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tolerance of approximately one millimeter but must be
pogsitioned with a high degree of accuracy on the
printed circuit board or the ceramic substrate, there

20 is a need for automatic position detection and
correction. Furthermore, particularly in the case of
multipole SMD components, it is necessary to check the
spacing and the coplanarity, that is to say the uniform
height positioning of the terminals. Such checking is

25 also to be carried out, for example, as quality control
when producing the SMD components.

Known arrangements for detecting the position
and testing the spacing of the terminals of components
use a lens to image the component or sections of the

30 component on a planar CCD camera, and determine by
digital image processing the position of the component
terminals and the spacing of the terminals.

For the measurement of coplanarity,
US 5 440 391 discloses a triangulation method in which

35 the height at which a terminal of an SMD component is
positioned is determined by virtue of the fact that the
terminal is illuminated with laser 1light from two

directions,



For the ,measurenent °  of copl anarity, US 5 440 391 discloses a
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A shadow-casting method for measuring the
15 coplanarity of components is disclosed in WO 93/19577.
In this case, the terminals are illuminated by
transmitted light, and the shadow image of the terminal
end of an SMD component is projected onto a sensor. The
optical axis of the image has a defined angle not equal
20 to 90° to the horizontally arranged object. The height
at which the terminal is positioned can be calculated
from the angle, the spacing of the terminal from the
sensor and the position of the shadow image on the
sensor. With this method, unsharp images of the shadow
25 of the terminals are produced on the sensor because of
varying component size and, vresulting from this, a
varying  component position in the arrangement .
Moreover, 1in this case the position of the shadow on
the sensor can be displaced when the component is at a
30 greater distance from the sensor, thus rendering it
more difficult to evaluate the height at which the
component is positioned.
US 4 875 779 discloses an imaging method for
measuring coplanarity of terminals on components. For
35 this purpose, the terminals are mounted on a reference
surface and the mounting region is illuminated. In the
event of defective coplanarity, a gap is produced
between the reference surface and the terminal, and
this gap is imaged on a sensor and evaluated in an



sensar. Wth this nmet.hod, unsharp i mages of the shadow 25 of the term nals
are produced on the sensor because of varyi ng conponent size and,
resulting fromthis, a varying conponent position in the
arrangenent. ©R FErEvEP? in this case the position of the shadow on
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surface and theypuhiftdngegion is illumnated. In the event of
defective coplanarity, a gap is produced bet ween the reference surface
and the termnal, and this gap is imged on a sensor and evaluated in
an GR 97 P 1839 - 2a - imge evaluating unit

"connect ed downstream for the purpose of determnining the coplanarity.
Mounting on the reference surface |leads to an undesired loss of tine in the
nount i ng GR 97 P 1839 - 3- process,
and in addition, the process of a reference



surface leads to conplicated and expensive structures, for exanple, on
t he nmounting head. Moreover, only a slight depth of focus can be

achi eved by tI‘@Rpé.gs?rig)gg 5 imaging on the sensor, with the result that
conponent s of different size nust be gxpensively positioned at the

poi nt of optinmumimaging before the neasurenent. It is the

obj ect of the PFOEREFonand devergibion, mBehdregrPs: @BvitdcereBRTeR R uri ng

the copl anarityupfadd f1eEALNRLS QRPN IVl b Gl Cosri @ uEgdtponent s
of different size a shadow i mage of the termnpals which can

[ e

eval uat ed, wit ettt SR nglt frdtes URPUREing  heaflsi (NQHI]V ;- tﬁ&gy a
triangul ation ggi_@ﬁgl%depth ﬁfdfocggec%bj]g@ta%m@@éﬂ ayhledtraé:qmm&mmeﬁt he 15
i nvention means.of a od and_a deyic avi ng .t | zi ng

f eat ures o%lcl AR89 8“2%}’6 sensor, wi %’fhsreogﬂtthgthr%tt h%%%g%ﬁl ng to
t he i nvent ofndiffershadsige ohushebe eexpamt svaly qprgpidmemsl at the
advant ageousl y,_i ed-0 ensor. i ﬂ§:hi ' n be eval uat ed
even when the ngﬁgigﬁ ?)?“T‘ﬁ%ﬁ ﬂf?a#leﬂr%lﬁea S cﬁg{négé%a%%%%n‘gr&gs’cri bed region
bet ween t he | ens aktl &8 Ehaaobdectnofhéhendmvendilosc ttos igisdop a

casting et hodge BR3P 3RAPUECYLEN AN ASa SYAINAL ee corAadhilcgi negl when
the conponent I1s located in the 25 i mredj ate vi Cini té/ng? the sensor. The

i mage renstths termingisciodnt RIS & o¥h e BEPAYRS T heCTRIPFNT s
are renoved fregm ghereeasor siké hh NsBafek Nihdgd SLOLIE. termiddies |wnddh of

accor di g To t B nBnt A8 ki il EREY edPBHAT A crE i | FRBERET t he

shadow i s penditidivhi ob e thel sncalledtiech mabbexd.ends from t he

?Eti mum i magi ng poi nt éh #ggc(:r omJ heaétﬁfé&%c} anchBrdingt he di rggdion of
e sensor. Consequently, conponents of different size”can be neasured.

15 invention by means of a method and a device having the
characterizing features of claims 1 to 10.

By means of the method according to the
invention, the shadows of the terminals of components
are advantageously imaged on the sensor in a fashion

20 which can be evaluated even when the position of the
terminals changes in a prescribed region between the
lens and collimator. In the known, direct shadow-
casting method, sharp shadows which can be evaluated
are obtained when the component 1is located in the

25 immediate vicinity of the sensor. The image remains
sufficiently sharp for evaluation when the terminals
are removed from the sensor within a permitted region.

The length of this region is doubled in terms of order
of magnitude by the method according to the invention,

30 since the region in which an image of the shadow is
produced which can be evaluated now extends from the
optimum imaging point both away from the sensor and in
the direction of the sensor. Consequently, components

of different size can be measured.
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15 according to the invention between the sensor and
component, to be able to encapsulate the sensor against
environmental influences in order to achieve greater
independence from, for example, dust. Pollutants on the
encapsulation, which is transparent to light in the

20 direction of the optical axis, disturb the imaging
properties only slightly.

The invention is explained in more detail with
the aid of exemplary embodiments represented in the
drawing, in which:

25 Figure 1 shows a diagrammatic side view of a
device for carrying out the method, the terminals being
illuminated from two different angles,

Figure 2 shows a diagram of a side view of a
device for carrying out the method, in which the

30 terminals are illuminated only with one light source,

Figure 3 shows a diagram of a plan view of a
device for carrying out the method, having only one
light source, and

Figure 4 shows a diagrammatic cross section

35 through a sensor for measuring coplanarity.

It is represented in Figure 1 how a component 1
having a plurality of terminals 2 situated in the
direction of an object horizontal 3



Figure 4 shows a diagrammatic cross section 35 through a sensor for

measuring copl anarity. It is represented in Figure 1 how a
conmponent 1 Rhg |ggl§ 9' urality of termnals 2 situated in the
direction of aﬁ ect %rlzontal _ GR 97 P 1839
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case, the beamserendt ilwns 12. With the aid of an image evaluating
unit (not represented in the drawing), the images on
15 the line sensor 7 and the second line sensor 13 can be
further processed such that the height at which the
terminal 2 is positioned can be calculated. Moreover,
it is possible usging this method to determine the
distance of the terminals 2 from the sensor 7 and from
20 the second sensor 13.

Figure 2 represents a method which manages with
only one illumination in the case of small angles (up
to approximately 10°) between the object horizontal 3
and the optical axis. In this case, the beam emanating
25 from a light source 4 is likewise converted into
parallel light by a collimator 5, and the shadow of the
terminal 2 is imaged on a line sensor 7 by means of a
lens 6. The small angle ensures that a changed height
at which the terminals 2 are positioned is converted
30 into a changed height position on the sensor 7. In
order to measure all the terminals 2, the position of
the component 1 is displaced, as represented in Figure
3, relative to the optical axis, which can be done by
moving either the component or the illuminating device.
35 If those object edges on the terminals 2 which are to
be imaged are not located at the point of optimum
imaging between the lens 6 and collimator 5, a wide
light/dark transition is produced as the edge of the

shadow on the sensor 7. The
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housing 15 1is a 1light source 4 (for example an
infrared-emitting light-emitting diode or laser diode),
whose beam 1is converted into parallel 1light by a
collimator 5. The light is deflected by a mirror 17,
illuminates the terminal 2 of a component 1, which is
fastened on a suction pipette 18 of a mounting head
{(not represented), and is deflected by a further mirror
17 onto a lens 6 which images the shadow of the
terminal 2 on the line sensor 7. Connected downstream
of the line sensor 7 is an image evaluating unit 14
with the aid of which it is possible to determine the
height at which the terminal 2 is positioned. Instead
of the line sensor 7, it is also possible to use a
position-sensitive detector (PSD). The line sensoxr 7
can be protected against environmental influences
{dust, pollutants) by an additional encapsulation which
is designed to be transparent to light in the direction
of the optical axis. The quality of the imaging is only
negligibly impaired, by comparison with the direct
shadow-casting method, by pollutants on the
encapsulation which is transparent to light.

The arrangement is arranged in a housing 15
which is moved by a drive (not represented) such thac
all the terminals 2, situated in a row, of the
component 1 are imaged successively on the line sensor
7 and the testing of coplanarity is performed in the
image evaluating unit 14.

t he Ilght/dark transition

to
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15 whose beam is converted into parallel light by a col | i mat or

5. The light is deflected by a mrror 17, illumnates the termnal 2 of
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terminals 2 can be positioned so that their shadow is

15 imaged in a way which can be evaluated is doubled in
order of magnitude by comparison with the shadow-
casting method. The component 1 can be moved from its
optimum imaging position both in the direction of the
gsensor 7 and away from the sensor 7, something which is

20 not possible in the case of the direct shadow-casting
method, because of the position of the component 1
there directly on the sensor 7.
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A met hod according to gt FRE Gt TRAg SIS edfgedhich

object edges are positioned as claimed in c¢laim 1,
characterized in that the object edges are the edges of
15 the terminals (2) of the components (1), and the
coplanarity of the terminals (2) is investigated using
the method.
3. The method for measuring the height at which
object edges (2) are positioned as claimed in one of
20 claims 1 or 2, characterized in that the parallel light
beams are produced by a collimator (5) arranged in the
beam path between the light source (4) and object edge
(2).
4. The method for measuring the height at which
25 object edges (2) are positioned as claimed in claims 1
to 3, characterized by a small angle between the light
beams and an object horizontal (3) of the component.
5. The method for measuring the height at which
object edges (2} are positioned as claimed in claims 1
30 to 3, characterized in that an additional shadow image
of the object edges (2} of the component (1) is
produced by illumination with parallel light from a
second light source (10) with the aid of a second
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of terminals,of a conponent and the step of determ ning determ nes the
coplanarity of the termnals of the conponent. 3. A nethod
according to chai gylp %g%ei n the step of illumnating with parallel |ight
beans conprises focusing the light with_agcollimtor placed in the beam
path between the |ight source and the objéct edge. 4, A net hod
accordi ng to clatin andwHarsing hy Jeegnsfof| puferabingd ofist H(12)pLn | a

~eight beans ilLupbnat eseddor €dges W thed hhghbsbean alg)a seBlvkenndtie
between the |ight beam and an object horizontal of the conponepnt.

5. A nethod°R3e6Edi APRigotalm ) wiPth FREI uGOERPOREREI nd™ setBhd
light beam pagsipacthoeseegnt beght beanyt iobghertt seaaddigothatatie to

produce a paralle second Light beam projected, an the object edge
sensi ng t he® sh Saﬁ/{‘firraﬁew gh@uj"g’&eﬁd %l Wt%%é’s%’c%%%‘gl?‘%ht
beam wi th a sechedke@nsaom tded tsecoimagées ghtt bhamskeeisogsat{7an Bhgl 8nto an
obj ect hori zont.al he | e from the angle of the

5% ShebBesReiReeEls Aurigt ot

first-nentione eam an fet er mi ni ng checking the
hei ght of the 6hject fTbm methato fengesastring sdsobsighth atheWhialye

evaluation deviGeet edges (2)6are pbJTUMMAGEDICHDD o AtT8iH, 5phi ch
i ncludes determning a “distance_of "the object edges fromthe sensor.
10 characterized in that the distance of the object edges
(2) from the sensor (7) is additionally determined.
7. The method for measuring the height at which
object edges (2) are positioned as claimed in one of
claims 1 to 6, characterized in that the position of
15 the component (1) is varied relative to the optical
axis in order to measure different object edges (2}.
8. The method for measuring the height at which
object edges (2) are positioned as claimed in one of
claims 1 to 7, characterized in that the spacing
20 Dbetween different object edges (2) is measured.
9. The method for measuring the height at which
object edges (2) are positioned as claimed in one of
claims 1 to 8, characterized in that the shadows of the
object edges (2) are imaged in an enlarged fashion on
25 the sensor (7).
10. A device for measuring the height at which
object edges (2) of components (1) are positioned,
having at least one light source {4) for illuminating
the object edges (2}, and having at least one sensor
30 (7) with an image evaluating wunit (14) connected
downstream,
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7.- : A ngt hod accarding to claim 1, which includes changing the
posi ti on of the conponent relative to the optical axis in order to neasure

di fferent p ed 8. A nmet hod according to claim
1, which incl ua‘Ié% %&ea%uf?i% t he spaci _ng bet ween different object edges.
9. A nethod according to claim 1, whi ¢h i ncl udes | magi ng the shadows
of the object ethpsadctrenizedl angé;@ataan oleant t bresepddimator (5) ando.

A device Tor MEgoULLARL el ghl Ae)Wisd a%sﬁ{gead%s fhe apeant PRAEN!

are positioned, sai evi ce havi ng | east one ht source
i || uni nating t heudh; teat edge, Olale¢1'ea%deﬁne(%)er%%rthfﬁtW@PnQ%g@)ev%ﬂmat i on

uni t Connectgﬁ}&:@lﬂé{@e&%ﬁﬁ PArd &S o, %}Qiaéhé efladne soldidmt or

and“at |east on ens bei ng{ arranged, in beam path so_that the object
edgés of thé coppipeht £dges (2] |ﬁﬁ¢na1tr&9%tﬁe&&ﬁ$PFéPCPiém Fd e

shadows of the gbhest eppges are inmaged telecentricall y on the sensor wth
arranged essentFat 1y poliendruice: HF (REBBEIEG! thei SR os SentTH
per pendi cul ar tobfdet objges ézlgesre positioned Hs claimdeliice clecion dihg to
gla?l)nmdlf)e\rqﬁs“ ggdé}gg%%%tg%afzsée%gggdv%ﬂag%t ar eég&f(evm seacgﬁ%%m l(?mﬁ% g(ra | mage
eval uat i on i t séedmd eelbimmebrd n(lich a segondatenshel 1)) evid a&l@srard
i1 1um nated andgéfgged (hspm @Jh%‘?:ﬁo'l% & IGGH - connected tol2he #nflRyi ce
according to claim 10, wher éin device 1's acconnodat ed i n a hausi ng.
evaluating unlt (14) , are arranged in such a way that
the object edges (2) are illuminated and imaged from a
second direction.
15 12, The device for measuring the height at which
object edges (2) are positioned as claimed in claim 10
or 11, characterized in that the device is accommodated
in a housing (15).
13. The device for measuring the height at which
20 object edges (2) are positioned as claimed in one of
claims 10, 11 or 12, characterized in that the housing
(15) is provided with a drive for varying the position
of the device relative to the component (1), in order
to image different object edges (2) of the component
25 (1) on the sensor (7).
14. The device for measuring the height at which
object edges (2) are positioned as claimed in one of
claims 10 to 13, characterized in that there is
arranged around the sensor (7) an encapsulation which
30 1is transparent to light in the direction of the optical
axis.
15. The device for measuring the height at which
object edges (2} are positioned as c¢laimed in one of
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13. + A devige according to claim 10, which includes a housing being

provided with a drive for varying the position of the device relative to

t he conponent kn 9r9e 58 i mage di fferent object edges of a conponent on
GR 9 18

t he sensor. 10 14.

A devi ce according to claim 10, wherein T He" Sensor is encapsul ated wth a

mat eri al transpahanacterhzgﬁthy1ahéldenaﬂnamrcﬁrt&mg@@tpeapeaﬁmsular

15. A device ggc ng ng E?cﬁha'%& )L}@er rgécortg_s PoghhLop-

sensitive detector el ng-arrange per)pendlc ar to e optical axis and
per pendi cul ar t gdgRe é%?eéﬁ gggear ( A devi ce according to

claim 10, wheregn the rhghtgessaWecerds %ﬁa’sﬁ%’iﬂéedzﬂé ghkigAtt tathgwHi ede.
5 object edges (2) are positioned as claimed in one of
claims 10 to 15, characterized by a position sensitive
detector (PSD) arranged perpendicular to the optical
axis and perpendicular to the object edges (2) as
sensor (7).

10 17, The device for measuring the height at which
object edges (2) are positioned as claimed in one of
claims 10 to 16, characterized by an infrared-emitting
light-emitting diode as light source (4).

18. The device for measuring the height at which

15 object edges (2) are positioned as claimed in one of
claims 10 to 16, characterized by an infrared-emitting
laser diode as light source (4).
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