;e3ewdt " @ ZF$6| STSMNV 9~. |, .0 WD 02/ CS. t 8~9 PCT/ BEO2/ 1111001 -1 *cooooz A
met hod and an apparatus for measuring positions of contact ' elenents of‘ah)
el ect r onw® @ofInent The present invention relates to a neChBEzMd0IaN
apparatus for neasuring respective positions of a set of N contact elenents
of an 5 el ectronic conponent, whereby a first and a second i nage of the
contact elements are recorded. The firstqinage, belammmﬂmmMMﬁﬂwm li ght,
perpendicularly reflected on the contact el enent s cond i mage
is obtained by light which is reflected over a triangul afben- angle with
respect to the ‘ont ct el enents. 10 Such a met hod and_such a device are
known from PCT/ gthodhand a Aaldia il Madabring Posy h & At inage is
‘recorded by a flrst carmer ayq n{n a d_j is recorded by a
second camera. The positi e then determ ned
based on the data preseffie preseheirvehtion AsldtesBaN thdthB@andlen dpshRRack of

the known net hod and device is that two individual canmeras are required.
The first carf@f Measssingsrespective pesitiors)of avsrtrefaN cordasicelements afrats t he

The i s daiaeoRR g SomAchent Sy RBR ACREE and 2E0G R Mol Bithe BomeBL Bro

appar at us t husdements rareg réboiedar Diee Vst "Bradd, 'b%lri’d‘ 6biaftdd Oby tlﬁlﬁmtpfesent
invention to real |ae a method and an apparatus for neasuri n&.eeespectl ve

posi tions of R&SAE 'PUkaﬂarr@ﬂe@teéfoaﬁh@mata%rﬁlemotmdubmeam segdnd a

si ngl e camer r

reasur emont . BEOR Sochiaffed'bl 1AL WHER il RE Y FRAGbadd anteon 1 <
t her ef or chanwith essipeetito thet dattactielemapts. ses - bringi ng said set of contact
el enent,g, i n a neasurene tcl'Pl ane; - jllumnating said neasurenent plane by

means of- a substanti al rﬁ)n'ﬁ‘ﬁﬁ'!%’o @NG | §Uah (g heviee uare; knowydrom
02/ C5. ~8- 49 ﬁ’cfﬁ@tﬁﬁ@@éw(i’rpjthe Jfrfa’vm Wﬁ?tﬁoﬁ Ftdé\hég“th aﬁﬂ% %Pag by a
y sal lrst Ti1ght

first light beam produced b source an Iec upon at
| east one of reatbmleddvu adirsktamera, svivereas dhe second infage i&i mbrdedebww angl e,

wh d fi 1 f d at | 1 t | t
e e T gecRRf cafibral Stk “8liticnd. /6108 Gpfact “aecsiRaare enoat f
created by ammﬁealb@@bquﬁ@e%of rRYn tHd h HhasddBna .g{agkeast one of

said contact elements in a directio a secon Vi ew ng an having a
di fferd® value than sd drawback of de rkposumgmeethoti cared Wevitiediss thabrtdd i ght

ath startsf e t 10.0 0 ct el enent e in said
:Omage pl ane #&g]gﬁgi g%’ﬁ%F%Sge@&UWHgTﬁe?'ﬁatscfa"i"ﬂ’?gr@c@f&sﬂ'l%#]@iﬁ?ﬁ% el enent
by means of sieteasntien s@@dan&Qﬂr@sPtthéebﬁc&i@“lh%esab%nfsbhéénﬁy pat h)
and form ng ? second |mage of said contact el enent by nmeans camera

by sel ecti vell{RR9aR0EY chanpelsargraquirgmhto pracess tae imaga data rMO@:)Ver,pom tion

Y ght pat h v catAns Ral8 fa e Bin I ot aGhoret i iR TeBu G

differ@dt i madasgewoluhewe.forned of the sane contact elenments while using a
single canera. The sel ective openi n% of the first and second path enabl es
that) the light travel It §22@0 bﬁ%r?é e Presendtingention g realise almethed when

the second pahR 4rf apP&ALGS for measuring respective positions of contact elements
of an electronic component where only a single camera is required

without affecting the accuracy of the measurement.

25 A method or device according to the present invention is
therefor characterised in that it comprises :
— bringing said set of contact elements in a measurement plane;

— illuminating said measurement plane by means of a substantially

homogeneous first light source;
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vice versa. In such a manner, the second i mage obtained by |ight of the
second path will not be affected by the light travelling along the first
pat h. Thw® 254849 f f er ent | mages are obt ai ned whi ch enabl eP€BEEX @O ne t he
positions of the contact elenments while using a single camera. 25 A first
preferred enbodi nent of a device according to the invention is
characterised in that it conprises a secgnd |ight source provided for
produci ng said second |ight beam said seCond |ight beam being oriented in
such a manner that the output second |light beamis incident on said

measur enent plane over an angle a, wherein 20 < a < WO 112/05-18-19 -3
PCT/ BE02/ 01114 Gbrrdihg alfiestuight pbtracreatendyla fifst lightbemenratilesd by ke a
-clear distinction R@Mj\een t he Id'a%h in the different light paths. . A
second pref err d¥St iSRUREEe AN eﬁ\?ﬁi&naﬂﬂgnaéfcéﬁ%ﬁtn@ﬁ ®ft saidi gostact on i s
characterised | fiohfidits auifddiith o ifQABRING' Sl SRHEASN Sad frdt ik deC TOr
producing light 1'n non-overlappi ng wavel eng ranges. e use o

non- over | appi ngpathvstaesgiromr aaideat teash|are contact eleraeat dingt endsiiishari he

| i ght trgavel i ng}ﬂaleﬁéﬁg tgﬁ first and second |ight path since consequently
li ght of°di f f er'BIA9RRFEP NG $PMERyes travel s al ong those paths. The |ight
produci ng the_fg i 1 t i e : ferably
sel ection rreansfogﬂ)n\ﬁaaceg(?%?g'raq QF @ﬁ?ﬁé}égpﬁér?geé?%ﬁglﬂpég%‘ PlStraélfécgr sai d

second pat h ar ebyf mflestiohyuppndatcleast oneiofrsald conidict Blemhentsi inradiredtion
combination with light of different vel en%_t h_ranges offers the advantage

that for one ePePRFING Yifydng rRNgle chaving qifﬁ@'!en yajup (tean exaid irshher eas
transparent f Orvié\bﬁ’lgoéﬁ@g, Wﬁlé?éiﬁ @%ﬁd’sé@&&?ligﬁ path'Haks ‘ﬁfg‘ﬁﬁ %‘éﬁ]gﬁégsl ment of

an apparatus according e Invention is Tharacterise | east
one | atHral i rone cortastelementand ends ievéaid image pldnerof] said jcanmrh: t he

nmeasur enment pl gne), sai anera havi a resolution of nK x nK where 1 < n
<2and 1 <~ fﬁpqﬁlrg %glfﬁtﬁ'@ﬁﬂﬁ @aﬁf g‘?’?‘@éﬁelﬁmeﬂt@d’dﬂaﬁﬂﬁq sglék cameract ed by

said at | east Ll el i r i el et up
of mrrors to %ﬁjst u%e{?écénvﬁyrégé‘rgﬁg@giﬂé%sé lﬁﬂgﬁt% ﬂgaﬂd F#ﬁ"elﬁé rﬁ/g% |no°?1 Wil |
now be descri bdthage ofosaid dentedt element by frevansosf said chmetla by sejectiviely t he
drawi ngs 25 figure.1 shows SCB@%EP cg}l_ly an overall view of a first

embodi ment of APEIIRGSaId Recon R0 the present invention; figure 2

shows Lt 1 5imaadyheeese ot BRL8SEll fi ALTRHoNA ifageappar atus as

shown in figure 1; fi shows "an e rst and second i mage 30
recorded by tBy crgatingaa fisststimdva $ecdndglighd dath wivkeh @2¥dObetd indthedini(ge B

E112/1101101 fiigure 4 shows an ex | e. Of first and second i recor ded
by the appar g esﬁoansqrﬂef‘?adﬁ?@' %@nglﬁ?ﬁglﬁwaﬁngﬁﬂréﬂﬁr@egﬁﬁm

system fi gurganie sbewBict eshBhisC dHilé aBingY & alrgle/| ith&Ya. aTRE CSEcive

enbodi nent of an apparatus according to the present invention; figure 6

i | lustrates toReningafrtbe ﬁfébtandoﬁéwlédvnﬂibfﬁwkkﬁg_ﬂﬂﬁe thetlight taveliing pr esent
o ent AL ARG eSOV VB Bkt WREH Sk Bl B RS o
di fferent i mages vetsaips sabhai nemney, theesecond image obtained by light of the

second path will not be affected by the light travelling along the first path.

Thus two different images are obtained which enable to determine the

positions of the contact elements while using a single camera.

25 A first preferred embodiment of a device according to the
invention is characterised in that it comprises a second light source
provided for producing said second light beam, said second light beam
being oriented in such a manner that the output second light beam is

incident on said measurement plane over an angle o, wherein 20° < o <



apparatus shown in figure 5; and figure 9 shows an exanple of inages
recorded by the apparatus shown in figure 8. In the drawi ngs, a sane

ref er encWs2¢34844ds been assigned 15 to a same or anal ogouBCEBEMEWNI1 The

met hod according to the invention is designed for the automati c conputation
of the coplanarity of contact elenents of electronic conponents such as BGA
(Ball Gid Array)l CSP (Chip Scal e Packagﬁng) and flip-chips devices. O her
conput ation nay be perforned 20 by the inhvention, including calculation of
two or three dinensional size of elenents, the col our and shape of elenments

and detection of m ssing or msplaced elenents. in the first enbodi nent of
an appar at us 80acth® Hﬁ‘h@fﬁﬁqcﬁéddlgééquerﬁ/@hle%tp mekesholear distincione 1,

‘the el ectroni measurenent plane 7, in such
a manner that Be@%@%ﬁigﬁ& J(gse ‘ﬁ&ﬁ@ﬁiﬁﬂt b%r%m nated by a first Iight
source 3. The latter pradeenddprofirdrepmstimeht/ 6 Qﬁtdp%raﬁﬁs%éoﬁf?ﬂ%am

‘el enments preferably at a |ow incident angle, which is at the nost

Preferably, tiethe inyentionia clwacf@@sedmrtln%tesald fiﬁ$fgand1a@mnq/hghtr@urcg ht
| | 0 f LED
i o o8 o RLBEIASH T, RrARURE R 03 eeBofle, Gaifhh BB Bindse. .

hexagonal or ﬁhéalsesubmmwﬂdp]blr@ wa&élal@ﬁﬂ’ahgéﬁer@ble%n&ﬁfé&éh wokelat ed
under the pl ae in whic he contact elements are placed, It is inportant
a

that a subst 'ﬁF'BW'?hHBPrd'@BhHQMQNIDQ@h@ng the firstsand seeand lightcpatbosieee t he

such & manner CRIERY A, G BFERGIT Wavkléhdi? TRAGES uftels il dfose " °
contact el enepathsi sThﬂ)tllghhqxdodlhd:inQrtﬂer fitst ahd asatohds iageé r'willathus not
il lum ni(gl on, iﬁr?q anount of the angle will be determ ned by the dinension

of the rrpon'Jél '§- be neasured. The | arger the conponent, the larger the

angle. So) for exanpl e, pf éra‘kfl Tet F’négnﬁ‘lgrd@lc%gj Wsemﬁvgy%%c%lo of

the ring will be 15 cm an nt an whereas nponent
of | ess than either gaidrfirst ohealdnsea:mm pathgbee forhted syrmehdﬂmlcl indrhdr. our ce 3

|1 t t f whi c.h | df th
per | pheral - of SENGIE (AFRedh GRSEatar vilh ikt of siient veveidnot genssi | y
formed by bal bffersathe éd\)alhtﬂg@fh%@for-r&?e %\)eléﬂ&th% A aﬂélﬁrdlé"?mﬁ%”ée 31is

reflected according to a first view ng angle subst per pendi cul ar
with re$pect redeciiee mheseastanspasenlfor the ﬁthﬂflvﬁvaleiwtblramge oni ¢ corrponent

10 is situated. That t Cl first mrg whi ch
is inclined over an ang{xéﬁ@& %g?fleﬂgg ‘?’HB?HEQ 'ﬂ![%ﬂ aPH@%‘t’%@F"%’Hf'?Q:Eﬂ

el enents for nuhegint/bmucapmcﬁéruate&meaqn/thategt)nsbst lonénafibl Airrero8r st p f or
exanple fornmed by a series of LED s is nounted under the neasurenent plane

7. The |ight @vascaiewipg angle ‘€ adiarent|thenineasummentuplane; saldncamera over

| t |
ool e s, cat ARG ACESBIBh s sk wieiRel s 5 %had i < B 5 Siaad Bteet ed on
the 25 gmlrfac&oqfdefdworcﬁéab?dah%qlgﬁmaﬁeét@d By &sdid gltleé&f bﬁétrﬁﬁ'mw ﬁhe second

mrror 5is oriented towards mrror 6 1 nclined over an a [err]
A di chroi c niembedimentwsiquites aoless citicahgetup ofemirears dotdemstrughs flrst | ected

by the first ﬂé%géond hé}%topattﬁ_e objective of a single canmera 9
The invention will now be described in more details with
reference to the drawings. In the drawings :
25 figure 1 shows schematically an overall view of a first
embodiment of an apparatus according to the present invention;
figure 2 shows the first and second light path such as
formed in the apparatus as shown in figure 1;
figure 3 shows an example of a first and second image
30 recorded by the apparatus shown in figure 1;



pl aced under the first mirror 1 and the dichroic mrror 2. The latter is 30
transparent for the light reflected by the third mrror 6 in such a manner
WO 02/ 05WIB®/05¢84PCT/ B E02/ 110U01 that the latter |ight al BOT/BESXMWE! t he
single camera 9. The canera is preferably a CCD or CMOS canera. The set up
of the illum nation sources and the mrrors, such as shown in figure 1,
enables the formation of a first and a _sgc_ond light 5 path as shown also in
figure 2. The first light path pl is created by the first Iight beam which
is produced by the first illumnation source 3 and the reflection of that
light in a substantially perpendicular direction with respect to the

measur ement plane in V\h}/'@HrQ He Shows tanp Examplepnanirst @nds seeand pmagae fir st

hensubenen praqatikidy, £ andatb iR AASRCL B Bud Al S dfhnotEer ween
the first m rbﬁﬁcéj_@@ﬂgmhe dichroic mrror 2 and is obtained by the |ight

‘reflected by the first mrror. A final section of the first path extends
bet ween the dichroic nifigere 2 shaws sehematjeally ancovsrall iew ofea Segontthe

i dent on t ROSEBEF 6 A 4pbpiths B BRI io. B BeSent Feddart 2N € X
bet ween the incident anfigurs beilluswatesdtile peydifed depih-6i-vieWw wheh Using=31.

The second fi %Cet path p2 is created by the second Fi ght beam which I's
produced by t Fie Bedioed of the,present isNeBERNce 4 incident 20 over an angle a)

20 < < 80 th Akt . Ll t Tl f th
secoﬁdal i ght pg?h p(2a gﬁgﬁg?gé@%ﬁgﬁh&wﬁt&%ﬁ% Itgé sé@géhre’\s/ig\?\n%ﬁgthgﬁg?e a, ©

bet ween the meatodiment opaareparaius becardirmntd therpresedt invéstiengl e 8 upon
whi ch tqa second mrror _is inclined is i.a. determned by the angle a and
the positdion of the canfigdre Bshows the differqntimagensptups ebtained by tha second

section of th Lt S, tained by the light reflected by the
second m rror%gagflag{)%rsbgﬁbéamggv%a? S the third mrror 6. The orientati on of

the third mrror is depfgdent9 showkeannexarhplehef sievages recorded Sbyarttet he
canera 9. In the I|_oreseﬁt exar];r.BI e b < [err] < 35 A final section of the
second |ight BRPArAY$ SAAWNIR figUfS®en the third mrror and the i mage pl ane

of camera 9. That final | tﬁé@-&%&é-é%amgrag@r%%(éﬁﬁ?ﬁ%%%%%iggﬁéh%ﬁg third

crosses the dichroic mrror and 1S obtained by Iigh
m rror. THhe dieclssinee or anslogenalelarsentne nul ti pl exi ng of the images obt ai ned

o7 her hand al ong. the SodBRIMBa Sectifier i B ITvepkbh s RRisheBirinbes @ hat
for a first wautdfatd hcompatatioh aft shérScaplahbfif dofy doptdctCleldidentade dfi ght)

whereas for a second non-overl appi ng wavel ength range the mrror is
transparent i electrapiccampenenisosictypa BCGAH Ball CridcAtrYHESF (GhiprSeales

therefor a wa td: 0l r pani A j el ength
e T Tnee FRRRO BB AR o i OEP AR 67 boifiphes
wavel en@oh r abgdhe overtioay irguding calcutationeof iwsbr trreg@limensional sigewfd pat h,
an optical ass anX i's obtai ned which has the groperty to o
elements, the colour and shape of elements and detection of missing or
misplaced elements.
in the first embodiment of an apparatus 8 according to the
present invention and shown in figure 1, the electronic component 10 Is
25 placed in a measurement plane 7, in such a manner that its N contact
elements are illuminated by a first light source 3. The latter produces a
homogeneous illumination of the contact elements preferably at a low
incident angle, which is at the most 20°. Preferably, the first light source
comprises a high-quality ring-light ilumination source. Such a source is

30 built up of a series of LED's which are disposed in a ring, square,



use a single canera for formng two different inmages. One possible

assi gnnent of wavel ength ranges is for 15 exanple red light in the range of
600 nm t wo/2®s#s¥f or the first source and blue |ight in tPer/BRgWo@ 420 nm
to 550 nmfor the second source. The red light then travels along the first
light path pl and the dichroic mrror 4 acts as a mrror for red |light,

i.e. reflects the red towards the canera,. On the other hand the blue Iight
travel s along the second path. 20 As theddichroic mrror 2 is t ranspar ent
for blue light) the blue Iight crosses the dichroic mrror in order to
reach canera 9. Preferably) the first and second |ight source are not

swi t ched on t bgeadgenal lonbtién substamrtially plandrogepmetedeahnanrdngeraehbsisuatetier i ng,

-blue fight would reach the first mrro r red light the third mrror 6,
Phis 5 acar Her rgHaNadn Miidb e cBlct SiRmDs are TACES It Ikimparantand

q i : . L tisbe N ¢ . .
and ref| ected A SySERlaNy haEEEneBlY foht Ak i LeaR whRk Severs 1R, o " "

di chroi ¢ mi rreoluime in whighathencomtact elemehtsgdft the Reanpomgnit aalokategl. tthe t hird
mrror apd thus ,incident on the di ﬁ,g@oic mrror in,such a nmanner. will be

reflected by S4ch 1/ mapner, a gups L Namegelieoys l'JHmﬂ'!‘]"i‘tl'%ég ditfefanis
obtained.  V,Raedl léﬁ]~e?|ts$f)syp§g{dame§92/lﬁogwér b 9\8btain %ﬂc’%ﬁféég lef t

side a first 1 nage obtained travelling along the f and on
the right si didumisatiomdhé aayeund of dhe angleywill gghdetermiredd by dh@dimengiba second

th. The fi i h t typi cal hnut , obt ai b
path e 1 v3) age e e Ly ol dolonts e ol e
the typical npRNasdaPrss, W%Xh%%@?fdr%té‘édﬁ{)?ﬂé%ﬂt‘ﬂ?4w pg%m/ §he Yiameter

triangul ation angl®. Since in the secon t path e optical axis in the
i nitial 18ect i ohthe ringt wileb@etiicouland the irtcident nglee red6° pwaeedsifomakes an

angle a with the neasurenen | ape, ,various .paints on the electronic 10
conponent Wi |?°'BQ°Q?"€%§9F%B‘% @5&‘&%"}%%%' @dﬁ%ﬁ%’@?\re@used. Consequent |y
there is a requirenent Spiceahsilight 5bGret3 MeRfifates theé SWfabé YA Wheh the
illustrates the latter requirenent. The required depth-of viewd is

expressed as fontashelements ase placersiromethe peripheralofthe surigicey thensidas ch

cone: dorod. 19 chAtEE Bloribds, Benbhlly righ ) nale SR INGIERERCTRE o,
smal | ap8rt ur kghtf ptddleced by theobbarde 8eis n&ﬂeﬁed%@mﬂiﬁp t{c/:?gwmgg i"?;‘),'d%%i \S/i ew

f = 50 mMm and a view n _ar\gle a = 60, a total depth-o

required. Thea’f‘g)lﬁa?rUtI?%!t@' yirarpendicylap with kespeshto the measukamertplaner mul a
Depth = ~,/(a : =i k f i ght. _source.
Assum ng the me éﬁ%tﬁhé"’@fercﬁ'o%;obﬁmnr Bﬁ ﬁ}ew)r@asﬁlgg‘}eégeg'p.g&?ﬁrregﬁg%c{ ! dBj ect

side is 0.003cidemtdn adirsestooadd, Wwhich is-indlinde ovef ahGahgle & defiredQGnmm
focal 25 lengfh Qg'éeroitive Anot_he{ constraint that nmust be satisfied by
using a si ngl &INEH the othesontigal elements &aing the:aRPAGISBt i cal | engt h

(neasurgg along a centrgl gt ﬂl}m’tiiﬁstié)lil Fure2hor! %’?@B%ﬁ{%"g{&&ea‘ba ween

the object and the inage plane o e canera, nust y the
sane in ordersaies of hEDISlie nmountedeuader thesmeapufemert pianke dnThedightngl e
obj ective . That . v e
produced by that second illumination source is incident over an angle on
the measurement plane. A second mirror 5, inclined over an angle §,
catches the light produced by the second source 4 and reflected on the
25 surface of the contact element 10. The light reflected by the second
mirror 5 is oriented towards a third mirror 6 inclined over an angle ¢.
A dichroic mirror 2, inclined over an angle 0 reflects the light
reflected by the first mirror 1 into the objective of a single camera 9
placed under the first mirror 1 and the dichroic mirror 2. The latter is

30 transparent for the light reflected by the third mirror 6 in such a manner



WO U2/ US-18-19 _g_ PCT/BEO2/U11001 condition is satisfied by a proper set
up of the different mrrors 1, 2, 5 and 6 and their correct inclination in
such a nmaoneyossddat the first and second |ight path have ap@rBrizviwvel y a
sanme optical length. Sone nodifications or inprovenents could be applied to
5 the apparatus shown in figure 1. Wthin a given set up, i.e. for fixed
opt onechani cal assenbly of mrrors and cgnera, one may change the fi el dof
view and thereby canera resol ution sinply by exchangi ng the single
objective. bjectives of different focal |engths, with suitably adjusted
apertures and nmounting positions, will all create sharp images filling the
10 camera fi ethatethe ladtey lighttalsmypaekes tae |singlel cargeraf 8c dlhel eanteny isr

-larger (small facal,.le fields-of view Because of the angul ar view ng
for the seconﬁré}cﬁéﬂ@ya%épgnégﬁ&ggag‘e{ﬁe i mage height is conpressed by a
factor of cos(a) as shovpﬁelg‘étfugmmgﬁum@gﬁioh%%%cﬁge ﬁﬁi‘ﬂéfse%ﬂf:hs'de E

"is seen as a 15 trapezoid, rou E and heig E* cos(
Ther ef or, not astshown irv iguneeh, erahles therfigrndtiosl of a dirstsant aexonaslightt i on

and therefor acguracy of the nethod | d .be I nproyed by expanding, the

hei ght ob i b4 ae‘?ﬁcoom ﬁ@?t'“a w&fﬁﬁh? ﬁ@g\/\uﬁﬁammo%t?r@%ae‘gbé!ﬁ@%with
magni fi cat i onfirglilighe beam, vatiich e proGuedd By IRe FrstiniRfHatieRSsdurcé bﬁg an 20
ananor photic optical system This can be generated wthin the secon

vi ewi ng pat h Bie freflaatiops ofetiat dighh in @wsulestantially perpenticutarsditentionhwitbecond

ahoun i 1 f1 guFeerpet 1§ s PsdsSRiEht Hsnsa; VRsR RS Enctoic bainoPbReL 3050w o”
be used withis e HRCTRE frat IpatANes ehdsvaninitiglr or Girstt S@cﬂicﬁﬂ%@@eﬁ&n%or ma
beam expander in one direction and have no optical action in the other

directi df. NoRetwgen fhesmeasurament plapemndhthet first miver 1. Asecpadisectine

Fenmi i unaf f e 2ReeR, Petierf M6 Sfist ShiE, Tafs 46 GONGRE (ATRFTS, 4808, 201
the 30 fi gur esbtained b thelightsieflesteanbyetireniise mifror Apfivsesliselcios BP sk ARt of an

WO U2/ (1S-t89 -10 PCT/ BEO2/ UY(101 gpparatus according to the present
i nvention. Al Palhskiepds GP%E‘%?S‘?'E i¢) yErop £eand &he iraage flane ohdhei r st

and second | | ginchd!d)-TROfPsoRBANkolhired B ighPIehethelmonpas Ay ha

the first path has an initral section exten r pendi cul arl

measur eftbnt ptameraiane. incident ionstheSdichmic mjrranghnethbepregerigeample, 3he Ot her
val ues for the fj rsbﬁand second, vi ew ag ﬂngl e are also admtted. O course
the set up of apEle wPEMBMine.incident apddeflgcled light pndle dichrais mBikEArds (of t he
first and sec?n___d3¥.i ewi ng angle and the position of the single canera. It is
al so not absolutely required that the first or second |light 10 path has

different sections. For Theasedond gl phth @2t isabregited By tHe tseeomaniym 9

and/ or the copponent , 10, or first Ei ght source, k3 coul d enable a construction
of the first PPgm Mﬂ%m@mdr ¥tthe, segancbillumisation goprcesd imcidestt 1,

uercegbhe | BRER A DU 2B on E sy BRER: Pl Tho it <P
first section of the second light path p2 extends in the direction of a
second viewing angle o, between the measurement plane and the
second mirror 5. The angle 8 upon which the second mirror is inclined is
i.a. determined by the angle o and the position of the camera. In the
25 present example 2° < § < 15°. A second section of the second light path
is obtained by the light reflected by the second mirror 5 and oriented
towards the third mirror 6. The orientation of the third mirror is dependent
on the one of the second mirror 5 and the camera 9. In the present
example 5° < ¢ < 35°. A final section of the second light path extends

30 between the third mirror and the image plane of camera 9. That final



15 paths. Wiat is inportant is that two |ight beans are created enabling to
formthe first and second |ight path | eaving the neasurenent plane along a
first anWseas#I9vi ewi ng angl e respectively, where the fiPET/BEfRAMEECONd
viewi ng angl e have different values. Each of the |light beanms have to create
each time an inmage on the inmage plane of a single canera. 20 Instead of
using a dichroic mrror 2, a sem-transparent mrror could also be used. In
the latter enbodinent filters or shuttef$ "have however to be nmounted in the
first and second |light path. Those filters or shutters should obstruct one
| ight path when the other is open and vice versa. So, for exanple) when the
first |ight pa&ehtion copsses theedigbraihmicror andsist abtaineskeby llight exflanteg dyh. As
-some light intensi.ty i.s lost by using sem -transparent mrrors, care should
be taken that ré%ﬁﬂ%ﬂ"irﬁrht intensity is produced by the sources 3 and 4.
When filters 13 and 14 i i | h fmmgj ' i gure
5, those filters have o??oﬁ?gg)lfgﬁﬂgaﬁpgﬁls%a?‘gﬁt f rlé]?ﬁ% Oggﬁﬂvme gfﬁgth
range assi gneébtainetdy thghlightdravellingwn tie oheyhand: alomgnthedfirst path/and

manner | Bght - PROMERENG, BANG pAIPRD Ak FRRONh Pett e AeTIRNTaIc| TUFRr Bas the ot her
e o pattr _ P .
path and di st ?Fé’péHﬂSs "tﬁétﬁ%ﬁ?'ﬁfﬁ ngeg@@gthggﬁggtl%ﬁ as e{)rﬂnr?ont By feﬂzf{?gﬂgt ant

that the light paths are selectiv y use 0 i chroic
mrrors or bythsilight,fwheesas for aisecord nonviearlapping wavelangts rahgerthepeni ng

h b i i h i,gh g S he fi. .ligh
cour e 501 < orBr IS Fndharint i€, 248 U 7 RSB RS piall “Tine At Thista o
l'ight source ghotHefeforefeer wivaleRGthsmubtiphad SiBB¥afé§s@hH{gt ehow4 thas fitfy be

r
closed. The opposite situation occurs when he second |ight source 4
enits i.18. shwavelength rangeotre dhe dight Hraveliing alerg dpenfirstmats hand ¢he ar e

by an LCD. vhSRCREH HipVeunrleBeL FEmEo itlema Rl Sufh R Hleiantng s B8 cne
fight enittedsByohdipath, ahioptiealr senislylis obeaihbe vA#oR haSf theasropertytowhen a
dichroic mrror is used, it is necessary that the wavel ength ranges of both

|i ght sour ces Uge@ singlecsarmeradion forgHng fwe |diffsrentimages.f i rst and the second
i mge have to be nade SW%&%& L 0. t i r h .ot her.
Anot her enbodi ment of the si'ng Fed-lééa?m%rlgﬁ‘g% ht‘?fo%\%e%sr?%anpﬂﬁe%n '?i gbﬁre 7
and doed5not example e¢a tighhimthiet igrigexob600 sywatto FA20compiosithe dinst $ourchi s
enbodi nent at lﬁg?jt (?n L ateral m r‘;&# 20 is aced adlir‘ﬁacent to the object
10. The ni rr oPNHENEE ght i e rgnge Q 1AM R S90RM ORdhe SSCAnE SO¥FER: angl e

S situated baheerl fGheitbrihaydis The'sCRARDARND1 R T BRAPoiC0 and

I
21, one on the east sTde and the 255 ot her on side, are placed.
Al t er nati vel ymitrocdubdtsabs @ purrpo$ar tedelight, pleaceficote therreldetowdrds dhe, one

on the north side and the other o he south side. In the |latter epbodi ment
2" di rect vi ewEoREr: (5 PreShF batd e bIos TRt Faids aiohd B, satedd srline

i mage plane, aAg thBQUEhroft el 2isSiraifré Mor bilid hgit HePHNe lyh?cfasrsest vi ew,
formng the second i nage. WO 112105~8-L9 -12 PCI/ B E02/ 00001 In the

enbodi nent sh&ymdichreic quirer in okdes te regghecamata 9. and | ens view the direct

view and the side views heot h Ei hows, t he_ | mages
obtained with a set up ﬁigféﬁi%ﬁ'g’ gﬁ%gr'gs_ttmgbporsegﬁﬁ&h_@glitaﬁ\%ﬁ%e?rel r{%gr der to
have a sane r eaftchéd on fyetierthig atehastelye Mihoafhdelen i dud i@calterdite canmer a
needs to have nore pixels in one direction. For exathBI g, with a view ng

8

angl e [err] =DbB® lighavpudgeash the fiest daifior dsertedljoht thadhisd mirror 6, this
="/ 2 . , '
Dol o 2571 n” pRatEECRYRT oty haP SRREIRe MRERBICH Gt Bust phdTRReBRg ™"

adj acent to tiraagedsutreneamerd.dndeedoblie Ndie insident onithedirst Miglorl@ndhei r

calignment in the light paths. As an exanple) if a 1l Kx 1 K pixel
g re ecteg towgr(}s §1e i '?l cross the latter as thpe dichroic

dichroic mirror wi
mirror is transparent for blue light. Red light reaching the third mirror and
thus incident on the dichroic mirror in such a manner will be reflected by

30 the latter. A clean separation of both images is thus obtained.



canera is used in the enbodi ments of figure 1 or 5) a 1 Kx 1,5 K pixel
canera would be preferred for a set up with one lateral mrror in order to
obt ai n t WO A8 esol uti on. The depth-of -field requirenenPCI/BENI8ANE as
descri bed herebefore. 15 The nore lateral mrrors are used, the nore
accurate will be the measurement. For an enbodinment with 2 mrrors) a 1 K x
2 Kpixel canmera is preferred and a 2 K x 2 K pixel canera is preferred
when four mirrors are used in order to obfain a same resolution. Generally
an nK x nK resolution is preferred with 1 < n< 2and 1< m<_ 2. 20O
course it would also be_possible to use a canmera with a higher or a | ower
resol ution, dependi ng ohigure 3 shawseenh ithendpft gidel Bt first Tinageeshibingdohyof t he

: houl dj, | bot i i ly.
By means of cIRJOVEIND AR RBHEE phpRg Snanerliohr 8T ofe it kidge
dichroic m rrebtaindd by fighttravdifity Blofg thé Suctb BEIHTTHeSfIERImALE haBdhexecut ed

wWith a canera of smaller pixel nunber, using again a wavelength nmultiplex
for the vari olydical ed@ughmudsehape epbiainast byn perpensiiculaaireiection 1dn lihee no

difficulgy in LS| et . i Ql e set S. pased on_the

met hods %utl |%%§¥§€g\%"gnguvxﬁ%gg§?/§é !'@g%ﬁq@@ﬁ’? %("ﬁ ﬂl%onrﬁgapes
det er mi nat i ondé td te latsral llamindtioheverantrapukiioRtstdiei s det ermined on the
basis of the recorded inmges, in an anal ogous manner as described in

PCT/ BEOO/ 00020 whi ch i sSiieeeiBythiensenanel lighé datly thefaptisat exis invibeoipitias~B- 19

of 2 set of NEASTa: NaPBemendioel 16 dnk hediiRHid T RBRP B ikeloihoa”"®
conprises - banglgidavighitie Satafirentdtitasang, CARIUS pblhts dFE s 'SE&Ini@! ane; 5

- illum nating said neasurenent plane by neans of a substantially
honogen®®us f¢eaponenfhiwilloleceat varyngi digtandd rfsoml ithet ohiedtiver asedd by a

i I ah Lt . e { -
| cast ong of Caiaiiticthet A2 A sohiameneer BONGRGM, BEbGHLuRN, “Engi o
wherei n sai d Figueg 6lilgitatéd tiaidites reguireriemtnThsirdqaired e@pth-ofgienpgtisct

el ement and ends in an i e plane of a canera; - formng a second |ight
pat h created Wrﬁs%%géﬁ@%%%i beam obt ai ned by reflection upon at | east

one of said countag oLel enents in a direction of a second view ng angl e
having a differenht value than said first
15 where f is the field of view which corresponds to the lateral size of the

object or electronic component considered. The required depth-of-view is

obtained by using a sufficiently small aperture of the camera objective.

As an example, for a field-of-view f = 50 mm and a viewing angle o = 60°,

a total depth-of-view of 43 mm is required. The total depth-of-view is
20 given by the wave-optical formula :

Depth = A/(aperture)?

where A is the wavelength of the used light source. Assuming the

wavelength A = 500 nm, the required aperture on the object side is

0.0034, which corresponds to an F-number of 16 for a f = 50 mm focal
25 length objective.

Another constraint that must be satisfied by using a single

camera is that for both views the average optical length (measured along

a central axis of the light path) i.e. the distance between the object and

the image plane of the camera, must be substantially the same in order
30 to be able to generate a sharp image with only a single objective . That



15 view ng angl e, wherein said second Iight path starts fromsaid at |east
one contact elenent and ends in said inmage plane of said canera; - formng
a first wa@aséef49sai d contact el ement by neans of said caPEF/BEiWoOhy

sel ectively opening said first light path, and form ng a second i mage of
said contact elenment by neans of said canera by selectively 20 opening said
second |ight path; - neasuring said p05|td on by using said first and second
imge. 2. A method as clained in claimI”Wwherein said second |ight beamis
produced by a second light source . 3. A nmethod as clained in claim 2,
wherein said first and 25 second |ight source produce light with

non- over | appi mndﬁmlléﬁgtlﬁﬁedlbya preprodetigp of thendifferemt aniyroosd, 8f Stamd cl ai s

average opti o ad Rt eoielingiaRin 39 o BRateraie MEHES 1 sttt hod as
clai med in anyighepath 4@ & Siﬁnétel a%arﬁ’&'@étﬁ!a'ﬂl kil first light source
- produces said PI rst |ight %@gm W t hy)an I ncl dent eﬁﬁg’fe on said el enents of

at the nost 20. 6. A meSasoe apodificatiens ion impyovemernitst coaild | e repplietioto5, 5
wherein id fjrst ath .hgs an i.al section startjng fromsaid
contact & eneft® 3983 ?%ﬁEPWQ 'ES‘(%‘(%Ht S}Eh‘ﬂ) %@Y%ﬁﬁ{]ﬁﬂd 'a?lgw%k(?% opimpect to
sai d nmeasur engRécHinde as§errfbl%¥ mﬁ'o?§ afill Haishal Bné'?ﬁW%h% é*lﬁecf‘e?d m 1 to
6, wherein said second l'ight path has an initial section st rt| ng tromsaid
10 contact el @fwiaw and thesely camerd resclotian sirapiyny anghangingstheosinglies ed

2 set of N cotblstVe: Ghineler 8T e MochE RMIRT WSSy Sdlee, ™

conprises a fiapstutdsphhd yAONSENG poYItBAS, \fvmralgefé.%t@%héﬂa ﬁnég@ﬂ; \AE el ¥y 15
hormgeneous light beam and illum nating a neasurenent plane in ich said

cont act 18 enefBmasa diald @M‘E@M:, byt mapping smaller dlarge f@@ langtmeoradasget fir st
optical neans 1 irst light path created by a first

| i ght beam préﬁhggg&gﬂ 'ﬁtg ﬁ%l%r&[\ﬁ%&t source and reflection upon at | east
one of said contact el eBethase of theahgalar 9fewlhg forf the Secoh@Viizgednidd 20
said first |ight path starting fromsaid at | east one contact el enent and

endi ng i n an Phageodlgl ankecimage deighteisacomaressedpby @ (ActouOf eas(epmsr i si ng
second 11 gnt BuRoR BORE, 20yt s, Al shibsd SR L AP (R B2 R Bont act
el ement 95 n atréipegsidi voughlyaot AtAdEY hRd Kelgietn Bk ons?&) hevdregora riditfther ent
val ue than said first viewng angle, said second |ight
entire area of the image field is used. The resolution and therefor
accuracy of the method could be improved by expanding the height of
this image, without affecting the width. An optical system with
magnifications different for the two orthogonal directions is called an
20 anamorphotic optical system. This can be generated within the second
viewing path by means of employing two cylindrical mirrors for the
second and third mirrors 5 and 6, replacing the two planar mirrors. The
result is shown in figure 4. Alternatively, two additional cylindrical lenses
could be used within the second path. These two mirrors or two lenses
25 form a beam expander in one direction and have no optical action in the
other direction. None of these elements may be part of the first path, the
straight viewing path, of course, since here the object aspect ratio should
remain unaffected.
It will be clear that the set up such as illustrated in the

30 figures 1 and 2 only shows an example of a possible embodiment of an



path starting fromsaid at | east one contact el enment, said camera being
connected to processing neans provided for neasuring said position from

I mages rwEonRdes4by sai d canera, characterised in that sai RCEBE@H001 ght
path ends in said i mage pl ane of said canera and wherein said 30 apparat us
further conprises selection neans nounted in said first and WO

02/ 05-48.19 -16 PCT/BEO2/f10f101 second1bi ght path and provided for

sel ectively opening either said first or-said second light path. 9. An
apparatus as clainmed in claim8) characterised in that it conprises a
second |ight source provided for producing said second 5 |light beam said
second fight apparabs agcasdingntoethe preseartt inventionerAltérnativé encbhodinmenssecond

.l'ight beamis_jpgi i d | : le_a, wherei
208 a5 80 e i AasBl £ kSR dhRokt M HaeobS” ik Bafhr s8edol that
said first ansksgplent i indftabsenRe ﬁé@é&h@’&lﬁ’&dthboﬁrsprﬂ?'%dﬁgahiiﬂﬁita in 10

~non-overl appi ng wavel ength ranges. 11. An ‘apparatus as clainmed in claim9,
char act er i sedseationrextending perpendiewariydel the measusemenhplapes et the firgt on/ of

the ol o 6 B Sagledting BALEF 1o §r, EGPPRLR, Yo e ird Aib shcori o ©
formed by a diigRirg engler & alsé?adrﬁﬂte%ﬂ%f blifseathet ket dof e wipsene! the

clainse 8 to 11, characterised in that said selection nmeans are tforned by a
sem transparmaiiforsihasolo b @depted to the zboice. ofAlhesfiisheadusedand viewing i ng

respective pasiil ' f optact el enents of an electronic
conponent, s%’%g’@rtﬁ%19?3@'%;9&‘@%@?@‘%F%éle’ﬁ ght source provided for
i Ilum nating a measur erieistalst Abeabsolutdly hequirell thRm e first g rRebAd NHAL
di sposedq said first jllumnation source being provided for generating a

subst antd al | yp‘ﬂﬁn'%;;_% §"i_ seelionss e pramplel apliliersnt aligomentselsthe caner a
e e on’ o TGO ZhcRehd SorhfBcfo 52 L S5leE S BB o PR S oL
one | ateral monstruction ftthepfirey tight beaavigothgridireetly,ewlthoadusingna first t he
T e S Eerd T b bt OF 1S ool Bo S "Tors It ot e
mirrors than the mirrors 1, 5 and 6 could be used to build up the light
15 paths. What is important is that two light beams are created enabling to
form the first and second light path leaving the measurement plane along
a first and second viewing angle respectively, where the first and second
viewing angle have different values. Each of the light beams have to
create each time an image on the image plane of a single camera.
20 Instead of using a dichroic mirror 2, a semi-transparent
mirror could also be used. In the latter embodiment filters or shutters
have however to be mounted in the first and second light path. Those
filters or shutters should obstruct one light path when the other is open
and vice versa. So, for example, when the first light path is open, the
25 shutter has to close the second path. As some light intensity is lost by
using semi-transparent mirrors, care should be taken that enough light
intensity is produced by the sources 3 and 4.
When filters 13 and 14 are used such as in the embodiment
shown in figure 5, those filters have of course to be transparent for the

30 wavelength range assigned to the light path in which they are mounted



A

WO 02/0y8-t9 PCT/BE02/0O0OU01 -17 mrror and for form ng a second inage
therefrom said canera having a resolution adapted to formsaid first and
second | wilye/6S#s#0| t aneously. 15. An apparatus as cl ai mred PGT/BE@/o0A14,
characterised in that said canmera has a resolution of nK x nK where 1 5 n
< 2and 1 < mb5 <_ 2.
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second image have to be made subsequently in order to not disturb each
other.

Another embodiment of the single-camera solution is shown
20 in figure 7 and does not use wavelength multiplex but spatial
composition. In this embodiment at least one lateral mirror 20 is placed
adjacent to the object 10. The mirror makes an angle y with the
measurement plane. That angle is situated between 20° and 80°. In the
shown embodiment two mirrors 20 and 21, one on the east side and the
25 other on the west side, are placed. Alternatively it could also be possible
to place two further mirrors, one on the north side and the other on the
south side. In the latter embodiment a direct view, forming the first image,
is formed in the middle of the image plane, as shown in figure 8, and four

further around the direct view, forming the second image.
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& ()-G Y&10%&' ()- !; NY&IQUke embddiféAtdhdwn in figlir 7 the simie Baidra and0%& () -
1098 ()- 10%& () - 9f 10%& ((i)- 19, 109KK& ().-9, 109%&' ()-An# $ % & }|L_M?1 10
lens view the direct view and the sSide views next to each other. Figure 9
shows the images obtained with a set up having a single mirror on the
east side. In order to have a same resolution as in the embodiments of
5 figure 1 or 5, the camera needs to have more pixels in one direction. For
example, with a viewing angle v = 60°, the image size is compressed by
a factor 2 (cosy = %2). Consequently, the camera needs to have 1.5 times
as many pixels as in the other embodiments. Nevertheless, the use of
mirrors adjacent to the measurement plane avoids the use of mirrors and
10 their alignment in the light paths. As an example, if a 1 K x 1 K pixel
camera is used in the embodiments of figure 1 or 5, a 1 K x 1,5 K pixel
camera would be preferred for a set up with one lateral mirror in order to
obtain the same resolution. The depth-of-field requirement is the same
as described herebefore.
15 The more lateral mirrors are used, the more accurate will be
the measurement. For an embodiment with 2 mirrors, a 1 K x 2 K pixel
camera is preferred and a 2 K x 2 K pixel camera is preferred when four
mirrors are used in order to obtain a same resolution. Generally an nK x
mK resolution is preferred with 1 <n<2and 1<m<2.
20 Of course it would also be possible to use a camera with a
higher or a lower resolution, depending on the required image quality.
The resolution of the camera should in any way be adapted to record
both images simultaneously.
By means of employing a more complex set up of normal
25 mirrors and dichroic mirrors, these multiple side view embodiments may
also be executed with a camera of smaller pixel number, using again a
wavelength multiplex for the various views. Those experienced in the
optical art will have no difficulty in devising a muiltitude of possible set

ups, based on the methods outlined above.
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forming a first light path created by a first light beam produced by said
first light source and reflection upon at least one of said contact
elements in a direction of a first viewing angle, wherein said first light
path starts from said at least one contact element and ends in an
image plane of a camera;

forming a second light path created by a second light beam obtained
by reflection upon at least one of said contact elements in a direction
of a second viewing angle having a different value than said first
viewing angle, wherein said second light path starts from said at least
one contact element and ends in said image plane of said camera;
forming a first image of said contact element by means of said camera
and by selectively opening said first light path, and forming a second
image of said contact element by means of said camera by selectively
opening said second light path;

measuring said position by using said first and second image.

2. A method as claimed in claim 1, wherein said second

light beam is produced by a second light source .

3. A method as claimed in claim 2, wherein said first and

25 second light source produce light with non-overlapping wavelength.

4. A method as claimed in any one of the claims 1 to 3,

wherein the first and second light path have a substantially equal

average optical length.
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wherein said first light source produces said first light beam with an

incident angle on said elements of at the most 20°.
6. A method as claimed in anyone of the claims 1 to 5,
5 wherein said first light path has an initial section starting from said
contact element and extending substantially perpendicularly with respect
to said measurement plane.

7. A method as claimed in anyone of the claims 1 to 6,
wherein said second light path has an initial section starting from said

10 contact element and wherein said second viewing angle a is comprised
between 20° < o < 80°.

8. An apparatus for measuring respective positions of a set
of N contact elements of an electronic component, said apparatus
comprises a first light source provided for generating a substantially

15 homogeneous light beam and illuminating a measurement plane in which
said contact elements are disposed, said apparatus comprises a camera
and first optical means provided for forming a first light path created by a
first light beam produced by said first light source and reflection upon at
least one of said contact elements in a direction of a first viewing angle,
20 said first light path starting from said at least one contact element and
ending in an image plane of said camera, said apparatus further
comprising second optical means provided for forming a second light
path created by a second light beam obtained by reflection upon at least
one of said contact elements in a direction of a second viewing angle,
25 having a different value than said first viewing angle, said second light
path starting from said at least one contact element, said camera being
connected to processing means provided for measuring said position
from images recorded by said camera, characterised in that said second
light path ends in said image plane of said camera and wherein said
30 apparatus further comprises selection means mounted in said first and
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9. An apparatus as claimed in claim 8, characterised in that
it comprises a second light source provided for producing said second
light beam, said second light beam being oriented in such a manner that
the output second light beam is incident on said measurement plane over
an angle a, wherein 20° < o < 80°. |

10. An apparatus as claimed in claim 9, characterised in
that said first and second light source are provided for producing light in
non-overlapping wavelength ranges.

11. An apparatus as claimed in claim 9, characterised in
that means are provided for subsequently switching on/off the first and
second light source.

12. An apparatus as claimed in anyone of the claims 8 to
11, characterised in that said selection means are formed by a dichroic
mirror.

13. An apparatus as claimed in anyone of the claims 8 to
11, characterised in that said selection means are formed by a semi-
transparent mirror and shutters.

14. An apparatus for measuring respective positions of a
set of N contact elements of an electronic component, said apparatus
comprises a first light source provided for illuminating a measurement
plane in which said contact elements are disposed, said first illumination
source being provided for generating a substantially homogeneous light
beam, said apparatus comprises a camera provided for recording a first
image of said contact elements obtained by reflection of light on the
measurement plane, characterised in that a least one lateral mirror is set
up over a viewing angle ¥ adjacent to the measurement plane, said
camera being provided for recording light reflected by said at least one
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