O 1 Optical device and inspection nodule Reference
data This application is a continuation of PCT
appl i cati on PCT/ CH2004/ 000074 (W2004/079427) filed on
February 9, 2004, under priority of Sw ss patent
appl i cation 2003CH 0365 filed @on March 7, 2003, the
contents whereof are hereby {ncorporated. Field of the
i nvention The present invention concerns an optica
device and an inspection nodul e conpr|5|nP such a
devi ce. The @rticaldeviceand dnspestien modweparticul ar
an optical device and an inspection nodule allow ng
an imge fromthe |ower side or upper side of an

obj ect raektdecd nages of at | east one |ateral side of
the sane object to be captured sinultaneously,

t hrough a shooting device. Description of related art
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and an inspection module comprising such a device. The

present invention concerns in particular an optical device
and an inspection module allowing an image from the lower
side or upper side of an object and the image of at least
one lateral side of the same object to be captured

simultaneously, through a shooting device.

Description of related art

Such modules are used for example for inspecting
electronic compeonents, for example leadless components
(QFN, MLP, ..), dies or components with formed leads. They
generally comprise a viewing system towards which are
directed the image of the lower or upper side of a
component to be inspected and the image of at least one of
its lateral sides. The viewing system captures these
images simultaneously for example for representing them
together on a screen and/or for processing them digitally

in order to detect possible anomalies of the component.

Certain inspection modules allow in particular the

image of the lower (or upper) side 10 and the images of



2 the four lateral sides 11, 12, 13, 14 of a sane

conponent 1 illustrated diagranmatically in figure 1
to be captured sinmultaneously, as so-called 5S (5
sides) inspection. Figure 2 illustrates an exanple of

representation of an electror c conponent by the

view ng system of a 5S inspection device. The inmge

of the conponent's lower side 10 is visible at the

center of the representation, while the inmages of its
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two mifrofs 2 are represented in figure 3. In the case of
an optical device allowing & 55 inspection, the latter
however comprises four mirrors, each mirror being placed

opposite one of the four lateral sides of the component 1.

From figure 3 will clearly emerge that the length
of the optical path A of the central image 10 is not equal
to the length of the optical path ¢ of the lateral images
12, 14. The length difference Al, between these two paths
is:

Al =p+ 3.0
22

Practically, this value often represents several
millimeters, which is generally greater than the depth of
focus of the objectives used by the viewing system 7,
particularly in the case when very small components 1 are
inspected, which requires strongly enlarging objectives.
It is then difficult, or even impossible in certain cases,



It is then difficult, or even inpossible in certain
cases, 0 3 to have sinultaneously a correctly focused
central image 10 and correctly focused | ateral inages
11, 12, 13, 14. As at least one of these images is
slightly blurred, there result nmeasuring errors or a
| ack of precision in the ingfection of the surface of
the conponent 1. It is thus an aimof the present
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It is another aim of the invention to prcpose 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 conditions.

Brief summary of the invention

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.

These aims are achieved in particular by an
optical device for representing a central image of an
object and at least one lateral image of the same object,
with the length of the actual optical path of the central
image being different from the length of the actual
optical path of the lateral image and with the length of



optical path of the lateral imge and wth the | ength
of O 4 the apparent optical path of the central inmage
being equal to the length of the apparent optica

path of the lateral inage, and by a nodule for the
optical inspection of objects_ conprising such an
optical device and an optic systemal lowing a

central image of the object and at least a latera
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Brief Description of the Drawings

The present invention will be better understood by.
means of the description of a preferred embodiment
illustrated by the attached figures 1 to 8, in whichs:

Fig. 1, previously discussed, illustrates

diagrammatically the principle of a 5S inspection,

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

system of a 5S inspection device,

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

optical device,

Fig. 4 iliustrates diagrammatically the operating
principle of the optical device according to a preferred

embodiment of the invention,



5 Fig. 5illustrates the effects of a material having

a refraction coefficient different fromthat of air

on a light ray entering it, Fig. 6 represents an

i nspection nodul e according to a preferred enbodi nent

of the invention, Fig. 7 repregents an exanple of
~integration of an inspection nodule according to the

invention to a conplete inspection systemon a

conponent processing line. Detailed Description of the
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to leave sufficient space between them for inserting an
object, for example an electronic component 1, to be
inspected. For visibility reasons, only two prisms 3 are
represented cne opposite the other in figure 4. The number
of prisms 3 is however determined according to need, for
example according to the number of lateral sides of the
object that are to be inspected simultaneously. In the
case of a 55 inspection in particular, the optical device
of the invention preferably comprises four prisms placed
crosswise around the component to be inspected, according
to the principle illustrated in figure 4. It is however
alsc conceivable within the framework of the invention to
imagine optical devices having three prisms placed in a
triangle for inspecting an object having three lateral

sides, etc.

The optical device of the invention is preferably
assoclated to a viewing system 7, represented partially
and diagrammatically in figure 4, allowing images returned



O 6 by the optical device to be captured and possibly
processed and/or represented. For this purpose, the
viewi ng system 7 preferably conprises a shooti ng
device, for exanple a canera, whose objective is
placed in such a manner that it is capable of
capturing the inmages returne by the optical device.
It is also conceivable, in particular for reasons of
space requirenents, to orient the objective of the
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the space available, for example under the optical device,

is limited.

The component 1 to be inspected is temporarily
placed between the prisms 3, opposite the viewing system
7. It is preferably held in this position by its side
opposite to the viewing system 7, for example by its upper
side, by means of a component-holder (not represented),
for example an aspiration nozzle of an electronic

component conveyor,

The central image 10 of the component 1, for
example the image of its lower side, is thus captured
directly by the viewing system 7, whilst its lateral
images 12, 14 are reflected and redirected towards the
viewing system 7 through the prisms 3. The optical device
of the invention thus preferably comprises a prism 3 for
each lateral side to be inspected. In the case of an

optical device allowing a 5S inspecticon, for example, the



view ng system 7 through the prisns 3. The optica

device of the invention thus preferably conprises a

prism3 for each |ateral side to be inspected. In the

case of an optical device allow ng a 5S inspection,

for exanple, the O 7 latter cgnprises four prisms 3

pl aced crossw se around the -, conponent, each prism3

bei ng opposite one of its lateral sides. In the

preferred enbodinent illustrated by way of exanple in
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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
from the length of the actual optical path of these
images. According to the invention, as will also be
explained further below, the dimensions 1, d of the prisms
3 and/or their refraction coefficient are chosen so that
the length of the apparent optical path of the lateral
sides 12, 14 is equal to the length of the apparent
optical path of the central image 10 despite their actual
optical paths being of different lengths. As the central
image 10 and the lateral images 12, 14 captured by the

viewing system 7 all travel an apparent optical path of



expl ai ned further below, the dinensions 1, d of the

prisnms 3 and/or their refraction coefficient are

chosen so that the Iength of the apparent optica

path of the lateral sides 12, 14 is equal to the

| ength of the apparent optical path of the centra

i mge 10 despite their actu optical paths being of

different lengths. As the central inage 10 and the

| ateral images 12, 14 captured by the viewng system
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Bccording 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 compehsated by using
prisms 3 for redirecting and forwarding the lateral images
towards the viewing system 7. The dimensions d, I of the
prisms 3 as well as the refraction coefficient n of the
material used are chosen so that the length of the
apparent optical path of the lateral images 12, 14 has the
same length of the appareni optical path of the central
image 10.

In the example of figure 4, no optical element is

placed between the lower side of the component 1 and the



prior art optical devices are thus conpensated by

using prisnms 3 for redirecting and forwarding the

| ateral inages towards the view ng system 7. The

di mensions d, 1 of the prisns 3 as well as the

refraction coefficient n of the material used are

chosen so that the length ofgthe apparent optica

path of the lateral images 12, 14 has the sane |length

of the apparent optical path of the central inmge 10.
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The difference between the length of the actual
optical path ¢ of the lateral images 12, 14 and the length
of the actual optical path A of the central image 10 is
itself of:

mo=b+9é+9§

where h 1s the height of the component 1.

In order to compensate this length difference of
the actual optical paths ¢ and A with the difference
between the actual optical path ¢ of the lateral images
and their apparent optical path, the prisms 3 must be

dimensicned teo fulfill the eguation:

Alg=Al,

which equals:

b+9§+9§:0+d}m_94



bet ween the actual optical path ¢ of the latera

i mges and their apparent optical path, the prisns 3
nmust be dinensioned to fulfill the equation: A0 =

Al p which equals: b+%Y=(l+d)(n-1Y O 10 When this
equation is fulfilled, the lengfh of the apparent
optical path of the lateral ,jymages 12, 14 is -equal to
the |l ength of the apparent optical path of the

central image 10. The focal distance of the view ng
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These dimensions are for example:

1 mm

3,2 mm

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

5,9 mm,

In the preferred embocdiment 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 1, d and/or
the refraction coefficient n can then be different for

each prism of the device in order to compensate the length



conponent 1 to be inspected is the sanme for each. The

one skilled in the art wll however understand that

it is possible, within the franework of the

invention, to place each prismat a different

di stance fromthe lateral side whose image he nust

redirect. The di nensions 1, afd/or the refraction

coefficient n can then be different for each prism of

the device in order to conpensate the length 0 11
dif f¢ecrocesbbevaesntihieaacttall oppt cahl ppalthisobfe@alh
lmg@g According to need, the prisns 3 can al so be

aced or acconpani ed by ot her types of opti cal
el ements (not represented) allow ng al so the apparent
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nenS|ons of € opticaf devi ce when
|nspect|ng conmponent s havi ng other dinensions, in

parti CUl@koWiERy £HSPeSEd Ar SR LRBoGOIPPNENESe optical
device of the invention is integrated in an optical
inspection module allowing for example electronic
components with a side of 2 to 12 mm to be inspected. The
one skilled in the art will however understand that it is
conceivable, within the framework of the invention, to
adapt the dimensions of the optical device when inspecting
components having other dimensions, in particular when

inspecting smaller components.

According to a preferred embodiment of the
invention illustrated in cross-section in figure 6, the

optical inspection module comprises:

1. an optical device according to the invention
comprising for example four prisms 3, of which
only two are represented in figure 6, placed
crosswise to allow a 53 inspection of the

components,



According to a preferred enbodi nrent of the invention
illustrated in cross-section in figure 6, the optica

i nspection nodul e conprises: 1. an optical device
according to the invention conprising for exanple

four prisms 3, of which only two are represented in
figure 6, placed crossw se 450 allow a 5S inspection

of the conponents, 0 12 2 "three |ightings

preferably configurable with a software: a coaxia
l'ighti . 5Brea Ligbtiageubarfelrabhyi ngnfigamdbaeswcbhda
annul ar 92, Ve temc n

1 gh- 1 esoP Qe T SAea: Bi Lar e ater 00 Pog Ve ampl & gt nrular
| east 140@1%ht10905 i Refsa se@p@da@nyuéqauéaéatmpgh5a,
zoom 71 allowi ng the visual field of the V|emnng
system_to be adapted to the conponents'  size.

its
pr ef er redeNbEHLRENEYSERE G6RTPEASIREdE 8108~ rﬁaﬁﬁPEGOH
to being usgdtan aamelactooniforcexpepeet atpleaessingo x

l[ine arti ted for. exanmple ound a_ci r.,cul.

comveyor S0pRaperanry FemretaRl duttupbristith aczrn 72
line geneddbkyngofrpei sésualséqeddcefofhpr ydewshggsystem
stations, +{0f séaggga E%SEhﬁgco g%ﬁ%ﬁ 'Onségg/or

condi tioning stati pl aced a central
circular conveyor 9 carrying the conponents 1 from

one progessi NG et Al 4 tant e e, k%heTEﬁHEtéﬁ module is
ers, or exa e as irati on nozzJ es 90,

onent - hol %
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protweydig 91mee a midiexeth sed aSot OeX)&ir&LSBeﬂt anbuedcdh stepubar
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generally comprlses 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 station to the next by
means of component-holders, for example aspiration nozzles
90, placed at its periphery. The movements of the circular
conveyor 9 are indexed so as to present at each step a new

electronic component to each processing station.

The processing line is preferably commanded and
controlled by a control system (not represented) allowing

in particular all the line's elements to be cocordinated.

The optical module comprising the optical device
of the invention is thus placed arocund the conveyor 9 of
the processing line. It 1s preferably fastened onto a
supporting plate 6 comprising fastening elements (not
represented) allowing it to be fastened on a stationary
plate 900 under the conveyor 9. The stationary plate 900
preferably has the same fastening elements (not

represented) at each location provided for a processing



controlled by a control system (not represented)

allowwng in particular all the line's elenents to be

coordi nated. The optical nodule conprising the optica

device of the invention is thus placed around the

conveyor 9 of the processing Idine. It is preferably

fastened onto a supporting,glate 6 conprising

fastening elenents (not represented) allowing it to

be fastened on a stationary plate 900 under the
stcanvayorTige dheisihtinohaty phiaten@9loe pinfeyabtgdhas a

] ( ed)..at each
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optical nodule can thus be integrated in a perfectly

modul argH@nnete i G101 dde isPEeSSifgpldaney ey thee

opti cal dul e i s placed under the , conveyor 9, the
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upper surface 1s |owere so that the conponent 1
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The central and lateral inages com ng out of the

optical device of the invention are thus redirected in

t he axiBonfragromhooi | FiRREXi Se@iLTeReVE o e syateng 70
if 051 a&x@mpl £1 byn PRADY. Oft ans Rt 1hQN2ki Prismds

preferably unique. , ,
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

unigque.

With reference to figure 7, the optical module 61
of the invention is for example integrated into a
component processing line articulated around a circular
conveyor 9 aznd commanded by a vision control system 8,
implemented at least partially for example on a personal
computer or any other digital computer. The vision control
system 8 preferably comprises an input/output card 80
allowing for example communication with the control system
99 of the conveyor 9 and thus ensuring an optimal

coordinaticn of these elements.

The vision control system 8 also preferably

commands all the components of the optical module 61, in



Wth reference to figure 7, the optical nodule 61 of

the invention is for exanple integrated into a

conmponent processing line articulated around a

circular conveyor 9 and commanded by a vision contro

system 8, inplemented at |east partially for exanple

on a personal conputer or y Sther digital conputer.

The vision control system 8 preferably conprises an

i nput/output card 80 allow ng for exanple
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t e triggered and the captured i nages to be
processed. The inspection, for exanple 5S, effected by
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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 inspection modules is preferably also operated by
the vision control 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 shcooting device whose images are for example
processed by image capturing modules 88 respectively 89 of

the viewing control system 8.

Lecording 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/ocutput interfaces.

According to its preferred embodiment, the optical

device of the invention is used for simultaneously



conditioning, for exanple in alveolar strips. Each of
these inspection nodules is preferably al so operated
by the vision control system8 and their lighting is
for exanple also controlled by the light contro
modul e 85. The inspection nodules 62 and 63 al so
preferably each conprise a;ghooting device whose
i mges are for exanple procéssed by imge capturing
nodul es 88 respectively 89 of the viewing contro
isys¢eniBy toeotdwvag ¢o apwariandeeabddatrehtast ¢ohe
1L0UE0L | O0ac! B8 OPLLEALn 1 0SPSELLABNIDIURS O, Rlot 605 of
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ation by the sane view ng system of severa
diﬁgégfgﬁéa | arge-size object. Certain applications

are however likely to require the use of prisnms of
| npracttab] &y ok £ BYerqa &al | 2ahk gcr HhOBNSE PRSabove

within the framework of the inspection of electronic
components. The one skilled in the art will however
understand that the optical device of the invention can
perfectly be used for simultaneocusly representing a
central image and at least one lateral image of any other

type of object.



The inventive device is described here above wthin
the framework of the inspection of electronic
conmponents. The one skilled in the art will however
understand that the optical device of the invention
can perfectly be used for sinultaneously representing
a central image and at Ieag% obhe | ateral inage of any
ot her type of object. Claims 1. An optica
device for representing a central inage of an object
and a lateral image of said olfleates said device
conprising: a conponent for receiving i mages of the
obj ect, wherein the actual optical path length from
the central image to the conponent is different than
the hctuaAn opit i cal @@th¢eﬁgrhr©pr¢h@ntém@ralc¢mﬁg@l
e compgnent. a r|3f% gied for kln

%%%rent op? art %%.h Ieng FHTHe° 1At era 4 beec¥

sihe eevposepdmpslbdsianti ally equal to the actua
optical path of the central inmage of the conponent;
at | east ®nEOTRARARF FPHNFFRELEHUY cE$9S PF gheF ngolect,

Wﬁéfglﬁaﬁﬁé %M@Ee@p@f@aftpé@ﬁ%&&@h df:?&h n@ﬁeceéeftﬁial
I'1ghting source for lighting said central 1 nage.
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claiml, with the refraction coefficient of said

P?)‘Fhsh?%‘éﬂhgoér"el'a@ ekaieppl image to the component
substantially egual to the actual optical path of the

central image of the component;

at least cne lateral lighting source for
lighting said lateral image; and

at least one distinct coaxial lighting source

for lighting said central image.

2. The optical device of claim 1, with at least
portions of the optical path of said central image and of
the optical path of said lateral image having different

refraction coefficients.

3. The optical device of claim 1, with the
refraction coefficient of sald prism being greater than

the refraction coefficient of air.

4, The optical device of claim 1, with the
difference between the length of the real optical path of
said lateral image and the length of the apparent optical



the refraction coefficient of air. 4. The optica
device of claiml, with the difference between the

|l ength of the real optical path of said |lateral inage
and the length of the apparent optical 0 17 path of
said lateral inmage being generated by the optica
properties of said prism 5;5The optical device of
claim1, said object being an electronic conponent.
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conprising an o vice a
pprefwﬂe$a¢fsysi@npﬁdémMAng t he central i mge of the
object and the lateral inmage of said object to be
capt ured sinultaneously 7. The nodul e of clain16

sai d opti e nprising n. i nage ca t

devi LIS P A e ST Wt RS (R VERE
aIG}Oétpé(tﬁ]tdS}gl(Sa(t&nl&ljﬂlém anot her prism or a mrror for

redirecting one or both of said central image and said

| ateral image in the direction of said imge capture
device. 9. The mpdule of claim6, conprising a sqggort
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conponents. 11. The optical device claim 2, sa
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simultaneocusly.

7. The module of claim 6, said optical system

comprising an image capture device.

8. The module of claim 7, said optical system
comprising said prism, another prism, or a mirror for
redirecting one or both of said central image and said
lateral image in the direction of said image capture

device,

9. The module cf c¢laim 6, comprising a support

allowing its integration into a processing line.

10. The module of claim 6, said cbjects being

electronic components.

11. The optical device of claim 2, said lighting

being software controlled.



prismis further adapted to reflect said |ateral inmage
toward said conponent. 13 An optical device for
representing a central imge of an object and a
| ateral inmage of said object, said device conprising:
a conmponent for receiving |nages of the object,
wherein the actual optical g th I ength fromthe
central imge to the component is dlfferent than t he
actu optical ath | ength of the |late i m
t he ﬁ%npoﬁ%%topa Tt SBYLRG Shir FoEnf br V Fret |ﬁ§1?he
plaigral ripegert Quabtefihes CPAPDBERT 548001 AP PRI T CRkge
path adjusting device adapted for neking an apparent
topridabapdt forepgentof the lateral inage to the
conmponent substantially equal to the actual optica
path length of the central image to the conponent. 14.
The Vi C r r
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inaggeof and albjéeasandne ﬁaserattima@alaf Bagﬁtbhgect,
SO e for hting said central inmage. 15. The device
Sot cﬁ%Vh?ﬁScoaﬁﬁ+%?ﬂga surface of a triangular part
of a prisgm ésmpsednesréherseblechynmagasfagcetnadobiect,
further wherein a rectangul ar part of said rismis
vhgeelastbai dcopel captpaeh Bafstengtdelires. tﬁe captral
. [ pr es c [ f an
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an optical path adijusting device adapted for
making an apparent optical path length of the lateral
image to the component substantially equal to the actual

optical path length of the central image to the component.

14. The device of claim 13, further comprising at
least one lateral lighting source for lighting said
lateral image, and at least one distinct coaxial lighting

source for lighting said central image.

15. The device of c¢laim 13, wherein a surface of a
triangular part of a prism is used as the reflecting
surface and further wherein a rectangular part of said

prism is used as said optical path adjusting device.

16. An optical device for representing a central
image of an cbject and a lateral image of said object,

said device comprising:



optical path length of the lateral inage to the
conponent; a prismfor adjusting an apparent optica
path length of the |ateral inage to the conponent to
be substantially equal to the actual optical path

| ength of the central image tq the conmponent, said
prismconprising: a triangulhgr part for reflecting the
| ateral image toward the conponent; and a rectangul ar
part , wherein nost

sai d rect%nﬁﬂ?@?nﬁgFt%Oi7re%%év é@f @gg?scﬁg ﬁﬁiGObJect

wheréher ceompetshngopticheaght@neechgtBr 8kohi ghéi Bentral
source for lighting said lateral Imge, and at | east
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oﬁ@igafeﬁgfﬁlléﬂagﬁ of the lateral image to the component;

a prism for adjusting an apparent optical path
length of the lateral image to the component to be
substantially equal to the actual optical path length of
the central image to the component, said prism comprising:

a triangular part for reflecting the lateral
image toward the component; and

a rectangular part , wherein most of said

adjusting is performed in said rectangular part.

17. The device of claim 16, further comprising at
least one lateral lighting source for lighting said
lateral image, and at least one distinct coaxial lighting

source for lighting said central image.



