An inspection device for conponents 5 The present invention refers to an

i nspection device for conponents, conprising a video camera recording

pi ctures of the conponent. In series production, conponents are inserted
into circuit boards using 10 conponent nounting automats that nove the
respective conponent to its position for soldering or bonding. The
conponents, which are often mniaturized conponents of a size ranging from
1 to 10 mm have to be inspected prior to being inserted so as to ensure
that the conponent is intact in order to be processed. In particular, it
has to be ensured 15 that all legs of the conponent are present and take
the correct position. Typically, such inspection is effected with a video
canmera and inspectien devicpfoercomdponherdts or i mage processing and conparing
the recorded video inage with a pre-stored standard i nage of the
conporent. Thus, it can be determined w thout any hunen interference,
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conponent may covered. 25 Wth m niatur conponents, ‘It |s “difficult
for reasons of space to take a plurality of pictures at the same tine
usi ng the ssar video caneras. 30 It is the object of the
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to its position for soldering or bonding. The components, which are
often miniaturized components of a size ranging from 1 to 10 mm, have
to be inspected prior to being inserted so as to ensure that the component
is intact in order to be processed. In particular, it has to be ensured
15 thatall legs of the component are present and take the correct position.
Typically, such inspection is effected with a video camera and a connected
computer adapted for image processing and comparing the recorded
video image with a pre-stored standard image of the component. Thus,
it can be determined without any human interference, whether an object
20 to be mounted or processed otherwise is intact.

For a complete inspection, it is necessary to record the component from
various directions. In a picture taken from only one direction, defects
. of the component may be covered.
25
With miniaturized components, it is difficult for reasons of space to take
a plurality of pictures at the same time using the necessary several
video cameras.

30 Itis the object of the present invention to provide an inspection device
for components that allows for a simultaneous recording of pictures
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of a conponent, taken fromdifferent directions, the device further being
suited for mniature conponents. According to the invention, the object is
solved with the features defined 5 in claiml. In the present inspection -
device, a single video canera takes a plurality of pictures of the
component fromdifferent directions, aghoptical deflecting device being

di sposed in the beam path of at |east e of the pictures. 10 Thus, both

pi ctures taken simultaneously fromdifferent directions can be supplied to
the video canera fromthe sane receiving direction so that both pictures
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pi ctures. THiited fbStihiturvad ' £ the pictures 15 is effected by
automati c i mage g?ocesgﬁhg ué#ﬁ a g?ngle video i mage. The inspection

device can be used in very restricted space and has particul ar

applicabili I N, eval uating and assessing m niature conponents, since it
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As th% Vi dqﬁ daiFRrf part icular use lies with a CCD canera with a sensor
field of charge storage elenents that are influenced by light signals. The
different images may fall in parallel on the objective of the canera, but
they are laterally offset fromeach other so that they will not oyerlap: 25
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10 = Thus, both pictures taken simultaneously from different directions can

be supplied to the video camera from the same receiving direction so
that both pictures can be reproduced in different areas of the video
image. According to the invention, a single video camera is used to
reproduce a plurality of pictures. Thus, also the evaluation of the pictures
15 is effected by automatic image processing using a single video image.
The inspection device can be used in very restricted space and has particular
applicability in evaluating and assessing miniature components, since
it is not necessary to direct several video cameras on a single component.

20 As the video camera, particular use lies with a CCD camera with a sensor
field of charge storage elements that are influenced by light signals.
The different images may fall in parallel on the objective of the camera,
but they are laterally offset from each other so that they will not overlap.

25 In a preferred development of the present invention, a length compensation
device is arranged in the beam path of one of the pictures between
the component and the video camera, equalizing the length of this beam
path to that of the other beam path. Thus, both pictures are focused
in common by the video camera. The length compensation device may



conprise mrrors or, preferably, a prismarrangenment causing a nmeander-Iike
beam path. The i nventlon provides the possibility to inmage and eval uate a
plurality 5 of conponents simultaneously using the video canera. To this
end, a beam conbining device is provided that supplies the pictures of two
spaced apart conponents to the video cgnera at the same tine. Such a beam
conbi ni ng device conprises a mrror dewW ce ora prismarrangenent. Its
application requires that the conponents are sinultaneously present 10 at
two defined spaced positions. A defined and repr oduci bl e i nspect ibon
requires def] i Iumnatlo ndi tLons m nating the, object,
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i nvention, Hedimi patHr nation 15 devices are provided, one of which is neant
for the first picture, while the other is neant for the second pi cture of

the conponent. Both illum nation devices emt light with different |ight
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A defined and reproducible inspection requires defined illumination
conditions. In illuminating the object, glaring and similar influences
must be avoided. In a development of the invention, two illumination
15 devices are provided, one of which is meant for the first picture, while
the other is meant for the second picture of the component. Both illumination
devices emit light with different light characteristics, such that the light
of one picture is not disturbed by the light of the other picture. The
different light characteristics may be, for example, different wavelengths
20 or different polarization directions. What matters is that a selective
illumination is effected for each picture that cannot be sensed by the

other picture. The recorded pictures may be separated by corresponding
filters.

25 In a preferred embodiment of the invention, an illumination device
illuminates the component vertically on the same side from which the
picture is taken, while the other illumination device illuminates the
component with opposite light. The recording directions of both pictures
are preferably at right angles relative to each other.



4 \Wien the illumnation devices emt |ight having different wavel engths,
the video canera used may be a nonochrone or a polychronme canera. Wth a
nonochrome canera it nust be ensured that it is sensitive to both

wavel engths selected. 5 The following is a detailed description of an
enbodi nent of the present invention with reference to the acconpanying
drawings. In the Figures: 10 Fig. 1 i #a schematic side el evational view
of an inspection device, Fig. 2 is aviewin the direction of the arrow I
in Fig. 4, 15 Fig. 3 is a schematic view of the assenbl ed i nspection

devi ce, se from.the.sa djrection, in,Fig. 1, _Fig. 4 is a view on
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I nspection device conprises several supporting devices 10, which 1in the
present cadotBrwayelgngths\seleckeds es aspirating air through a thin intake

openi gﬁg t hereby drawi ng the conponent 11 towards the air 5 intake opening
and hdélding it there. The supporting devices 10 are arranged in a row
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invention with reference to the accompanying drawings.

In the Figures:
10
Fig. 1 is a schematic side elevational view of an inspection device,

Fig. 2 is a view in the direction of the arrow II in Fig. 4,

15 Fig. 3 is a schematic view of the assembled inspection device, seen
from the same direction as in Fig. 1,

Fig. 4 is a view on Fig. 3 seen in the direction of the arrow 1V,
20 Fig. 5 is an llustration of the video picture generated in the video camera,

Fig. 6 is a mechanical representation of the illumination devices directed
towards the component, and

25 Fig. 7 is view in the direction of the arrow VII of Fig. 6.
The inspection device comprises several supporting devices 10, which

in the present case are aspirating pipettes aspirating air through a thin
intake opening, thereby drawing the component 11 towards the air



5 1n this instance, the conponents 11 are, for exanple, transistors with a
body 12 and legs 13, 14 projecting therefromin opposite directions. Two
l'egs 13 project to one side and one leg 14 projects to the other side. The
legs are angled twice and each have a rest portion 15 set flat on a
circuit board and soldered to a conductor path. Anong other 10 things, the
I nspection device checks whether all Iégs 13 and 14 are present and
whether they are correctly positioned. As illustrated in Fig. 1, recording
positions 16, 17 are provided at two positions along the conveying path of
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of the prisnms 19, 20 directs a picture of a respectiVve conpo

la to the noa¢hineg ggclel of the canmera, the beam paths of both pi ctures
being 20 represented by dotted lines. It can be seen that both pictures are
input in parallel into the objective 21, yet with a |lateral offset, so
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10 things, the inspection device checks whether all legs 13 and 14 are

present and whether they are correctly positioned.

As illustrated in Fig. 1, recording positions 16, 17 are provided at two
positions along the conveying path of the supporting devices 10, the
15 components 11, 11a being imaged at these positions by a video camera.
A beam combining device 18 of a first prism 19 and a second prism
20 extends between these two recording positions. Each of the prisms
19, 20 directs a picture of a respective component 11 and 11a to the
objective 21 of the camera, the beam paths of both pictures being
20 represented by dotted lines. It can be seen that both pictures are input
in parallel into the objective 21, yet with a lateral offset, so that both
pictures are imaged on different locations on the sensor of the video
camera. The beam paths from both components 11, 11a to the objective
21 are illustrated in dotted lines in Fig. 1. These beam paths first extend -
25 in parallel at a great distance, then they converge at right angles and
eventually enter the objective 21 in parallel and close to each other.

The beam combining device 18 and the recording positions 16, 17 are
located within an attachment 22 to the objective mounted to the front



Fig. 2 illustrates a conponent 11 sucked and held by a supporting device 5
10, seen in the direction of the arrow Il in Fig. 1. The conponent is
recorded by a video canera froma first direction 23 (frombelow) and a
second direction 24 (fromthe side). Both directions 23, 24 extend at

right angles to each other. The direction 23 is part of a beampath 25 and
the direction 24 is part of a bean1patﬁ 26. The directions 23, 10 24
indicate the viewing direction of the video canera. The |ight beans,
however, run in the opposite direction fromthe conmponent to the video

15 s prowPheie BIEch 2 or e et BRBRFESThe Flyiciely Ghvites 8, 0n ™

equal to tReows EngLhie BetdthiAent 2. fact that both beam paths 25, 26 have
substantially the same | ength ensures that both pictures can be focused at

the video canera. The | ength conpensation device 27 if|dFSign6d ZUCh t hat
' ' h 1 tted Q in parallel. Fig. ¢
T ust r at e bl poMUsfBtes AEoBTpan LaUbEed andhald gv@ra)wene_ﬁmga?vgab The
' . i i - ture eing a
Cop pPan vilusaeit i, 6 Hifctioh otinRl L ¥ Fidy 1, mhReOhtpafich e
conponent  tet¢arded Bi(%(witl%w&ﬁﬂéi@‘ﬂrdm a AIPStiPE &6 ﬁg{otﬁﬁgelovv%lanhour
y

pi ctures are conmon enerated on the sensor screen €0 canera
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side fol | op5rghd BReHiF€&idR 241 part of a beam path 26. The directions 23,
10 24 indicate the viewing direction of the video camera. The light beams,
however, run in the opposite direction from the component to the video
camera.

In the beam path 25, a length compensation device 27 of two prisms
15 is provided that prolongs the beam path 25 and makes it of a length

equal to the other beam path 26. The fact that both beam paths 25,

26 have substantially the same length ensures that both pictures can

be focused at the video camera. The length compensation device 27

is designed such that the incoming beam and the emitted beam are
20 in parallel.

Fig. 5 illustrates the video image generated by the two components
11, 11a. The component 11 is represented in two pictures 28, 29, the
picture 28 being a top plan view and the picture 29 being a side elevational
25 view. The component 11a is also represented in two pictures 28a, 29a.
All four pictures are commonly generated on the sensor screen of the
video camera and may be displayed in common on a monitor.



5 The illum nation of the conponent is effected for each of the two
pictures 28, 29 using light with different characteristics. A first

i'l lumi nation device 31 (Figs. 6 and 7) illuminates the conponent 11 from
below. This illum nation device 31 conprises two |ight sources 32 that are
arranged horizontally, their light being directed vertically upward by a
respective 10 prism 33. Together with fhe associ at ed, prism 33, the |ight
sources 32 nmy be rotated about the main em ssion axis 34 and adjusted to
-set different tilting angles, as illustrated in Fig. 7 at 34. The |ight
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may be rotated about the main emission axis 34 and adjusted to set

different tilting angles, as illustrated in Fig. 7 at 34. The light sources
are arranged at a mutual distance so that each light source is located
obliquely below the component 11. The beam path of the video camera

15 passes between the two light sources 32. The bottom surface of the
component 11 is recorded in direct light by illuminating the same directly -
using the illumination device 31.

The second illumination device 35 is arranged laterally beside the component

20 11 on the side opposite the recording side. This means that the recording
direction 24 points to the illumination device 35. From this direction
24, the component 11 is recorded in counter-light, i.e., the picture shows
a corresponding silhouette of the component.

25 The illumination devices 31, 35 operate with light of different wavelengths.
The light sources of the illumination device 31 may, for example, emit
red light, while those of the illumination device 35 emit green light.
Accordingly, as illustrated in Fig. 2, a red filter R is provided in the beam
path 25, which allows only red light to pass, whereas a green filter G



light. Both types of light do not interfere with each other and, in
particular, no disturbing glare occurs. 5 Figs. 3 and 4 illustrate the
structure of the inspection device. Imediately in front of the objective
21 of the video canera 40, the attachnent 22 is nounted which includes the

elements illustrated in Figs. 1 and 2., The objective 21 of the canera 40
I's fastened to the machine frane 10 thﬁ%ugh a hol der 41. An angul ar support
43 carries the Illumnation device 31. Screws 44 fasten the |ight source

32 to this angular support. The prism33 that directs the light fromthe

| i ght sour ' w t he course of .the su rt devices
10, The coiﬁgﬁ%ﬂ%%ﬁ“%@%{hﬁh?%ﬁh ng %Mﬂg@ewlmt&ﬂmss%&ysm 14
directed f i i ' ' ' i i ded as
2 1 ght e et 281 Baketm fod lght crict e Bletdie 99 5Bl g Ric

| ~' | ~~I 111ight. Roth typesiaf light doinotinterfére with dach otvercand,ingrrticalaror

conponents (1 C rising a video canera (40) recording a first picture
(28) of thé&kékﬁUﬁg E@?’oﬁpq$%n1a first direction (23), characterized in

that_gp optical deflection device (30) is provided which supplies 10 a
second picture (29) of the conponent (11) to the video canera (40), the

i oot on (2 A Bo L or L e A e ot ™
| ocati ons &M fromt of §be objegtiver 2dafcthe video camera 40, the attachment
22 is mounted which includes the elements illustrated in Figs. 1 and
2. The objective 21 of the camera 40 is fastened to the machine frame
10 through a holder 41. An angular support 43 carries the Illumination
d_evice 31. Screws 44 fasten the light source 32 to this angular support.
The prism 33 that directs the light from the light source 32 upward,
is located below the course of the support devices 10. The com ponents
11 are moved along this course with their legs 13, 14 directed forward
15 and backward. The illumination device 35 is provided as a light emitting

diode array on the angular support 43.



by the video camera. 15 2. The inspection device of claim1l, characterized
in that a length conpensation device (27) is provided in the beam path
(25) of one of the pi ctures (28, 29) between the conponent (11) and the
vi deo canera (40), for making the length of-this beampath 20 equal to
that of the other beampath (26). 3. The inspection device of claim1l1 or 2,
characterized in that the beam paths (25, 26) of both pictures (28, 29)
are incident in parallel into the video canera (40). 25 4. _The inspection
device of one of clains 1-3, characterized in that a beam conbining device
18) is pr that directs the pictures of tw s m

Ell) 11a) ps%qﬁgheousl y to the video canera (40). Hm m’mmmr&ﬂm
Replaced IILILIEIITT  VITT 111111 111 210 | ('i02i 1113113 ~*pi™ 18212 11 1|

| nspection device of one of clainms 1-4, characterized in that 5. The i a
first illudi.natiAmingpectéorn BIE)VIa:efo:r oonthemW(ll),LunmprMng levidegrponent
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characterized in

that an optical deflection device (30) is provided which supplies
10 a second picture (29) of the component (11) to the video camera
(40), the second picture being taken from a direction (24) different
from the first direction (23), and both pictures (28, 29) are
reproduced at different locations of the video image produced
by the video camera. |
15
2. The inspection device of claim 1, characterized in that a length
compensation device (27) is provided in the beam path (25) of
one of the pictures (28, 29) between the component (11) and
the video camera (40), for making the length of this beam path
20 equal to that of the other beam path (26).

3. The inspection device of claim 1 or 2, characterized in that the
beam paths (25, 26) of both pictures (28, 29) are incident in parallel
into the video camera (40).
25
4, The inspection device of one of claims 1-3, characterized in that
a beam combining device (18) is provided that directs the pictures
of two spaced components (11, 11a) simultaneously to the video

camera (40).
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devices (31, 35) emt light of different |light characteristics such that
the light of one picture is not affected by the illumnnation of the other
picture. 10 6. The inspection device of claimb5, _characterized-i-r—that the
different |ight characteristics are different wavel engths. 7. The

i nspection device of one of clainms 1-6,,characteri zlmmmml““ Hw
i1lumnation device (31) illum nates tme conponent I i at the

same side where the picture (28) is taken, and that the® otthe i I°l umi nation
device (35) illum nates the conponent (11) wth counter light. 8. The
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device (33) rotating together therewmth.” 9. The 1 nspection device of one of
clainms 1-8, chacamponent(li)togencratathe firshpichuie 28 \and a(s&gonbnpri ses
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5 (11) for generating the second picture (29), and that the illumination
devices (31, 35) emit light of different light characteristics such
that the light of one picture is not affected by the illumination
of the other picture.

10 6. The inspection device of claim 5, characterized in that the different
light characteristics are different wavelengths.

7. The inspection device of one of claims 1-6, characterized in that
one illumination device (31) illuminates the component (11) directly
15 at the same side where the picture (28) is taken, and that the
other illumination device (35) illuminates the component (11)
with counter light.

8. The inspection device of one of claims 1-7, characterized in that
20 at least one illumination device (31) cbmprises a light source (32)
mounted for rotation about the main beam axis (34) and connected

to a deflection device (33) rotating together therewith.

9.  Theinspection device of one of claims 1-8, characterized in that
25 an illumination device (31) comprises two light sources (32), and
that the beam path (25) of one of the pictures (28) passes between

these light sources.
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