-1 WD, 2007/ 019596 Devi ce for exam ni ng workpi eces The invention relates to
a device for exam ning workpieces, in particular circuit cards, conprising
an_exam nation tool which is clanped in a nmeasuring head which is novable
relative to the workpiece in a workpi gce plane, and conprising an optical
observation device for controlling the neasuring head. In the manufacture of
circuit cards or other electronic conponents, it is often necessary to test
the quality of soldered joints. This involves exam ning, fwo20exangdoe, the
contacting of a mcroprocessor with the corresponding points on the card by
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non-destructive manner. There_ are known devices which are referred to as
bond t 88todtisabplbsevatonlavice farecomsenling e Mersyrigaie#mdt i ons can be carried
out. In this process, a tool is arranged on a neasuring head so as to be
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measured and is a measure of the quality of the soldered joint. As both the
workpieces to be examined and the tool are by definition very small, the
movement must be controlled with high precision, and this is therefore difficult.

Similarly, a workpiece may also be examined in a non-destructive manner.

There are known devices which are referred to as bond testers and with which
the above-described examinations can be carried out. In this process, a tool is
arranged on a measuring head so as to be able to move relative to the workpiece
in order to be able to carry out the corresponding measurements. The contro! is
carried out by an operator who observes the workpiece and the tool via a
microscope attached to the device. This operation is very highly skilled and prone
to error, as the accuracy of the measurement depends substantially on whether
the tool is introduced in the correct position under the corresponding wire
connection. In addition, the examinations are time-consuming and therefore

cost-intensive.

To date, it has not been possible to provide efficient automatic control of the
measuring head in relation to the tool, as the relative position of the tip of the
tool in relation to the measuring head is subject to minor changes and thus
cannot be defined with the required precision. These changes are, on the one

hand, due to the fact that the tool is necessarily connected to the measuring




tool inrelation to the neasuring head is subject to m nor changes and thus
cannot be defined with the required precision. These changes are, on the one
hand, due to the fact that the tool is necessarily connected to the
measuring -2- head via a force neasurpng device, thus inevitably producing a
certain play. Furthernore, the tool is highly |oaded with respect to its
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fact that t he
A further object of the invention is to disclose a method which allows workpieces

to be examined reliably, rapidly and cost-effectively.

According to the invention, these objects are achieved in that the optical
observation device is embodied as a camera which is attached to the measurihg
head and which has an optical axis which is substantially perpendicular to the
workpiece plane, and in that a calibration device is provided to determine the
mechanical offset which is the distance of the tool from the optical axis of the

camera.

It is fundamenta! to the present invention that the movement of the measuring
head is controlled by a camera which is directed toward the workpiece and can
thus establish the precise position of the measuring head in relation to the
workpiece. A basic difference from the prior art is in this case the fact that the
camera does not necessarily observe the process of engagement of the tool with
the workpiece but rather serves merely for the purposes of positioning. This is
crucial because high precision can be achieved only with cameras which have
correspondingly small image angles and therefore high resolution, so the design
conditions of the camera prevent the tool from being observed directly.
Allowance is made for the position of the tip of the tool in relation to the

measuring head, which changes slightly over time as a result of the above-



canmera does not necessarily observe the process of engagenent of the tool
with the workpiece but rather serves nerely for the purposes of

positioning. This is crucial because high precision can be achieved only
wi th canmeras which have correspondingly small inage angles and therefore
hi gh resolution, so the design conditions of the camera prevent the tool
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caﬂ)ratlon evice is embodied as a further camera which is movable relative to

the measuring head and orientable in such a way that the tool and reference
points of the measuring head can be detected by the further camera. During the
calibration process, the measuring head is in this case moved in such a way that
the tool enters the range of detection of the further camera. By detecting
reference points which are attached to the measuring head, it is then possible to
establish the position of the workpiece relative to the camera. The reference
points can, for example, be attached to the lens of the camera or the lens itself is
detected as a reference point. In principle, it is possible, if the further camera is
embodied appropriately, to detect the tool and the reference points at the same
time in order to determine the distance or the relative position. However, it is
particutarly preferable if the detection is carried out in succession, the tip of the
tool first being brought into the optical axis of the further camera before the
measuring head is moved in such a way that a reference point is also located in
the optical axis of the further camera. Determining the path of travel of the
measuring head allows the precise relative position to be defined. Obviously, it is
also possible to position first the reference point and subsequently the tip of the

toal.



poi nts can, for exanple, be attached to the |lens of the canera or the lens
itself Iis detected as a reference point. In principle, it is possible, if
the further canmera is enbodi ed appropriately, to detect the tool and the
reference points at the same tine indorder to determ ne the distance or the
relative position. However, it is particularly preferable if the detection
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points, the position of which relative to the calibration opening is known, and the
mechanical offset can be precisely determined from this, or else, once the tip of
the tool has been introduced into the calibration opening, a corresponding
movement of the measuring head is carried out in a preferred manner in order to
bring the calibration opening itself into the range of detection. Particularly
precise calibration can be achieved if the tool has a measuring device which is
embodied for controlling the movement of introduction into the calibration
opening. A conical embodiment of the calibration opening is also advantageous in

this regard.

In a particularly beneficial variation of the device according to the invention,
provision is made for the tool to be embodied as a hook which is fastened to the
measuring head via a tensile force detection device. The tensile force detection
device produces in this case a signhal which indicates the force which is required

in order to destroy the connection to be examined.

It is particularly preferable if the workpiece plane is substantially horizontal in
the use position of the device and if the too! is arranged in the measuring head

so as to be able to move vertically.



t he tool has been introduced into the calibration opening, a corresponding
novenment of the nmeasuring head is carried out in a preferred manner in order
to, bring the calibration opening itself into the range of detection.
Particularly precise calibration cansbe achieved if the tool has a
measuring device which is enbodied for controlling the novenent of
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to be ggtrhed out irrespective of the orientation of the respective
contacts. Wth regard to the automatability of the device, it is
particularly beneficial if the device is equipped with an inmage recognition
devi ceFedheguetrrheddiesgnhiiMengionHelategdp a rrmtgomf%asamimnsamﬁk@mcgs, t he
out er t LC conponents, the <contacting of which is to be
exam nﬁ%ﬁﬂﬁg&%@é@@#%@@ %t(rélB%r der to ensure secure control. Furthernore, the
present invention relates to a nmethod for exam ni ng workpi eces including

t he fotl ow dgrmytirgs: werlgliaogyi ng a wor kpi ece; - providing a tool on a

nmeasuri ng head which is nounted relative to the workpiece;

- providing a tool on a measuring head which is mounted relative to the

workpiece;

- guiding the tool to the points to be examined of the workpiece, guided by

an optical observation device;

- performing the measurement on the points to be examined of the

workpiece.

According to the invention, this method is characterised in that the tool is guided
by a camera which is movable, together with the tool, relative to the workpiece
and in that the position of the camera relative to the tool is detected by a
calibration device. A method of this type is more rapid, more precise, more
reliable and more cost-effective than known methods which are carried out using

known devices.

The present invention will be described hereinafter in greater detail with

reference to the exemplary embodiments illustrated in the figures, in which:

Fig. 1 is a schematic lateral view of a first variation of a device according to the

invention; and

Fig. 2 and Fig. 3 are schematic views corresponding to Fig. 1 of further

variations.




- guiding the tool to the points to be exam ned of the workpiece, guided by
an optical observation device; - perform ng the neasurenent on the points to
be exam ned of the workpiece. According to the invention, this nethod is
characterised in that the tool is guiged by a canera which is novabl e,
together with the tool, relative to the workpiece and in that the position
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of the axis 5a of the canera 5 fromthe tool 3. Fastened in the receptacle
5is aPuMeRrigRead # having an upwardly directed detection cone 12 into
whi ch there can be introduced both the tool 3 and reference points 15 which

are at tfaehedibtariéMoroedsry éard ndd beisFried odthf SRAEsHWAY thethdrem&® of
calibration process can now be carried out in such a vvaE/Rthat novenent of

t he nmedBarmagsuringl heagads@yses fyst the toebP B be edeniadetnwerd Hiwogtical
opti calyyis 7a of the further camera 7 before, with the aid of the reference points 15,

the axis 5a of the camera 5 is brought into line with the axis 7a. This means that
the optical offset s between the axes 5a, 7a is determined for the scenario in
which the axis 7a of the further camera 7 is oriented toward the tool 3. In this
case, the mechanical offset d and the optical offset s correspond, thus allowing
the relative position between the tool 3 and optical axis 5a of the camera 5 to be
determined precisely. Subsequently, the measuring head 2 is moved in such a
way that the workpiece 6 is detected and the individual measuring points are
identified and selected with the aid of image recognition software. Owing to the
precise knowledge of the mechanical offset d, the tool 3 can now be moved
precisely towafd the corresponding points. When carrying out the method, it is
possible after a single calibration to carry out a plurality of measuring processes,
provided that it may be assumed that the mechanical offset d will remain
unchanged. If it emerges that after a specific number of measuring processes or
even after a single measuring process the mechanical offset d is subject to
inadmissible changes, the calibration must be repeated after a corresponding
number of measuring processes or, in an extreme scenario, a calibration must be

carried out prior to each individual measuring process.

In the variation of Fig. 2, the calibration is carried out as a result of the fact that
the camera 5 is directed toward an optical prism 8 which deflect the beams 11 of

the camera 5 and, at 11a, directs them toward the tip of the tool 3.



axis 7a of the further canera 7 before, with the aid of the reference points
15, the axis 5a of the canmera 5 is brought into line with the axis 7a. This
means that the optical offset s between the axes 5a, 7a is determ ned for
the scenario in which the axis 7a of 7t-he further canera 7 is oriented
toward the tool 3. In this case, the nechanical offset d and the optical

of f set I tik®OBASHOADT HiGUS, 8hé enlitationhie d=etialio® dx0sireboln dfehweaant the t ool 3
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values and standard deviation Cpk and the like. Destructive tests may also be
replaced by non-destructive tests in which the force with which the individual
bondings are tested is limited. The tests process proceeds fully automatically and
is documented using software. Furthermore, the device according to the
invention has a very compact design with ergonomic and amazingly simple

operability.




further reference points 14, the relative positions of which in relation to

the <calibration opening 9 are knowmn. However, it is equally possible, once

the tool 3 has been introduced into the calibration opening 9, to carry out
a further displacenent of the measurigng head 2 in such a way that the axis

5a of the canmera 5 is brought into line with the axis 9a of the calibration
opening 9. In this case, further reference points 14 are not necessary. The
devi ce according to the inventioncal Aoy ghe neasuring nmethod to be carried

out rapidly, reliably and precisely. Individual neasured values are
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can be mechanij.c engaged, wi.t h the wor kpi ece (6) an ich is clanped in
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i's provi dedwhigtalis that distatley igfethehitedl (B) eromngw: heicaeaRkini(Sa) osftheet (d)
which is the distance of the tool (3) fromthe optical axis (5a) of the

camera (5). @MefR\prde according to claiml, characterized in that the
calibration device is

2. Device according to claim 1, characterized in that the calibration device is
embodied as a further camera (7) which is movable relative to the
measuring head (2) and orientable in such a way that the tool (3) and
reference points (15) of the measuring head (2) can be detected by the
further camera (7).

3. Device according to claim 2, characterized in that the optical axis (7a) of
the further camera (7) is oriented parallel to the optical axis (5a) of the

camera {5) which is the optical observation device.

4, Device according to claim 1, characterized in that the calibration device is
embodied as an optical prism (8) through which the camera (5) is able to
observe the tool (3).

5. Device according to claim 1, characterized in that the calibration device is
embodied as a calibration opening (9) in a receptacle (1) for the workpiece
(6), into which calibration opening (9) the tool (3) can be introduced, and

in that the camera (5) is able optically to detect the calibration opening

(9).

6. Device according to claim 5, characterized in that the tool (3) has a
measuring device (4) which is embodied for controlling the movement of

introduction into the calibration opening (9).



enbodj ed as a further canmera (7) which is novable relative to the neasuring
head (2) and orientable in such a way that the tool (3) and reference
points (15) of the nmeasuring head (2) can be detected by the further camera
(7). 3. Device according to claim2,-gharacterized in that the optical axis
(7a) of the further canera (7) is oriented parallel to the optical axis

(5a) of. theDeoméea@cdratngWob Gdithes ElBEN OPtorcalairmbseicratacarigdeyiinechad. thBevi ce
according to characterized in that the caI i bration device is

aim1l,
enbodi ed asc%lﬁ)"éﬁf’f‘&ﬂerwg ¥ [SsymPRAyRe ARite etaRd canicaly UPWard- abl e to
observe the tool (3). 5. Device according to claim1, characterized in that

the cagibr abei&edé%(:bF&anto SPefe st ddinks f%b'?)réhtdrg&e?ﬁﬁﬂ'IHQhé@thé Yot

receptacl e él) for the workpiece (6), into which calibration opening (9)
the tool (33)clerembodiedrasiadubk whith isrfastenedt teetheameasu(ipp hencat)evia

optically t ening (9). 6. Device according to
claimb5, ch rtgﬁ%ﬂee fo;é%%%eﬁ&]ft'}@{ a%kggt(a (3) has a neasuring device (4)

whi ch is enbodi ed for controlling the novenment of introduction into the

cal i brati onDepieei agcdréling t@-ank. oaev-bttelatmsot dong, tchapadtbered linithab the cl ai m
6, characterized in that the cal] bratJ ocﬁ_eni ng &8% is enbodied sog,as to
ext end coni WRFKRIeEHRIFRE (82) fp shbatantialy fiarizorgalamy then &isgrPsitdemof they 7,

characteri sggyice dnein Eﬂéﬁ th@%bol (3) is! 8 ireth@endadiPply M‘@é&'{'z} §o fa§5t ened

to the nmeasuring head (2) via a tensil orce detectiondevice
Devi ce accotabagbletanyouneedicatlyai ns 1 to 8, characterized in that the
wor kpi ece pI ane (6a) is substantially horizontal in the use position of the

devi ce180d bBuBUENBALIR ol Phok oralANORd, ) e RABIHIAGHA R (G 50 3o

to be a le 0 nobve ver Vi ce accdrdin any one
to 9, charal3kisizreanged tbals tichiee tabtd to rotate in re!atlon to the measuring head

(2).

11. Device according to any one of claims 1 to 10, characterized in that the
device is equipped with a controller based on an image recognition device

for automatically moving the tool (3).

12. Method for examining workpieces (6) including the following steps:

clamping a workpiece (6);

- providing a tool (3) on a measuring head (2) which is mounted

relative to the workpiece (6);

- guiding the tool (3) to the points to be examined of the workpiece

(6), guided by an optical observation device;

- performing the measurement on the points to be examined of the

workpiece (6);

characterized in that the tool (3) is guided by a camera (5) which is
movable, together with the tool (3), relative to the workpiece (6) and in
that the position of the camera (5} relative to the tool (3) is detected by a
calibration device (7, 8, 9).



(3) is arranged so as to be able to rotate in relation to the neasuring head
(2). 11. Device according to any one of clainms 1 to 10, characterized in
that the device is equipped with a controller based on an inmage recognition
device for automatically noving the ggal (3). 12. Method for exam ning

wor kpi eces (6) including the follow ng steps: - clanping a workpiece (6);

provi diyg a Métﬁbd(é’&co?cﬂi_ng_ﬂﬂieétéuﬁilrﬂg diedctedzedih Ahat & CENBIEGON IS RafHdd/e 1O
t he workpiece (6); - guiding the tool (3) to the points to be exam ned of

t he wor kpi e®it prEy torAdeneaguEdMepti cal observation device; - perforning
t he neasurenent on the points to be exam ned of the workpiece (6);
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t hat the pogool (3) & rotatallgnmoanted andl it thet the thlibrabioh is3jarreddetteot ed by

a calibration device (7, 8..9). 13. hod accordjng to clajim12
characteri zé@r'PHstwu'ér cpﬁsi‘tﬂ)c?";"‘t P%&hﬁsgoéjér /el _"%‘a 'OBr#%%nt ax'éal?’ﬁ"‘:h IS
measur ement -subétarMéﬂIb%rﬁﬁlé?lctbchh@gmbﬂqﬁé@ﬁlfan@S@afﬁ 12 or claim 13,
characterized in that the tool (3) is rotatably nounted and in that the

calibration is carried out in various angular positions of the tool (3) in
rel ati dP-t o Methadiacappding tosany @ne: efelpENs L 20k ddr charadierized ipiteeleths ane

6a). 15. ' i ' 2 Lzed i
that the cdPIBCLRIER’ C4rfd SuChY SRR Eflels (F diichls dpietdrtainged 11
di rect ed t owhedook {3 armbtowayd eefdrermsapainte(Ey)eoitthepuieasarifgHeadf (2)he
measuring head (2). 16. Method according to claim 15, characterized in that

the canera (b3 alldrafid®doSimth! PECRHS At BT ' Bt B8R SRlerdnfsy e ¢
directed simultaneously toward the tool (3) and toward the reference

points (15).

17. Method according to claim 15, characterized in that the camera (5) is
directed successively toward the tool (3) and toward the reference points

(15) or vice versa.

18. Method according to any one of claims 12 to 14, characterized in that the
calibration is carried out through a prism (8) toward which the camera (5)

is directed in such a way that the tool (3) is detected.

19. Method according to any one of claims 12 to 14, characterized in that the
calibration is carried out through a calibration opening (9) into which the

tool (3) is introduced and which is detected by the camera (5).

20. Method according to claim 19, characterized in that the camera (5) is
directed, during the introduction of the tool (3) into the calibration opening
(9), toward further reference points (15) which are arranged in a

predetermined position relative to the calibration opening (9).

21. Method according to claim 19, characterized in that once the tool (3) has
been introduced into the calibration opening (9), the camera (b) is

oriented toward said calibration opening.



points (15). 17. Method according to claim15, characterized in that the
canera (5) is directed successively toward the tool (3) and toward the
reférence points (15) or vice versa. 18. Method according to any one of
clains 12 to 14, characterized in thati the <calibration is carried out
through a prism (8) toward which the canmera (5) 1is directed in such a way

that the. t omlethéd acBordi@®ed &y dQe oFRidIAT B2aOrZi Néhdrackiizednd Watahai ms 12
to 14, characterized in that the calibration is carried out through a

cal i br at i on"GREHIIAG RPLEBHtS GARTIed aufcautosmatiqally withi Hhe siiER™mMHIagRi ch i s
detected by fIFE . 20. Method according to claim 19, characterized
in that theﬁ%g A a (g?xﬁga'directed, during the introduction of the tool (3)
into the calibration opening (9), toward further reference points (15)
which are arranged in a predeterm ned position relative to the calibration
opening (9). 21. Method according to claim19, characterized in that once
the tool (3) has been introduced into the calibration opening (9), the
canera (5) is oriented toward said calibration opening. -11- 22. Method
according to any one of clainms 12 to 21, characterized in that the neasuring
process is carried out automatically with the aid of an inmage recognition
met hod.






