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1 Optical device and inspection nodul e The present

i nvention concerns an optical device and an

i nspection nodul e conprising such a device. The
present invention concerns in particular an optica
devi ce and an inspection nodule allowing 5 an i mage
fromthe | ower side or upper side of an object and the
image of at |east one |atgral side of the same obj ect
to be captured sinultaneously, through a shooting
devi ce. Such nodul es are used for exanple for

i nspecting el ectOpticsl d@\ﬂﬂ@@hﬂﬁh?;pe&%n FiGdmke
| eadl ess conponents (QFN, MLP, ...), dies or 10

conmponents with fornmed | eads. They general ly conprise

A w

of the.l ower oI upper, si

inspetiy Mmedulerompssiagsuchta devise. pogsent snvettioral
smm:sernsThrEpartﬁwl.ﬁugaﬁmititm dapicErR 4R ﬁ%e’cﬂ%ﬁ odule allowing

| le f t
P RGERA el By LA i S e i o
feasl pye iatesaladde ©of thetsante pbjest bo ®earaptatddsinniltifgously,

C@irﬁugargshcﬁﬁrﬁgu@vk@spectl on nodules allow in
particular the Tmage of the |Iower (or upper) side 10

and the images of the four lateral sides 11, 12, 13,
14 of a st modpbeseare Useld forsxapid for agpRetRY dakirynic

| rhpoiets] 60 RfnpfAREIIE] o %ﬁ%@ﬁ&ﬂfs‘&#@y Wi, ...), dies or

so-cal | ed ﬁ |ns ec
|9q'ﬁ8‘?rr'%\'ﬂ§é"”5 fé‘iﬁ'@ﬂs hayt gerenadlyicompifisean viewing system
éiomrﬁomvmchmmmtte@!hé la gl SMIHR0 oSV Sy ;I)eras;éé ofa

h
W&r&érﬁ;ﬁgﬁé:l e&?& an % i qé%f%f%ﬁggos?%ne S its Pateral
seggﬁtv;h@wmg syehemecapiuresitigse imekes skntilhanebadle fat

Ssxd lé¥or }@prebdntih ‘@He%

it ot e gt 049 el gty [y g

pr P Q @85& caatAte tiayebthe component.

| ateral sides 12, 14 of t he corrponent 1 are directed

t owar ds

?b' o | VSQO ath :?g?&t@ﬁh%@uks él?%\fv !rc:gfaﬁ%ﬁpég@@eoq)‘f the
RweL %gpegr)ts 19&%ﬂmmagesaoﬁﬁ1e feyrlatexh| sides 11, 12, 13,

kjdmfeai saread@iphpohynt Priliistia@ddibgPamintatidaly in figure 1 to be
captured simultaneously, as so-called 55 (5 sides) inspection. Figure 2
illustrates an example of representation of an electronic component by the
viewing system of a 5S inspection device. The image of the component's
tower side 10 is visible at the center of the representation, while the images
of its four lateral sides 11, 12, 13, 14 are visible on the sides.

Figure 3 illustrates diagrammatically the optical device of a prior
art inspection module. The images of the lateral sides 12, 14 of the
component 1 are directed towards the viewing system 7, for example the
objective of a camera, by means of mirrors 2 placed on the sides of the
component 1 to be inspected. For better readability, only two mirrors 2 are
represented in figure 3. In the case of an optical device allowing a 5%
inspection, the latter however comprises four mirrors, each mirror being
placed opposite one of the four lateral sides of the component 1.
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represented in figure 3. In the case of an optica
device allowing a 55 30 inspection, the |atter however
conprises four mrrors, each mrror being placed
opposite one of the four |ateral sides of the
conponent 1. 2 5 Fromfigure 3 wll clearly energe
that the length of the optical, path A of the centra

i mage 10 is not equal to the I%ngth of the optica

path ¢ of the lateral inmages 12, 14. The length
difference Al. between these two paths is: Al o =b+d+h

2 2 Practfrop &%ur& ) wilv Ay Arh&ryd ﬁfb{tgﬁﬁpﬁﬁ%ﬁfég tRL optical

1 LLi peters, igh s neral ly "grea a
Rt RSB sttt made, B oot edudliaitng leneih ofi B ongical
shatheerof the dateralinzades 12) thThedengtihdiffyriite AR between these
CRUPPARI &: 1 are inspected, which requires strongly
enlarging objectives. It is then difficult, 10 or even

i mpossible in certain cases, to have sinmultaneously a
correctly, foguskdhcentral image 10 and correctly

focused |lareral 2 mages 11, 12, 13, 14. As at |east

one of these inages is slightly blurred, there result
measur i ng%1T errors or a lack of precision in the

i nspect i dlasticallye tBisadiee ofifen tepresmnip seeartal miltirhetdrs, which

ii8 gehesalngriatepthimene'de %Htof!fgll{GPHt‘ ﬁge ibmé’cttﬂfégﬁﬁ‘earﬂag the

e syste rndiafiart i s fesewhen vesy mallicaroponeiats 1 are
Wed] whicht requires stronglywrdarding MMQm\Esallttis RéM Rfficult,

: : . i mul,t aneous
eV M SiLe 1 G thics, L RAREIANRaB LB HootEy
J?’CH%ECF celralimage d@and copsgehnfoqused laterel ishages 11, 12, 13, 14.
et I{egast eneldf thejeirhages is dli@h?@%lbﬁfec@il’jrfgﬁg TETtsg[& measuring
i r spection
SYSRIAR B AROREorETh LS BEbEBAn s Tt e OLitth or

component 1.

It is thus an aim of the present invention to propose an optical

device capable of avoiding the inconveniences of the prior art optical
devices.

It is an aim of the present invention in particular to propose an
optical device allowing a correctly focused and simultaneous representation
of a central image of an object and of at least one lateral image of the
same object, even for small objects.

It is another aim of the invention to propose an inspection
module allowing the simultaneous visual inspection of the lower and/or

upper side of a small-size component and of at least one of its lateral sides
to be performed in optimal condjitions.

These aims are achieved by an optical device and by an inspection
device having the characteristics of the corresponding independent claims,

advantageous embodiments being further indicated by the dependent
claims.
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upper side of a snmall-size conponent and of at | east
one of its lateral sides 25 to be perforned in optinal
conditions. These ains are achi eved by an optica

devi ce and by an inspection device having the
characteristics of the correspondi ng i ndependent

cl ai ns, advantageous enbodi ts being further

i ndi cated by the dependent cldins. 3 These ains are
achieved in particular by an optical device for
representing a central image of an object and at | east

one | at erTEHese Ge apé achhﬂt}aﬂ&?ﬁ:t)ﬂic@rdrtbyf\bﬁ %p‘ti&ﬁl J:ISW% Hor
ath. o cent ral
Jepraseite's cefifial fPagBR P oblait 2B Rask pRafaisaehintage of
&het 3en& objacsy withi theglengiitl ofithie adteal eplical pethtdiethe central
@Bém@nﬂtﬁ@bnf)ﬁtd?n QﬁetlEﬁﬁt}F ePth&hct %%tpc% ﬁgtl? of the

t t
qﬁﬁera! iRapSndiah tharensih sTHpeARparBRt En@cabpmpf the

Iq cesybEad inagedieing J&E{Ltai toozhe‘nengtl’ﬂ of sheappa r@rltw b?ﬁta] path of the
ntra

aprRtinRg ?’ea $BY CodliE FSENR pBHrRaE Ry B prjedd

SaRRPEHng such @nba?t1csalé:baw¢ﬁ and ainneptical sysieny allowing a central

R e Bl e e Ao e, O BE Senenifecto be

g‘%ﬁ'ﬁ?ﬁ&’?’éﬁ%“ﬁ% e two i nages can be captured and

correctly focused sinultaneously by a single view ng

SySt em J&'_tcémﬁnﬁrtﬁsﬁfét |n'VBY\@i’Eﬁ1' Qﬂcé"thle éagﬁ')a?@m SP‘tlfcal ;r)até'w of

ers escr |
SaPhERImAbe R G She ﬁﬂ/ﬂefﬂ'eméﬁsed roifienttisal abiese twg images
&;am be edpteined Iélngl carreqthefoauset sirdultanesasly byl 4 sisigl@iRaving
Q-P@gh@rmatl cally the principle of a 5S inspection, 20
g. 2, previously discussed, illustrates a

- representation of an electronic conponent by the

vi ewi ng Iyietpres@it invehtiohSAEF bt BettaVisderstddd b means of the
RIS Bﬁéh%fda SFeLf%F’r%‘%'r er'nlblo el eﬁus‘%raat%d%mﬁ'tné gtgtacxed t%lgures 1

to 8, in which;

Fig. 1, previously discussed, illustrates diagrammatically the
principle of a 55 inspection,

Fig. 2, previously discussed, illustrates a representation of an
electronic component by the viewing system of a 55 inspection device,

Fig. 3, previously discussed, illustrates diagrammatically the
operating principle of a prior art optical device,

Fig. 4 illustrates diagrammatically the operating principle of the
optical device according to a preferred embodiment of the invention,

Fig. 5 illustrates the effects of a material having a refraction
coefficient different from that of air on a light ray entering it,
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operating principle of a prior art optical device,
Fig. 4 illustrates diagrammatically the operating
principle of the 25 optical device according to a
preferred enbodi nent of the invention, Fig. 5
illustrates the effects of a material having a
refraction coefficient differ&nt fromthat of air on
alight ray entering it, 4 Fig' 6 represents an

i nspection nodul e according to a preferred enbodi nent
of the invention, Fig. 7 represents an exanple of

I nt egrati[@y. BirepreseRtPER ThsTbctiBPivotiuie SeESHRYg rt@ afeferred
i nventj.on to conﬁl et.e inspection systemon a
cSW‘S’&&JéWF“%Pé?‘*Q&P iPRe. Figure 4 illustrates

di agrammatically an optical device according to a

Compr | ses o1 Sabresneyan ERAmgIE R ihrabionfl e figttion

conpr i ses ) ] / _
s I8 ecorraling ke the daventien itprgcemplatipdospedtinn system on a
esampbacAt peb&stinglise.conponent 1, to be inspected.

For 10 visibility reasons, only two prisns 3 are
represented one opposite the other in figure 4. The
nunber ofFigurefidllgstrates disgemuoettizalty aad@idcd diivig: d@ording
NeLs préfirréd A of ' n i
sides rgﬁ;{ heégToj CHiffiert nﬁﬂ%r @Q'tehﬁg’é" %%%bdi’_%ﬁ@kses prisms
oF HAc o 1] 19avE sufliciens apase hebesmahem fasinserting an
pelejexct; foaexatripde ptéle?lirodmlctmﬁp_ohehhe. tobenhipetted. For

; [ [ r QSSWi.se
VIR detsri By &0 s 2 o rBResBhBET BpEl chipeythe other
CRIgHra A renimbasiafaerdams g is hgweven determinasbagsweding to
ahsad, donexbrie @ackoidng totthe nurmBRrer fatktall ifes of the object

' ' . ' . jcal d h tr, ..
T N e e
rRaftisglamthe opsicel devics idddbe ivventian prateraply oarhprises four
Skiﬁ’girﬁﬁ plﬁ;’cegftgoksy\w&?gf@gn% E?ggﬁﬁﬂ%ﬁ 13352%’ ?\ﬁte%fiea,oac%ording
ot AraEPAS Mustrateqig dcaire 4. Toisi sweven Sl senceivable within
ribreufraeevigrk diethepinvealtictets rraginebspienidevicksanfing three
Qﬁ?s;rggé?’acteﬁgﬂ\mﬁ%ég% ?résrﬁre‘%ahgsaeﬁggféct 'li%rvirggh three lateral

sides, efc,

The optical device of the invention is preferably associated to a
viewing system 7, represented partially and diagrammatically in figure 4,
allowing images returned by the optical device to be captured and possibly
processed and/or represented. For this purpose, the viewing system 7
preferably comprises a shooting device, for example a camera, whose
objective is placed in such a manner that it is capable of capturing the
images returned by the optical device. It is also conceivable, in particular
for reasons of space requirements, to orient the objective of the shooting
device in another direction, for example perpendicularly to the exit
direction of the images of the optical device, and to redirect the latter
towards the shooting device, for example by means of a returning device
not represented in figure 4 and comprising for example a prism or a mirror.
The use of a returning device thus allows a greater liberty in placing the
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preferably conprises a shooting device, for exanple a
canera, whose 25 objective is placed in such a manner
that it is capable of capturing the inmages returned
by the optical device. It is also conceivable, in
particular for reasons of space requirenents, to
orient the objective of the shgoting device in

anot her direction, for exanplesperpendicularly to the
exit direction of the inages of the optical device,
and to redirect the latter 30 towards the shooting

d f,
ngi“"?@"?é’%é"n@*%‘%’%ﬂyaﬁaﬁﬁ'gﬁéd%‘eEgtﬁéﬁh;]?P%F L SHrtle or
a®prR QﬁF%"rsa'éY partgglarl ymbeuébeépaae avilablentprdexsrople under

t thus opticavdevicqrieifrfited.i berty in placing the 5
shooting device relative to the optical device, which

is often desirable or even necessary, particularly
when t he Bpecempomienstlts bé dmspeched isstenmplerarily peaced between

s BT LPpstd e Hon i ROTICHIR LAY o
3p0§gi S{srﬁi@ % wievwing)systeen gy Ecrreemple by its
hepper ndehby n}nmrsto];fomc@mpdrﬁemlmﬂd@pm rte@régeﬁtlaa) for

e
VR 3 SL fon (ol AR EArbL coliREheft S

exanpl e an aspiration nozzle of an el ectronr c
conponentTi®eateyar lméEjL'erﬂtthé'cdn‘?ﬁ&ﬁe o ‘éiﬁ%mv\%!e the image
S

SPHES ‘@’%r fie: bR ARG ire PGy thie vk V{ﬁ"é\ﬁgn@"%“;ﬂéﬁe pyhilst ts
7 atWﬁ-’r images 42, 14oce weflectrdemnd pedifetted donairie the dicavidg
r §didract @ oligheth@Spridhss 3| T’H\é E‘%tﬁ%ﬁ&@vr&g of tEﬁQ‘i'rQ{?%rIntt?gn thus

pree?aﬂ TheotrcaLd# e [ nventlo
ISeraY ¢© Féd%”%i"g"r af Rag fe'Feréb@Flertat@ Hispscipsl. In the
t@SBe)ﬁ arspptitaiddevice alh@wrrmgﬂésofnspécﬁmﬁ lf@@|e)@ﬁvpl§ethe latter

R .'5,%3‘%@ DARPERIAQRY crboby RXAMBL G shRS b tnd 2acn
oFEf ?'nge%\‘éFPPﬂ’iﬁ‘P@?rp@ lbdﬁt&‘jabﬁ)lpl@& te one of its

| ateral sides. In the preferred enbodi ment il lustrated
by way o he ce e 10

of the cdnSbRaErarred ernidbditadt HSirated bievay of gxample in
vifigerre 4.stheageniral dndigeet by thy cohgoriei g theshesgelof its lower
P Whith #taptifed directly by the viewing system 7 placed under the
optical device, The prisms 3 are thus placed so as to redirect the images of
its lateral sides 12, 14 also downwards, towards the viewing system 7. The
one skilled in the art will however understand that it is perfectly
conceivable within the framework of the invention to hold the component
by its lower side and to place the viewing system opposite the component's
upper side. The prisms are then preferably oriented so as to redirect the
lateral images also upwards, so that the optical device can allow the
simultaneous inspection of the component's upper side, which is then the
central image, and of at least one of its lateral sides.

The prisms 3 are constituted of a translucent material having a
refraction coefficient different from that of air. The length of the apparent
optical path of the lateral images going through them is thus different
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20 optical device. The prisns 3 are thus placed so as
to redirect the images of its lateral sides 12, 14

al so downwards, towards the view ng system7. The one
skilled in the art will however understand that it is
perfectly conceivable within the framework of the
invention to hold the conponen by its | ower side and
to place the view ng system opposite the conponent's
25 upper side. The prisns are then preferably oriented
so as to redirect the lateral inages al so upwards, so

th’%hé '(t:li‘ﬂ? lﬁﬂ_.’gdfhccti‘ﬂ trféeé/dtﬁglnggﬂcéi ;!JQM Enhﬁ]e(fé' Fﬂﬂ#e@nﬁe&ﬁ'dma to
FiepHoce s il Asmbe Sxalaingd Terthes beiownthe Aimpgsions |, d
I af theprismdSsandioe thenrsaﬁraﬁtiahetdétfﬁs"ieht latt@dhﬁferﬁso that the
ctio
e PP oy HAE e o
afithsrnragenpapticat patieof the centrahimage d0idespite
tﬂ’fewat’tdalhépﬂtitcél bAS H&lﬁé%f%ffgzefl%a RIAGthe ésgglfg ?er']rgtfral image
TSRS Kl 12, P b a5 i ing s Yt wovl
baih epparert @p’rﬂmispacthsaﬂs,ande lofgthhthey appsaBcanedty focused for
fﬂ'ﬁé farh€ Foad'didBneeekithe 'v?%rg SHRSETHRY & *ﬂ.(aéhds'hen be
e edﬁffﬁ@?&awq agd;sipu f@ﬂgpﬁsfdfbytw wigpdngsystem,

oqirtusmilovmm"rfarfexahﬁ)leant_ optiniaiagstial thspestibhef Mﬁdmponent'
e.Optical paths being of different |engths.

t he central image 10 and the lateral inages 12, 14
captured by the viewing system?7 all travel an

appar ent Ty pﬂﬁtlpl@bf"tl@é Ir&?ésfg#g?ﬂgg'ge B&QY¥r ARAEAtood by
e e s
corateebjest pbserved thndugh an opticaiuslhye 30 with & refnaction
Sdb%tfﬁﬂ'lenttrhéﬁd %'\)V%"&gaéﬁé ﬁ)@g%urr Pgﬂ i B%dg?ibf 1¥"ﬁ%@%gparent

rinci

[ ns 35%6 é%]tc 1{)he co
Photts WP rte@kucaﬁdglaﬁ,t\r@of@ e am@hgptucal
qfathrm {THreocaritiredus iém i'mlﬁlgu@e \parephedeas ties a@ﬂﬂa! optlcal ath

b h
A B4 e ot OSBRI S  2
a{l}hf ifrense ddbplaveen thesetualidistance amthaub;ec:tmdrﬂee
mﬂa”r@ﬂt distance is calculated as follows:

Ad:d-(n_%.

According to the preferred embodiment of the invention
illustrated by way of example in figure 4, the length differences of the
optical paths as observed in the prior art optical devices are thus
compensated by using prisms 3 for redirecting and forwarding the lateral
images towards the viewing system 7. The dimensions d, | of the prisms 3 as
well as the refraction coefficient n of the material used are chosen so that
the iength of the apparent optical path of the lateral images 12, 14 has the
same length of the apparent optical path of the central image 10.
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optical path 32 of its image is thus reduced rel ative

to the actual optical path 31. The continuous line in
figure 5 represents the actual optical path 31

whi |l st the discontinued |line represents the apparent

optical path 32. 20 The difference Ad between the

actual distance to the object 2nd the apparent

di stance is calculated as follbws: Ad=d.(n-1)/n .

According to the preferred enbodi nent of the invention
illustrated by way of exanple in figure 4, the length

di ff er encesthy eiahﬁ RooPRbUFSRY, Hﬂtcgﬁlc%is eﬂa@ﬁ@ﬁ%’ Eg) %Uea Between

p | art tl C deVl cesS are t ensa
P e 9 of t?‘&r“’i"é%‘?’?%‘&{ﬁ& ViBWiRG aysigm Relhe central
| bnagelis thusegetuteldirdstly by thedaiteg withbathany other

R e
cHese o do Thrdengtnef the gpratint optical matbraf thetderdral image 10

pitthusfidémgcdl abahallehgBoes ith dctddl djtscd patR R, sanme
| ength of the apparent optical path of the central

image 10. 7 In the exanple of figure 4, no optical
el enent idngdenthelefectobthe phneniscﬁmhesiitfer@icet between the

c r
@Mﬂ%ﬁtﬂhuegﬁgglt%lééd&%gtﬂg:ct?ﬁ’ﬁ{f@tg%alTﬁ\%tg%?qtz Th and the
ﬁs%g’f'ﬁ’zr SINARR HF&W'C@[BﬁﬂhF fmwemrreqwt@h has a

refraction coefficient generally 5 close to 1. The

| engt h of f apﬁ;i@e(he.n optical path of the central

i mge 10 gﬁ i'cal to the length of its

actual optical path A Under the effect of the prisns

3, the di fer ce between th Ien%tgh of the actual
opti cal YENCR elt‘é’leéf‘él e lgpgeR of the petuslpRtieal path ¢ of

Itmglalhem‘l |mlages 12ppéaedthepength ofahb a@umw&v@ RAHA of the
t&'ntfﬁ ﬂéﬁ%%@f@]‘ &%/ n. The d| fference between the

Hctia optical path c of the |ateral
i mages 12, 14 and the length of the actual optical

path A ofAtr;:eb+ ngthal image 10 is itself of: Alo =
b+%r % %

where h is the height of the component 1.

In order to compensate this length difference of the actual
optical paths c and A with the difference between the actual optical path ¢

of the lateral images and their apparent optical path, the prisms 3 must be
dimensioned to fulfill the equation:

Al = Al ,
which equals:

b+%+%=(i+d)-(n~% :

When this equation is fulfilled, the length of the apparent optical
path of the lateral images 12, 14 is equal to the length of the apparent
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15 where h is the height of the conponent 1. In order
to conpensate this length difference of the actua
optical paths ¢ and Awith the difference between the
actual optical path ¢ of the lateral imges and their
apparent optical path, the prisnms 3 nust be

di nensioned to fulfill the equation: 20 Ala = Alp

whi ch equal s: b+Y+V=(Il+d) (n-1Y Wen this equation is
fulfilled, the length of the apparent optical path of
the lateral imges 12, 14 is equal to the length of

t 5ptieaDEE NG thOBdrteal ind 10/ THO Fo &t Yidtahcd BRIRe Liewing
The, f ocal dlﬁtagce of thg Vi WII]%] syste,ms can ttahus =
bR RO Regulahed satBrbite fatgeal impgesd Zuid anbthe
ceanttral Inhagey 40 Hde aineukanebtsiy eorrelcily focniseef. | y focused.

In practice, the height h of the conponent 1, the

di stance b 5 between the conponent 1 and the prism 3
and t he vind@racticesthereeipht brefithescampenientd, tiye distance b

ey he SOTRIR LRl 0 VLA
1 Al 43 kBT el L UBhap Reridtensy Dg griom's length 1 s
eftrsAdiusted in onder 10 abtajretime bgualitynindicatéd Ji2ré BibHvel n

this case, the prisms Iength nust be of: | =59 nm
In the pr_ﬁ_f‘ erred enbodi meg of the inventive device
descri bed! Ne5§ HEIOSEIB AP w¥aMeexanpl e, the prisns
3 are all identical and placed so that the distance
bet ween themn the corresponding lateral side of the
conponent |1 to be inspected is the sane for each. The
one skil I®F 3AMMe art will however understand t hat
it is podgsihl mmw thin the framework of the

n= 1,52 (BK7)
In this case, the prism's length must be of: 1 = 5,9 mm.

In the preferred embodiment of the inventive device described
here above by way of example, the prisms 3 are all identical and placed so
that the distance between them and the corresponding lateral side of the
component 1 to be inspected is the same for each. The one skilled in the art
will however understand that it is possible, within the framework of the
invention, to place each prism at a different distance from the lateral side
whose image he must redirect. The dimensions |, d and/or the refraction
coefficient n can then be different for each prism of the device in order to

compensate the length differences between the actual optical paths of
each image.

According to need, the prisms 3 can also be replaced or
accompanied by other types of optical elements (not represented) allowing
also the apparent length of the images' optical path to be modified. It is
for example conceivable, within the framework of the invention, to
compensate the length differences of the actual optical paths of the
different images 10, 11, 12, 13, 14 by means of one or several optical
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invention, to place each prismat a different distance
fromthe |l ateral side 20 whose i nage he nust redirect.

The dinensions |, d and/or the refraction coefficient

n can then be different for each prismof the device

in order to conpensate the length differences between

the actual optical paths of egach inage. According to

need, the prisns 3 can al so be”replaced or 25

acconpani ed by ot her types of optical elenments (not
represented) allowng also the apparent |length of the

| BBAGECtPPhhfiRlg RitldkahthlRedtpdiiFiefant Hfmﬁﬁsi?ﬁg hnd/or refraction
exanpl e concei vable, wthin the framewrk 0 e

| ROERIGNE: Baced A tha abHcaeathepiihe tateralimages apr/or on the
t bptiaal path optheatnipal insagd. t he different inmages 10,

11, 12, 13, 14 by neans of one or several optical 9
conductors having for exanple each different

di nensi ondcearging te afprafeired enobetlimentihe opticat devize of the

t rraf_e@ntdrpalintéqrat@a il BR dpti@) ﬁhsﬁe@ﬁgﬁ%régg{]eoéltlé\ﬂiﬁ&?or

optica th of. the central ,j,mage 0 gto .

oPEv Rl BRcThstic FamPenanss with 8aidest? da 1grumgo be inspected.

i ke mriexkilled imtlg adt will howevep phidesttandgpeat it iokonceivable,
MRAHH; el r Cc ' S W

AU R BRI TRYENBORE kS A0uB SCBRNERLBNY Il dhe

i APTiRR! ‘g?\f'cw(ilemmevgim@ FaBRaNaTs hRMing ether dimensions, in
cpadtéiulabivbien inspditing hdallepasrpdnepits.t he inventi on,

to adapt the dinensions of the optical device when

I nspecting conponents having other dinmensions, in 10
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illustrated in cross-section in figure 6, the optical
i nspection nodul e conprises: 1. an optical device
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2. three lightings preferably configurable with a software: a
coaxial lighting 50, a first annular lighting 51 and a second
annular lighting 52,

3. aviewing system comprising a high-resolution digital camera
70, for example at least 1400 x 1050 pixels, preferably |
equipped with a zoom 71 allowing the visual field of the
viewing system to be adapted to the components' size.

In its preferred embodiment, the optical module is adapted to
being used on an electronic component processing line articulated for
example around a circular conveyor 9 (partially represented). Such a
processing line generally comprises a sequence of processing stations, for
example testing, inspection and/or conditioning stations, placed around a
central circular conveyor 9 carrying the components 1 from one processing



10

15

20

25

30

coaxial lighting 50, a first annular lighting 51 and a
second annular lighting 52, 20 3. a view ng system
conprising a high-resolution digital camera 70, for
exanpl e at | east 1400 x 1050 pixels, preferably

equi pped with a zoom 71 allowi ng the visual field of
the viewng systemto be adapted to the conponents’
size. In its preferred enbodi nEht, the opti cal nodul e
is adapted to 25 being used on an el ectronic
conmponent processing line articulated for exanple
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can thus be I ntegr ertectly 15 nodul ar
manner into the processing line. Wien the opti cal

modul e | sbenct optel rhbQuROBYAYEEd SndEPthe conveyor 9, the
optical device comprising the prisms 3 is placed in such a manner that at
-each step of the conveyor 9, an electronic component 1 finds itself precisely
over its center, preferably at equal distance to each prism 3. During the
conveyor's stopping time, the aspiration nozzle 90 holding the component
1 by its upper surface is lowered so that the component 1 finds itself inside
the optical device, in the position illustrated in figure 6, and can thus be
inspected by the viewing system 7.

For reasons of space requirements, the camera 70 is placed
horizontally. Its shooting axis is thus horizontal. The central and lateral
images coming out of the optical device of the invention are thus
redirected in the axis of the shooting axis of the viewing system, for
example by means of an additional prism 72, preferably unique.

With reference to figure 7, the optical module 61 of the
invention is for example integrated into a component processing line
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optical device conprising the prisns 3 is placed in
such a manner that at .each step of the conveyor 9,

an el ectronic conponent 1 finds itself precisely over
its center, preferably at equal distance to each prism
3. During the 20 conveyor's stopping tinme, the
aspiration nozzle 90 holding the conponent 1 by its
upper surface is | owered so that the conmponent 1 finds
itself inside the optical device, in the position
illustrated in figure 6, and can thus be inspected by
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optical nodule 61 of the 30 invention s for exarrpl e
integrated into a conponent processing line 11
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50, 51, 52 of the optical nDduIe 10 of the invention
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e aﬁ'thgﬁﬁg %WS@%&*W@@&E@ HERE B8 st Shecef isorapo-
terie ypRriesdace to be controlled and an on-belt inspection module 63
capable of performing a last visual control of the components before or
during their conditioning, for example in alveolar strips. Each of these in-
spection modules is preferably also operated by the vision contro} system 8
and their lighting is for example also controlled by the light control module
85. The inspection modules 62 and 63 also preferably each comprise a
shooting device whose images are for example processed by image
capturing modules 88 respectively 89 of the viewing control system 8.

According to a variant embodiment of the invention, the optical
inspection module 61 of the invention comprises its own independent
control system interacting with the vision control system 8 of the processing
line through adapted input/foutput interfaces.
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15 The inspection, for exanple 55, effected by neans
of the optical nodule 61 of the invention can be
conpl eted, on the conponent processing line, for
exanpl e by two additional optical inspection nodules,
an on-the-plate inspection nodule 62 allow ng the
state of the conpo- nents' upper surface to be
control l ed and an on-belt inspetion nodul e 63 20
capabl e of performng a last visual control of the
conmponents before or during their condltioning, for
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or even unrealizabl e di mensions.
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The inventive device is described here above within
the framework of the inspection of electronic
conmponents. The one skilled in 15 the art will however
understand that the optical device of the invention
can perfectly be used for simnultaneously representing
a central imge and at |east e lateral imge of any
ot her type of object. 13 d ai 1. Optical device for
representing a central image (10) of an object (1)
and at | east one lateral image (11, 12, 13, 14) of
said object (1), wth the I@|gﬁE of the real optical
path of said central inage (1%) eing 5 different from
the length of the real optical path of said at |east

| at [ 13, 1 d the,l t
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ald af least aneylateral image (e 12r b dding cl ai s,
conprising at |east one prism(3) for redirecting said

t | east : 15 | 1,, 12, 13, 14). 4.
nevi co. acdor PRI eyl gt i & the Prscading ey igth at
rlepftpentinnsefcitie eptical path of saidiceninal imaga) 10)eamg of the
et patt AT shlte at RidstedBteraP Bir;&i(ifﬂtmﬁfaim ﬁw

f 0..one of, th ¥ % P PRVIng,
e o LA ORLERE Phngt h of the real optical

path of said at |east one |ateral inmage (11, 12, 13,
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Jordhriting alyeafiong priseui3) febprdire@ingsaidatdeast snakteral
dmager (192313, 14).

4. Device according to one of the main claims, with the

refraction coefficient (n) of said prism (3) being greater than the refraction
coefficient of air.

5.  Device according to one of the claims 3 or 4, with the
difference between the length of the real optical path of said at least one
lateral image (11, 12, 13, 14) and the length of the apparent optical path of
said at least one lateral image (11, 12, 13, 14) being generated by the
optical properties of said at least one prism (3).

6.  Optical device according to one of the preceding dlaims, said
object being an electronic component (1).

7. Module for the optical inspection of objects, comprising an
optical device according to one of the preceding claims and an optical
system (7) allowing a central image (10) of an object (1) and at least one
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6. Optical device according to one of the preceding
clains, said 25 object being an el ectroni c conponent
(1). 7. Module for the optical inspection of objects,
conprising an optical device according to one of the
preceding clains and an optical system(7) allow ng a
central image (10) of an objeqt (1) and at |east one
14 lateral imge (11, 12, 13, fA) of said object (1)
to be captured sinultaneously. 8. Mdule according to
the preceding claim said optical system(7)

clatgral $naged 131 9B! 13)0 M FisaR] 6Bt (13)_13: bé@é’b‘hfred
I optical system

' to th di
G UBBREBng = prism (79) or & mrror For
redirecting said central inmage (10) and said at | east
| at - . " :
8?‘2a??eéaﬁoo?‘?‘_ﬁg%é?ﬂ@ﬁﬁ%ﬁ'f&%ﬂﬁﬁo%df@%gaeﬁ*o%%ﬁ'aﬁﬁsa'
owetesn ({heerapEsing éyshgo’g,ngd%ﬁma &0g a 10 support (6)

allowing its integration into a processing line. 11.

obj ect 5. boi MOBpILRERHHG LY P eyt dfaim, saidf optica

system (7) comprising a prism (72) or a mirror for redirecting said central

image (10} and said at least one lateral image (11, 12, 13, 14) in the
direction of said shooting device (70).

10.  Module according to one of the claims 7 to 9, comprising a

support (6) allowing its integration into a processing line.

11.  Module according to one of the claims 7 to 10, said objects

being electronic components (8).



