely

be seen th t he proj ect
gatteen {P) l'ﬂars theesercﬁ@som$tratragesa| deteaseagquipktion and

radius _(r hgy X 0
PF°88ﬁ\§é'r§)e n‘% %P%e Grgé?a{nsi\ﬂ?:fﬁ&rgpgr Sc%??alrcg%seéf URki lnozzle
ahose 8l Ue divt FeacooplRAAt 4Zaki sReéb}llFésﬁéﬂdz’et Gaifle to be

Eﬁgkgﬁe@ga R rkbe 194l fi g@ oant hext peusdiphane poscidion was
ggﬁigigo IngranQU|arcgg%L@lééeac%régfded an estimated
uncertainty of approximately 2%, with an angular deviation
of AB= + 0.5°, a deviation on the axis (z) of Az= % 0.1 pym
for nozzles with taper angles of approximately 17°, and a
deviation on the axis (z) of Az= % 0.15 um 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 descrlbed

herein, is wused in the quality control step on a
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15 contour of the nozzle. 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 rovi ded an esti mated
uncertainty of approximatel y}2% with an angul ar

p%%\étl%tt'ﬁ)gx 9fn é{ Gfof- hd Hawuddduan dfe amems(z$uch as
. or nozzles with tap l.es

Al EEGULES. oFRF 3 LRIt PoL TN CRESSXi SRPYSVST

A Rod: Lhd ftie NOZF £Eat 25 V\ﬁébctabed aagicexdiing to the

approxi mately 12. ven 1hou 0 ted
imviendrham CaMbBai MeFCs ;&%é‘rdat%}é tf% ?\ﬁ%\ﬂ_’ogy relate
HNVEHE 1 @M Wk rbliegyi Iﬂcum n}aeu de tegmingtjon nofhghe three-

1upper paraf}no{fg%%hgirm CrOsforﬁfcfélsbgﬁlézlé)rl@l@e@"'%.n either a

owner Eart 30 of the
tShirtteatdd ovrd dmaaumE&&Io@@nfhﬂﬂrﬁ @ORBrrangenent of

the parts C#{pcé x?:g:P rad &g EQEchQ%n@l@erdMsiﬁrthéﬁ what the
exanpl e, t cou e Inverted, with the |IIu nat'§8n51st

maaa'rns:l (andi hhﬁhéppé\xértuﬁarctf aFRE t HéeBSQEr VESH ek
(2) r&Qﬁc PREY Mteﬁ&lbbédmﬁm siitde s 1Mspderstood
ﬁ used I nvention ?gscn&¥¥g ced as
teztei nany's @§&§%¥1t% gh???&°80mﬁ%ﬂ &p on a Ve
OeUIGH i O | e s§ Ovat bet hansf meyurd tefr ittheme sRMC@sOL the
flexible circuits_for inkje r er, the
TRTHBG ShatE n HiRAT a7 Gt AesaP! BBRATRe: & e 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

the invention as summarised in ¥he appendedeifgrﬁg °
18 CLAI MS 1. Optical netrology nethod for .
deternmning the three-dinensional topography of an
orifice, in particular for the nmeasurement of
mcronetric, tapered nozzles and 5 other simlar

devi ces (13) using illumnation means (1) of the

obj ect to be anal ysed (14) ah8 observation neans (2)

ect to be anal ysed (14), which incl udes '
IL ét one canera (11), characterised i,n that «
conprlseslznp@%}@@hlm§FéﬁM99YcW%€??ﬂngﬁa %ﬁﬁrmlnlqg the

tm:?%et (1ér?eofsciror{]é).l. S@bﬁogkbpﬁyn&tﬂ osn nean€ice) doi mﬁrﬁ:@gcular

fobre Whmaﬁﬂrﬁi‘éﬁ?ﬂ €06 rrpg?ﬁam?ﬁgﬁ Vatf%‘?f@@ "okZles and

o%hc?:ggéé%gnéiglg Ql@v@.(‘c%ehé Ot(]be ) anaisyisexl thylm@;na‘glon means (1)
t

a0 L S A0 AR 08 Bl on means

(bhe of i theesojkdt otot be aots lacied o %34 ) anaihj s 1(n1:§)u es at

l%%lthe fl?%gmgg VW%.(ﬁ éﬁgra89é§E§€H|Q&lﬁﬁﬁﬁ5i&)comprlses

ocu's 3/ means of
aJnl Imrdtmloatepefgrmqr@clg;%gre{: ) OE aoqze tshlane (z) for

c{"l‘ilx&rﬂ; at Qe pnsiysed:) - dmamnrdemg tHiehdi ahvet epbject

he orifice as well .as nmjor de

Edm’tﬂmcéoéf tehe oPPSiedy adion afgar §ca{ ’dnglrgﬁg%e?%r%&ef%rther
é?¥%%¥¢cgtﬁéeSE@ Bsﬁmlage (zi) of the inner part of
t 4
anot her focu rﬁ%é‘ﬁ‘é‘ % Ejjggﬁﬁégs)ﬁpr)%;cﬂ@lc%%%h(ruz on @
nieroscdpees(ide mtn heheogurgameafnein(azmerte)r.?.p%wdrég acing

t(ri%deijg&én ne. t be haners &4 ;topography of the orifice

Of 6Ct1ng "a sequence_of patterns, and
measuri ng theC©@§FPP€n 6Peth% pd?ﬁ?s %?lfh %%}.—Of the

c%aj{%erana'ngbfﬁa@a@yé/&tﬁn(lhﬁ; iirmgeneoff ided pfojvg@[wedo the
observatlon meghg r%flectlon on the inner walls

- 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 (zy) of the inner
part of the orifice (13) of the object (14) by changing it
to another focus plane (zi+s)7

- measuring the contour of the orifice (13) in
the focus plane (zi+) in 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 AiSmum di ameters of the

orifice (13), ,sl, of | - Of . orifice (13),
PHRUP S ?5%73' f4“3mlg’(%’%dﬁaltﬁ%%fﬁel,c%ogj%n of the axis .. ed
of the orifprecesdindetthy data vEPRodEs TIPS i
ilﬁl a‘{lin?l di%?&{@”p&%eslotion bhakhisai d selgueacdimensional
at ns are circular patterns of .a_qaiv ' [
geamebsical MepreseadadianeRf i hel :}Pﬁﬁ%f, Tpadaay 98 the
o%@f)tlg@t £ poidy Syaf 1t hes cantsouthamatherfis¢ds ppangmeters
Zi are neasured usipg a_cylindrical Lha " sl
(Bpstwr0R T R GTF BRE B °%66%%2 pgjflﬁéti] t#3), S,OPi
JFRASY ek Bl 088 the |engfihcef (18he ceviedicsfs tfhrom nomina

orifice (13)., 4. t hod as cl ad [ bdn 113), etc.).
féﬁ&F&ct@Pﬁi@&onlﬁ¥$ﬁ ezfé%ﬁiéii%ﬁbiékéﬁé?ra% '% ?rgm.zed
10 to 25 ion rMettesd Bs adlpiined ih Glde™ to ogk"égﬁ“’ttﬁerl )
.polnts nmeasur 608t gue el rtheaer phitterns o
lPlfPa .Sﬁﬁgﬂéﬁkééégﬁtﬁ§i§é$§FcIain11, characteri zed

a ryitvieat, tine rgeding 1RAMe®n focus planes (zi) ranges |
from 1 toy 10yPrh6d aMetdoglimed cliai rdcim &) aicaracterized
characterized 25 in _that the st i fay t
ifroctisatpl Bhe PoERtSf Oﬁhg%eob?oe%‘io‘ggi % gﬁgl f)séledc}‘g( 4%@ (2]
Aothes sl esdsupiage a( dytidndsi calepeeedizd vENSRE th a
of times to obtain I i nRynfoeue length of
Rﬁ%ﬂ%&?%%m)ogﬁ%ﬁpn7¥ﬁe%§%q#%x?§%%ﬁf€§ thenéobject

{He) comtepends figttom ehefieeckhdss of the object 30

being anal y§egezggdt hes r@ﬂ&i:ﬁ@ﬁeﬁtrﬁ_@J_faid‘nelanadl';&ﬁ@cterized
££{gg§é?;;ﬁggéﬁ§|g%rghgaegogaggaganEngp10 to 25 in number
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 pm. _ |

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 (zu4{ is
repeated a given number of times to obtain values in just
as many focus planes (za) within the orifice (13) of'the
object (14), depending on the thickness of the obje?t
being analysed and the requirements of the analysis
parameters.

7. Apparatus for determining three-dimensional
topographies, in particular for measuring micrometfic
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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t opographies, in particular for nmeasuri ' [
tapered nozzles and other, simlar d:;:ggsn}ig?netrlc
according 35 to the nethod as clained in any of the
preceding clainms, characterized in that it conprises
illumnation nmeans (1), 5 10 20 observation neans (2)

and conputer processing neans (3) said i ' '
OCt . , illum nation

means (1) conprising a mcroscope objective (4)

associated with said illum @& ion neans (1), a light

source (5),_a tt - .
SRS el 1 S S St ()
saiRansillpmianticai d mesyes vatlbn ﬁ€§H§l€2PQNNﬁNi@?%£8gc°pe
o%ﬂééﬁiggpg49bbggkbﬁ £6d) +ATIOF AR D Midri tdieion means (1),
ation  neans (2), an optical _s G
a atsgbtatssinge h(Phe 2o0RZY ri‘oﬁe%gﬁs%gl?%tljog%ds%sttem (6},
a%fagﬁ gﬁ@%%@ﬁe% s&k%:(bg)aé%od&atﬂduw$tbsfheaihéémiﬁation

aim aracferjzed.in that, it | ' s
gy { HG) 7 aPRar SoL & h RIS WL BEoPom 25 4 e Lng 2
a0 580Bk anpRIiIe 480l @Y el SIS L ppaFrvation
. . r us i i i .
mekaF acl et 7 &l | FURSAT nevaters [P0y meqdeiatedmicn the

obbghvacauactebyst HQ)ni mrst At7)1935 9PN (S RPHAr (Hie 1@

oby eotivet(4) HREmEe R T natis clsin
chdyacseanz® Xirliigagr*"ril’ltaitcatiitonl C&ﬁ% L%jmegriq'fﬂv%k TRAP that
d%é#%%‘sl 0N WD EinsteBde)froeseds! theghbbjsssthase at 2

associated wth the obseryallon Dpapss{n i(8).a

CSQXaﬁﬁgﬁPﬂLﬁnﬁ5%1?ﬁﬂﬁfqﬂﬂ%ﬁﬁlvé¢€sﬁper- gng mér&fn

di stance) g,sai dappareatus 11) abei ng ke ezt cah%ra.cﬂﬁgm 8,
cﬁ%gg%‘iﬁ%g_z%fﬂ of 21 PRdc 0! gk o 2ouswasgbar bEedhion 1ight

) tefn representation system (6) is

caQekrobyed ey i xomput ey 19290t hat forms part of said.

conput er prpcessing Fe@ns (3asandcablioesl toipoth claim 1,
visualisea wide-field illum.nation and ( .
characterized in that the ohPetPvE (4)° 9686E3kEed with
the illumination means (1) is an 100X magnification SLWD
objective (super-long working distance), whereas the
objective (9) associated with the observation means (2) is
a 50X magnification SLWD objective (super-long working

distance), said camera (11) 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
said computer processing means (3) and allows to both
visualise a wide-field jllumination 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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circular patterns of different dianeters, said
patterns 30 being projected by neans of said objective
(4) with said optical system (8) inside the orifice
(13) of the object being analysed (14). 12. Apparatus
as claimed in claim7, characterized in that said
pattern representation system35 is a liquid crystal

m crodi splay (LCD) (6). 13. paratus as clainmed in
claim?7 21 characterized in2that said pattern

{lﬁ%?@@fﬂé@nlﬁy%ﬁ'@ kgig I dhcr ¥e Qbs@ﬁt&rtlllo(horsystem

m cr odi splay. (16),,_.and al sg |§|} udes
| a

Peam shlauidrorushalon-apbhfaus e Wﬁﬁaogﬁ ﬁgﬁh1 (16).

“dnd é&@a{ﬁ&w&ége&i inghbabesni épllh.ghtersc(llﬂc)e (5)

emts a broadband spectrum of ar at
clai med i 41 ai nzi\‘p/paP a7 act 8P ze aﬁmte%at Ag_g,} d lclk‘l;%ﬁ T
é@&f&@téﬁizdz@ aih asgiatandsaide bagher nsonrche (Hheremits a

surf t he Orlflﬁ 1} 8nt 10 generated using a
%E%% %PeﬁbﬁﬁTa? éé claimed in claim?7, ,
character|2$d |nApparatu5|ncagdest@laG@itldﬁhl bR 7,
8 par a f en i MG 99 h@ana d
SpFeeERt {598 oLy SRLIRIRIE I LT gl e
The cpatbererigrd tbﬁtr%ﬁn%ﬁlds%ﬁﬁ%?% o? caﬁ%?asofi 1ce

%?%e?é?edc§§&ﬁ@”§r§§an§8r Afﬁa[atusdas clained in
aim 7, characterized in that sai,d.canera c
(11, 18) at®- 20PPREEAEYferags  claime i CNRHR 7,

characterized in that it includes an additional camera
(18), said apparatus further including a light beam
splitter (17').

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

CMQOS cameras.



