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"OPTlI CAL METROLOGY METHOD FOR DETERM NI NG THE THREE-

DI MENSI ONAL TOPOGRAPHY OF AN ORI FI CE AND APP,

DETERM NI NG THREE- DI MENSI ONAL TOPOGRAPHI ES Ammmmm
TO SAID METHOD' 5 The present invention relates*&gﬁgn
optical netrology nethod for determ ning the

t hr ee- di nensi onal topography of an orifice
(particularly for measuring %icrometric, tapered

nozzhesrend BETROBOGUEMECEOD FORL Dghgmiﬁm@l @HESTHQEB—
measur aratus _for carryin rocedur

B SRR ShBbhaeh B B K bk "o AP BEERY, ror
eXTARMIN ING tTHRET-ESMEN SIENVAT | TeROGRAPHIES metdowdb i To
apparatus of the presen AID' \ﬁ,ﬁ%@qn are of

particul ar, but not exclusrve applicability in

t he neasurenent of the mcronetric orifices in the

nozzl es of. Kj [Nt er f dkj

printers ITSH% ﬁdﬁ%rgentl a 1;'/l(ng}jz;on@éejiér(laltg?%)on Cpof ag{ Ogtlcal
mgftrole@yd mechas ofgr werAwsinNg hdilve | mhé@mdlmensmnal

tBedsa _H'}ﬁseoﬂr oph et §rJ|'JE§.the %%r@ﬁ%rla@ﬂgf f 9P t RRasuring
necessar oints that ma and text. The

T ST i A RRHES n‘PFéiPBI é‘“& %&Eﬂltlatrhéile"l(?@r?drl dds also
ra 1tahj'e?s ptat €2 amealezzlney aap@)artahm&ughoMchah:rayln@r eeuse this
D) dtu [ nk | S eJ ect ed SO rect di A85tdon uo erous
pI T SH The pHHRET ng sur?ace ofe & Paper %25 CGhe
aﬁW@mqemeae@t%xmaxhedqual |thye porseot sgeoaésseglp@
whi ch manufipct U&%ft%o@r rS AESEL KR PRENt &S sent

is the determ nation of e co guration or

1pgsadriahy fre he %zzl&a%ﬂ@%%r of R%e prmiait heagslusive,

applaughbMiitch the | kke S il £t eeméoVar ds t R@ePapficrometric

T 30 afore ntlone th| te. that s .t he
oFf A O OB Eeheo, PRt Braa ey haads,
manuf act ur@b:fabmgevepﬁl niettlejeal s ptoetefst hese based

'e@%te‘?{]t'laélslr%duﬁgﬁ (%j% iqQ Coégorc&to' am eK?P{;QP&Q?_Hk through

€ up exi bl e

nREEH&T cal sthdrgt hnafeCfCﬁésethiﬁs iT§ess «HifpREabhat the
phpR)t haye ey kehte nehars ity apdigkectiiadalnake 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 be 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 is
considerable, they have remarkable chemical and electrical

properties and they are also highly resistant to extreme
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properties and they are also highly resistant to
extreme 11111211212211221212 ML LR EE brenr reee rii
*000002* 2 tenperatures. Other dielectric and

sem conductor materials represent further
possibilities. Oifices 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

tHe@fd it One ghed- e + N i B¥eclBeLr asitBlslenSiZhdi®@Kes hdterials
necessar éﬁ}{ﬁwltlon themw th precision on the
ISERSS Dt ¢ SRS HHAt & FRe8rder to provide the

desired miintidgs qual iche. ﬁﬂhﬂ&eabéaFaﬁ?é4dmﬁsifional and
flexible circuit, ich S, previo escri be S .

et Ba P RPERG Tpr nrHBGAE ST s Bopbs: e dsae X ogyaiall in
sdizt,anesdf ronctdmes papey scconshdevady ftart beoviway greater
SPAd OQnBPJAE%fﬂg oﬁfvﬁkﬁp BL?E%%@S@ZLfﬁg?rA%nF%é size

erroneous orifice configuration can “thus alter
nake drolpl RECPASAT Hf tor Hass tejwrtiloemf voih Predifjieast oyn the

dead ot fie, cwhbghe spodtd be petReNFL WA vidd tHe desired
and could thus distort the imge or text to be

aper.,
é%%qﬁ%ﬂﬁ el Préci si on required, together with the _
ever- 20 deos egdiang d'tﬁarrgtth(aéfs ﬂ]fheﬁjl’lﬁldé)ridjjfrctﬁﬁ_ﬂ),n twhéch, as
es. int pr.int, hea of t.he,or.der 25 , . .
St Do U8 Rkl iR P R T RroLF oy Prapgads i
reoed tciomed|  tdte qual i tgiodn t heligramee heaflsomi t hthe  paper
{a&%-rd@fgdol egLsk Ry SQV ra'inaté&ﬁgagéigﬁxe ePhgBds ;e of
o devi se techni ques for measuring the dinensions
e thi bt P eE219% 1 f | BBseEFORREUR0 £ 1dS G Gk EFupmEign can
theadsalabtheyegh ankndren el ghspdwateagestBavgdman from
t hat . none_of thes t echni ques .have as t proved to,.
W ot FABETUB. MRS of T LThese PRI quRenLantstReTRendicular
ussitrite comperal apdoticludettdnss Blswhirchthraliysgyet ler text to
Hé“ﬂf¥ﬁ¥é cted or backscattered light on the surface"
of "a sanple. A confocal profiloneter is a confoca
m cr oscopelthaPreeanson Jeaiddedn togethssr Withe the ever-

A 05 1 Y @DaREPL Y S 0F h@ehri e &l | 8 EheMplates in the
Lconfacaly Laser, $anni oo W SRS ORY) i IO %1 &), maes
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 measﬁring 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.
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35 focused |ight onto the surface to be nmeasured using
a scanner that sweeps a given plane of the surface. 3
The mai n di sadvant age of these devices is that due to
the specific three-dinmensional shape of the orifices,
whi ch nust necessarily be tapered and whose i nner
surface nust be optically polished for opti mum5
printing quality, they have a high | evel of
uncertainty. This is principally the result of the

abslence ofther eﬁar?x eahs(@aﬁdnhia@:ét @iﬂfeth@stegejesh&e@s is that

ang e surrtac t ngl s o I NCl aence are

‘Q?ea th‘aen 7%1?6% het%rtf PRSP Bur f 3@PFs of  the

onpfmcahLy pbichheﬂusihlSeneaQSrimythbé ttepered and whose
ti no retrorefle a ttere ,

HBhBE S EXeRr: BENES" Broy EhEd <3 ohe BSladHEE S Pprimun

psint ave nmdﬁaHM%BUhed Hawah@rhmg@ kﬁVQﬁgﬂffNG@ﬁEtalntY

TR T %”a'pﬁix%‘@ﬁghw tt*HeS Sfé‘é@lw?f bhe Wfﬁe absence of

nmeasuri_ng t echni que. il s it 1s extrenel Yy sl ow (nore
r%’Sr?ﬁaﬁlQGt§é‘céﬁ@§tf &ueeafc% YhangtapPf pEgLe 06 &ppl purface

t@ethﬁlgl@.ﬁs@Iferrﬁm&l@énaée%&é/vabkéat&e @rﬁ@ﬁen’to and the

nventian o des_an optical |, oIo t hod f
f'as*?e"ﬁa' B e e Rl CEbbgr S iebie T RLs means

thethodtherpartuﬁulewpgaemﬁtabhple to theei@oreflected or
bJBRSHLERROL O ﬂé]“ npsT urfng%eme{ tdie LU bELyided on the

or | |ces 0 prln héa oug
pPpehtied t@ftmhr; applirest i o, biet neagnrepti cirsyesrmare, a

siaamegﬁtn@d&p@%nwt erﬁ%ta%@é Y¢ thnkhe s‘%kélt%‘:to?e'tﬂg art
anal ysed and functions n the basis of the |i

MPRPPEADEd HYCRREBE] oct, CHE W 1T i BETERpRAVRCHlov (more

tﬁb!ﬁt her wwcodhe EByeracn @l sadr efierts dua d heo agppIat 48 the -

eureme a%%ys%ygatheiffocedure whi ch i ncl udes
?Fun1na iFoR T &AnE BbsEtvati on means, details of which

mnll be pEb@ldegre$antheunyﬁntu¢m|spm@wdﬁws 30an optical
m@%EBigbgg t i pre : 'naéﬂﬁkﬁﬂnlh Or@% ek dit®dM onal

out th optical netro use
tEEPéFﬁPﬁﬂﬁé tﬁ@ﬁtﬁ%ﬁﬁ%ﬁn%%sP%ﬁEFCPéﬁééﬁaéﬁyléFaéﬁe to the

m@ébﬁk@ﬁenkndﬁﬂﬂﬁélhﬁﬁefCEuﬁE@é@rbﬁgthﬁabuQﬁet orifices of
T MR T ERC A UL G e
appllication. 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 1is performed.
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Firstly, an initial caltbration is performed. 4 This
shoul d be carried out periodically. The aimis to
check whether the inmage plane for the illumnation
means coincides with the object plane for the
observation neans. The object to be analysed is set
out on a 5 mcroscope slide, with the greatest

di anet er opening facing the illum nation neans. One
of the orifices 'of the objé%t to be analysed is

Tﬁegt fﬁlﬁio@Ddt e ft@kgl@? Vb BV ?ferltdlﬁid%ﬁi%‘ VatI‘ht%nféTFﬁne.’Ls to
nd .t rought into focu n ayt of ocus
Bk dUIRE IS PoPGi dEal DARF Rt o b LIRS Lon means
ceimlclielsts diiamettére apereag. pPﬁnéhfSrpﬁh@tob@éQW%iﬂBﬁfﬂeans.
of the orifice j Qr_ def ect such, as the sence
of an orFf ceogs% g?gg sc%le 8@?&#§§F|ons aP& % SUE% on a
mpsgogceote Arladel disphacehent greagelstcusiignteer opening

rhRgihde tﬂéﬂelpmrﬁmgtiént hea Wﬁl‘ Rer frdreds %n%ﬂﬂ%tésef& the

15 répresentation sy IS part
OPiEGH rit i oM ﬁéaﬁysesl slesqu@ﬁeﬁr@fi P&t tdrsfigld of view of

tReOjolleat a@nld i HClisa @héﬂebr%dgﬂtaid%d”fd&ﬂé”by means
attern h i ncreasi radi us. Theée i mages of. the
A RS G L RG: Ha Gr TIENE o ritenaion on

thh:e spaﬂﬂ@rsrt rdeipmesEnt abpemni syst Am &h&sZ@)odbﬁﬁr\dﬁﬁb bcylameter
o'feacq’?e (}rff{?%agh S%{b gCQ c{:s, .Ishuc%anera Bﬁs ag?sence of

are par servati on-neans. & postTti
apherpdilmes oal diy ashes oke ode fofmahéons | Rireemarsured.

measured aphepyihe iBge MhbgePrQ) ested, Gidc h%%e inside

attern.and its reflection on the I nner surface of
Bﬁe oPEffdEe(vi +Bual thes | nRgefeFmefe paVfeRl) are Pattern

r&pﬁé&bﬁﬁ@&ﬂdnﬂﬂsyﬁﬁeﬁanﬁﬂﬁxﬂﬁhi§ @k@ﬁﬁ&§f|ﬁhéepﬁﬂhﬁglnatlon
for & qven nu g Qtare%;|n3|de t he 8r|f| qgne Focus
"PRE Seds Ut emt o? t REC EGMourS PHPIEHRESH PReen
péhaﬁesSMQ?tm%napp@@@@iaitpﬁtmmmmlnlah increasing radius.
Th@r%%éﬁé§néfoWHegSQEEE&h%'ﬁ%%f@ggéﬁ q%u” tﬁge:ﬁglde of

| Nher topogragﬂ the orifice and t acteri s
tb&raﬁétlérlé:eof hetdei f Paétediich TP IaseTHEadG Iemn angstem  are

omsélrﬁﬂém Hé,i &\‘(ﬁf@ of f'@arﬁé@?ﬁ Oﬁukhe a\éaUCUJIort @40fS tclzﬂlaémeras,
evl atl e desl gn osition o
wgf( i“ (?ffet e Ib?l?? gh etogsq:;’r@te’r%?@}ea’gﬁe d86r RGrdttetons of

tapstrmsthoud iohe ahe35c@yttd>1mdr bfaltlcoosdi fate sy aefikasured
wﬂgnaéﬁgfoiﬂgéﬁgo%f éEQPﬁQ%%%'E¥¥%hf§k'8a%%ern and its

pl an ong
reflection on the 1nner surface of the orifice (virtual

image of the pattern) are superimposed on the camera.

This process 1is 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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5 contour of the orifice, although a Cartesian
coordinate reference system my al so be used. The

nmet hod of the invention provides for acquisition of a
series of imges (one for each of the 5 patterns
projected), for exanple, from10 to 25 inmages, to
obtain the points of the inner contour of the orifice.
Once the contour has been neasured for a given plane,
the focus plane of the orifice should be changed, by

cgﬁ¥bﬁg t@@ Q@k@c$r£E§Ee's thﬂQFgﬂahysﬁgréégﬁghy<:$5¥dinate

0 exanple. For the new’'focus p e process IS
rPéSé‘&P@@ SYftemdarat 2 heasheeushd-cont our of the

orifice ofrpche nobhgat hef ngraeal yserbAsi®9 aprovides for
coordi,nat e sgften1 Seyer al |gg%es are acquired in

aGAYdS 1{dO8bt @F n 3 heShe&Surel FES BPRendofontdeR &f the
phhe eehisf |pc:e>Je‘crtm"dthefd>fraeg3mequl fednf A0 tkd ZNeimages, to

i ff, nt f f . _Th I [ :
ORI S8 oy A0 T he obf BEF HRRAPHE. oPor " Ampite e
In one emmmmamwmeobdmuyuﬁnheﬂtbe@ptﬂgﬁimmmﬁ pbane given
Qfantehe tqpé eebe Qanieetr?é tgfeqhgs i %'or §8 gl fbfee %nged,

necessary to obta range of V
byl #vssingf the reZAcE Thetdilst éift@%e@%éﬁsﬁﬁe aXlally, for

edlhinbaeentrdoctise phates shayl gh spoget heoprb e s1G gn repeated
The g&raneters used to characterise the topggrapﬁy
of the

1PheP TR Ei &@ (RERPHER ahBemi TRMLW B &fet BReofOTY
obljiefcrtceoesda@panaﬂytsleei wakingf d heoordingee d;@i\SIt&ﬁd ONseveral

J.g\g ie% ee Sah::gtﬁblr&é)sillx grdgrﬂ”dt%n%b% qf t & arr)l(elaSSurefsgoz.nts
arg Ogt Y processi ng lt e ITE&SUY enen
oft hbe mlrttmms Qf] tlhe dirf ferentt riooc ddiepliarram)s addwired for

tH@de%féyéH%eﬁ%ofgc@ggnggggégﬁgs in the event of the

devi ati on he axi s the orifice fromthe optica
axi s of tHESB0IAEHSUR IRy FRYMPThiedid ies rP¥dmeydng the

obyjewnpup%rder ocess: NgxaRpNs. usﬂuggarﬁd gefnbthalaimematof the
rovid (0) val ues corresponding to the  sal
RS Bat s P ot e RE RSO T B Y ARt AT B ared 2s

maoy<ﬁnmqsoastd&;qs@wrpuﬂQ/@h@&xmbednﬁnqmdofTWQlues for

dﬁ%%%%%nx3§% ¥Bo@eH§&g'HbQQf@tr&ﬁ%rSEEEE?égebetween the

accuracy t ree di mensi onal topo
dmféﬁéﬁelttnf@CLbﬁotmcaamﬁ/ ﬁbppéﬁeaaege £zom 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 propérly processing the measurements (the
contours in the different focus planes), which may be
circlés, 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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tapered orifices. The apparatus of the invention,

which was used to carry out said neasuring nethod,
essentially conprises illunmination neans, observation
means and conputer 5 processing neans. The

illum nation nmeans of the apparatus of the invention
conprises a m croscope objective, a light source, a
pattern representati on syste an optical system and,

if necessary, a mrror, whicl? may be adapted to 10

tdeflreet diigildght beam an angle of , for exanple, 90,

al though it may al so _be ti d at a different a

depend ng T (TRPSEAEREI SortiGULEREGh 167 4 P LET Was used
tappaatwsowt sthd measutriioy méchobseesatnohai@gneofprises
it r.aLus rjses L G OSC bj ective, an
s L s R e
PTies ss@HnNG &egirvpcessi ng nmeans conprises a conput er

and the apopfiahi8QFL AN et Chri B Ud§;§p$P§tus of the
.al gorithnms needed for the three-di nmensional
IPFEHTEANUCITIPDDSDF t e BBIBASIRNg APacyséneafter light

sfohl]?td'&t rw(i)alcﬁtélﬂ‘tf ré;{i‘%@@éh@@t%éncﬁ}'gtgﬁl\t Olh. oﬁ%@cal system
sof tware cal cul ates the _points nee o constr

=Pk | Ahor LORSaehEny B TEHEOTor | PIOST pRgYi dBS (FeApted to
desfdredtnt Ehéacblcjmel éctaronanf dmgle nwher fok pexahisle, 90°,
althro N gconﬁnﬁgls ab0§ VALI ous, pagt s, of 5841%erent angle

appar as notorized di Splacenen

deendintheor) | Yher satbnl n@glnﬁlgasaalqzooxfsm\m EoPEaratus of
th@Ng NI igh di st ance) obj ective, whilst that of the
observation neans is a 50X SLWD objective for a 1/ 3"
30 format O Wi L titr m%ﬁﬁFngaFPSnaﬁpaFﬁéus comprises
aoszlemdscegaemyoj et ywelepemdbpgiealt Bgstemmanhdofatt N@ast one

C%and the characteristics of the orifice to

cbe analysed ﬁ?conputer which is part of the conputer
proceSS|ng?waangomQGﬁ?rmspn¢ﬁ£§ﬁdm@rnnﬁepﬁesenoaprbaes a
AR nd t Akl app gkl Womald ze, awméﬁ fihehddes the

il M'um nation and to generate patterns, such
=i sy nepdedr AR ofnei FRFes-gingneienadt Teconstruction

off anBkersbidbe poéiwgNEnalysed 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 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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are projected using the said objectives and optica

systenms onto the inner surface of the orifice to be

anal ysed. 5 According to one enbodi nent, said pattern
representation systemis a liquid crystal mcrodisplay
(LCD), although it could also be a Iiquid-crystal-on-.
silicon (LCOS) mcrodisplay wwth a |ight beamsplitter
"associated therewith providing a better image quality,

as 10 it would prevent the dark areas that result from
pbﬁ@erﬁ'secaﬂ' opigeleRvValvedi Fic@@elt PdXShefépsN appRApdYerns
on the % of the projected, patt as is the case

Pt hBEPTE St ySTHIT b hod SPibys COMETsR <0Gt cdptical
s¢Btkfsa bheadbahd speattunsakfate l bght theEDsrbfiae to be
white |light source may be used. Alternatively, it is

B %¥FSFe to enploy a laser illumnation systemand a
scanner tacgemeriatee the painernenigsiigertthe oskfidce.pattern
rzgﬁgéem L, alg e, meLhod 195 B6; 6L el QU n A0 Misplay

apparatus according to the rnventi 'S not
(LCRI) v edal 6hpBESUr iLig @@Piﬁce@lﬁﬁ the shapel@fid-crystal-on-

sEﬂHQ%ﬁte@LcégﬁeﬁnlgPédﬁéﬁﬂB% ,withlﬁapQ§@hQ]ebé§m splitter
det er.m ne a partiall

t opo t aper
SGPET 6 SFVIRRE ST HOT SRRV E 0 r 0 1 PREF BT e IRRGEnGIALity, as
igr eab&mddlmventoptetm NHar2o scdeas thagy | swsslapeirom the
rec erm ning.said topograp a b
BT G ML T ERnar e ar et “afpaPREds L oroh the
imageplod, tdvfe toheo BB ¢§ pea t Thenf, e@tsuries tdrad @&ﬁ@ma@esllquld

q tgqu @gﬁ e apparatus of the present

CQ Sg%tlon W | e c#%ar from 30 the detailed

descrl pti dReof LigRt t SPEE Sy ePBEESd SenbbarfieARd tHh&CEgfum of
M/e_;lhvth witldpde @rvea h%qltféaftﬁiglbt wayurek Neldy be used.

{ at f t h
RIS SxaLe WD TSl eLebe to Lhe SeCtpany 10y,

1démmﬂmaﬂ1qﬁ sy$test and5 aerdomhment tof gamegpttiecdalhe pattern
E%glggk 3IpaF § gs for detern1n|ng t he

three I mensi ona ograp of an orifice 8 _
accordlngﬂh§t¢ﬁpﬁﬁ@ Wi G UEEQ Methectt i kel Be trried out

pYEasuie Ry=0mBidd C.adapetedgandoot bRE SiAveéAtion is not
fﬁﬁfkﬁf ég %ggsurlng orifices in the shape of truncated
cones. For example, it  is p0551ble 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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flexible circuits of print heads in inkjet printers;

Fig. 2 shows a diagranmatic depiction of a 5 second

enbodi nent of an optical netrol ogy apparatus

according to the invention; Fig. 3 shows a

di agrammatic depiction of a third enbodinent of the

invention; Figs. 4 and 5 are partial cross-sections of

two 10 exanpl es of the variqus possibl e topographies

that the apparatus is able t°o neasure with the nethod
a6tokHengi rt\centtrh@anJe@tlﬁnL s wsedi agt apamht i culs AWkBg measure
mfhgmﬁe r&%? getgoddo vent on | a condﬁilon in th

whi CHthe Shhol-&P<15 |n%P en B%5n1?§mb ﬁadﬁf% L0 ©
flerobde checonitds of wintimduthedds ngn r efik et edrdntehs;

| i nner sur&q&; of tgﬁ Qr'f:CeElQQQEF%Wfﬁﬁﬁ|gﬁigﬁﬁgﬂﬁgic

drawi ng si nmilar to t hat
sefenfi girmbadinantof ehe padi u@txﬁal hemptpplegid apparatus

ababrainOrd ke d acie e, a part of the 20 incident
beam i s prqopagat ed dlrectly t hough the orifice and

anot her p§F9'|§ At PR BeRfet L AndpPiGFfaRe 0t @ third
eMBbdhimeasuldss the tiwerdnwiges; of the pattern on the

caner a l.ane. Fjg. LS _a diagr.ammnat i

STl ar 6% bl i e e it e RigRpcRE tuo
exhapladi usfofthde vagriojuect pdspatbiler ntopbgrahbifecushat the

Féﬁ}%t%%' ”;i' sdedy it htéhemeéég us QE%I grhrké‘”% Prgé‘ci‘igucgf the

he orifice on the same p ane resu
igvRgltddage of the pattern on the canera plane. 30

Fig. 9 lsEa_gdl agraﬂmtal Cd@é@‘#aﬂﬁvati‘cm aaawlﬁg tHOSeihE the
e radj us of

mﬁFg‘Féictoefd tﬁé?tje?ﬁe%n’t%nt HB PotR PR | Js“ gY’EéFBr thgayhole
ithbhé denadi bisaof JIsheprcnp&gatedt aiir@igh heheridrLfice without

Sy y%%‘%l%%te%? S ﬁ&ﬂ{ é"@‘éf?e?héf £§é“££§f558ea

singl € T nage o ern on e canera
Figure 10 Flg -a grigph sim@zr@mmamcadswnag @fimglar to that

ihmeges. 4 he valweof dbhe tadigs Aighbe 6hicHl &% the radius
proj € cted pattern ‘on the focus pl ane and al so the

of adiis I X ¢4 iR AT i PR uFAf SQFFérHlé§§ocPaP€&t of the
inctikbietite pash dfs tPeopagated 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 1is 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 1s 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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i ncident beamthat is reflected onto the inner surface
of 5 the orifice. Alist of the various references
used to describe the embodi nents carried out on the
apparatus of the present invention follows: (1)

“illumnation nmeans; 10 (2) observation neans; (3)

conput er processing neans; (4) mcroscope objective
associated with the illum nation neans; (5) |ight

source; 15 (6) liquid-crystal®pattern representation
iﬁlﬁ@%%m ﬂrgafﬁﬁéé notrf]th‘éOSﬂe%D@s ob £t &%(ég')éilf@t:@@éi[*oﬁrojected
systenis fie i_aphr ag mrror; optica

Péﬁ@éﬁﬁ aSBodilft ed Of*th Itg}lwér(’ezoa”ilﬂj| i Sfat F8F nBansus(Hf the
viiréedC oper ©b] ££t bue tasspcaasedinted thiech obser waidtonof the
.means; .(10)_ optical .,syst associated w.th the

GRann ool 58 Bl TR rg, Yl At tipEface of
the3pmdzdes; (13a) nozzle; (14) flexible circuit

p!ate; BQx(%%?tfl§g'mﬁ%é”r&&fioﬂgat%eféfgﬁces used to
m croscope slide; (16) pattern representation system
descaepe thy, empodipeahsspra¥réed; quB) ouchhcamprar®sus of
thL9)p raezzlte IReasSion rHd118dkus of the nozzle on the

focus plang; 10 ng circular light pattern projected

on the focus ot BYELAR FPPRBMnati on neans; (0) end

poi nts of (e Geodroat Déntheahisght pattern;
' (3) computer processing means;
(4) microscope objective associated with the
illumination means;
(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;
(12) computer;
(13) nozzle;
(13a) nozzle;
(14) flexible circuit plate;
(14a) flexible circuit plate;
(15) microscope slide;
(
(
(
(
(

17’) beam splitters;
} CCD camera;

1
2
4
5
©) pattern representation system (LCOS);
9
8
9) nozzle recess;

e

1
1
17,
1
1
r

) radius of the nozzle on the focus plane;
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5 (r) radius of the circular light pattern projected
on the focus plane; (1) inage of the pattern on the

pl ane of the canera forned by the part of the |ight
beamthat is propagated directly through the nozzle;
10 (R) radius of the inmage of the pattern on the CCD
canera plane; (0') end points of the section of the
virtual light pattern; (r')_radius of the virtua
light pattern on the 15 f oct@ pl ane; (1') image of

t he vi rtualp)patdi&rdnlcartnagoitanq)aﬁﬂeﬁrhe R dDr @ the
by the pa%; of the Ii beanit reflected on

the inner SF¥ad Bt the- oz uméaa RP) P5arGs of

t he inage @ﬂ themhlpbuatspabfernheonsehelﬁﬁI)@ﬁnﬁﬂ&a light
pl ane; . points that determ ne the radius of

t he nozzlé)on the focus pl ane; (B) centre of the

circul ar paiterpagivpectald obhe25 aicvylstus piahe; pattern

(B') centrg Pfedtheidmoese ofothis pachern on the

camera plane (zi) focus pl anes; and (S poi nt of
i nt ersect i on, %ﬁ??@f%@r?@% Pt EREN eABolRREREANR REgERe

1, there lc&méfwvwbﬂh@@rwnmméppéky arf thst 1@z§ﬁﬁpb@amf that
a measuring _apparatus,conpris nation ne

() obser it DA drtit T ePty Sohpaligh "BhocBedrng:

means (3).(Rheradiws ofittlos ireags @f)tbenpatSesnaon the

hi gh- 35 Qﬁgﬁléé&é%éqg gbiective (4) (100X SLWD), a

white Ilght source a pattern representation
system (6)(Q'odcacad |9P11r1t8tﬁé pdse t FeRtapnt Hef f FBed virtual

dlaphragmlfbﬂﬂrﬁéﬁtéfﬂ, mhlch in the enbodlnent
shown deflects th am 90, and _an opti cal

systen1(8).rT%er%g§EFv8F| SREmEAnst $2) LoApFi Bastgrn on the
m croscopefocubprenéye (9) of 50X SLWD magni fi cati on,

an optical(f Stenglge 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 1light

source (5), a pattern representation system (6) located in
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(10) and a CCD camera (11), which could also be a CMOS
canera. The conputer processing neans (3) conprises a
conmputer (12) running the appropriate software and the

10 al gorithnms needed to neasure the contours on

different planes and to reconstruct, in three

di nensi ons, the tapered nozzle (13) of the object

bei ng anal ysed (14) after follow ng the nmethod of the

i nvention. The shape of thelhozzle (13) can be seen

tihe tdwes patdhabferess-seeldodibphdadm,g. adm@frriie (7), which

.drawi ngs_attached in the presen ecification. In,

it AS RpPERERT ot HRFISths WRE obEBE BRamngooc and
aanaptseh li sswstfdexi®l e circuit (14) of the kind used

I n inkjet [ . \Whi l.acl,udes nber of .
orifices Z'Igiéoig%%%z %%léé\qS@ggbg.a (%l ghﬁosn%}ﬁ%‘l’e 'srln%%.rOSCOpe
oBy aRdyi st (Bl 20X aShIVRt Bagpif liseitiprb0 m et tkal system
Wohh D9dzlescéB3kanwhase vl | s arer i Ebedal a0 pe a cMos
havi ng an outl et opening w th a di ameter of

C4P5T&xi mately 25 pmfor ejecting microdroplets of ink

may be analiksedompotéite prouedsehyst@bapatt @IN comprises a

I

epresentati,on system ( is controlled b aid
“Cokputer ?tﬁ’? ofé{?’ﬁén%o t ePPRA Y3} g%/%étr’(éa?%) and the
adge ritt hermbhesdadni te- med sare| [whe natdramoyrwsheobnt héifferent
pRALl D LRPr Gopnt ALL GRS BYaLem (G 15 GOl SLELY, PBED)  the
and al so generates_circular patterns 30 of ditreren
t@Pgrscer 80z7Ese (pal t 2 hs Hre projett ebbedmo aphdysed (14)
afftRer FITIReEn§f thhemaersle (A3 n8skRgehe PPt IGAl shape of

ysten1%ﬁ% 23@ the m croscope objective (4). According |
thE (T2 Tkt hadoof e T RE ot thRe BFrddR heFhpsSS—section
ianalfiised (44)of ttieé idrawbegkl abtddaddl ein 35c1pb at present
S%@Qﬂg{é%q#ggmr of tapered nozzles (13), is fixed

tally

orizon to the base of the microscope slide (15)
with 12 the WieleexeprhEngheWn hien neaitie§'igr4)l f athagobject

peheg idddingdat i on frepnsxidhe thkhumiratien meansnd 1kind used
.and the observation. neans t he nmeasur.i ng

2) o C
18pparasts R adierded %acgslealﬂl@rea &d g atof herifices
ormagezpliase f0B)thefild umingilpn rednsed 1)sicm NcigdeSway of

e\Qia‘inIE)lteh,e a()b.ﬁfg{:epl(i“&? %rintgheSO 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-crystal 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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observation neans (2). Once the flexible plate (14) to

be anal ysed has been placed and fastened on the

m croscope slide (15), 10 various steps are perforned
according to the nmethod of the invention which are
described in detail below. Wth a wide-field

illumnation (that is, wwth the pattern

representation system (6) co etely open), the

apparatus centres one of the mnozzles (13) on the field

U of widew ampedagsesodbn the (z9zplawme t(hdt) facing the

coriesponds, t1oand he narrow openi ng of the nozzle.
This step can be used to find significant defects

(such as thee apdénEdngit sy zneans(13)) and tiheguplekeyvation
ni@asr g 2hheoshapiee antkd her Sh@meifa i cud he Rar LWy sted ang
openi n q§ the nozzle %%22 of the plate (14). 20°The, _
R r50esRie [R5t o795 PHANS ot BBi fge abblyabeation
mawenar (1) ascshowtides Fivgisth 1, tReandb3es® aplldhe f OEMS the
éggé%v%éfgg ¢%§Q§’( ich is located inside the

e. Int

nozz is new plane, (z2), the position of the

poi nts al direce heheofitlewibdfe thkattozle) i soneasuredlysed has
Heleh \ p2aceit Neha Usaa éh &yl lpdrigal pogrdingte SYsiem (1s)
or a Cartesian coordinate system In a cylindrical !
VédortH hateeP 33 enpe AL PEREHURICES LeF 86 -7 Zh e ongitsod of the

ITRaSY | ie;(@hlab}@i@_ tehﬁef di@ﬁ@khbt@fﬁl_ tihed%%tiqwbgqfotd.he

nozzl e . i.s preferred; is. corresponds to an | ,
angul ar sgkﬂﬂ?nﬁ oYliefgé?%g Sbl}ﬂ%b@ﬁg%ﬂése(that is, with
ther apetérsnconkpr beedt it eévantspscondi (@) t @ombhetely open),

Hreaul ) g n si s. obt ain th oints .
al'ong The cont our % Qtﬁég ﬁ§2§lg CPH e art yghe field
cdeqiteesandsépcesest dmuges (ebet pbenel@hand QB)rdgporas - to
R IR Of PARA SR So B tBEN AW-8N &35 ThQlaMgs (Qf, VALY I used to
fd|a ters.glsglayed by the gattern representation

Iy G 985 TARO bt GrEERET | HRR. E22)EH afieseBCehp i heozzles
[d@icandyist equ{dil pndebbars ¢heseoR@0RRLtdNe didheter of
tréer{@g f}}e%p terns_inside nz#%are

g%serve %ﬁéﬁ%ak% é%lf%%n%?ﬁz Tlf&gg ?ﬁe% f SRS ot 4) -
cont ai ned The tdrpErdtagesoves phecedsee udidig titet is being
SUMHEL! ddDwibah the onrespenging . 3l 9ogrithgss and oo ¢
a set of values is obtained that

focus' on the (z2) plane, which is located inside the
nozzle. In this new plane, (z;), 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 (z;) plane
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corresponds to said coordinates. The neasurenent of
the position of the points along the contour of the
nozzle 10 (13) is carried out when the image of the
projected circular pattern and its reflection on the
inner surface of the orifice are superinposed. The
apparatus then noves the plate to be analysed (14) to
the next plane (z3) and the process is 15 repeated
fifty times for the exanple &f the enbodi nent

biynpt eeenipaticl deysriched (§pl aired (e RDcPLERLEK) objective
hat is, the sanpling of the structure of the nozzle

2413) is carried out in fifty focus or test planes

(zl, ..., Too)images o sphacpagtbehwedmsildnashe nozzle are

gélery-gh fa u hose skilled in the
Oart vvle l]c%dé;lst an?@[ﬂ %QXF%PQ gb%er of focus pl anes
in the sal%‘lee épdlogmpdriyprbased teri nadhe irhi theess bhages is

ptbeeplsalde (difng ardeon-ddis ¢ £AVIRSTENS B fthtehcorrespondlng
he apparat us thus acquire

ara s of anaIyS|s
ﬁgrtr{'gbﬂﬁr'aprﬁp%f fhe SSthero8ur Vadersst t he n@bzclaen(epta) that
cBurplapoedsy pbareild zkoordidates.. Zhhe. Iﬁgégﬁfﬁﬁékt of the
pgggggr%ph%/ he a§§a£atu i s capable to obtain
put da &fw Pord 1M nd: C?@’S?urdl%ﬁ‘re?@? nozzle
({Adxi /am eadriedi nov), shepe tié wahhgedeyfattipss ﬂf&j‘@cted
R r p [ he axis,, etc.
cggeulgme%otgén%g gnﬁ qsesti ng%ciéaoﬁhe N ppaF atd erusse%rface
©f pafterntiesy @§@nt5a{935?#1§§/%$@m of a higher quality.

This is arpgst epgdrait usesthigui t n 0
Sk e BRSO, BILET o be

a% gos% 6]2/ assoc:| ted W t

Ra¥ SPEceitvls FPgtit henPEEbd HITH t K83 5odnek %5§ . pTREESs is

r8perntadi rﬁr@t%alth&meaﬂdfeper*@ﬁﬁé oréﬂnq;leess%rft [ ?izléy'l'etﬂ%h diment
e, e wn i

lﬁ%ggrrnggﬁgltggéordc? %Dn(? ﬁ‘l%rd &ﬁ%gdl r?é)nt“mv\,ﬁp&ﬁii)s that

18 aghemeamebing sm?ovwme nSFlrglctSIrGﬁlbe\/\ﬁthtehmozzle (13) 1is

cﬂ?@ﬁéae@Wﬂ af EQE%&e%déggnofntéskrgﬂ. ?ne Shapezso)
a prism shaped recess own 1n !

wgﬁpar%efp§1&ﬁtl% L83 s Eé]e?étﬁf%n (#i-Fiig) 50fThls um, even
thevgss thmyebes kiSETedt @nhalHk t Aet ekaqtir ap &Sy Sessied ti@rt the
GRECE L0 Blc e Lhe e, Sl b (L o ded Lo
thﬁethppﬁnasgsofst@ks@late (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,..2Zi,..zZz). 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 1is a system that uses liquid crystal on silicon
(LCOS) (16) associated with a light beam splitter (17)
that receives light 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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provided with a liquid crystal on silicon (LCOS)

pattern 10 representation system (16) associated with

the light beam splitter (17), the renmining parts and
operation being essentially the same as in the

enbodi nent shown in Fig. 2. Nevertheless, in this

enbodi nrent the mrror (7) has been replaced wth

anot her beam splitter to aIIEM/the 15 observation and

t opogr aphi cal measur enent of fhe area of the recess

(19) of tﬁmmaazgpaare(t‘hﬁa)aa\d:bhdangadm tﬂrwlajhlmarmrﬂ:&)diment

ch will, home er
WQﬁgérs godd?%g? ﬁﬁgkéggggg % wfloporéra i cht{gws the
nelpewrenentri gf Sngazleel | ( lah ot her , adltfrfue“rcaﬁed cone shape

Wh QPO %ﬁ)skwﬁe&oré’é&&@r mfy‘pr %%ergtr@cg{ yﬁeer%@rged

shown .in the enbodi nent 1In
Wﬁél@&s@r%%ﬁcéﬁt%laﬁdéﬂ ﬁ#@ tﬁe |Tr¥‘vlesnt¥%¢1€%$ emaghdsn used

tion hogsl &Heo %Qédﬂﬂdﬂkﬁ%'rhéé@b@re§89t operation of the

f . th [ 1 t
PSR SR it pe ol m vt et peene L)

Apr oj ectash otvea séenusfzpirane?l(gzl ) 3l ocated dppsirdaddheis also

I T h [l ation
TR o e (PONNY UL BT, e
r@@mﬂaﬂyqatwwn ﬁﬂﬁtemf ﬁgsaS$QQn&ﬁed3@lth the ddsght beam
?)f 1”_t't%r (1hhe régéusrérﬁalﬂ){né’at s ERM p{)gé?% ? nPYeing

un1nat|on nmeans (1) on't ocus

eSﬁﬁnd:e'L Aer oy | 82723351 $shER teﬁ‘!?tocflﬁf@f@ntﬁwn in Fig. 2.

NieR@irderdl eam is Qmmg@ﬁk%’dirhéﬁﬂg"tﬁ&ﬁn?ftéi C®7) has been
I1TS | nher

t-h 0y d | ect
"SRIFSts AJIEPdS TERTIYE AR AhgoSPLiFFS5T (b paligrn the
op@ﬁnmauﬂmnpbadeumpogﬂ&phxumﬁaméabpremammenmeﬂhe area of
tWstfeéégkus . qu rﬁf%igi RE%FBanHﬁlOgntnﬁad#tlonal
mu t|p||e y t

pattern ? magni fi cation rat
CRRE I5hj B 1 ve SR ol ﬁhé?%t FempIagystlenv{id) beri gowever,

uﬁdéiéidﬂﬁwtﬂémdtél@@&shﬁemhhﬁg R JA/DESy, WHildh Ofs shown

(o555 Br agrbett Uhl 551 &?%%eﬁée?ﬁg?ﬁéhﬁgfeé%éﬁraph@es the

pﬁtﬂdnnrEE@USSénﬁabiohheysmamte(@ ( Phopnojiacte® mdd®iment

il | nati )u9h4the focus plane (zi) inside
TOf t ?bz eq%ﬁ ? é% %gc% t hat

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 (zj) inside the nozzle (13) is such that the entire
incident beam 1is 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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10 part of the incident beamis propagated directly
through the orifice and another part is reflected off
its inner surface. As a result, two imges (I-1) and
(I"-1") are obtained on the plane of the canera (11).
The image (1-1) of radius (R) corresponds to the rea
circular pattern (0 15 0) of radius (r), whereas the
image (I'-1") of radius (R) corresponds to the
virtual pattern (O-0) of rkdius (r'). The

thESPeGd & I adi (t?)e anda{Reknar e @ﬂuatnutlwﬁlqé@dl B$ the
of the real pattern (r) and that of the vi rtual

m@%@téf-ﬁatepn) LARKS pPt elhBy PneeHayhes i(dt iR r AP Qtical
sy Beer0 (abjective (9) and the optlcal system (10) As

t he radiu . _(r),of patt IS, 1ncreased, .radius .

(R will ?h%%ea e o %roa‘f’dl n‘fﬁ’;"\?\flf‘“d@@%&i‘s&%ﬁ fFadius
(the cexanhke siwwmlan Eagtdinthé rgafefe¢tg¢d omn the focus

er, P).p he i | tion neans (1) on

pggﬁ% égféc%g %?b§§£%91§¥1% 95 % lé'g?e%gzzle 13) is such

that it cénndﬂﬁ%scaﬁeh<xﬁeFﬂsdlu%,oﬂﬁkher@ husur(of of the

p%@@e?ﬁ§4b§ p&%%kxxé%.%y*%ﬂétlliﬁﬁthEQSE flbabk &d on the

are” superinposed atop one anot her _and, t he
fepedpedtliane AdiY (LRfldSncP Rt?‘earré” | (130 15t Rech that

p@ﬁ??’@fe t?ﬂi\@V\ﬂnlclidElng Hhant Eesr@fildtfagfdt:)ed Oﬁitbet(lif through

atter.n raj ect t he um nation _nean o

B b BB PR i nF e herRoLFPRotl §ET s its inner

sgréater. A$1a|a thesmh*d; us wof tmegeentOIJfIbf arite (dzzMe) are
t [ &icd d be [ -

OEE?%ectdég) oftfﬂeeshgi%%elﬁﬁe(réﬂtseur ace of ?f%e ngglflg (algse) (1-1

ofindadaly die igmrgesaonds ‘9o ofheagpad CRrFudRat pattern (O-

0f0bkesRANEGS t @)t hendrddial ¢ pat tﬁaaelﬁzro& r)a@fU&a(dlds (R")
I's observed on the plane of the

CQEEEFPRNAENG Y S ﬂe‘ﬁ‘t?doﬁ?t@t%ﬁﬂm??l oft if of ﬁ@ydlus (r")
Theagespddtiard fdd)i [ (R) =&Rd) [(R't) isreosgubl etbo thiendradius

o, e Tghvs L Al 1 00221 6, (15 sonihe, £ act | pattern
R S nd

Iane (zi angul ar coor di na accor
rb th@mkﬁkﬂﬂﬂe@hoWulltﬂag mignlfnc§éﬂ@nﬁgfa¢toca@f the

oB§ 28R <t hed) a§n8h%her%ﬁﬂ¥béi)s9gtéﬂedﬂGMeQAEdthe radius
pattern (P he serjés of imnages  increases,

FédpésgﬁtﬁeQﬂ QQ%E%ﬁr%Qﬁﬁe%%f?erﬁaﬁéuaeéﬁéa§é§llﬁﬁ??ease'
aht eeaMersgeR’i)Nta Ihelqaidds ©f

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 (rg). 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
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i ntersection (s), whose value on the coordinate axis
corresponds to the radius (r0) of the orifice on the
focus plane for the correspondi ng angul ar coordi nate
of the 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 measuring the contour of the nozzle close to is
for each plane (zi). Resultsléan be said to be

Xt pgAeLY effectijve, ocBge@RetiXt fROMGINALY 1REEC Bl ‘Eﬁewaéamera
2Q achi eved. Tests conducted provided an estinmated

(&HQertalnty of approximately 2% w th an angul ar
devu ation B))Ofab@ertﬁlﬁ,ln@ deueats@bmnﬁck@ua@u gohdkit@bn of

0.1 m e l'es of
e of § 1285 LRI SIRER OR% RS Bassighe gro £ina
thz= radilbs g d) oroﬁoizkzéesozzﬂevm (s )t aqirerttwngSugfplane (z1)
ST QAR RO RS, el 8Bl cne graen
&hﬂﬂﬂn#@nFMchlﬂheIWIﬁaﬁﬁrﬁ&gonlheaﬁg pﬁ)aaﬁnlﬁhat as the

f4RN8Ls Parf efF the %ﬁé?éé@@@ padeds 169y apd tt'?)% series of
b Iomer par t 30 of th

.0bservati on neans &ﬁ&é e

NARS FRCHRRPCBe r’éi‘%bﬂst Hat' trféfaFFSng’éﬁ%mal grattern

déﬁrdﬁﬁé§ |numhalappatatusOﬁoakgebe oifes W the FOpoint  of
they uId e |nvert d, with the illum, nat

lﬁba ?ﬁSlo?I 1 owet°part’a Héth%nobgg?vaf?%ﬁdh% t% axis
qanesppnm@ m@thepaaﬂloﬁ thw) nbframeom&xmmahe4ﬂ£©he focus

p%.%ng]e f'B%I h‘egleusggrkgs&)%%dﬁ%\@mal qs gg%%rd'lpx%q of the
herein, 1s used In the qualit step on £7
QQQRRRﬁlQﬁIWW%en°¥6¥ethe nanufacture of itens such as

fl exn bl e cii€Ubenier h8kHetiPprihk merﬁ%tf&\ow%r,ei@leemely
od and the gpparatus descri bed acc rd|ngFto t he

qWﬁF tl&ﬁ(ﬁﬁs dERoRSvIAtaYy of gy sition and
pnaaﬁ&ﬂhﬁgtblmﬁtwwﬁnrnwashngygfmmdrmbmkm@rnbmawhy1nozzle

steheté hygee,di DERR 8{1%an @ggra%'@éu‘iftsm &4 O%Opéald to be

OI‘I ices 1Tn erther a cone or sim
SEdrTETRE vt iedrf e ayicee had shg aPeeAx§ uhPrdiantlyy ﬁégcnsbed was

adhpte e, metbadsand ddigsapnad at ug et iBe Present estimated |
|nvent|on consist 10.in aicordance to the encl osed

U&‘r%ﬁ/ﬁtrﬁgjs“ Yt°F s2bRgerirsse iy rawfd“etaafilaHQUlar deviation
damdid4 cat 0 os° can bevuatﬁ@dlueﬁﬂtase 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, 1s wused 1in the quality control step on a
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appropriate unless variations may alter the essence of
the invention as sunmarised in the appended cl ai ns.
LLOYD WSE 18 CLAIMS: 1. Optical metrol ogy nethod for
determ ning the three-dinensional topography of an
orifice, in particular for the neasurenent of
mcronmetric, tapered nozzles and other simlar
devices (13), using illumnation nmeans (1) of the
obj ect to be anal ysed (14) ahl observation neans (2)
pbbdutbeonbjetie f 0 faer artaieysadnbfé)atm clhs n@tuﬁhes @hch as

%ea st.one . caner g%%),.cga cteri.s -
L ohpPiges Ja%’n‘“i”n"r?u O st-8f BR&CK née?ﬁiﬁt‘ t%%w‘ﬂ‘r%’ée
mptiaoeé (zhdf othsai dppddaimssnatdescnehad ( dccoaidicigdeso the
. W\ e p] f.qr he rvati 2).;
ifhERCLOR SCHe PulE il adyerRRIY 18 CHoMRBISGY related
tar patidicad tietobleay forbdhmatigtedmingtion gof the three-
dﬂ%559§899§ %bF@%r@b%h Qﬂ?r&ﬁfﬁS@&oShé”@E@&l%%%”h%gelther a
aC|ng the iflum nation neans (1); - centring one of
T¥RRCH ?#l@@ée(ﬁg)séﬂuﬂﬁé'&ﬂ4£ﬁgu¥%¢b%nanalysed (14)
in the fiehdeohaviawy @feet:hes@bﬁﬁéy@htmp deBars Hed) what the

b nto focus b s of wide-field
nPEhE AR G HERTET e OF ardfert SERT R JGFepidon consist
inr aticoedaht?) t® bbearalglsedsd - dreasmgisng theidi ameterstood
tR tth%ﬁnyé§@aff mﬁkbl JQH&H dg%ﬁCt <§UCE @%ogn%ed as

sence”of an orifice arge sca orna I ons

améppym@et hélﬁééusfamlaﬁtelqnzﬁ Y @ihéeirnﬁélre ep‘:@retnC@f of the
lﬁ{asneibﬁl 88 (;&%)nagflstelaﬁ iobiterd {ddanb¥achangiBg it to

anot her focus plane (zi+l) ; - neasuring the contour

of the orifice (13) in the focus plane (zi+l) in

order to determine the inner topography of the

orifice (13) by projecting a sequence of patterns and

nmeasuring the position of the points of the contour

of the orifice (13) when the imges of the projected

pattern and their reflection on the inner walls of

the orifice (13) are superinposed on the plane of the



camera (11) ; - repeating the above process for a
number of planes (zi... zn) inside the orifice (13) ;

- processing the data for the contours measur_ed in LLOYD WISE
the different planes to obtain a three-dinensional
geonetrical representation ofigthe inner topography of
cthemsgorifice (13) as vveII as its characterlstl C

par anet er g égimrq 8 f“eg: fegtgr}?ni@lng the

éé 8.%1’1&1]13 ng opo S(?E;i_ C%f tlﬁe %g,’t‘slcular

rom

R l 2’“‘ Iod ePergchedorRles and
o@“%?n’?imli:ﬁﬁrgégfg)ﬁfedl% HRangs dild Wdgadricn gfeans (1) of

%t?]%?‘ﬁ%ta\:% P?ré&?éb’sﬁéttéﬁhsaaﬂ g@bsgirvert,idmaresasi nR) of

thegphsecy, tRebRoanadverdi ed) i nwblighmibc lolkasactterliezat one
C3mera hal 1l he cpoiracs eofi sielde icorthmtr Hn tbaptdeus phanGitial
st{ep) fore oemcuirg ushay aloyl indidealpeoesdipate for saig
i lsstoma td dh ﬁehhﬁwwlwyﬁﬁlnﬁadéﬁﬂuiﬂﬂOﬂthoﬁ @czzélane for
thpoi pbseiRasyed aeong the ;| engd hpak hsher co0f opr f l‘mprn.sn.ng
tHdeswspd ige. (13). 4. Met hod as clained |eg ?aﬁl m ; -

of i
character] ZggrbH%{l ,ggatth% Sgg { gﬁg qa}}y&gﬁ% ﬁi%heon -

mfgkéé%égélglg fgqg| 85 %}aWQﬁfQ)?P?Eéng Ecing
t}%oej)rhﬁg‘q@ﬁ% rgbas > ¢ |C(r)1ncl alrm 1, char;cten zed

t_ 1 he-$patid O%%t e‘ﬁh?o‘e‘{léf Fafed1BYi PIr shgesbject
tolf B i $155% P}‘“a Thethodf el af n’géleWnOél ahm ¢bservation
met?ﬁhsra{:?terlzed in .that the step of nodifying the

focus pl ane b(rz"41‘991<§f9 t Betoobfectsbedng rarmiysed (L4ieby¥ield
1L%umqn§tanx$hplamaxbﬂﬁ4ﬁlaaeteepm%éﬁhﬁggbfeﬂjﬂM”BQ&flce
(13f) tharese tanmadbtsedy; val ues in just as many focus

pl anes (zn)makshiingheher iditedek3)off thBe 688U 25 well
as( ldxjodendanthdigs osuidie hbBi clnessefede ghi et REING co of
1 aaigal-sed ek ddiendteipid enent s of the anal yS| S

- paraneters. mzdlgf@ﬁ?auﬁﬁafggcggt;énég ng, the inner
Eg%{ﬁ%@iﬂg fg:%pfl PP DoZr thE g%%cedﬁ%d gﬁ’%l %%a%%ang it

in particul % nea EI C%ﬂ:; Cron?trécetggg%(lege (13) in
thgoz%égg and?%% erCzui 1%r or er 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
planes (z;. .. z,) inside the orifice (13);

- processing the data for the contours measured
in the different planes toc obtain a three-dimensional
geometrical representation of the inner topography of the

orifice (13), as well as its characteristic parameters
(maximum and minimum diameters of the orifice (13), slope
of the wall of the orifice (13), deviations from nominal

figure, position of the axis of the orifice (13), etc.).

2. Method as claimed in claim 1, characterized in
that said sequence of patterns are circular patterns of a
given, increasing radius.

3. Method as claimed in claim 1, characterized in
that the points of the contour on the focus plane (z;) are
measured using a cylindrical coordinate system with a



(13), the apparatus being characterized in that it

conprises illumnation neans (1), observation neans LLOYD WISE

(2) and conputer processing neans (3), said

illum nation neans (1) .conE ising a mcroscope

obj ective (4) associated w said illum nation neans

1 Ilgh r ( t p tanio

té%g o %f‘% %aﬁ’%ogf‘?% e &gggufga? LSRNt Al OM cngin of
1i‘ ec?‘F"'r e % nd s observation

means éZ)é Jﬂ'g Sa° ’P%@cjo eajo%i’réc]rfvg gpcrerized in
thaksori SEELEH tlﬁ‘é1 Sﬁsé'ra\?gt’-ln@n FeHhst tPugper is
agysiesf (10) CxEssCitR PVt ERe Bﬁéé‘ﬂzv“at“ie(?r?’ 2{2}g the
cemegountof dese onkftafefh3|{ 11, 18). 8. Apparatus as

clai med i oVethed, aghatatred | ¥edclaimt hat cherpackoiesd in
thatm th@rs@591mgabeclw9iiat éocubheplaghs (emi ttedgésofyom 1 to
16ahfl. | i ght source at a certain angle (5) towards said

optical systmiSd. a9 cPRPIEQLUS @Bathai rednbhPactaried in
.tﬁatd&%acg@éﬂﬂ%ct thEh?Rnéhe;k@gkécQE éx@é'Q& of of the
'QQ{n HE Y ¥dth§4 ”b&r% er'%f ane (zi+1) 1is

1

i{ r_” al (s Bh%%%b%r 78 dd in just
_ IIﬁ %oc gﬁe 1) F§S%9E Bg QMD ¥§A¥$f the
ot sl being

areﬁa %%? <§95 35%%‘11%{% Sl % e %b%%%%%;;%np %‘H%ters
(2) is  a SORBRAFRTITati6n SEWErBBPEEEI vE OPBREC™
CORPETHY LR stEREETINEai® CAiferieY BE| Fd “?F‘Sllln a
thansprecadinppalaihs a3ne| at FedPRRCEFAlAT 7, TOT measuring
MERRPBEE Y 7 PG ehatNFA I pater nOfCéls?feseﬁtlﬁtt—lléﬁ devices
(Yt enthé6) appag@mtrol |eeiny achenpateriged) timat that it
cémpmbseamril bimisaf doronpaner (b ocesseénganbansmedpsand) and
cahpoves: tprbotdsing swebhse (3)w dedfd elld urhingt e i opans (1)
. canplr i i genaraf eroscppal abjpattizens40f aiddaramd with said
- i enieierison SaischrEat t(@nns BLQYDZMWY SEordei(t), a pattern
r$bos eatet iyn neayscef saéd, obpedt i v (dpriksb saydtem (8)
adPbE Ll eSY S (8)hé nsiUbuhhea©f bl i CRedds) 0f)theand said
olobi Bl t 1 Hgi e pal ysedohdMsidd - a ARPSF8LUSpaSoBl akiBde (9)
addb &l A dR 7.1 @harafd erdied-Jat ilhat neand Pabhernan  optical
sy§%€ﬁs?f&ﬁtéggo§¥§Eéﬁ1M%th the observation means (2), and
at least one camera (11, 18).

8. Apparatus as claimed in claim 7, characterized
in that it includes a mirror (7) that deviates the light
emitted from said 1light source at a certain angle (5)
towards said optical system (8).

9. Apparatus as claimed in claim 8, characterized
in that the angle of deviation of the light caused by the
mirror (7) is 90°.

10. Apparatus as claimed in claim 7,
characterized in that the objective (4) associated with the
illumination means (1) 1s an 100X magnification SLWD
objective (super-long working distance), whereas the

objective (9) associated with the observation means (2) 1is
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 illumination and to generate
circular patterns of different diameters, said patterns



a liquid crystal mcrodisplay (LCD) (6). 13. Apparatus

as claimed in claim7, characterized in that said || oypwiSE
pattern representation systemis a
l'iquid-crystal-on-silicon (LCOS) microdisplay (16),

and also includes a light pbeamsplitter (17). 14.

Apparatus as clained in cl affn 7, characterized in

that said |i ht source (5) emts a broadband spectrum
B9 g F?FOJES’ P%Yaf“&énés ] apfid iPI@cAilvie7, (4) with said
QHFa’r%%Jf efYFEET n(§ hainsade Itht osdliice (B)3) i sof Itiserobject
Wgt%@bﬁw@r lﬁléh the inner surface of the orifice

is generated ushApgazasuanneras 16.c¥pjpaedit usias claim 7,
daraeder nzelaim Thatcbaddcpertitzet ideprealentiaditgd udascem is
arliagal & | onpstaamRi arofi8pl agai@cappamsat.us further

including g3 ighhppaaaruspl i tder (daimed?. ApParabiysy, 7,
Al @ SRz 4 EhatHhZ saEBa @EE%%E%%%gf%s% %%ﬁ?% system is

é:aﬁ ler aqs .S an
ﬁﬁé‘fu(ig@lai 53?' Eﬂttfghaz&%t S SRSy n (16) d

aid ¢ merao )
t S f’ paratus aimed 1n claim 7,

éharacterlzed in that said 1light source (5) emits a
broadband spectrum of light. N
15. Apparatus as claimed in claim 7,

characterized in that said light source (5) is a laser and
the pattern on the inner surface of the orifice is
generated using a scanner.

16. Apparatus as claimed in claim 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.
: 218, Apparatus - as claimed in claim 7,
characterized in that said camera or cameras (11, 18) are
CMOS cameras.



