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-1 - A METHOD AND MEANS FOR MEASURI NG PGSl TI ONS OF
CONTACT ELEMENTS OF AN ELECTRONI C COVPONENTS FI ELD OF

I NVENTION 5 The invention relates to the field of
machi ne vi sion inspection and neasurenent of contact = _
BACKGROKD CF TLE TRVENTI O 10 1n the brier art

roth osi ti ons of cor [MMIINKINN
*166166*

nmet hod and neans for measuring positions of co

el ements of an el ectronic conponent utilizes two

canera set up over a triangulption angle to capture a
first and second i mage respectively for the

det MERHODAND MEANS EOR HEA SURING POSHTIGING 9 CONTACT

contact el eEWIENTG OFANPLECTHRINICEOMPORENTS |
el ectroni c device. The accuracy of the 15 determ ned

positions of the contact elenents are affected by
triangul ati on angl e between the two canmeras set up to
record the first and second i nages. There is however a

| IFTEL®t dpINVENTI®ONCCUr acy of the cal cul at ed
triangul ati on because the data used are derived from

2D information. Furthernore, the accuracy of the

cal cul ated triangul ation angle can al so be affected by

l ens distortion and non-uniform 20 illum nation can
corErnYsatien &slatey tor §e figld efempching Wejomtnsaectionsad aregsusement of

| teohtacrRfbyvRAt RBRRMS ol th AEQNh R AR/t €1 Nat i ve met hod
that is nore robust and unaffected by many uncertain

factors during calibration and neasurenent to provide
3 di nensional positions of neasured contact el enents.

BACKGROUND OF THE INVENTION

In the prior art, method and means for measuring positions of contact elements of an
electronic component utilizes two camera set up over a triangulation angle to capture a
first and second image respectively for the determination of the relative z-position of
the contact elements to the bottom surface of an electronic device. The accuracy of the
determined positions of the contact elements are affected by triangulation angle
between the two cameras set up to record the first and second images. There is
however a limitation to the accuracy of the calculated triangulation because the data
used are derived from 2D information. Furthermore, the accuracy of the calculated
triangulation angle can also be affected by lens distortion and non-uniform
illumination can contribute error to the derived equation. Therefore, it is advantageous
to provide an alternative method that is more robust and unaffected by many uncertain
factors during calibration and measurement to provide 3 dimensional positions of

measured contact elements.

SUMMARY OF THE INVENTION
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25 SUWARY OF THE | NVENTI ON - 2 - The present

invention relates to a nethod for neasuring respective

positions of contact elenents of an el ectronic

conponent conprising the steps of: bringing said

contact elenents into a calibrated space; illum nating

said contact elenents; recording a first imge of said

contact elenments with a first canera having a first

i mage pl ane extending 5 substantially parallel to a

calibration plane; recording s second i mage of said

contact elenments with a second canera; processing said

f iThe presep djentipndelates i haediod far steapuring sespentive pﬁ%trloné@é pontact

S%Ie%eﬁ@rgf%tel&]tt%ﬁﬁ% Bn&@%@mﬁﬁénrﬁjgnﬂlg%e%gtofeﬂ) sald | coptact

wherei n each said | mage poi IS a polnt

ofleagel l%tauadcadjbmeécspa@l; diveninaing seid cesieétraieneaisd r@etsimda first

| TR Jraiti d6Mhde e)én@nl%%ﬁﬂ’irhdﬁ €raRRl AL 2 fﬂ?{t uﬁ?%el'blzﬁ@'egtendmg
t elenent; -

contact el ement on eac sai d conta . _
> whestanHallyapagalisd om dalibiige nhasentecerd g siadedorfd; image pfreagd contact

pQlememfs%lthe@gaorfdaéa%e?@3}&%5111%' sgmelil%t 1919%5 SR el Lridt image

sane p0|nt on each sal cont act enen detern1n|ng
wippint Forsapiil saié comertichmsat an eavhrsdidi eratpet gomnent, herain each said

PaRétilnage B@@pﬁsng p@ilng@crc'alteEHUn elee sgﬁtcgﬁtgltnélage tsp;e“)&ssmg said

sai d second ;f acenent between sal cond
i fesgad pmaa@ttoaqif@t@a@ geophd ieRee pae fysielt saidymsitast plemantgn cach

10t QEIHQohtHage@enpéﬁ't ‘Nherdin EQH decbnd f dﬁ'l%:%t ldbr ag& sQig'ngt 1mage|_Romt for

ort hogonal Iy projected to sal tion
preadessid samashelemaniaogespopdsatoessams minmwaresci Sﬁﬂd contact element;

”%@@Hﬁllnﬂl% WRRREG ¥RoROThd Opﬁlr‘afmpaggf?%ﬁqlttlb@ ?ﬁgﬂ{lgh 91fappmg

an el ectroni ¢ conponent cék risin
s @lRoBE T, ind,; 4%%@1%@ Withinswiad sasom acatgeed divplatesnent between said

p rs&%h& m&%gpo'lrﬂ aftd S&Hh ik d(ajﬁ]@? é&ﬂlc Shedin dafBthird %g?é 3}0%35 said

a second canera; sal ¢canera and sa
15 cefw%rlraa&mfuom ophespinglbdpriseted tceiddiahipragorf plast and second
i mage of said contact elenents respectively; a
processi ng device, wherein said processing device is
connected to said first camera and said second canera
f dihe PegseRtapYaRgop alspirelaiss ok means f@tm%ﬁ@rgtg qsquthq positions of

S@bstadiieltents" SO él@c,rtroﬁﬁc&n?p%hglt QQBFQ&Eg SiERnafiii! scﬂlrce for
second |nage p0|nt in sald secon mage or each Sa
illuminating said contact elements predisposed in a calibrated space: a first camera and

20 a second camera; said first camera and said second camera being provided for
recording a first and second image of said contact elements respectively; a processing
device, wherein said processing device is connected to said first camera and said
second camera for retrieving positions of a first image point in said first image for
each said contact element and a second image point in said second image for each said

25 contact elements, said first image point and said second image point for each said
contact elements corresponds to a same point on each said contact element, retrieving
by a position mapping algorithm in said second image position a third image point,
said third image point is a point orthogonally projected from said first image point, and

determining displacement between said second image point and said third point.
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25 contact elements, said first inmage point and said
second i mage point for each said contact el enents
corresponds to a same point on each said contact

el ement, retrieving by a position mapping algorithmin
sai d second inmage position a third i mage point, said
third image point is a point orthogonally projected
fromsaid first inage point, and determ ning

di spl acenent between sai d second i nage point and said
third point. - 3 - Additionag-third canera may be

i ncl uded to conpensate for inmge point recorded on

f ifydditiopainiBird cemee My edneededye cpepesae doroimagn goiskesprged on

C IR @merhNBatl d@)ﬁldu@t%@ r®fordddcont iRk rsé’coﬁ@'@?rﬁ&aalﬁ@ inclusion of the
shortens the overal| inspection tijne.

DERSRI2PFraas b o twmmé’@ém&nd ot her f eat ur es,
aspects, and advantages of the present invention wi ll

" beconme better understood when the follow ng detailed
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d Inti ' | r.ef ce to the acconpanying
d%@tgﬂ%@@ﬁﬁiﬁlgﬂﬁé@m represent |ike parts
t hroughout the 10 draw ngs, wherein: Figure 1A and 1B
illustrate schematically the set-up of the
um nation_and the cane accor to the present
| AR g e e A BvaSages o8 s SN eoB Decome
eXmm)ILmdﬁétoad tvhersthe fd&a@ﬁﬁgﬂdetdlhd rddschﬁﬁ@ﬁis (BéadaviBG@\ference to the
ngonent such .as recordﬁg qy i rst econd h h
PRENBE AR iR M HCt g aé%teé%(a%msaﬂd ed’aﬁﬁlﬂirf"tﬁ gut the
Iay£ng£VMehm for calibration neans. 20 Figure 4A, 4B,
4C show an exanple of inages of the reticle for
cali bration neans such as recorded by the first,
second and third canera.
Figure 1A and 1B illustrate schematically the set-up of the illumination and the

cameras according to the present invention.

Figure 2A, 2B, 2C respectively show example of a first, second, third image of a BGA

component such as recorded by the first, second and third camera.

Figure 3 shows an example of a multiple layer reticle for calibration means.

Figure 4A, 4B, 4C show an example of images of the reticle for calibration means

such as recorded by the first, second and third camera.

Figure 5 illustrates the mapping algorithm of co-ordinates from the first to the second

calibration image.

Figure 6 illustrates the measurement principle according to the invention.



Figure 5 illustrates the mapping al gorithm of
co-ordinates fromthe first to the second calibration
i mage. 25 Figure 6 illustrates the neasurenent
principle according to the invention. - 4 - DETAILED
DESCRI PTI ON OF THE | NVENTI ON The net hod according to
the invention is designed for the automatic
conmputation of 5 the three di nensional position of
contact elenments of electronic conmponents such as BGA
(Ball Gid Array)/CSP (Chip Sfpal e Packagi ng), _
flip-chip devices, |eaded devices (QFP, TSOP) and

| eadl ess devices (MLP, QFN). The invention is able to
automatically conpute 3 di mensional position of"-

C OWT ARIEY DESCRIPTIONOE TENEINVERPIDN On a single
devi ce, for exanple a conbinati on of BGA/ CSP device

(1) with 10 | eaded device as illustrated in Figure 1.
Figure 1 illustrates the el ectronic conponent (1) is
predi sposed in a calibrated space, in such a manner,

i . | _ . : ‘

0 4 R LR 8 B % b o

5 ( 4he theee| Bmanséanak pesiticanafi canlagt ghemeneneli dedtranict compheentssuch as

. . | Poslap om ¢ i

ca i APec U ERESEf o, MEAR 6D s
sdéRbRd TS9P ame tlpadiass cdavicen (W)P.aREN)oddrethvemsianedoratile to
a aﬁ%ﬁfﬁﬂgall?nc%n{cdﬂ'ter q dim%apk%sﬂo%eofp%ﬂ?aqltohvoef b8P eRfnents
the el ectroni c conponent su as respectively

i 1founsit orae ethglendeFicgufor exBnplach @@bitation of IBGA/CSRhxedicerd it with

10 OfiediBPod RESRY By Balrpcameras are needed for
t he % di %

det erm ni ng nmensi onal position of contact

Figure 1 illustrates the electronic component (1) is predisposed in a calibrated space, in
such a manner, that its contact elements (2) and (3) are illuminated by illumination
sources (7) and (8). A first camera (4) is located substantially perpendicular to the
I5  calibration plane to record a first image from the bottom of a component as illustrated
in Figure 2A. A second (5) and third camera (6) are located to record a second and
third images of side perspective views of the electronic component such as
respectively illustrated in Figure 2B and 2C. In a first embodiment of the invention,
only two cameras are needed for determining the 3 dimensional position of contact
20  elements of the electronic components. Third camera is used to record the image of
contact elements of the electronic components in case these contact elements cannot be
viewed from second image. The use of a third camera also allows for shorter overall
image acquisition time. When the third camera is used, the method and means for
measuring the positions of other contact elements recorded in respective first and third
25 image of the first and third camera are the same as the method and means used by the
first and second camera. Therefore, the operation of the invention is described using

the first and second camera only.



20 elenments of the electronic conponents. Third canera
is used to record the image of contact elenents of the

el ectroni c conponents in case these contact el enents
cannot be viewed from second i mage. The use of a third
canera also allows for shorter overall inmage

acquisition tine. Wien the third canera is used, the

nmet hod and neans for measuring the positions of other
contact elenents recorded in respective first and

third 25 image of the first and third canera are the
sane as the nethod and neans used by the first and
sdedtrablyasasteaa | ThéRds e@seuonpﬁéel@iryértatemrptbffr ig lsech a manner that
' %%ﬁln&ahfé&s'a?e Qr‘?&@erd' @%grdgﬁlﬁéqgeét%ﬁlcfdoﬁ%t)n dgslﬁﬁﬁ&ged in Figure
canera onl ¥ - Preferably, caner

pdéi #ndoHed v@?eavpmecqr@r@écﬁ apd Rean jba péasrech apdififgrenepositions as
t hale QQ‘I%@&%@@@&@&% Qf'tﬁce@rﬁﬁéjelgéj%fc%mgg%n?La%ﬁr;er\f?ai/eg by at

conponents as Illustrated In

S Fueash@rondifereniceamieras. For xammde, 3>Oghﬁlgbr@ I\ aededB aljustrate together
dighd QY GRfee RABES ARSIoBfed ANGif@RnAk |y Wi 2 CORuRates so that all the
el ements of the entire el ectronic conponent can be
vipesidde hyeatignssof] thg sentaghoslemantsegrerie theariewaef atHeast two different
examphe, both Figure 1A and 1B illustrate together
that all three caneras are located at different x, y
and z coordinates so that all the possible |ocations
of the contact elenents are in the view of at [ east

tﬁ% different caneras. 10 The_ apparatus for neasurln%
10 ¢ pibe#PpArALS, rd?\"zi‘F“rngrﬂ‘%\étd"@FréiPé‘ﬁ confagt glgmEs i eafjbrated before

behoheadten R asFuihenpdiitiodd dihfie RORatl eRmeME dahebL Rkt The
el ements can be started. The calibration establishes a

r SELRRUARSFHAblihes Aerelationshishervesh aqositient Rk itk the irst imgge and a

ar&drrésp@@dxﬁ@ PBaisH X3 ROt deBihdXBah fenSHERR Cbo'irm%gﬂ’qo gonally
an. i mage EOInt rthoggnally projected to

cardiRict | Ooﬂlepqa brationplage.i Pr galibEHoR geticly mearsady aegblusagted in

151 IHigge 83 Rdd kg tHScakibaHES B cbrﬁpr‘t’s%?g ntuﬂf)ertoti' gredetermmed markings
calTbration. It conprises a number of predeterm ned

maPishRsE repFAsericdy fer cxaipplestonageres wbueh axsligas are gggurately known.

S Ouhdy QECIWDFE ﬂéP%kJnﬁﬂ@Sﬂﬁ{eeofaaC%E@ét@Iv% clﬁn@"fpacea_lai the locatlon
reticle for exanple, nmade of a substrate which

é’%‘1“§€eéﬂr &rﬁd‘tsleé‘quE%le%SW“tfrWPG@@t fobe Beasicd pdde nypstrate is,
t her laflel @&h?os@@@p%ﬁme fa?erp%f Eﬁ?s%yﬂﬁﬁosea_ I}ﬁef@MD@tlﬁ ahGrray
is, for exa osed ers
20 glr%\aé@@smwﬂé)ﬁ%fs@eﬁs '@rféf éﬂ'a%warp prigisd aanreayh Qf)th?ema'eiss layers by
a kmga h%h%&ch@ié%reen&ﬂklﬁ‘t“r?gﬁar@&@s preQﬁn@lg'leQJ‘ofeaﬂqnesgﬁlgher layer
these glass |layers by using a £ y accurate
s cHlasess- lfaﬁ‘FCHfﬁt%@ndprﬂafcég@ratqihepftmw Kpaskiggofarg|dleatliiedefined for
higfiederd ¥R by IhAeffSas, Sﬂﬁ‘a‘&?l’r‘ hat i ?uﬁﬁ dt f1§s g&%%rleath% dalibration
printed markings are clear I ned for
ddeids Mmegnsislgsoriped b%fﬁ@h@tsi is Tlﬁ@dmgdwbm@then qallbmtwratesdle nie@ans such
251 SisRORBLIR! i baticdt t Ldif!
besore hand fs ré% gggguéfhogﬁh%(%gfﬁwfg??%ﬁQ?ﬁg&gﬁgglmown
nePRREO%uch 25 as a reticle with vertical structure
projecting out froma |ayer at accurately known
position. - 6 - The area and vol une spanned by the

calibration reticle nmeans defines the space that can
be" OHST i AR1aD apgyrate calibgiign.theippsiidan & theTtizs off the squages printed

| AndRE cABRERBN & AVALIRREEL R Va%ﬂ\ MOR\QI t%ﬂ%wﬁ&? "t of Chicrons.
| arger el ectronic conponent €n a | arger space and

area are covered by the calibration reticle means in

the x, y and z direction. Wen



5 neasurenents are carried out later, it is not
necessary that the plane in which the contacts are
situated is |ocated exactly on the calibration plane
(11). Measurenents can be carried out as long as the
plane in which the contacts are situated is within the
establ i shed cali brated space. 10 Figure 4A, 4B and 4C
respectively illustrate the first, second and third
i mge of the calibration reticle neans recorded by the
first, second and third canerg@. respectively. Since the
i ndi vi dual nmarkings, such as_squares on the
c AN BFeatand yohustei Renceebarise ealibrasion refishe meansdiefinesniip ppasg that
alchQ'bb BB qi,f);(ef Tha s kw&umeyé?grecélli&rr hQNjs avallable for
procedure to enab et ween bot ges
oriakdrg Mpgsurement o largeg @E&W%qunqnemwgwn@ lgrgeqwaqu@d area are

fichedred 4y ﬂ{édcﬁﬁ)?a‘?i%? féﬂ@i@rﬂeé ) in®@Rh ! r (?j 7 dfrection. When
calibration im e calibration r e neans

S s HRAAFHrEMeTY gmr@rrm eidauyB i s arerasedry thmh% hioum in whnch the
Fi t Ri
il 4, HRehP B SRy SR AP U RRIRDE PRRE (107 leapyrgens
( T3 beyeargedipytags lqngzas mhee@anmntwfechf the sentiaypaye sitURitegUis evlthm the
ARk aRNfed BEibRRAAPSL] Mage (Figure 4B) such as recorded
by the first (4) and second canera (5). A position 20
mappi ng algorithmis derived fromthe positions for
each corresponding feature that have been determ ned

101 FigachAf 4B Shd a@dreﬁﬁ&w&@/ 1INBELe thEQTrstC¥ROMI Snd @Fd image of the
illuystrated in Figure 5  the co-ordinates of a poin

(f2 1l)ratfor51 refigle fepns requg@%b){ the rfﬁsﬁp@goqdoanidttglrd camera respectively.

C@irfc@Slﬁtolﬂdivﬂﬂalpfﬁbrmngg Lkdn as §anrEsh@n He e art BB le AR an be
pl.ane (11) is the calibration plane since features on

tl%en§t]F¢ FeBapgpieg aetthrbis ity thioxed she ealibrrsion ipregedure to
| reRgie maﬁﬁ]ﬁg %&ﬂe@n bh® iReEQNGke} Wgﬁlllu’sat?ﬁéﬂ' AR in d;gure s.

i_gure l'inear interpolation technique iIs  use
15 J%aé‘tf% (i fwé qu?éd e@nera Hicagh wsord dis caljtirationampessefitheepdibration
| RetREL VBRI, ARKoW MR FTREK 4RGSR 4E°rEsp@&fWBj ﬁstsllﬂﬁvrpﬂsijl%].lrQQA and
of a point X1 in the first 1mge be expresse
f r‘%’ctﬂ?eo??é'bt?ﬂowﬁoran@ﬁeéiyheamerwa@om@if ther mntwntdf thee sapescsquares
t Q1®0Q1 HoPainf : ) n t l
Qe By se B Ehnlrecln dh Sl mase RO f8 e odfind' Frage
i Bigare ﬂtChXG regpreddeby deofinst |(‘Ha=g‘é segorsl prviand (5) A position
20 Tk PBBIQ A Jri¥h R | OHE R 8 Frofd @ 9&15’& crﬂ ctopr% CH 'nﬁlﬁ featyre that
i mage and the former is exp essed rac [ &
arhd“‘d?een drivamisediin Fash fiveippid recoall gmnget fﬁﬁrbe%mele,msallustrated in
fimgdre IsTRGE cQ%‘rcﬂﬁatésnoF erJn'nVﬁltll “ﬂigr‘?e AR iRed @ ped to its
poi nt in the second I nmge erein the i1 mag e 0|nP
5 PHesPeRdinhBoinhEdd) i th Ssﬁﬂnﬁtlméxet hldgwnablw thi)o]sebct @dhbrauon
fr Lhge fd
PP S e g By et e rode g T ithe AR mage plane
25 1 dp Heisprpndsmaged dx’ and t he relatlonshlp relating dy
and dy'. For exanple, the position mapping algorithm
relating X1 in the first imge plane and X3 in the
second image plane is a relationship relating dx and
dxAccpiding tadigire dot bilinear dntenpelagion ekhitiqusnis bsqd tp aewtming the co-

dYor@RfedYor dI0thet RRitions in between any two markings. For example the
position of a point X1 in the first image will be expressed in fractions of dx and dy and

30 considered with respect to coordinates (111), (112), (221) and (222) that is formed by



10 y-coordinate. The position mapping algorithmis

then used during neasurenents for determ ning a point

in the second i mage plane which is a first inmage point
orthogonal ly projected on to a calibration plane.
Referring to Figures 3, 4A 4B and 5, a z-scaling

factor is determned by firstly 15 determ ning the
respective pixel coordinates X1 and X2 in the first

and second i mage respectively, for features, such as
squares (10), on the calibratjon reticle nmeans. X3 is

a point orthogonally projected on to the calibration
plaaiselanguban MHEx pwi the X5t pgesiPag Mleinpbsise¢md imappiing point
aloﬁ%gc;nﬂm pr%je@ﬁ:@ flofepdint SIhane ﬁrspﬁﬁa}@'@gﬂd % etk %@exgﬁ:ssed in
accuratel’y known, respective z-scaling factor in
se‘@éwsmﬁ}ﬁgean@m} Hrecbostiion ehapping elgor®m beiwe@0r Hest image point
def a{ernrmmagfa{d a%m;rgé . BoinSHRROSE thﬁata%é %eﬂelélhgnﬁa&ge point in

bet ween X2 and mm and e|r orrespon
5 dithe Bred iBnes e r@éﬁ@ﬁaoaom\l@eprpsc@@ frpmxtb¢ firsg h@age pomt on to the

c§l@c§5t’id?19pl£rﬁcts°c§bté/‘9é&| ) BfernfdmY dhe rBE)r atslln rHath dx and dx’ and

m pi xel .” After conpl etlng the cal i n pr ocedur e,
aﬁhwe}at@aﬂvmr%ﬂ@ Posnd dvn Feaspemple2te a:ogn@pm happiagchlgorithm

r&%@ X lrf t‘ﬂ@'fpsﬁ lrn%\éZ)leR@%Fd %@tlﬁthg%gco'ﬁ %ﬁg{)gﬂqu? ?elatlonshlp

posi tion of enents on onen

t H@latfngr@tarﬁrfa( §@rctbm-cpwﬂgwete ang aaellamnsbnn reldiing d»n@reisdy for the
10 b%'té’éf%?d"natt@ eTHONsffoh n?dg?mgrhtl%c?r%m % @Qﬂj uéd‘?ﬁhﬁ ﬁﬁgsup&nents for

dét er m ned fron1res§§ Z-sca
Adletereinigs at PO iirs ¢ csmoaﬂein}ﬁgdenlgrenmﬂnsm by at fiest image point

Cq%mbgﬁ&n§$h&£&aghgjyggﬁg?w$E58903|t|on of the contact

| enment s can” al so be 30 accurately in
m crons. The calibration procedure also enables a
canera-to-canera - 8 -

Referring to Figures 3, 4A, 4B and 5, a z-scaling factor is determined by firstly
15 determining the respective pixel coordinates X1 and X2 in the first and second image
respectively, for features, such as squares (10), on the calibration reticle means. X3 is
a point orthogonally projected on to the calibration plane from the point X1 by using
the position mapping algorithm. Since the z distance between X2 and X3 is accurately
known, respective z-scaling factor in the second image (4B) and third image (4C) can
20 be determined. For example, suppose that the distance between X2 and X3 is 10 mm
and their corresponding distance on the second image is 25 pixel, the z-scaling factor

would be 10mm/25 pixel = 0.4 mm/pixel.

After completing the calibration procedure, an x-y coordinate position mapping
25 algorithm and a z-scaling factor have been obtained to determine a position of the
contact elements on the component in the first and second image. In addition,
distances between the contact elements X, Y and Z-axis can be determined from
respective X, y and z-scaling factors. As the position is accurately determined by the
calibration reticle means, the position of the contact elements can also be determined

30 accurately in microns. The calibration procedure also enables a camera-to-camera



calibration to be carried out, establishing the

rel ati onship between the first (4) and second canera

(5). The relationship of the third canmera with the

first canera is also established in the manner

descri bed herein. 5 Now that the space for neasurenent
has been calibrated and the set-up of the first and
second camera has been expl ai ned, the neasurenent
principle according to the present invention wll be
explained with the help of Figure 6. The third catnera
(6) is set up with respect to the first camera (4) in

a Caliistion ) be ¢agried eutt puablishing dhecksitipeshipshgipeerethgrfirst (4) and
els@Shl Q&h&aqwﬂ{eer@tanbr%hﬁsrmgmhmd%ah@rat B&thC ale *Pi'}s"i‘t Efhera is
space and one its contact 10 elenent iIs |ocated at

a afseicpeblpheg *E‘ﬁhf’rfé%'p@bﬂesﬁrd)beéﬁéfeé’al i bration plane, p.

The first canera records a first inage of the contact

el ements and selects a first point P. The position of

a first |nage gglnt X1 for first point Pin the fir
> i higgethgkthe prace Mrmeasurenetrbiag bees celbrardhinehe selgpphibe Thrst and

SeeRd ceAdR has feen ek;ﬂé}iﬁédj&e&n&@&@rﬂ@’ntlpﬁﬂgﬁle(bﬁc&mﬁg to the present
cont aGt elenent w th the point P and pol nt IS

i dRyEpiien Wil bsexplainsdonigh Ihﬁé‘@@ W diigre &2 Thﬁ thi Wecasr@eaoﬁa is set up

| EgerespEito B ﬂI}Et cﬁm'e?a @y inhogamed didilRr BjuRCdeshdtaines. HBpose
posi tion nappin gﬁrlthn1on to the calibration
3

plagfésctrpni @.CWH@neat YRt fblonthe palibrafed prace apdAne phiigeontact

10 t heenteht #stodat®B@La PAMTHE Wil rdsSect RARe LdliGratiBRPBNO DI r’l"he @’frst camera
p03|t|on P.. X3 is the expected position I n case

o GFROBSE (77 1B @HThE FonigsLFIEmES MEAIeFS adirstRohE The position of
cal fifef Mdge ot SOELR - firdt PRIM IS inf @ Tir&l inRgPBF e ERtakelblEnt is
second image is determned by the p03|§|on mappi ng
ald§6FMingdn  The di spl acenent between X2 and X3 i s due
to the fact that the real contact elenent is usually
not exactly | ocated on the calibration plane but at a

s Q%g dlfferen e, DELTA z, which is to be neasured.
FOI'F §¥§ORY) CHRY? (DrrByedsrigsecariddmasss o the eanbtst clomentAvish the point P
d%h@bmnﬂB@s idéntifgd b8 sdtuhd Infdgk Gait ]D er{}]QQé’&)Bd dhadeherhe point P
di.stance hetween X3 and X2 (i.e. DELTA z and

21384 %ﬁ@a YaSP5FIef Hsige Ahg %Osgpnsr@%rv@ Aliftigm on.to ghe calibration

dupsatnanpg.»hmgt w@@an@aymt PO [AQhN G oMBintde ! e ll'thVFPthtgb%mt X3 is
as Ionglas the two points are located within the
t

A mofa BERSCRRIER! AOPNIG PLn& ot i st RAsHon n ARspdhe contac

20 sldldrientiP wollld 8logdlize B thOcdiiBRtiBA ﬁﬁhé ?ah’hé st of a point X3 in
useful ness 5 of such a system and or neasuring

t HBe $Freidiftegs Isplstamngd by Hicaositien Bvtaping algpritime okhsshpkeement

andrddeg Xl aABRGEs Qe Lt ehC ROE BGE 1R RISl EIRMLA s usuall not
callbratlon plane within a calibrated space, which

beXamlyi Iptaisgran tBe calibration wlanp betat ereigbbdifiarence DEIEHE 5 which s
ang bsintddatred p(ﬂlow #%fh%ffglregc)mé he @RBM@en%? 33, PE defermined

deSCTIptIVG and no neans limtation o
25 e dydhcButipliggtign |Pfﬂﬂélﬁtt9féli‘f? distargerbetice K3zed pe (andDELTA 2’) and

ernbaiidgERiol & ZL&iChRktRd iRsgbel ow. 15

Since the invention enables measurements of a point within the calibrated space, it is

evident to a person reasonably skilled in the art to utilize the invention to measure the
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- 10 - CLAIMS 1. A nethod for neasuring respective
positions of contact elenents (2, 3) of an electronic
conmponent conprising the steps of: 5 bringing said
contact elenments (2, 3) into a calibrated space;
illumnating said contact elenents (2, 3); recording a
first image of said contact elenents (2, 3) with a
first canera (4) having a first imge plane extending
substantially parallel to a calibration plane;
recording a second inmage of s@id contact elenents wth
a second camera (5); 10 processing said first inage to
delissange Rewgen apy EW peigls ysiigrihe fpieniiere s denigcascthe fwe points are
el|saRAtwilh?n thekalffatE@Acsai d contact el ement (2, 3),
wherein each said first image point is a point |ocated
on each said contact elenent (2, 3); processing said
second image to identify a second i mage point for each

Sat d tlfe@éﬁ)@(hb AL Blyohe skildul ANhEAE Bs é@h@prﬁ@c[@h tand usefulness
erein said second i mage poin

15
A G ar%’fte'i“ri)e‘idé"%drﬂ” FEHSUEIE e SINAICEIRPUAED Caash@loments of

( ?aycoaﬁ)oﬁéhi hiRBERe GQ&nE@oﬁh@&ﬁ%cPQbrﬂéntQﬂoﬁ%Q:'ﬁl|§r§1||(511 plane within a
cont act el enent ) detern1n|ng within said second

| n:ablgatgd SPRCE dwhlﬁggc@n ﬁlﬁl lrbggrgecbégpqlq ki cﬁélﬂﬁpqqq&ct elements are
alsgediéd BA) TROBIACtBE 1aB6¥E BY¥scription is descriptive and is by no means

limitation of the essence of the invention itself which scope and embodiment is

claimed as below.
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deriving a z-scaling factor by determning the
respective pixel coordinates of the first 20 inmge
poi nt and the second i nage point on the calibration

pl ane of a calibration reticle neans (9), wherein said
calibration reticle neans (9) conprising a base |ayer
havi ng features di sposed thereupon and nultiple |ayers
havi ng features thereupon, said nmultiple |layers having
accurately known thickness and their features being
accurately positioned relati.yg.to said features upon
sai d base layer; and 25 determning within said second
i rfeletIMS di spl acement bet ween sai d second i mage poi nt
and said third i mage point, wherein said third i nage
point is said first image point orthogonally projected
to said calibration plane, said displacenent

dat ' [ [ LY G - | 0

ancl | e B e Phg LRI P ol HBRCAETA%S) of an
i FisgEoIoFIPane compusingihedtephelye poi nt . 2. A net hod
as claimed in claim1, further conprising the step of
dOFinging 214 sendRchslements (2. AhiSH Hieplibraedspassim f or a

particular relative position between said first and 5
sédppaatngsadgoptagt elenentsA2,98t hod as claimed in claim1
further c rising the step of determnin .
SO ERY e SO HIC SPRAG RISTISEE o) W BSt gencra (4) having o
calritbrimb@d SIRRC Cextddirt. DbsRARRy | PhraliBAJYT hNGalibration plane;
reéggﬁtlye positions of contact” elenents (2, 3) of an
elFEOfH it STEBMb IR OF SAr FRash cleaents| Withi haeGo9A camera (5);

S QuiceSirlg7saiBXirdt Qfnagd tdiBbiBRtihdE Ha FhagP o to ERNBRIS contact
di sposed in a calibrated space; a first

(2, 3) pr | { . . o
c &IFErER! &45) Ahehch syd comtert elemsri(2( 3) whamsingeaphysaiq fiest image point
cag@pant(iédatclinsh st shiSemaRdeIEATRA 3§;5) bei ng provi ded
for recording a first and second i nage of said contact

elpetening daidl sedond’ iRRDEES idéRlify;a RcEHIORRSS bbbt AR \ehdEsaid contact

wherein said processing device is_connected to said .

fic eg’tenbgng} gn each said confact element (2, 3); wherein said second image point
and said first image point for each said contact element (2, 3) corresponds to a same

point on each said contact element (2, 3);

determining within said second image a third image point by a position mapping

algorithm; characterized by

deriving a z-scaling factor by determining the respective pixel coordinates of the first
image point and the second image point on the calibration plane of a calibration reticle
means (9), wherein said calibration reticle means (9) comprising a base layer having
features disposed thereupon and multiple layers having features thereupon, said
multiple layers having accurately known thickness and their features being accurately

positioned relative to said features upon said base layer; and

determining within said second image a displacement between said second image
point and said third image point, wherein said third image point is said first image
point orthogonally projected to said calibration plane, said displacement determination

is by multiplying the z-scaling factor and the coordinate difference of said second



(4) and said second canera (5) for retrieving

positions of a first image point in said first inage

for each said contact elenment (2, 3) and a second

i mge point in said 20 second i mage for each said

contact elenents (2, 3), said first inmage point and

sai d second i mage point for each said contact el enents
(2, 3) corresponds to a sanme point on each said

contact elenent (2, 3), retrieving by a position

mappi ng algorithmin said seqend i mage position a

third i mage point, said third i mage point is a point
orMAgRATHIANG said Hiirddmage #oim said first i mage point,

and determ ni ng di spl acenment 25 between said second

I mage point and said third point; characterized by a
calibration reticle ans (9) which image is recorded .
b} himft r%std%l'ﬁ“tffds‘ég%ﬂﬂ‘ EatEheis cqmprisi)e” R lepaply deriving said
PIpR6iEsS infagpid & \all eithe Fbrve Parbidi 16k RASIVE ipBALHSMBAWSEh said first and
algoriithmfraomsaid i mages of said calibration reticle
né%ﬁ?dfﬂPmﬁ( articular relative position - 12 -

between said first and second canmera (4, 5), wherein
said calibration reticle neans (9) conprising a base

| ayer having features disposed thereupon and nmultiple. .
| et T R, BRGH, P o ih Bl St o AR pispect dfemining
halisplaacracm dtwleyn knyawo pohitokitds sheanlbraeé sgaceur at el y
positioned relative to said features upon said base
| ayer. 5. A neans for neasuring respective positions
of contact elenents (2, 3) of an el ectronic conponent

10 agt. A amged fommehsairing 4espadioe egpmitioas df gpoeasdementd&y,i Beof an
d 1 [ I spl.acement by multiplying a
HURLHLL Bt PLAE

z-scaling ordi nate difference of said

S i € i Said third,i ol nt . A
et RRC B th TR BBl i bR BB oD pcdsposee
eliepenlibsat¢dspa®): of an el ectroni c conponent as cl ai med
in claim4, wherein said processing device derives a
z adfirst|camgraf(4bandre stemdgemenaitfni ng t he di spl acement of
said second i mage point and said third i mage point. 7.
15 A spid st dameran@asnd said) secest eandry ¢5)pwdigt providedofor camotding a first

ela%HF&_toﬁd gl?age%}sa% ccﬁu@aacl?%l@r%r{t?gég%r% RGN as cl ai med

inclaimb, wherein s proc evi‘éde determ nes

diasﬁt)&gﬁﬁgaﬁ‘évi&?g\)f‘@@m s%WprB(\!@sipéjhmcsé b HeBred B said first camera

cal i brated spac
(4) and said second camera (5) for retrieving positions of a first image point in said

first image for each said contact element (2, 3) and a second image point in said
20 second image for each said contact elements (2, 3), said first image point and said
second image point for each said contact elements (2, 3) corresponds to a same point
on each said contact element (2, 3), retrieving by a position mapping algorithm in said
second image position a third image point, said third image point is a point
orthogonally projected from said first image point, and determining displacement

25 between said second image point and said third point; characterized by

a calibration reticle means (9) which image is recorded by said first and second
cameras (4, 5) and said processing device derives said position mapping algorithm

from said images of said calibration reticle means for a particular relative position



20 8. A neans for neasuring respective positions of
contact elenents (2, 3) of an el ectronic conponent as
claimed in claim4, further conprising a third canera
(6) connected to said processing device for recording
a third image of said contact elenents, said third

i mge- having a fourth image point and a fifth i mge
poi nt, wherein said fifth inmage point is a point
orthogonal ly projected fromsaid first inmage 25 point
and is not recorded in said.gecond i nage, and said
processing device determ nes _a displacenment between -
s dichveen §#ifl first gadjeccped samesdh Shivdereinf sl alibrgeorpstiple means (9)

comprising a base layer having features disposed thereupon and multiple layers having
features thereupon, said multiple layers have accurately known thickness and are

accurately positioned relative to said features upon said base layer.

5. A means for measuring respective positions of contact elements (2, 3) of an
electronic component as claimed in claim 4, wherein said processing device
determines said displacement by multiplying a z-scaling factor and coordinate

difference of said second image point and said third image point.

6. A means for measuring respective positions of contact elements (2, 3) of an
electronic component as claimed in claim 4, wherein said processing device derives a

z-scaling factor for determining the displacement of said second image point and said

third image point.

7. A means for measuring respective positions of contact elements (2, 3) of an
electronic component as claimed in claim 5, wherein said processing device

determines displacement between any two points within the calibrated space.

8. A means for measuring respective positions of contact elements (2, 3) of an
electronic component as claimed in claim 4, further comprising a third camera (6)
connected to said processing device for recording a third image of said contact
clements, said third image having a fourth image point and a fifth image point,
wherein said fifth image point is a point orthogonally projected from said first image
point and is not recorded in said second image, and said processing device determines

a displacement between said fourth image point and said fifth image point.



