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pick-and-place device for substrates

The invention relates to a method and a device for
checking electric components in a pick-and-place device
for substrates,
the components being handled by a pick-and-place head
10 of the pick-and-place device which is made to travel in
a working plane,
a pick-up for the components being displaced in the
pick-and-place head perpendicularly in relation to the
working plane by means of a 1lift drive between a
15 transporting position and a functioning position,
the component being sucked against an underside of the
pick-up,
the component being raised by the pick-up from a pick-
up position into the transporting position and, after
20 the pick-and-place head has been made to travel into a
placement position, is lowered onto the substrate into
the functioning position, and
the positional relationship between the component and
the pick-up being checked by an optical scanning means
25 of the pick-and-place head. The positional
relationship is to be understood here as meaning not
only the relative position of the components on the
pick-up, but also the presence or absence of the
component on the pick-up.
30
A device of this type is disclosed by US 5 660 519.
According to the 1latter, the scanning means of the
pick-and-place head in each case comprises a row of
transmitting and receiving diodes, which form a
35 scanning plane perpendicular to the lifting direction
at the height of the component located in the
transporting position. While the pick-and-place head

is traveling to the placement location on the
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WO 01/ 74127 PCT/ DEO1/ 00964 - |a substrate, the side contours of the
conponent can be scanned by rotating the suction pick-up about the
.lifting axis, which allows the positional deviation of the center of the
conponent f mwomiAreipi ck-up axis to be 5 ascertained. Ther[nEeseoMEE40r
absence of the WD 01/ 74127 PCT/ DEO1/ 00964 - 2 conponent on the pick-up is
~detected during the picking-up or pl'ac% ng of the conponent by sensing the
suction pressure at .the t hat the presence
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Furthermore, JP 11-154797 A discloses a pick-and-place
device with a fixed turntable rotating step by step,
under which a printed circuit board can be made to
10 travel in two coordinate directions. The turret-like
turntable is equipped with a multiplicity of pick-ups
for the components, which run step by step through
different stations and which transport the components
from a pick-up position to an opposite placement
15 position. Before the picking-up, the free end of the
pick-up runs through a control station with a
perpendicular row of optical transmitting and receiving
diodes in the manner of light barriers, whereby the
position in height of the underside of the pick-up can
20 be ascertained. After the picking-up of the component,
the end of the pick-up with the component runs through
a further optical control station with a perpendicular
row of diodes, whereby the position in height of the
underside of the component, and consequently its
25 overall height, can be ascertained. In the case of a
pick-and-place head which can be made to travel in two
coordinate directions, the pick-up would have to run
through the fixed control station before and after
picking up the component to allow a corresponding
30 measurement to be carried out, which would generally
involve an unacceptable detour between the pick-up
position and the and the placement position, and vice

versa.

35 Furthermore, it is known, for example from US 4 875
285, to design the pick-and-place head in the manner of
a turret with a multiplicity of suction pick-ups

arranged in a circular manner on a rotor, a stator



froma pick-up position to an opposite placenent 15 position. Before the
picki ng-up, the free end of the pick-up runs through a control station
-with a perpendicular row of optical transmtting and receiving diodes in
t he manner @b disght2darriers, whereby the position in lrer(iEolododche
undersi de of the pick-up can 20 be ascertained. After the picking-up of the
~conponent, the end of the pick-up w't ket e conponent runs through a
further optical. control station with a _perpendicul ar_.row of diodes,
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285, to design the pick-and-place head in the manner of a turret with a
multiplicity of suction pick-ups arranged in a circular nmanner on a rotor,
-a stator WD 01/ 74127 PCT/DEQ /00964 - 2a having with processing stations
for the conmonemtrai2arranged al ong the circul atory pat h eofr/pdve /pissk- ups,
whi ch conponents are centered, contacted and electrically, optically or
~mechanically neasured in 5 these statTo%sT for exanple according to col um
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x-y offset 1is taken into account by corresponding
correction of the target coordinates of the pick-and-

place head.

10 The current trend toward ever smaller components, of
for example an edge length of 0.25 mm, requires a very
narrow suction channel in the pick-up, which makes it
difficult for the wvacuum to be sensed, in particular
when there is soiling. Furthermore, inaccuracies of

15 the pick-up position may occur if the component does
not completely cover the suction channel and, as a
result of this leakage, the result of the vacuum
scanning is unreliable. For example, in the case of a
turret head, under some circumstances the absence of a

20 component 1is consequently only noticed in the optics
station during the placement phase. The picking up of
a replacement component requires a considerable

additional amount of time to be expended.

25 The invention is based on the object of achieving a
higher 1level of reliability in the checking of the

components.

This object is achieved by the invention as claimed in
30 claim 1. For example, the scanning beam may be
arranged just underneath the underside of the pick-up
in the raised state. This makes it possible to check
the underside of the pick-up before it is lowered onto
the component to be picked up. Normally, the path of
35 rays of the light barrier is not interrupted. After
that, the pick-up is lowered onto the component to be
picked up. The latter is then sucked onto said pick-up
and raised. Directly after that, it can be reliably



pl ace head. 10 The current trend toward ever snaller conponents, of for
exanpl e an edge length of 0.25 mm requires a very narrow suction channel
-in the pick-up, which nakes it difficult for the vacuumto be sensed, in
particul ar wehery7ubere is soiling. Furthernore, inaccuraectrasoafoddBsat he
pi ck-up position may occur if the conponent does not conpletely cover the
-suction channel and, as a result of -tBBs-l eakage, the result of the vacuum
scanning is unreliable. For exanple, in the case of_a turret head, under
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on account of the tolerances mentioned



in the raised state. This nmakes it possible to check the underside
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any further traveling movement of the pick-and-place
head and consequently with little time delay. Directly
before the component i1s placed onto the substrate,
scanning may be carried out once again, 1in order to
establish whether the component is still present on the
pick-up. This is advantageous if the component is lost
before it is placed, for example as a result of
vibrations, accelerations or decelerations of the pick-
and-place head. In this case, the setting down of the
pick-up is not performed. This is of significance to
the extent that otherwise the underside of the pick-up
would be set down onto the soldering paste present on
the printed circuit Dboard, with the effect of
contaminating the underside so much that the suction
opening is considerably narrowed or even closed. If
the component is present, it 1s placed onto the
substrate and released from the underside by means of a
pulse of compressed air. In the case of very small
components, however, the adhesive action of a
contaminated underside may be to so great that the
component sticks to the pick-up. This is established
by scanning directly after the raising of the pick-up,
so that the pick-up can once again attempt to place the
component onto the substrate before the pick-and-place
head leaves the placement position. In this way, a
high degree of picking and placing reliability is
achieved.

Complete monitoring of the underside of the pipettes in
all operating phases 1is achieved by an advantageous

development of the invention as claimed in claim 2.
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by a further pocket spacing, so that the pick-up can 5 pick up anot her
conponent. This takes place without any further traveling novenent of the
. pi ck-and-place head and consequently with little tine delay. Directly
before the genqonent7 i s placed onto the substrate, scarcr/pgoneopsbe carried
out once again, in order to 10 establish whether the conponent is still
-present on the pick-up. This is advanfd@geous if the conmponent is | ost
before it is placed, for exanple as a _result of vibrations, accelerations
or decel er afitoR§ BPSEROLE O ke ISVAIORMENTE 3% A EhsE $HRiBefting
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t he adhesive action of a



25 contam nated underside may be to so great that the conponent sticks to
the pick-up. This is established by scanning directly after the raising of
.the pick-up, so that the pick-up can once again attenpt to place the
conponent ombooi/heixsubstrate before the pick-and-place 36rinzad/dmaves t he
pl acement position. In this way, a hlq? degree of picking and placing
-reliability is achieved. Cbnplete nonit oring of the underside of the

pi pettes in, 35 all peratln ases, i.s achi eved n advan eous
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the substrate in an undefined way. The device as
claimed in claim 4 achieves the object on which the
invention is based in a way similar to the method
according to figure 1. Here, too, the conditions on
10 the wunderside of the pick-up can be completely
monitored, so that the 1level of ©pick-and-place

reliability is correspondingly increased.

In a way similar to the method as claimed in claim 3,

15 the device as claimed in claim 5 permits more accurate
checking of the component height in the 1lifting
direction, from which more accurate conclusions can be
drawn concerning the type or the installation position
of the component.

20
It is possible by the device as claimed in claim 6 for
the scanning means to be combined in a structure,
whereby an exact geometrical relationship between the
functional parts can be established. The deflecting

25 means near the underside can be formed for example by a
prism which deflects the scanning beam obliquely upward
to a transmitting diode.

The turret pick-and-place head as claimed in claim 7
30 has, for example, 12 suction pick-ups, which are
arranged in a star-shaped manner along a circular
circulatory path. The rotor is driven step by step, so
that the suction pick-ups can be rotated one after the
other into the pick-up station, in order to be able to
35 pick up the components in a direct sequence. However,
this means that, before they can be optically
inspected, the components run through at least several

stations, until they reach an optics station. In this



i's sucked agai nst the pick-up one-sidedly, so that it 1is picked up on edge
by the pick-up. This can consequently already be detected during
-picking-up as a pick-up error. Such a conponent is discarded in a 5
speci fic posiotexnraazd consequently does not get onto tireTsnHEdsVoEHEd | N an
undefined way. The device as clainmed in claim4 achieves the object on
-which the invention is based in a Wéy5§‘ir?ilar to the method according to
figure 1. Here, too,_ the conditjons on 10 the underside of the pick-up can
be compl et RFEHhiAorctie 5o § A AP PRVEIOHF Bt EROBNAEBPaBES PARBab! |1 Ly
i s correspondang yYadawrdiasedto | bha Wayesitioharfdro thhe oetbodeassckai med in
claim3, 15 the device. as clal med | | aic-m erm u
checki ng of eheo%toln%aol(r?'éﬁtg%%?]é%@r?i nb? % i%iff ttﬁlrgg d |I§(§%%¥?%%g%§oéﬂg\t'}ﬁi ch nore
accurat e corelkesi opsistan the dp&dwsscostetaong ehd t ypecsedt heni nshel | ation
positiong ofjthe comopante 20 ht i5 RASShR e Pyckbedeuichasyphahmed in
claim6 for ™ the scanning neans to be conbined In a structure,

cannot be detected by the vacuum sensing



wher eby an exact geonetrical relationship between the functional parts can
be established. The deflecting 25 neans near the underside can be forned
-for exanple by a prismwhich deflects the scanning beam obli quely upward

" to a transnwbtdurgarirode. The turret pick-and-pl ace headrem/oebaiauedsai n cl ai m
7 30 has, for exanple, 12 suction pick-ups, which are arranged in a
-star-shaped manner along a circul ar cﬁ%culatory pat h. The rotor is driven

step by step t hat. the_suction pick-ups _can be r one af er the
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optical |’y checked. 'Some o t he conponents are onl f aken past the optics
st ation andC@ﬁedKéﬁm@ﬁkﬂmﬁ new pick-up attempt, w1thout it being

possible in the meantime for the rotor to be turned
further. It 1is customary to arrange the optical
station for measuring the component position several
10 stations upstream of the placement station and to turn
the pick-up into the desired installation position in a
downstream station. During the turning of the rotor
and the pick-up, it is still possible after the optical
measurement for a component to be lost, which without
15 the scanning means in the placement station could no
longer be detected. The optical scanning during
placement therefore increases the level of monitoring

reliability to a considerable degree.

20 It is possible by the development as claimed in claim 8
to make the cable light barrier engage in one piece
from the stator side into the traveling path of the

components.

25 The invention is explained in more detail below on the
basis of exemplary embodiments represented in a
schematized form in the drawing.

Figure 1 shows a section through a pick-and-place head
30 with a suction pick-up and a control means,
figure 2 shows a plan view of part of the pick-and-
place head according to figure 1,
figure 3 shows part of the pick-and-place head at the
beginning of a pick-up phase with a component
35 belt and electric components,
figure 4 shows the parts according to figure 3 in a

subsequent phase,



5 placenment phase. As a result, pick-up errors which cannot be detected by
the vacuum sensing WO 01/ 74127 PCT/ DEO1/00964 - 6 are only detected in a
.l ater phase, and consequently entail a corresponding tinme |oss. The

i nvention nakesL/7kizpossible to nonitor all the sucti onepralecupsssdi rectly
i-n connection with the picking-up operation, 5 so that, in the event of a
-pick-up error, the pick-up can undertfRe~a new pick-up attenpt, without it
being possihle in the neantine for the rotor to be turned, further. It is
customary t 189 &nge EREVSpLNCaPArsSadGIPHUNIdRUrIFHYE he ¥ohPBRENt
position several 10 staki essmpupshrtedelefl ihhe pudeeseehtsbakisen and to turn
the pick-up_.nto the dﬁsire instalhgtéogopgfitigg %q %red wnstream
station. DuFFﬁEth t ﬁWﬁg @@ POt BFCCRRH Y he pirckR-up, 1t Ts STl
possi bl e after the opendabf tkespiekenp bbasa,conponent to be | ost, which
Wi t hout 15 the scanning neans in the placenent station could no |onger be
detected. The optical scanning during placenent therefore increases the

| evel of nonitoring
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reliability to a considerable degree. 20 It is possible by the devel opnent
as claimed in claim8 to nmake the cable light barrier engage in one piece
fromthe stator side into the traveling path of the conponents. 25 The

i nvention i goepaphadizved in nore detail bel ow on the baseermEoexeypsary
enbodi nments represented in a schenatlzed formin the drawing. 30 35 Figure
-1 shows a section through a pick-and-pl7ace head wth a suction pick-up and
a control neans, figure 2 shows a plan view of part of the pICk and- pl ace
head accor dfAguEs fli gEPevs, tﬁ?ﬁd?%r%ssﬁ6ﬁ§rﬁéPﬁ of° t héIPF Ek-Landit pFAace head
at the beglnnlng of anpi ekaupfpbasepwkhup paapanent belt and electric

comonents, & ESL°gS SRR, SR LR AL L 8o S S Autling
a placement phase of the component onto a
5 substrate,
figure 9 shows the parts according to figure 9 after
the placement of the component,
figure 10 shows a side view of another, turret-like
pick-and-place head with components and a
10 substrate,
figure 11 shows a side view of the parts according to

figure 10.

According to figure 1, a pick-and-place head 1 which
15 can be made to travel in two coordinate directions X
and Y of a horizontal working plane X-Y is provided
with a pick-up 2, which is displaceable by means of its
lift drive 3 perpendicularly in relation to the working
plane. The pick-up 2 1is provided on its downwardly
20 pointing tip with a suction opening 4 for workpieces to
be picked up. The 1lift drive 3 has a displacement-
measuring means 5, with which the respective lifting
position of the pick-up can be established and which is
connected via a data line to a control means 6 of the
25 pick-and-place device. In the region of the underside
of the pick-up 2 there is fastened to the pick-and-
place head 1 a scanning means 7 in the form of a forked
light barrier, which is provided with a transmitting
diode 8 and a receiving diode 9. The diodes are
30 arranged and aligned with each other in such a way that
a sharply focused scanning beam 22 running between them
crosses the pick-up axis perpendicularly. The scanning
means 7 1is likewise connected to the control means 6
via a further data line.
35
In the transporting position shown, the pick-up 2 is in
the uppermost lifting position, in which the underside
of the pick-up 2 is located above the scanning height



figure 5 shows the parts according to figure 4 without the conmponent belt
in a subsequent phase, figure 6 shows the parts according to figure 5 at
.the end of the pick-up phase, WO 01/ 74127 PCT/ DE01/00964 - 7 5 10 figure
" 7 shows thewpariysasxrcording to figure 6 after the end efrideelpocks up
phase, figure 8 shows the parts according to figure 7 during a placenent
-phase of the conponent onto a substrat®, figure 9 shows the parts
according to figure 9 after _the placepent of the conponent, figure 10
shows a si déefiBidoP¥anbhRedt et - F'Re P TIR-anli®plac® hESTEW EhH
conponent s ahe anessisdd atie¢splhgementl i aosi dhevi @isplatdeepart s

according to. Lhayhs 1eadl o I NGul® LLAHAENY AeBiek30da0LAGE D800 1
during the lowering and lifting phases of the pick-up
5 2. The signals received by the receiving diode are
likewise transmitted to the control means 6. At the

moment at



15 can be made to travel in two coordinate directions X and Y of a

hori zontal working plane X-Y is provided wth a pick-up 2, which is
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way thatg a sharply focused scanning beam 22 runni ng between them crosses
the pick-up axis perpendicularly. The scannin nmeans 7 is |ikew se
connect ed t & W& oht EHCWFedhsPEaTY G &Y f Rt H:g}e d&fanpipe. mepns 7,

with the position of the tip of the pick-up 2 and an
electric component 10 to be held on it being indicated
by dashed lines.

10
In figures 3 to 9, the sequence of the phases of a
picking-and-placing cycle with respect to the scanning
means 7 is represented.

15 According to figure 3, the pick-and-place head 1is
located with its pick-up 2 above a component 10 to be
picked up and has already been lowered from its
starting position, represented in figure 1, to the
extent that its empty underside crosses the scanning

20 beam 22 of the scanning means 7. The corresponding
position of the pick-up is stored by the control means.
It is possible to carry out such scanning after each
change of pick-up and to compare the standard wvalue
ascertained in this way with the respective measured

25 wvalue when the empty pick-up is lowered. Significant
deviations may then indicate an error at the tip of the
pick~up, which for example suggests contaminants or a
component sticking to it.

30 According to figure 4, the underside of the pick-up 2
is already resting on the component lying in a pocket
11 of a belt 12 and sucking this component onto it.

According to figure 5, the pick-up 2 has been raised to
35 the extent that its underside is located above the
gscanning beam 22 and that the component 10 sucked onto
it is interrupting the scanning beam 22. It is already

possible at this moment to establish from the stored



In the transporting position shown, the pick-up 2 is in the uppernost
lifting position, in which the underside of the pick-up 2 is |ocated above
-the scanni ng hei ght WO 01/ 74127 PCT/ DEO1/ 00964 - 7a defined by the

di odes. Thewoont/7ei2means 6 receives the neasured di spkecemenioosakues of
the di spl acenent- neasuring neans 5. The scanning nmeans i s activated
-during the Iomerlng and lifting phaseés 88f the pi ck-up 5 2. The signals
recei ved by e re e|V| di ode are |ikew nsnmtted to the control
nmeans 6. AtV %QTQHP?%HZ?OP F%bé%%-%? BTt her ecei ved
bri ght ness %@bugl@k—mﬁezneceiving di ode 9 exceeds a threshold val ue, the
lifting displacenent just neasured of the pick-up 2 is stored for further
use. 5 Figure 2 shows a plan view of the scanning neans 7, wth the
position of the tip of the pick-up 2 and an



el ectric conmponent 10 to be held on it being indicated by dashed lines. 10
In figures 3 to 9, the sequence of the phases of a picking-and-pl aci ng
cycle with respect to the scanning neans 7 is represented. 15 According to
figure 3, twe qi/okiznd-pl ace head is |ocated with its prckomop/ssbove a
conponent 10 to be picked up and has already been | owered fromits
-starting position, represented I n figUr% 1, to the extent that its enpty

under si de crosses the sc 2 am 22 of t nnj neans 7. The
cor r espondi AFCFEFENG &P Wé% tkt REC %t%ﬁe% a? tggoﬁ?WBPnﬁEEns. | t
I's possi bl e 1100 @@mkqdouhteuah.gmamnnngtaﬂnaﬂ1eaahsedhangaﬂni pktkntup and to

compare the SLAndand vabuereaager Ll otk ndhich gy g et e Lesprgti ve

measur ed 25 Vvalue prck="up i's wer ed I 'cant
devi ati ons R ihﬁmnca&% arﬂ-‘l’@rs othange hJent$tpa@iSthe d@tekte@ bwhi ch for

exanpl e 5UggeRt S LRIMLAT NPT A pﬂw@ntlﬁt | Cki®Bed© itn30cAgcording
to figure 4, the underside of the fICk
associated scanning value of the displacement-measuring

means 5. At this moment, the value stored earlier can
already be compared with the current value, the
difference in height in the lifting position
10 representing a measure of the height of the component
10. If the two scanned values remain unchanged, this
means that the component 10 has not being sufficiently
sucked onto the pick-up and raised. The control means
also knows the component data from a component library.
15 A deviation in the height wvalues may mean that an
incorrect type of component has been provided or that
the component was sucked onto the pick-up in an
incorrect position. Such components can be removed
over a discharge point. The unsuccessful attempt can
20 trigger a renewed picking-up operation before the pick-

up leaves the pick-up position.

According to figure 7, the pick-up 2 has been raised
into 1its upper transporting position, in which the

25 component 10 is located above the scanning height. The
pick-and-place head 1 can now be made to travel into
the placement position for the component 10.

According to figure 8, the pick-up 2 with the component
30 10 is 1located precisely in this placement position
above a substrate 13 in the lowering phase. In this
case, it can be checked in a way corresponding to
figure 5 whether the component 10 is still on the pick-
up. This check, which may also be combined with a
35 renewed height measurement, permits a reliable
statement concerning the presence of the component 10.
If the latter has been lost during transport, the pick-

up 2 is not lowered any further, so that its tip cannot



is already resting on the conponent lying in a pocket 11 of a belt 12 and
sucking this conmponent onto it. According to figure 5, the pick-up 2 has
.been raised to 35 the extent that its underside is |ocated above the
scanni ng beao ¢&27aray t hat t he conponent 10 sucked onto ect/oEsiraveesr upting
the scanning beam 22. It is already possible at this noment to establish
-fromthe stored WD 01/ 74127 PCT/ DE01+083624 - 8a val ue that the conponent
to be picked up is present on , the pi (ék-u 2. WO 01/74127 PCT/ DEO1/ 00964 -
9 Accor di n§et oCPREERERBt RV ifik k SQEASTHAEh PRREGoAGHEE P8 stRRed onto
it has just cheerradlesed.to the extent that the underside of the conponent
10 clears the scanning beam 22. This change in status is detected by 5 the
control neans 6 (figure 1), stored with the associated scanning val ue of
t he di spl acaweoirdipasuto ndigwans95. tAte t hbsppoeent ,1Q hdagal akready ed

earlier ganyalready hey cmy edp t i GHrd enfs valyg, {he empty

underside of the pick-up 2 has been raised



difference in height in the lifting position 10 representing a neasure of
the height of the conponent 10. If the two scanned val ues renain
unchanged, this nmeans that the conponent 10 has not being sufficiently
sucked ont owbhgrputdr up and rai sed. The control neans aksmdcnyshhe
conponent data from a conponent library. 15 A deviation in the height
-values may nean that an incorrect typéOof conponent has been provided or
that the conponent was sucked onto _the pick-up in an incorrect position.
Such conponéfeyecaiidesSFapBied 16V&l -a dggéhﬁggéhﬁéi MPendel AUhsuEiBssf ul

?tterfpt ﬁan s%%ifhrsi ogsr %K@neﬁéée@g_ﬁkbngdd?_d@per93t7 | D& b@BQEthB@smﬁCk- bUp

eaves the pick-up position, According to figur ,.the pick-u as been
rai sed int g‘oint’stolf r %9 aﬁ?ﬁ&rt’rthgcﬁgsik?&? oﬁggﬁﬁl\%ﬁpéa t‘“ﬁbe%rgoﬁﬁﬁnent 10
i s | ocat ed alvmperdmt Stannangubéilghtbeetherepeakedndrphacehdepdck-aan now be
made to travel into the placenent position for the conponent 10. According

to figure 8,"the pick-up 2 with the conponent 30 10 is |ocated precisely
in this placenent position above a substrate 13 in the |owering phase. In

this According to figures 9 and 10, another pick-and-place
head 14 is designed in the manner of a turret and can

be made to travel in the working plane in both

10 coordinate directions x and y. It has a stator 15, on
which a rotor 16 can be mounted such that it can rotate
step by step. On the rotor, modified pick-ups 17 are
arranged such that they protrude in a star-shaped
manner and run around in a circular manner. During a

15 picking cycle, in this way all the pick-ups 17 can be
loaded with components one after the other in turn
before the pick-and-place head travels over the
substrate 13. Along the circulatory path of the pick-

ups 17 there is an optical scanning unit 18, with which

20 the underside of the components 10 can be accurately
measured. This means that, without a scanning means,

the presence and type of the component 10 can only be
reliably checked in this phase. Consequently, an
incorrect pick-up can only be corrected during the next

25 picking cycle.

Another 1lift drive 19 with the displacement-measuring
means 5 is assigned to a lifting station 20 and is in
temporary engagement with the associated pick-up 17.
30 Another scanning means 21 is fastened to the stator 15
in such a way that the scanning beam 22 1is directed
just above and tangentially in relation to the
circulatory path of the components 10. By this
arrangement it is possible to form the scanning means
35 likewise as a forked light barrier with a one-piece
bow-1like carrier, the base of which is fastened to the
stator 15 on one side of the circulatory path. It is

also possible in the case of this pick-and-place head



case, it can be checked in a way corresponding to figure 5 whether the
conponent 10 is still on the pick- up. This check, which may al so be
.conbined with a 35 renewed hei ght measurement, permts a reliable

" statenment cecAypRiiyy the presence of the conponent 10. »éf/oebe/dodkier has
been | ost during transport, the pick- up 2 is not |owered any further, so
.that its tip cannot WO 01/74127 PCT/-DEXH 00964 - 9a be contaminated with
sol dering paste present on the substrate 13. According to figure 9, the
conponent 184hdP%al $ERRHING BEERSpICALEF SHNG e ubEiPA¥es13 HRl The enpty
under si de okot be phekiep dulkas been rai sed WO 01/74127 PCT/ DEO1/ 00964 - 10
above the scanning level. During this operation, the status of the
receiving diode 9 is continuously nonitored, so that it can be established
whet her the conponent has actually been released fromthe pick-up 5 2.



According to figures 9 and 10, another pick-and-place head 14 is designed
in the manner of a turret and can be nmade to travel in the working plane
in both 10 coordinate directions x and y. It has a stator 15, on which a
rotor 16 camobs Mewst ed such that it can rotate step bycSimpi/ddsskhe
rotor, nodified pick-ups 17 are arranged such that they protrude in a
.star-shaped manner and run around in alcrrcular manner. During a 15
picking cycle, in this way all the pick-ups 17 can be |oaded with
conponent s &F&Rtt &LHE other in turn before the pick-and-place head
travels over the substrate 13. Along the circulatory path of the pick- ups

17 there is an optical_ scanping.unit 18, with which 20 th derside of the
conponents f0 @ﬁﬁh% Fur SPEFY I N BIFEE L ThiFSRRLRY haﬁbJ i tfiouf a
scanni ng negisk-anide plaese ey iard foppeulfstiratesonidient 10 can only be

onl y be or B8 B RITHE Tnaldex eIt Fihatea ooy o “REEERapBrEfat e 1o
with the di $leakelienteihetlar pngk-apdnpléces daviicgnadthitah aig ihadegtst ation
20 and is iQ:ravel in a working plane (x-y),

a pick-up (2) for the components (10) being displaced

in the pick-and-place head (1) perpendicularly in

10 relation to the working plane (x-y) by means of a lift
drive (3) between a transporting position and a
functioning position,
the component (10) being sucked against an underside of
the pick-up (2),

15 the component (10) being raised by the pick-up (2) from
a pick-up position into the transporting position and,
after the pick-and-place head (1) has been made to
travel into a placement position, is lowered onto the
substrate (13) into the functioning position,

20 the positional relationship between the component (10)
and the pick-up (2) Dbeing checked by an optical
scanning means (7) of the pick-and-place head (1),
the component (10) Dbeing brought by the 1lifting
movement of the pick-up (2) into the active range of at

25 least one scanning beam (22) of the scanning means (7)
oriented transversely in relation to the 1lifting
direction,
in the transporting position, the underside of the
pick~up (2) being located above the scanning beam (22),

30 and
the the pick-and-place head (1) having a control means
(6), which checks the lifting position of the pick-up
(2),
characterized

35 in that the scanning means (7) 1s coupled to the

control means (6),



tenporary engagenent with the associated pick-up 17. 30 Anot her scanning
neans 21 is fastened to the stator 15 in such a way that the scanning beam
22 is directed just above and tangentially in relation to the <circulatory
path of theysapesents 10. By this arrangenment it is peesidabe/doeed ormt he
scanning nmeans 35 |likew se as a forked light barrier with a one-pi ece

. bowlike carrier, the base of which-dlastened to the stator 15 on one
side of the circulatory path. It is also possible in the case of this

pi ck- and- pl a8e thédd WS (R9armIys pPeaa k07 00964 actiyatetl ifhra SRR PE ng st eps
correspondi parbeel gl @5 Bhd$e af tér behearhiced oputat AMRHENAA 1P the

PCT/DEQ /00964 - 11 P tognt clains A nethod for checking electric
conmponent s CPBPOPRNL (Si k- and- pl ace device for substrates (13), 5 the
conponent s (4h0)tHzi nghdandhedoby meamiscké@nddetaces hbaad Krigsesfca her

piCk_andgpl%%%e%%%i%ﬁf“@ﬁghcg%pggggttQIO) on the pick-up (2) from

the scanning values of the scanning means (7),



travel in a working plane (x-y), a pick-up (2) for the conponents (10)
bei ng di splaced in the pick-and-place head (1) perpendicularly in 10
relation to the working plane (x-y) by neans of a lift drive (3) between a
transporti ngo pagvdizon and a functioning position, the eempea09¢40) being
sucked agai nst an underside of the pick-up (2), 15 the conmponent (10)

. being raised by the pick-up (2) from %?pTck-up position into the
transporting position and, after the ick-an%—plaoe head (1) has been nade
to travel fRHo P pFhaEneme pFOFLFaH, PeaPdwe®dd BRAEGSERE T ¥t e (13)
into the ft(Jil}%uheai (rjxgem&ih ; 'J'IﬂglznthEO $dime positheenal thel aticonphapebetawen t he
conponent nd the_pick-up (2) being checked by an optical scannin
neans (7) oPp%ﬁéebPEk?5ﬁ§¥Brace head (1), the conponent (10) being brougﬁt
by the lifting novenent of the pick-up (2) into the active range of at 25

least one sgannipg Qgiﬂbﬁz%k‘gl%fﬁéécﬁﬁnEﬂgiﬁeﬁosdﬁ@&dﬁ@é?ﬂfﬁé in
transversely'inrelation to the lifting direction,
that the scanning means (7) is activated during the
picking-up and during the placing of the component

(10) .

10 3. The method as claimed in claim 1 or 2,
characterized
in that, in the transporting ©position, the
underside of the component (10) is raised above the
height level of the narrowly focused scanning beam
15 (22),
in that, in its functioning position, the underside
of the pick-up (2) is displaced under the height
level of the scanning beam (22),
in that the 1ift drive (3) has a displacement-
20 measuring means (5) for determining the 1lifting
position of the pick-up (2),
in that the displacement-measuring means (5) 1is
coupled to the control means (6),
in that the lifting means 1is activated during the
25 raising and/or lowering of the component (10), and
in that the control means (6) ascertains the
position in height of the underside of the
component (10) or of the pick-up (2) from the
changes in the scanning values during the crossing
30 of the undersides and from the respective lifting
position of the pick-up (2).

4. A device for checking electric components (10) in a
pick-and-place device for substrates (13), in

35 particular as claimed in one of claims 1 to 3,
the pick-and-place device having a pick-and-place

head (1) which can be made to travel in a working



in the transporting position, the underside of the pick-up (2) being

| ocat ed above the scanning beam (22), 30 and the the pick-and-place head
(1) having a control nmeans (6), which checks the lifting position of the
pi ck-up (2o edvansgterized 35 in that the scanni ng nmeaos/HEbr/émeaoupl ed
to the control neans (6), WO 01/74127 PCT/ DEQ1/ 00964 - Ila in that the
-scanning neans (7) is activated in a ph&e before and a phase after the
suction attachnment of the conponent H% t he cont rol ﬁ

detects the pre®fd€ orl*¥lapsdtte 6t t %’b‘g%‘ine Rr (103ndh 1R Re plEk- up (2)
from the scannicRgpealenes qﬁobhe scannlng means (7), WO 01/74127

PCT/ DEO1/ 00964 - 12 .and | t control mean ),.assesses_scanni ng
val ues remai ni n§ Fﬁéj%éﬁ% QH% ?ﬂﬁp%ﬁ%%%% g;é? being fi5in&d

in the pick- and place head (1) such that it can be
5 displaced perpendicularly in relation to the
working plane (x-y) by means of a lift drive (3)
between a transporting position and a functioning

position,



operating errors. 5 2. The nethod as clained in claim1l, characterized in
that the scanning neans (7) is activated during the picking-up and during
t he placing of the conponent (10). 10 3. The nethod as clainmed in claim1
or 2, charast@Qyhged in that, in the transporting positeervoebhaossnder si de
of the conmponent (10) is raised above the height |level of the narrowy

. focused scanning beam 15 (22), in thal3 tn its functioning position, the
underside of the pick-up (2) is dlsplaced under the he| ht IeveI of the
scanni ng beam (28) ,PeHRE haROIHE U f £08r | YRS (ORI Ui SpildcenBntR® 20

neasuring neanssﬁékeBOégaehgtntnengnaaesha&tbmgth@oghbkenpoﬂzbhe pi ck-up
Control moans (8 PRESaBTRATS t FRG-nEdRs I CHR TVl ddur R the 25
rai sing and/ or tra\ivsedngayofth@epa;ok'pupen(tz )( 1fyomand pick-up position
5 into the transporting position and, after the pick-
and-place head (1) has been made to travel into a
placement position, it being possible for it to be
lowered onto the substrate (13) into the
functioning position,

10 the pick-and-place head (1) having an optical
scanning means (7) for checking the component (10)
on the pick-up (2) and
the scanning means (7) receiving at least one
scanning beam (22) which is oriented transversely

15 in relation to the lifting direction and is narrow
in the lifting direction, and
in the transporting position, the underside of the
pick-up (2) being located above the scanning beam
(22),

20 the pick-and-place head (1) having a control means
(6) for keeping a control check on the 1lifting
movement of the pick-up (2),
characterized
in that the scanning means (7) is coupled to the

25 control means (6},
in that the scanning means (7) can be activated in
a phase before and a phase after the suction
attachment of the component (10),
in that the control means (6) can detect the

30 presence or absence of the component (10) on the
pick-up (2) from the scanning values of the
scanning means (7),
in that the control means (6) assesses scanning
values remaining the same between the two phases as

35 operating errors.

5. The device as claimed in claim 4, characterized



in that the control neans (6) ascertains the position in height of the
undersi de of the conponent (10) or of the pick-up (2) fromthe changes in
t he scanni ng val ues during the crossing 30 of the undersides and fromthe
respective wbféi/ngizposition of the pick-up (2). 4. A deerazolipososehecki ng
el ectric conmponents (10) in a pick- and pl ace device for substrates (13),
.in 35 particular as clained in one ofl¥3ainms 1 to 3, the plck and- pl ace
devi ce having a pick-and-place head (1) which can be nade ravel in a

wor ki ng WO 01/ 74127187/ DED 106964 an EINBNROT & - YPPSard s ?%t ERBed for
handl i ng the C@'&Sﬂ@@ﬁ&h& ((J;LQ>)),, atlﬁ)é Ckcafni{ry beant nezqorm@naﬂtanééa) bei ng

nounted in theugﬁ%k agF.§ o ﬁ%l)as ch t hat %ycan be 5 displaced
per pendi cul arly Felt 5 ﬁ rflﬁ PPAREVER"Y) by means of a lift
drive (3) betwaan thattr,ansparts nipposidniony anos Bt femct thai ngdepssdei on,
5 of the pick-up (2) 1is located underneath the
sharply focused scanning beam (22),
in that the 1ift drive (3) has a displacement-
measuring means (5) for determining the lifting
position of the pick-up (2),
10 in that the displacement-measuring means (5) is

coupled to the control means (6),



WO 01/ 74127 PCT/ DEO1/00964 - 13 it being possible for the conponent (10)

to be sucked agai nst the underside of the pick-up (2),
for the conponent (10) to be

It being possible
rai sed by the pick-up (2) froma pick-up

position 5wéntie7dtey transporting position and, after tber/peck/oanek pl ace
head (1) has been made to travel into a placenent position, it bei
-possible for it to be |owered onto thé4substrate (13) into the

functioning position, 10 the_pick-and-place head (1) having an optical
REE 6 B

scanni ng neans

t7) HEt cCHRKEnGELRE GAEGheTAT (28) a5 VEE

ng

(2) and

t he scanni ng neghRe (a)ishieeeiaddypratldwasin®nesr shennmicigpdieaid (22)) which is
oriented transversely 15 in relation to the lifting direction and is

narrow in the

ting direction, and in the transporting position,

t he

under si de of theén pilks uphe2)chringl | cestned 4bbvedrheascamtiang bgzen (22),

5

10

15

20

25

30

35

position in height of the wunderside of the
component (10) or of the pick-up (2) £from the
changes in the scanning values during the crossing
of the undersides and from the respective lifting
position of the pick-up (2), and from this can
calculate the height of the component (10).

The device as claimed in claim 5, characterized

in that the scanning means (7) is formed as a
forked light barrier with a bow-shaped carrier for
the optical functional parts (for example 8, 9),
and

in that the scanning beam (22) 1is arranged by
deflecting means near the underside of the scanning

means (7) facing the substrate (13).

The device as claimed in claim 4, 5 or 6,
characterized

in that the pick-and-place head (14) designed in
the manner of a turret has a stator (15), on which
a rotor (16) is mounted such that it can rotate
step by step,

in that the <rotor (16) is provided with a
multiplicity of pick-ups (17) distributed in a
circular manner,

in that the pick-up (17) can be lowered and raised
by the 1lift drive (19) in a lifting station (20) of
the pick-and-place head (14),

in that the scanning means (31) fastened to the
stator (15) is assigned to the 1lifting station
(20), and

in that the stator (15) of the pick-and-place head
(1) is provided outside the lifting station (20) in

addition to the scanning means (7) with an optics



20 the pick-and-place head (1) having a control nmeans (6) for keeping a
control check on the lifting novenent of the pick-up (2), characterized
in that the scanning nmeans (7) is coupled to the 25 control nmeans (6), in
that the scaammgameans (7) can be activated in a phasecitwkormoand a phase
after the suction attachnent of the conponent (10), in that the control
- means (6) can detect the 30 presence absence of the conponent (10) on
the pick-up (2) fromthe scanning val ues aof th scanning means _(7), in
that the controPtAEZRE (6)8)as 8§s%§c§€§ﬁﬁm&g v %e?o?éﬁégﬁi t he®sane
bet ween t he twocph@sasnas (183 opertaki pdckeugr 2)5. The device as clainmed in
claim4, characterized WO 01/74127 - 13a PCT/DE01/00964 in that, in the
transporting port position of the

8. The device as claimed in claim 7, characterized



conponent (10), the scanning beam (22) is arranged under the underside of
said conmponent, in that, in its functioning position, the underside 5 of
.the pick-up (2) is located underneath the sharply focused scanni ng beam
(22), in thab d¢dresi2dt drive (3) has a displacenent- neasoromeg/omaas (5)
f.or determning the lifting position of the pick-up (2), 10 in that the
- di spl acenent - neasuring neans (5) is ~ éépl‘ed to the control neans (6), WO
01/ 74127 PCT/ DEQ1l/0Q964 - 14a station (18)@5 ascertai ning the position
of the conponedf (MWt ofhenECHPRANGp REFM ~ 6§22 ThéSd&F &R e i hB8 in
claim7, charactgfiezed oWOoE1ré4821 cRCHEDERY @@%Hpbnents (iL0)t.hat the
scanning beam (22) is oriented in the direction of rotation of the
conponents (10).




