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- 1 - A METHOD AND MEANS FOR MEASURI NG PCSI TI ONS COF
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
el ement positions on an el ectronic conponent.
BACKGROUND OF THE | NVENTION 10 In the prior art,

nmet hod and neans for measuring positions of contact

el ements of an el ectronic conponent utilizes two
canmera set up over a triangulation angle to capture a
first and second i mage respedtively for the

det&MEfﬁf)b%NﬁfMthﬁsrﬁB%ME&sﬁngaCe y gé&std‘FCONTACT

cont act ements to the bottom sur

el ect r oni c EASMENTS THEANFLECGERONICtCOMPONENES ni 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
limtation to the accuracy of the cal cul ated

t FIERD OBINGENB¥Nuse t he data used are derived from
2D information. Furthernore, the accuracy of the

cal cul ated triangul ation angle can al so be affected by
| ens distortion and non-uniform 20 illum nation can

CQ«H% gﬂvgfg dn I%fafeg 1o 1R FiEIG oq‘l% Hlﬁg v gﬁlﬁal'ﬁ&&gnon-rg})%rrﬁ%%grgment of

vant ageous to provi de an alternative ne
t bentack slenmmt@omcwsm aarﬁbbcumaé tanepopentby many uncertain
factors during calibration and neasurenent to provide
3 di nensional positions of neasured contact el enents.

25 SUMVARY OF THE | NVENTI ON
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.
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*@00002* - 2 - The present invention relates to a

nmet hod for neasuring respective positions of contact

el enents of an el ectroni c conponent conprising the

steps of: bringing said contact elenents into a

calibrated space; illumnating said contact el enents;

recording a first imge of said contact elenents with

a first canera having a first inage plane extending 5

substantially parallel to a calibration plane;

recoi -ding a second image of ,said contact elements

Wi th a second canera; proceSS|ng said first image to

dﬁhﬁfrﬂeﬂﬁn@enﬁlbﬁ mlatd:sl’tagenqﬂmdrfbr ﬁeusulélig(nhs;ﬁaﬂnd ]ﬁ)@lﬂbrmﬁf contact
enent aid contact el n_.each

PR pE ERETE bR SmpBr R T, et SRS feid gprfect

calerhand ingd ecditraed praos éBwhingtirgadatl amta@ndemefag&edoodmg a first

cory

identi t f d t .
o ERE bt il oREET G i BT St iRih 6%, iRefEPhiyegeine
Sﬂlbslmdlally@gmllﬂctb ratcalbrdticapland, Irascbtdmgm sezofb intge fofisaié @citact
id tact t
Db & ol PEBbea B SSRETET K S T BreP g 5 imoee
St rfdr 'eamhg;endacoh’rabtr ¢lethem@a dach ﬁ-ﬁd btyntaé plesichd, guhel_rmpwcm Qaid
th t i n said second 'i a.
D s okt D achRuEr oo, B F: BEFRRS phe Sl e
tgecord imapg e identiy 2 sedvad dnpgespuint foheachl shidrgetaq @lefifent 6n each
poi nt orthogona

id1 irst i | | ted to .
@il HRen AT RR AR RO PageRtn yChtl G Hegh Bont o
reaclnk®d cotad elm&nmdxﬁspmdawa bange pEmpECEack ealrb @6mthdt @lement;

tact
At RGR i ST hofe dPesa E5i BB SRV I 7 hovicn miagpine
Seﬂgdiltlﬁirﬁﬂhr?i?ﬁeta{nﬁﬂﬁgltvﬁthm eﬂg gmﬁe dmageda desplabéaﬂ@t ebetween said
a fir.st r a secon sai
FRRGE e pointant o Brd Btk o R IR S T BB Rt i seid
r e i poiat drihbgnaliy Brofeeednelsdidveddi®ratibn pRAhEl cont act
el enent s respectively; a processing

The present invention also relates to a means for measuring respective positions of
contact elements of an electronic component comprising: an illumination source for
illuminating said contact elements predisposed inga calibrated space; a first camera and
a second camera; said first camera and said {_second camera being provided for
recording a first and second image of said contac:t elements respectively; a processing
device, wherein said processing device is comifected 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
contact elements, said first image point ‘and safd second image point for each said
contact elements corresponds to a same point onseach 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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i device, wherein said processing device is connected
to said first camera and said second canera for
retrieving positions of a firs imge point in said
first imge for each said contact elenent and a second
I mage point in said second i mage for each said 25
contact elenents, said first inmage point and said
second i mage point for each said contact el enments
corresponds to a same point on!each said contact

el ement, retrieving by a position mapping algorithmin
sai d second image position asthird i mge point, said

t J&H&qoﬁﬂgﬁi Qflefd mhy b& ifRRIdEd t&édﬁﬁ%ﬂ&&@%& Y e Bt tr&rded on
fron1sa| first |naa§ poi nt, and determnin

ofissh Fameseriier conld wekbe Espided ek dirdsecontyeamse. n%heamalugan @f the
t il 42k Bfso shorteds the Mgbﬁ ln@é@ liod iined camera may be

i ncluded to conpensate f nmage poi nt recorded on
first canera that could not be recorded on the second
canera. The inclusion of the third canera al so

SBRIEE DESORIPIYONGOF THEPRAWINGSi ne. 5 BRI EF
DESCRI PTI ON OF THE DRAW NGS These and ot her features,

aspects, and advantages of the present invention wll
become better understood when the follow ng detailed
dEE3E b 6thdt feBure§ ashewdsdnd raﬁ&fa@aﬁﬁ th®predeat iaeer@m@ Ay bagme

d %ﬁ&ﬁ%ﬁ&fiﬁ@ gh Ofioﬁgﬁvﬁg etaﬁﬂ.ﬁ!etieé?rgp%glrl ?ssr%ac} w1tf1 re?erence to the
accompanying drawings in which like characters represent like parts throughout the

drawings, wherein:

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 1A and 1B illustrate schematically the set-up
of the illumnation and the cameras according to the
present invention. 15 Figure 2A, 2B, 2C respectively
show exanple of a first, second, third i mage of a BGA
conmponent such as recorded by the first, second and

third canera. Figure 3 shows an exanple of a nultiple
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| ayer reticle for calibration nmeans. 20 Figure 4A, 4B,
4C show an exanple of inages of the reticle for
calibration neans such as recorded by the first,

second and third canera. Figﬂre 5 illustrates the
mappi ng al gorithm of co-ordinates fromthe first to
the second calibration imge. 25 Figure 6 illustrates

the neasurement principle according to the invention.
ETAle‘PA?Fawﬁﬁééﬂﬁ | THE BEVENEIDNVENTI ON The net hod

accordlng to the invention is designed for the

automati c conputation of 5 the three dinensiona

posi tion of contact elenents of electronic conponents
such as BGA (Ball Gid Array)/CSP (Chip Scale
PHskmgthed) pecordingotocthe inverticincie designed derithd aviometic ¢@mmtation of

Ttﬁ%e@@ﬁ’ne'nﬁ@ﬂl ﬁasclti&he?f{ Eo%%acﬁ %ent%&lecty?& éd?l?’p%ﬂ&dt? Sich as

is able to autonatl ca di mens

pBQAt(Bakh Goil AxeaylCRB(Foin S@ﬁle é’e¢haamg), élnemm d@/lqe@;dmleda devices
X
SO er S(:@g'} Gfid feQJe RS dg\\/}ﬁp S | I e atﬁgﬁl GFable 1o

devi ce W th eade I ce
Fiugemagically compute 3 dimensional position of combination of contact elements

found on a single device, for example a combination of BGA/CSP device (1) with

leaded device as illustrated in Figure 1.

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
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
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
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.
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Figure 1 illustrates the el ectronic conponent (1) is

predi sposed in a calibrated space, in such a manner,

that its contact elenments (2) and (3) are illum nated

by illum nation sources (7) and (8). A first canera

(4) is located substantially perpendicular to the 15

calibration plane to record a first inmage fromthe

bottom of a conponent as illustrated in Figure 2A. A

second (5) and third canera (6) are |ocated to record

a second and third i mages of side perspective views of

the el ectroni c conponent sucR-as respectively

' Heféa i@ lcledan z{:ddg?fsepoglﬁoﬁer(‘idrel%gve o'eath t){h'énsgx s?@f?gqﬂa“ﬁ&tthat
e nvention, caneras are neede

dleatle Wﬁlmmgetdﬂ@ctsd énvvm’fﬁsﬁhe GIEFtrenis cempnments ag divseigged OFigure

e £TRNUB. Furth&nore, RahEAN, 2 £RAMPORCHY 51 ce-(lil'Ht rdﬁ"fe‘f‘?ﬂ?%ﬁtx&% as

used to record thé i mage of contact e enent s
eloag s Bhthe cordand slsmants of the eplire eleplsenic eammonent cen bereinwed by at

CREN ®Wvo *ai‘:ferén?\GQIQerfaér Omrse% Plg bR $Sure F‘ﬁ aH&qBoiﬁluﬁratehfoEQher

canera al so allows for shofter overal

albefualk thrgeoppmeraseare Jyeated tah diffenint &, o zand ﬂacqosdnmeoso thhteall the
TRIHOR 1BEHOHE B e QhtalPASHEAL drel ACHPAR bPASI: (b Wifferent
contact elenments recorded I n respective first

tH@MetRs25 i mage of the first and third canera are the
same as the nethod and neans used by the first and
second camera. Therefore, the operation of the

invention is described using the first and second

Cﬂ[&d’p%ax@fh's )for measﬁrmg Heef &hﬂml&nal iRt %le%eﬁ@ qs 3alib$ated before
ﬁSItlone $t|ve to each other in such
t

%ltm??é‘l"ﬁmE'gn% she a?sét‘%ﬁsr%fcfhédcqn&%re&énef’ﬁecaé‘l é%tsfaé‘ﬁiic The
CONBRAN& bstabiShds! 4 #éﬁtlbﬁ%gﬂbétﬂeéﬂ QHBs@tldanﬂnIQtliEBﬁrst image and a
Furthernore, canera 1l can pl aced
cRoresRoading fositien Gk iméhe) grqgndhmage; 1. ? h%,n emaeammt orthogonally
er6jeBad $o &fe éeﬂh@ra‘ﬁﬁﬁ ipldde €122 ChlibRAtion SATP AR ( %ad'é if@strated in
vi.ewed by at | east two_different caneras.

Higvp Pds U%f;étfw the ealibeationy Hsamprises janymberafpredsigemined markings
tWIRth &k regrbdeRed, 58P BHA ?leaﬁyesiu%ﬁl(&ﬂ:h%()sngbr{sfa% &brately Mhown.
and z coordinates so that all the possi bl e | ocati ons

ofhig Fréicleq) icfor exasmmpipt Madsr of 3 Aubsiate yyhich t5rplaged jag ghet location

tp«\@vﬂéé fop marsp&mgeﬁ,aalecﬁl&lcnber@aaﬁrt@by&essfafedﬂ%% WhsBgte is,
the 3 dinensional contact elenents is calibrated

bfer erample sompesst of mutipie fayers of glastes dispaseds prefsrablyointaacarray
ShEHBNbS 2GR PRssShir! eﬁuar@1 Sre GRinted" Gl éa@ﬁ‘ of %ﬂe@p%laﬁhﬁge,er? by

rel ati gnshi p between josition X1 in the firs

distre2 highly é@ﬁeﬁf‘dscrf‘gnweg g BaceRs The thﬁ@%%@fiﬂlﬂdh%ﬁﬁ@éer layer
| glRsesAB abdiRE aRP IR REdreFOpAMtkY @Min@?tﬁéj Jl&rl&hﬂgﬁned for

.calibration plane. A cali %ratlon reticle means (9

i 9apy, detection by the tENEpgy u’Fh;)ugh ingt ilyatEptady it is pessible that calibration
Grtid® frRhrsQ3scribbd GOBRMARES répld bthef caﬂBﬁqgﬁ R%iB%e M&ns such
mar ki ngs whi ch are represented, Tor exanple, Dby
S raresisle\witic Herfien | STeiHE Rrpisctingcemt e ¢ IRyeoweh accpmtely known
rbitighe (9) is for exanple, made of a substrate which
i's placed at the | ocation provided for predi sposing
the el ectronic conponent to be neasured. The substrate
is, for exanple, conposed of nultiple | ayers of

gh @&fc@% SbtSiR AsQMate REIBEATAPMY pbditicHandlth&¥ize26F B E‘kﬂﬁfes PHinted
g Iass | ayer. Squares are printed on each

aag@mrgt eyl a{fsprﬁ@r Ihkagmnyto 28 @gsusacy of 0. ! microns.

screen prlntlng process. The thickness of all these

hi gher | ayer glasses is accurate and the accurately
printed markings are clearly defined for easy

detection by the caneras. Though not illustrated, it

Is possible that calibration reticle means descri bed
bef orehand is replaced by other calibration reticle
means such '
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25 as a reticle with vertical structure projecting out
froma |layer at accurately known position. - 6 - The
area and vol une spanned by the calibration reticle
means defines the space that can be calibrated in x, y
and z direction. Therefore, a |larger space is
avai | abl e for taking neasurenent for |arger electronic
conmponent when a | arger space and area are covered by
the calibration reticle neans in the x, y and z
direction. Wien 5 neasurenents are carried out |ater
it is not necessary that the 6l ane in which the

C t

Q?lllt %&%}Pgﬁ‘ém e sgérgn?q bS' %R%Egaglgiagﬂ% E%%gfecljg%ang r&eﬁnﬁ:@ the - Space that .
ogan ha caliigedin x.heapd ardere¢twnv\lrﬁhsr¢fqrhea boger apacs laamllable for
s t f

k&kﬂ%lﬁ%ghﬁm}%t 0 ﬁ{%ﬁ‘ip @l&&lr?btéﬁs’cgéggtﬁ%a\ﬁ/ t G P lﬁ%&%{ﬁc@aﬁﬁg area are
f cowered b@cthndcaéihatlomlrmich rragpes o thhex,cal argk zt dipgetion. When

I SlehGhEndiRANS Jaﬁfeera%%gatav it 6ot | ne ﬁﬁp&%ﬂﬁﬁ% SNEh the

caner a respect I vel I nce the i n
s Qeracis ars Gifnateds ISdﬁca@qﬁeCX@aqlx b thei qahbrra@@n plare fﬂdanMeaamements

b@aﬂ Qee t{“ld cﬁﬁia fbggglaﬂx' ﬁ)%ﬂ@lug gfc}jﬁcilhﬁ@ éo%tagﬁtbafeg mr‘rlg%g ilSnVéllthln the

t hr oug tro rocedure to ena
beﬁﬂéﬁhﬂb@hhaWdagﬁs Iater on as illustrated
figuratively in Figure 5. 15 The first (4) and second
canmera (5) each record its calibration inage of the

calibration reticle nmeans, as shown in Figure 4A and
451@&%c43 ord 4C rovpectivelrillpsirate; the fiest. sacnd chnd Bhird: ineage of the
C%libﬁtﬁh'r&ﬁl@ﬁgﬁﬁ ré&dfdeld tﬂcehfs'f rEE&)?H 'A?@ g éanx%fa respectively.
position of the sane squares or sim
f 8tce thedndinidus] anarkings; suchaig éqt(amsgmrtbe 2phpragion retioks eap®ead be
' iHéQf‘r‘ﬁédF'angiﬁlréBAIgﬁ'H&h 1§§iefeﬁﬁfﬁ€&j?lg'o B &afibrh acf ér%}ed}l]lre to

and second camera (5). A position 20 mappi ng
| sna@l@r meRping pasyeanhotlp mages dater dnogs ilasitated (frgrue@pdm di Higure 5.

e H C:f?(éltr)m s&'@% rcagd)%gan 5‘? @%cﬁas ?(Fﬁsu %a{i‘i?%ﬁglg 1&‘1&#%@“ th%'?:ghtgatlon
t rf‘éw@canmzhaﬁ shosa ipFigurqybh and 4B tespectipely s mowstm anagelA and
| 3B "R RERbrhGon &ﬁn;ﬁ@ésr the Qﬁﬁ%fﬂgnd?)ob%ﬁ i)@) f fhe! sgﬁe squares
second | mge. Hence, plane rat|

p(nd1b) orcemilerafeatuees inrthe ﬁsst smagm(ﬁgl&c éAusaadl they second image

| t I e

CRRRIE AR o6 55 Hboldf th! 8k A En g B Rkl (51° A position
i MERRIpG P’aptlﬁbﬁl tse@hmdqu@nuthe H@etwnﬁ éord@ﬁha eerrasponding feature that
OBWe%EI?EetEI‘ﬁ{méﬂl in &f}?ﬁﬂﬁﬁﬁ& 5P inﬁl b e%ws&n%{éy 9(4 mstrated in
mar Ki n or exa e position ot " a po

t Rigurei g,stheu %@rémmes |ofive peinpr(ekideid the firstagndgonis rodppd& to its

a@&reqyon?ﬂi% thb%tzgﬂs flene ge }}:z{gﬁ S @feﬁée %&nﬁg@") % 8B bration

(111) and (.

plane since features on its surface are used for mappmg plxels in the ﬁrst image plane

to the second image.

According to Figure 5, a bilinear interpolation technique is used to determine the co-
ordinates for all the positions 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
considered with respect to coordinates (111), (112), (221) and (222) that is formed by
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- 7 - arectangular matrix on the first inmage. Point
X3 in the second image is a point orthogonally
projected frompoint X1 in the first inmage and the
former is expressed in fractions of dx'  and dy'. The
positi on mappi ng al gorithm between a first inmage point
inthe first image and an i nage point in the second

i mage, wherein the inage point in 5 the second inage
is a point orthogonally projected fromthe first inmage
point on to the calibration plane, is obtained by
determning the relationship/relating dx and dx' and

t??cc'fa%glﬂ&j lealﬁ&i b 4Rl ﬁlts{ tﬂﬂ rﬁgy 1%'1}9 Y nkil{éo{ec&ﬁlaﬁ%gg 1% tal}?oint

position nmappi ng al gori relating int I'rs
i prthgeonsills meojented fran ppint Ké isthe dingt impgecpad thefiaumdrds expressed in

SRS, g 81000 oyt ki B REF oin
yindheofinst iveage andrbre ingags ipbinbin the pasond)insdggovherdimttiesmagepoint in
{DECHS e TEORBTROA S 0 o
ovalibiatjern plang; ipeltpised byl determtining theatelabiershipowlaphgde and dx” and
.. 4
PBL SRR U ET0 01 Yo BB, B i A oo
rgkbpieg Xil vetlpiﬁrsﬁmegmwlmqmﬁé@ x)(lheamlormmlag\e mlhr@ if prglationship
ar%ﬁtiﬁ% 614 ?%ympthre &346 ﬂa\g ;L lfe%lorﬁsﬁ H[aﬁﬁ%dg Qﬁt{}%}asfor the

squares , on the ca |on reti
ay-pairginator The gesitidnl mapping dgqréhtnon thep usdseduring intpasiréroents for

[ y n Si:ti.0 .
SRR B3R B Lot et he BB 1Y o R DR oint
aarthegertally projevtadron to esgébcationplanescal i ng factor in the
second image (4B) and third i mage (4C) can 20 be
determ ned. For exanple, suppose that the distance
between X2 and X3 is 10 nmand their correspondi ng
dReferzing do diigurere3sé80AB andelyer EscalBgfacter is datgsmined by firstly

24 e(f‘ﬁkdl tht: %lv%epcq%?dl {]EV( 5?(10%%%{ the st 4nd sea:ond image

p1 xe eting t rati on proceaure,

anqsmctyveboéqrcfﬁm'p% spedsastsaeatesi@ Pl on ghe2slibrider ieticermasres. X3 is
4SS 6rﬂlg%(§xﬁﬁ% gFo&&’f’éaeonbt%‘% %Bﬁakxﬂf?glahﬁ L EL g%lgﬁ%(?‘ibﬁ using

pO Ition ont act e ments o e conp |
t the pésitiantmappingsdgonithan.i Hinggethe kdistencé bateeen Xﬂ adaXiciggccurately

ORISR DUAGL ELPIFRL Sl o830 B s BlgP R con
Aes detrempned F proﬁxam@leaelmnpwtb#tyh@@ﬁtenm hq@tﬁebyﬂtamé 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
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 contéct 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

accurately in microns. The calibration procedure also enables a camera-to-camera
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calibration reticle nmeans, the position of the contact

el ements can al so be determ ned 30 accurately in

m crons. The cali-bration procedure al so enables a
canera-to-canmera - 8 - calibration to be carried out,
establishing the relationship between the first (4)

and second canera (5). The relationship of the third
canera with the first canmera is also established in

the manner descri bed herein. 5 Now that the space for
measur enent has been calibrated and the set-up of the
first and second canera haS'Qeen expl ai ned, the
NEABHBARS be Wah[%ﬁ'dﬁ't eﬁsﬁﬁﬁﬁl fid rElQﬁjJnlgﬁ pd'eﬁﬁ‘e%ﬂf__the first (%) and
i nvention w | e explarned wth B

Tépsondheanere e lhe (rﬁathnshls of theghind mnfrreswélmtthc ofnslh @amera is
{ bsS Lt ARG I (o e lBOE ST | a7 O the second
camera. Suppose an electronic conponent is brought in

to the calibrated space and one of its contact 10

‘element is |located at a point Pwith respect to the

CRbivIRA theOPadd @pﬁeasnremzhﬁhafs ibe&t caﬁﬁﬁﬁ:ﬂ%& ﬁﬁ%tdlﬁ) @ftﬁé fist and
|nage of the contact el enents and selects a first

pesiceid qamernfas bee) explaineds the mepsussmenhprincinhoraserdjog tp ghe present
f ink&dtioR il tbe RxpRinkd emim'tﬁesﬁ T%@Q%uﬂ:% thg tﬁﬁ@tcﬁﬁgra (6) is set up
el enment is determ ned e second caneraﬁé

r with Fespech tastbe G C‘F’fﬁi@é“)d‘? a {aanes GHRileE to the sepend camerh Suppose
PR E‘lEct%n?J‘EBn%‘nEﬁt i£ bfo%ght('tﬁ% ipfd @aqiibl%fed P§<?ccé?1'adon'e R4S contact

pol nt he second” | mage. pol n

oﬂ?mergo:h’@mtw Pragoat P edthusspagf to rh@ cpldyatnqnmhama;p pThecfirst camera
ated Mk Llﬁ@t Qﬁ]ag%:%f %%oﬁtﬁétlemws%d Qéléz'f'sea ﬁr@t }?J IWPn 9[h@ position of
second poi nt he second i nage, hird i mage

pdifiAgt nxsgq Boipth¥h ftnhférsr peigeP joithe figst 1 umggu qfu then cmtact X mest is
t h8erfRQCct ed position in case the contact 20 el enent P
woul d be localized in the calibration plane p. The
position of a point X3 in the second imge is

determ ned by the position mapping algorithm The

TR 8GRI RHer @) WBEAs KdecBRdlimige ! 'o? th@ ¢6nth@ eielﬂ?cnf il tHePpdint P

the real contact elenent is usua)g% not exact
| Ydapod Poip ideptafied asiaseeond dmags poie X2uin they seaon#emggﬁ The point P
disfc;rﬁ[)g&ﬁﬁ R%Teﬁ wsingV¥hé %Bsdl&n k@pise Qi@@ﬁtﬁﬁ)e&h to the calibration

Follow ng t f or egoi ng, di spl acenent zZ1s
dRdenss i §iEiag 2seeppdenqint )| h %\P isecenfl dpagss Stmétrd eﬁlaaen@mt X3 is

dingh ﬁﬁcﬁlag@bwﬁ? Bf b@ltﬁ)‘ﬂ@ XX3(is the e@%&&ﬁpgmﬁonaﬂdcase the contact
z-scal 1.Ng factor I n Z-axis of second I_mage.

dslement Feverdd \%&%ﬂm in \}ee cplihiration nlage Ry The @owh%?ﬁq RNt X3 in
2‘52? |S%?g(tl gﬁagﬂzgigéetéﬁﬁmwa'wttﬁe FsRionepbRg aY!oHHn{‘ THEdisplacement
between X2 and X3 is due to the fact that the real contact element is usually not
exactly located on the calibration plane but at a height difference, DELTA.z, which is
to be measured. Following the foregoing, the displacement DELTA.z is determined
by the multiplication product of the distance between X3 and X2 (i.e. DELTA.z’) and

z-scaling factor in Z-axis of second image.

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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It is therefore apparent to anyone skillful in the art
as to the practicality and usefulness 5 of such a
system and nmethod for measuring the di stances between
contact elenments of a conmponent and the di stance of

the contact elenents froma calibration plane within a
cal i brated space, which can be an integrated circuit

whi ch the contact el enents are situated on. Therefore,

t he above description is descriptive and is by no

means limtation of the essence of the invention

itsel f which scope and embodPment is 10 clai ned as

b =10 . f.Qr ri -
el Rueen oy PR EME) b TR B, 1o 54 R poins ar
eloeated withia theaplratedspasenpri sing the steps of: 5

bringing said contact elenents (2, 3) into a

calibrated space; illumnating said contact el enents

(2, 3); recording a first imge of said contact

elt ésfhpretorq appargnt tjapypng skillfd in %ﬁ RE 28 tq By presticality apdupeflness
| pRgeh PLARe Sid RAHb I for MBKEAR iHeidtincBab A& cohBctPlements of
cal i bration plane; recording a second |na%e 0 salg{ .
coermponent|apdithsidistanice pf the sentant glemgnia fram( Bqalibrefon plane within a

PEPbfaRIsPateS Ahith LdhShe biMBREehRd ASLEE WHIG e Edntt clbBHSare
poi nt for each said contact elenent (2, 3) on each

sHiuared g dbereérentiaraboye dsyerivtipredeidescepiéve aud & by mot means
| (RARiI0RCh N he | Ssehcd OF e iReinditQlr GAkR 281l af BhBSdiment is
el enent (2, 3);

claimed as below.
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processing said second image to identify a second
i mge point for each said contact elenent (2, 3) on
each said contact elenent (-2, 3); wherein said second
i mage point 15 and said first inmage point for each
said contact elenment (2, 3) corresponds to a sane
poi nt on each said contact elenent (2, 3); determning
within said second image a third i nage point by a
position mapping algorithm characterized by deriving
a z-scaling factor by determ ning the respective pixe
coordlnates of the first 20-1%mge point and the second
Pﬁplnt on the calibration plane of a calibration
retlc means (9), wherein said calibration reticle
means (9) conprising a base |ayer having features
di sposed thereupon and nultiple |ayers having features
t hereupon, said multiple |layers having accurately
k hotwnmethpd Koe gwanidg trbspieetive epotsitiors of epntart adeaumst €, \3) of an
tures upon said base
bR o e ki BEkEhs 7 :

FPin said second |ngge ad
d
hﬁ"’éﬁﬁ‘ﬂ%‘ﬂa@ﬁ‘ﬂ%’*ﬁ%% %ﬁmﬁ e o0 paint 15

Sﬁluﬁuﬁalnﬁé*sala BEHiset %h@ﬁts?j%’ogona' |y projected to said
cal i bratfon plane, said diSplacement determination is

gVe]nglrxtg' Phindd gl Bﬁsaﬁ &fﬁﬁlc’t a&n&ﬁ& £08) /il a tf%%sal %fa‘éﬁf}ﬁbﬁg a

ference of Said second ([318 poi nt an
i fitshe irpagientplane eztenﬂnaetsm@na@l cl eArafisl ton a| edlibration plane;

f HCcbiagly & OdERSHdS irﬁ]&et b€ sa3d &Bnbt FRMEML NSl SbeBRPichh &Y o)

napplng algorithmfor a particular relative position
bBfoRssing saiddfist imageatndleprmineon dire dmageapgish for egch said contact

”@ﬁ:ﬁ@ﬂ @S3)ThahfE&id &gﬁg@%l@ﬁ)éﬂt O YL eify meshﬁ' fﬂ'& iBge point

step of determnin acenent bet ween any

pisiarpoint dgceteil an e4ch Séldlcpmqte@mesb@cé), 10 4. A rreans for
measuring respective positions of contact elenments (2,
3progfssipg Seifl seond imesecioriganine sewnimageppintfpr each said contact

| blemBhenat 3)06}1 §a‘3H rsQiﬁ c()r?tact%)lerﬁéﬁ'f 3,13 U»U’hé?aﬁ Ishg sé ng jmage point
contact el'ements (2, 3) predi sposed In call gﬁ
Sggicsg’id 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 calibrétion 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
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a first canera (4) and a second canera (5); 15 said
first canera (4) and said second canera (5) being
provi ded for rtecording a first and second i mage of-
said contact elenments (2, 3) respectively; a
processi ng device, wherein said processing device is
connected to said first canera (4) and said second
canmera (5) for retrieving positions of a first imge
point in said first image for each said contact
element (2, 3) and a second image point in said 20
second i mage for each said cHntact elenents (2, 3), f

i said second i mage point for
eaca% %gﬁlgénéio {J’@}agﬁgﬁﬁg (2, 3) corresponds to a
same point on each said contact element (2, 3),
retrieving by a position mapping algorithmin said
Sﬁ”R”ﬂeth&PQ? cRastd &P elaﬂn thighghet %ﬁgnﬁﬁ’ @ﬁe’ sttzﬁl f dENBQ said
image point is a point orfhogonal
SPgsition| mappirngnalgerithoi fr 2 mﬁ@uaereatmemonglouhbsweam emé rfirst and
2. .bfd Whieh @i d second image point and said third
poi nt; characterized by a calibration reticle neans
(9) which inmage is recorded by said first and second
caneras (4, 5) and said processing device derives said

PDSAt neModBP Rildigled if AdihhM fur@p §&hﬂlsid§aﬂl@ Sstéi)f o? th@rmlmng
calibration reticle neans for a particul ar rel at

pdigplagemsnt hetween any,yq pais withia the Gadibrated pasecond c ane ra
(4, 5), wherein said calibration reticle neans (9)
conprising a base |ayer having features di sposed

ereu nd nmultiple |layers, having features
41 %B’ﬁ fa’é Seasyrinet ’ieﬁeét“feay‘éﬁ“g’“ﬁ eﬁr} FoRBeY Flﬁlném? &ndaf an
tabmﬂ@scsmga&naé@nﬁgmgr ately positioned relative to
said features upon said base | ayer.

an illumination source (7, 8) for illuminating said contact elements (2, 3) predisposed

in a calibrated space;
a first camera (4) and a second camera (5);

said first camera (4) and said second camera (5) being provided for recording a first

and second image of said contact elements (2, 3) respectively;

a processing device, wherein said processing device is connected to said first camera
(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
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

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



5. A neans for measuring respective positions of
contact elenents (2, 3) of an el ectronic conponent as
-claimed in claim4, wherein said processing device
determ nes said displacenent by nultiplying a
z-scaling factor and coordi nate difference of said
second i mage point and said third image point. 6. A
nmeans for measuring respective positions of contact
elements (2, 3) of an electronic conponent as cl ai ned
in claim4, wherein said processing device derives a
z-scaling factor for deterniRng the di spl acement of
S@étgleéles% sf dha%EcARg 'cgﬁ‘lerﬁlg 5? a\’vlgeréln 'seL? célm% Q&lcﬂ:t meazls ®
A nmeans Tor neasuring respéctive positions of ‘cont ac
etanpising atRse Byerdpviag faatueestdipasad th@mmn end makiptel layjensglthving
| Reafeh ! bRupt) SHE | Bulfif daflrd BERE LA ARY 1B SO ERY are
di splacene béet ween nts w

c adchatedy wltmpatelatlzetogaldﬁfeatmam spdncsaldr’oemlayqr ng
respective positions of contact elenments (2, 3) of an

5 el ectronic conponent as claimed in claim4, further
conpr|S|ng athird canera (6) connected to said
p?-08emsansgfory anqagisingorespestivsr BPsiiens afeantect plegentsf(2sd) ¢f an
c as S hir e
e o P oo Al QTD07 AT a bk device
f determinasagped p%ﬁphcemglt ab>pcsmﬁt1plmmg hedossaling fastasj and edordinate
f | recorded in
IR s oRiont TR po B Bl A0 i O

10 determ nes a di spl acenent between said fourth inmage
poi nt and said fifth inage 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.
15

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.

20 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
elements, 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

25 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.



