1 Repl acenent Sheet- 1 Cctober 2003 Description Method for operating a
pi ck- and- pl ace machi ne, pick- and-place nachi ne, exchangeabl e conponent for

a pick 5 and-place machi ne and system conprising a pick-and- place nmachine

and an exchangeabl e conponent The i”V‘?”tiOEe@SE@rﬁﬁﬁéh‘ée@ 1'BLBRS Jos
operating a Bick-.aq%%place machi ne, a pick-and-place nmachine, an 10
exchangeabl e ggﬁﬁgﬁ% For a pi ck- and- pl ace machine and also a system
conprising a pick-and-place machi ne and an exchangeabl e conponent of the

pi ck-and-pl a hipne. 15 In pick-and-pl ace ;machi nes, conponents are
r emoved from&gfgggfngggnﬁpse%%%nsa oPlEkﬁfagﬁl-"gﬁf&-cﬁ aCBCRERG - andiaf e
pl aced i n preaddtplaiceednpusine onexaitangrdiste atespohentor £ef ahapithe

conponentss aresp o} ' s trat i n e correct position, the
positionfgf %ﬁg %g%%%nqﬁ%gh%ggon ?ﬁe %?%E?ﬁnd%%T%ﬁbsh%%d s Rieteraided with
the aid of BéASerzachpas, and dopexidrmowenbldecawpenenned position of the

conponents, a control device of the pick-and-place nachine controls the
pi ck-and-pl ace head parallel to the plane of the substrate in such a way 25
that the pl ateReAPveRkéenprgdatias tife aoreeltedpbort bperating a pick-

and-place machine, a pick-and-place machine, an
10 exchangeable component for a pick-and-place machine and
also a system comprising a pick—and—placé machine and
an exchangeable componernt of the pick-and-place

machine.

15 In pick-and-place machines, components are removed from
feeding units by means of a pick-and-place head and are
placed in predetermined positions onto substrates. In
order that the components are placed onto the substrate
in the correct position, the position of the components

20 on the pick-and-place head is determined with the aid
cf sensors. Then, in dependence on the determined
position of the componerits, a control device of the
pick-and-place machine controls the pick-and-place head
parallel to the plane of the substrate in such a way

25 that the placement takes place in the correct position.
For the greatest possible flexibility in the picking
and placing of different components onto the widest
variety of substrates, some of the components of a
pick-and-place machine are of an exchangeable design.

30 There are for example pdck-and—place heads which can
receive a plurality of components, and then deposit the
received components one after the other onto the
predetermined positions on the substrate, without in
the meantime first having to travel back to the feeding

35 units. This results in a high placement rate, i.e. the
highest possible number of picked-and-placed components
per unit of time. In addition, pick-and-place heads
which receive only one component, but deposit it onto

the substrate with high accuracy are known.




For the greatest possible flexibility in the picking and placing of
different conponents onto the wi dest variety of substrates, sone of the
conponents of a pick-and-place nachine are of an exchangeabl e design. 30
There are for exanple pick-and-place heads i LEGE] rality of
conponents, and then deposit the receivedRégﬁ%%ﬂ%ﬁ??egﬁgqgﬁgggighg ot her
onto the predeterm ned positions on théasubstrate, without in. the
meantime first having to travel back to the feeding 35 units. This results
in highest Posshekmongnbericpeandnilack theeds| rof wiiicht eweret vesicdsy one
the substratg wi thoa;:Righ spla %?EE of - & f .pLgked-and-pl aced
conponent s a_ddi%i 8n,:L pi‘ck-angf%p aceer esg sf (%%frr%%ﬁ%%?, sgﬁ sdepséasiq:t}%tt onto
hi gh accur aci &ferRAbwii Fepnstaenernie Sheetls Bt ubed,2003cording to

Furt her nore, ¢ 1 ( i@anPLgﬁg_ngg§H?fpggggggqnt sizes are provided for
components of different sizes, so That _




di fferent pick-and-place heads are used, according to the
pi cki ng- and- pl aci ng process. Repl acenent Sheet- 1 October 2003 2 Depending

on the type of conponents to be picked and placed, different feeding units

are al so used, and, for exanple, differen = I e
positional detection of the substrates. ?h?\@?er %’ﬁ%ﬁgkg?\g{é{o% Orﬁg
conponents, the different positional asstgnnent of the conponents and the

pi ck- and- pl hipe i at. tQ.0 is n | gnger_ ensut ed.
Ther ef or e, a??%?gﬁgghgyﬁhpeig aﬁé a |§f189¥§%%%%§% s%ﬁkh epFﬁggﬁﬁﬁ-%?éce
machi ne is rerlaagdbr didderendwi destinchiwnpus pase, aflee exadhl erdd onfor)S 5
537 204, is Iy kg bgtra i i i S.

i nstead of tﬂ%:l?%h g??a?é%%ﬁ gé&t?%oﬁgvét:%ogn%oer%mn%grg?glicéegg%snitl'sjfcl,ﬁ%l d

gl ass slides eeq5ipBsPEi BRBISERSEHEt§Sass substrate instead of the
conponentg. The position of the glass substrates on the glass substrate is
subsequently nepasured optically. The neasured deviations of the positions

of the gl ass ALUBSt 3t eSiMDa kot t FAWEREL T ed i1 idikenans

positional assignment of the components and the pick-
and-place machine in relation to one another is no

_ longer ensured. Therefore, after mounting exchangeable
10 components, the pick-and-place machine is re-
calibrated. Known for this purpose, for example from

US 5 537 204, is a method in which a glass substrate
with markings is used instead of the substrate which is

to have components placed on it, and glass slides are

15 positioconed on the glass substrate instead of the
components. The position of the glass substrates on

the glass substrate is subsequently measured optically.

The measured deviations of the positions of the glass
substrates in comparison with the desired positions are

20 then entered into the control device of the pick-and-
place machine, in order that the control device takes
these deviations into account in the subseguent
picking-and-placing process, However, such a

calibration is very time-consuming; it takes about 1 to

25 2 hours.

It is the object of the invention to specify a method
for operating a pick-and-place machine, a pick-and-
place machine, an'exchangeable component for a pick-
30 and-place machine and a system comprising a pick-and-
place machine and an exchangeable component of the
pick-and-place machine, which make it easier for the
exchangeable components to be exchanged more quickly

and easily.
35

The object is achieved according to the invention by a
method with the features of claim 1, by a pick-and-
place machine with the features of c¢laim 8, by an




20 then entered into the control device of the pick-and-- place nmachine, in
order that the control device takes these deviations into account in the
subsequent  pi cki ng-and-pl aci ng process. However, such a calibration is
very time-consuming; it takes about 1 to ﬁéplgcéméHt%heélt 1'6d£tfﬁz@ﬁheCt of
the invention to specify a method for operating a pick-and-place machine, a
pi ck- and- pl ace machi ne, an exchangeabl-e 26onponent for a plck 30 and-pl ace
machi ne and a systen1conpr|5|ng a pi ck-and- place nmachine and an
exchangeabl e SROREARDSE t HemPphektandopl asde mach- m&dﬂnﬁaﬂﬁrnmaphin@a5|er
for the exc t hang r ikl i

35 The obj ec%@ggﬁ]?eggggggggr d%lﬁg:lt%nfﬁ I nven r%n% l&e&}{( élomﬁ?lgldsqﬁ the
features of @& aPari; 2BF-R1BICEK AR RE agad nﬁéhl??écb\iiﬁﬁeﬁhéef emmraenf clai m
8, by an ReplareimdtpShreindlyDatabfhcR03 ncdd K 9‘13;3'\9:?3@151190@9nem for a
pi ck-and- pl ace machine wth the features of claim9 and by a system
conprising a pick-and-place machi ne and an exchangeabl e conponent




of the pick-and-place machi ne according to claim 14. Repl acenent Sheet- 1
Cctober 2003 3 In this arrangenent, a nenory device in the exchangeable
conponent and a control device, reading out the nenory device, of the

pi ck- and- pl ace machine are provided. St org%ﬂé& é}ﬁsﬁggpr!)q] I6gp9f the 5
exchangeabl e conponent are characterlstl t o the exc angeabP
conponent, which are read out by the roI devi ce after the nounting of

t his conpone ng dat a EQ%P og; are then used by e control_device in
the subsequent® pi KIHy- afd" A TR pr océbs. “ﬁ“qgan ST ageidtis Vil

accordi ng toeddian@eabhe oye@umtarittalandata ofornteobxcwmngsabl e cszatipanent
are measured_ hef nd_ar ore S dat a.
Measuri ng th%U&bng%%eﬁﬁlh -%DQQQSQ; i8§n§H§ ? gkg%gﬁgggi§%%r1 ﬁ%?ﬁn orious
calibration apeocesevdfdest. nouitbngd Thits tkebawenusey biehave ngf kndwe edge

of the gegmeLtisalndiahn dnoeapsidoiation Ohdtadidatoal cuanse gol iy the

control vice s ready en a ata S|gn| I cance for
subsequent 2@xFdsindaFPlor r@@m@'ﬁeféﬁ t Hehtehpoasht sTeadt heusi ckyvanghe

control device after the mounting of this component.
The data read out are then used by the control device
- in the subseguent picking-and-placing process.
10
In an advantageous way, according to c¢laim 2, the
geometrical data of the exchangeable component are
measured before it 1is mounted and are stored as
characteristic data. Measuring the component before it
15 is mounted dispenses with the laborious calibration
process after mounting. This is because, by having
knowledge of the geometrical data in consideration of a
fixed reference point, the contrecl device is already
given all the data of significance for the subsequent

20 position correction of the components on the pick-and-

place head.

For  subsegquent tracing ("retraceability"), it is
provided according to claim 3 in an advantageous way
25 that different exchangeable components are assigned
different identification codes ‘and these are stored as
characteristic data and read out by the control device.
As a result, if there are a series of placement errors
on substrates, possibly a defective pick-and-place head
30 or some other exchangeable component which is no longer

functioning properly can be detected.

In a preferred refinement of the method according to
claim 4, it is provided that the individual components
35 are combined to form what are known as component
classes, the complete functional scope of which in a
function list together with the activations belonging
to the respective individual functions have already




pl ace head. For subsequent tracing ("retraceability"), it is provided
according to claim3 in an advantageous way 25 that different exchangeabl e
conponents are assigned different identification codes and these are stored
as characteristic data and read out by th i esult, if
there are a series of placenent errors Onﬁgﬁ%ﬁrﬁéﬂtgg,@%ggﬁ%ﬁ%o efective
pi ck- and- pl ace head 30 or sone other excBa&ngeabl e component which is no

| onger functioning properly can be detected. in a preferred refinenment of
the method ad@fi AEP¥8d dRaithes cantyad piewderdof hahet Ba ckndind e ce
conponent s 35nsdteig@®nbi ned to formwhat are known as conponent cl asses, the
conplete functional scope of which in a function |list together with the
activations belonging to the respective individual functions have already
Repl acenent Sheet- 1 Cctober 2003 - 3a been stored in the control device
of the pick-and-place nachine. Replacenent Sheet- 1 October 2003 4 |If
there is then stored in an exchangeabl e conponent,




In the associated nenory device, which functions of this function list this
exchangeabl e conponent has, the control device of the pick--and--place
machi ne knows 5 after the readi ng out operation how this exchangeabl e

conponent is to be activated w thout haVi”ﬁg&@c&#ﬁﬁéﬁH@bpHQQ86$éF§bos

nmodi fications in the control software. The data exchange can In this case
take place either 10 over electrical |ines according to claimb5 or
wirelessly a r o to claim6._ . The wreless dat.a exchange has the
advant age thgﬁpngﬁggﬁpﬁé& g% |tﬁ&%§e&ta€c Phﬁﬁc%ﬁ?%??%fﬁoﬁﬁ&ﬁﬂ%ﬁ@“are
requi red. 15ikn the paeferiedecef nampepmt @ecdrdi ngvhock| dfimdtidos of

pi ck- and- pl age :he ] a rahi:ty | pi t t hrow, that
is the di ffe%glﬁ%ea%‘g%am\d’e}é%t ll'lglsE ggllllsi ()e(r%e;?h%?jc#%e s%c%‘?%%gggﬁgt Lfqgss’i rtf%tehe
retracted stardradd idevire ex@endede stpiek-2ad-béacal cobshéde 2@nbomst he

preferred rehi-ngreningl Adheexrhangeallera CUPonent @eeor dida ko ghalm 10
the menory device is designed as a contactlessly witable and readabl e
menory ("trafSPERAENT TG FO IR G ot edt wi Ehakte hav el eher gprdappl y of
its known. SughoReRIY iRV CRSaCaPndeini PhegrahedoW SRRy, pProbleminto
every exchangeabl e
_ The data exchange can in this case take place either
10 over electrical lines according to claim 5 or
wirelessly according to claim 6. The wireless data
exchange has the advantage that no complex additional

electrical plug-in connections are required.

15 In the preferred refinement according to claim 7, for
pick-and-place heads with a plurality of suction
pipettes, the throw, that is the difference between the
positions of the suction pipettes in the retracted
state and in the extended state, can be calculated.

20
In the preferred refinement o©f the exchangeable
compcnent according to claim 10, the memory device is
designed as a contactlessly . writable and readable
memory ("transponder, TAG"), which does not reguire an

25 energy supply of its known. Such memory devices can be

integrated without any problem into every exchangeable

component.

The exchangeable component may in this case be designed
30 either as a pick-and-place head according to claim 11,
as a feeding unit according to claim 12 or as a sensor
according to claim 13. Depending on the type of
compeonent, different data are in this case of course
stored in the respectively assigned memory device, in
35 order that the control device of the pick-and-place

machine can read out the data relevant for it in each

case.




conponent. The exchangeabl e conponent may in this case be designed 30

ei ther as a pick-and-place head according to claim1l, as a feeding unit
according to claim12 or as a sensor according to claim 13. Dependi ng on
the type of conponent, different data aregphsbdthent&hest-of o&BkeSHo3stored in
t he respectively assigned nenory device, ,iin 35 ordér that the control device
of the pick-and-place nachine can read 3ﬁt'the data relevant for it in each

case. Repl ac t. 2 tQ 0 - _4da __The invention is explained in
nore det ai | glur? hle§%§§|}:§o;lo exéej)ﬁ:{) %]flgg%rrﬁgdfnr?gﬁt L5571 heon itbjlﬁr DS t he
drawi ng, in whi cécemepiueeamhodShestts LirOdttobef i@@08s - oF tthgurdralvizhpws a
schemati c SiqﬁlV#ﬁ%%ﬂf a pick-and- place machine, figure 2 shows a schematic
pl an view of a pick-and- place nachine, 5 figure 3 shows a schematic side
view of a neasuring process on a pick-and-place head outside the




pi ck-and- pl ace nmachine and figure 4 shows a structogram for the nethod
according to the invention. 10 In figure 1, a schematic side view of a
pi ck-and-place nmachine 7 is represented and in figure 2 a corresponding

schematic plan viewis represented. In th oy & LA ' 7,
conponents 2 are picked 15 and pl aced ogtoﬁgE%E%P%?ggﬂf?qﬁ%&?ﬁ%FRpﬁe
conponents 2 supplied in feeding units”3 are received by suction pipettes
4 as hol di ng; .Ces pi ck-and-place head 5 and are_ subsequently

nount ed ont%lgﬁéésgbs%$8 & fgiﬁcgﬁﬁptﬁféd%fg?nfﬁéa“pS i t foPiCheand-

pi ck- and- pl ace head 5p28cesmiaphtihies case novabl e substantially parallel to

the surfacg;of, Lhe s at LVi:ng thj.s. purpose i.s.a first rai
11, on mhigﬁl%p¥%rst %gé%%aég %Ehgga %%vd%?%nfaéf%ﬁe . F%sgﬁﬁﬁﬁf this
first carriage 12, skbatanmpghipeperpendicular to the first rail 11, is a

25 second r@aidyds8, 3ongMbi,eh A segapdicarr) vesg. . Thi econd
carri age 14-i%uconnected to the picgfggd-éﬁ?gcééﬁggdsg.E% %ghsﬁﬁlngévice "6
moves the first carr?PEeecd? Gp t Pheksaednalager ihapel 1dutaidacttha way

that the pick-and-pl ase-headdSol Sc80Mednt Rt BE4f eedi ng
figure 4 shows a structogram for the method according
. to the invention.

10
In figure 1, a schematic side view of a pick-and-place
machine 7 is represented and in figure 2 =&
corresponding schematic plan view is represented. In
the pick-and-place machine 7, components 2 are picked

15 and placed onto substrates 1, in that the components 2
supplied in feeding units 3 are received by suction
pipettes 4 as holding devices of a pick-and-place head
5 and are subsequently mounted onto the substrate 1 in
the predetermined position. The pick-and-place head 5

20 1s in this case movable substantially parallel to the
surface of the substrate 1. Serving for this purpose
is a first rail 11, on which a first carriage 12 is
movably fastened. Fastened on this first carriage 12,
substantially perpendicular to the first rail 11, is a

25 second rail 13, on which a second carriage 14 moves.
This second carriage 14 is connected to the pick-and-
place head 5. A control device 6 moves the first
carriage 12 up to the second carriage 14 in such a way
that the pick-and-place head 5 is moved to the feeding

30 units 3 and, after receiving a component 2, is moved
substantially parallel to the surface of the substrate
2. Provided in the pick-and-place head 5 is a
component camera 21, which records a picture of the
component 2 hanging from the suction pipette 4 and

35 transmits it to the contrel device 6. In the control

device 6, the picture is evaluated and, in dependence

on the evaluated picture, the pick-and-place head 5 is
activated in such a way that the component 2 is placed




30 units 3 and, after receiving a conponent 2, is noved substantially
parallel to the surface of the substrate 2. Provided in the pick-and-place
head 5 is a conponent canmera 21, which records a picture of the conponent
2 hanging fromthe suction pipette 4 and 3 [ 1 teS. b 4t trol
device 6. In the control device 6, the ith?gaﬁghéﬁﬁ?tJﬁgﬁbgﬁégﬁgn
dependence on the evaluated picture, the&prck-and-place head 5 is
activated in such a way that the conponent 2 is placed Replacenent Sheet- 1
Oct ober 2003 O1t&g thgt CUE ARt rat 671 itha hEREFFTet BREition. A A

transporting wdevi €e020i 88" vesvioe t1ansgerttsy Ebe wta&tsg@t&?njgfi {Ega%the
out. O e

pi ck- and- pl ace chine 7 up.to the placenen sition an
pick-and-plaéﬂﬂgﬁﬁﬁ%$?%el7 %@%?nF%ﬁde%?%ﬁ%F%VBEPFﬁnd@ﬂgﬁhn?hg prek-Lto
and- pl ace heathéd p3aaesiehst rpbei choRr arky, owikt hofhitehe Repkacemenpigheet - 1
Cct ober 03_ 6. the position of é§gﬁsubst£ﬁ§es |_is determ ned.

Th
posi tion of TRt Fatd¥ai s al hePiRedY | ARSI e a’iq?%npfl(‘i “t he

correct positamhiplgaod Hdmd TohgpomentlssPrate camera 17, with which




5 The pi ck-and-pl ace head 5 has a nenory device 15, which is read out by
the control device 6 wirelessly or in a wre-bound manner. The nenory
device 15 may in this case be integrated into the pick-and-place head 5,

for 10 exanple designed in the formof a Cﬁ@ﬁlﬁ&é&&ﬁ%h\ée-ﬁe@&@@éﬁo@gd
witable nmenory (transponder, TAG or else "as a Separate menory medi um
(f1 oppy disk), on which the data of a-c&rtain pick-and-place head 5 are

stored and which is read out by a floppy disk_drive of the control 15
device 6. ThEDFeRRTHLLRRt €53 BP0 AR XUGF at ndrfor fedevméacts, The

simlarly thgosubsichat ercamRy asiBshasta nendly adevi cendBuadhe fmphy
devices 15, 1 I n this_case %9 respectively contain characteristic data
0

6, 1
of the pick-cﬁﬁﬂpglaﬁc}émheaﬁoﬁ, The Y¥ediTly uRMBEFHHF (1 stBStrate

canera 17, respeohievielsy2.so that these data are availabe to the control
devi ce 65after an exchange of these exchangeabl e conponents. The contro
device 6~ 25 then uses these data for picking and placing conponents 2 on
t he substrat®selpithe adet-@lriceatiend of hhe damamaolrychieariecst DF edwhick he

memory deVi9fsl§eE§ Eﬁﬂfﬁﬁfnéﬁg an%@gIOQéygggﬂg %Qrelessly or in a
wire-bound manner. The memcry device 15 may in this

- case be integrated into the pick-and-place head 5, for

10 example designed in the form of a contactlessly
readable and writable memory (transponder, TAG) or else

as a separate memory medium (floppy disk), on which the

data of a certain pick-and-place head 5 are stored and

which is read out by a floppy disk drive of the control

15 device 6.

The feeding units 3 also have such a memory device 16,
and similarly the substrate camera 17 has a merory
device 18. The memory devices 15, 16, 18 in this case
20 respectively contain characteristic data of the pick-
and-place head 5, of the feeding unit 3 and of the
substrate camera 17, respectively, so that these data
are available to the control device & after an exchange
of these exchangeable components. The control device 6

25 then uses these data for picking and placing components

2 on the substrates 1.

The determination of the data which are stored in the
memory device 15 1is represented by way of example in
30 figure 3 using the example of the pick-and-place head
5. Represented here in this example is a turret head,
as it 1s known, with a total of eight suction pipettes
4, which are formed along the circumference of the
pick-and-place head 5. After final assembly, the pick-
35 and-place head 5 is put onto a test bench. After that,
a first suction pipette 4 is moved onto the test bench

cover a stationary camera 22 and measured there in the

extended state (corresponds to the position of the




30 figure 3 using the exanple of the pick-and-place head 5. Represented
here in this exanple is a turret head, as it is known, wth a total of

ei ght suction pipettes 4, which are forned along the circunference of the
pi ck-and-pl ace head 5. After final assenbl .. bLhendit@hedt 190dapi2eRzhead 5 is
put onto a test bench. After that, a jiéstfguggtafpon%g}epette 3‘%5 moved ont o
the test bench over a stationary canera %2 and measured there in the

ext ended st at Qrre qp‘gsi o] . position. of the Replacenent Sheet- 1

Oct ober 20035%-C(%a&¥sf‘1:(%tlon épi péelgfleﬁ)%urélnég;kﬁl%_k??lgfggg-cfjflgéi'ng). %ﬁ’é’n, this
first suctiotmhgispefirsy suschivad mirémte hé dyclmoved dhe iconpibaent cdanera 21
of the pick-and- C nl;kgglga asyr it I t tate
(corresponds% ttglétah(go posi t%n@%ﬁe?ﬁggugﬁ E)trti:)%{)ﬁ:ple‘{]? e%rﬁ%%ggtﬁgﬁgp rting
and during tReSomear Fpraesaesn SHeet retracteberst2008 (gorpmespondsent of
the conpapents dufhag thes gl ngsand- cplacidg. drgeesy) nethiss 98nesal! v
produces a difference “(known as the throw) between the“stationary canera 22
and the conpbha8REPOATREFY 21 CBHIEIT ofr’e?PtiGhich is




5 evaluated in a verifying device 20. This procedure is repeated for all
the seven ot her suction pipettes 4, and the offset wth respect to the
first suction pipette is determned in the verifyi ng device 20 and

subsequently stored in the nenory device 1
pi ck--and--place head 5 is nounted in the EB ﬁ'%t eg'i:m' Q@@Rernzeoo; only
the offset of the first suction pi pet t-e 74 -has to be det er m ned by

conventional means. This offset is either known, since the pick-and-place
head 5 it sel fmdaswoement edft othde opmeerand-pl desing rdehi BE Ckivigr amdhi ghly

accurate rrecga_rgaq& gwséeg? the of efRBN00 PP IQE¥NhChiirE oW to the

pi ck-and- pl he offset of this first suction pipette 4 is
det erm ned i i} eHEeTpi @R- &ie p‘F]af:‘éWha@ﬁltW@eﬁ Be o tAGHPNIATY byamenas 28f fi xed

sensors (for exanphge ZnNeRIACT fgnarg! 83s bééae;zlse@no%f@e%sas syhsthate) . The
data of all the other_suction pipettes are transferred fromthe menory

devi ce 150t o &id YRS ofNdévi CRX BEBHaY FrEYdESsetl t hdPdS TP HRERTENdSpl ace

nmachi ne 7 canddi@itedt $ekf £@l cuhat esdhen obhsrir oéuébeoat hepseven guction
25 pipettes, onth baS| of the first suctlong ettefA:r I'nstead ,of the
first sucti oRT pét ‘?ﬁ%r Witid TEPET bncke poFREs, TLREEpoSHEESRNof

Wthhlf1thepﬂb§tte is determined in the verifying device 20 and
subsequently stored in the memory device 15. Each time

10 the pick-~and-place head 5 is mounted in the pick-and-
place machine 7, only the offset of the first suction
pipette 4 has to be determined by conventional means.
This offset is either known, since the pick-and-place
head 5 itself 1is connected to the pick-and-place

15 machine 7 via a highly accurate mechanical interface,
the reference point of which is known to the pick-and-
place machine 7. Or the offset of this first suction
pipette 4 is determined in the pick-and-place machine 7
after mounting by means of fixed sensors (for example

20 by placing a glass block on a glass substrate). The
data of all the other suction pipettes are transferred
from the memory device 15 to the control device 6 and
processed there. The pick-and-place machine 7 can then
itself calculate the offset of the other seven suction

25 pipettes, on the basis of the first suction pipette 4.
Instead of the first sucticon pipette 4, other fixed
reference points, the position of which in the pick-
and-place machine 7 is known or can easily be measured,

can also be chosen. Before the mounting of the

30 exchangeable components 3, 5, 17, the geometrical data
are then determined with respect to this fixed
reference point and stored in the memory device 15, 16,

18.

35 1In figure 4, the method seguence 1s represented once
again on the basis of a structogram. In this case,

firstly characteristic data of the exchangeable

component 3, 5, 17 are determined. These may be, for




and-pl ace machine 7 is known or can easily be neasured, can also be chosen.
Before the nounting of the 30 exchangeabl e conponents 3, 5, 17, the
geonetrical data are then determined with respect to this fixed reference
poi nt and stored in the menory device 15, ég Ia&ﬁnerﬁ%ﬂeg fI@ Lerbookhe method
sequence i s represented once again on the % ruc ogram In this
case, firstly characterlstlc data of Thé? eXchangeabIe conponent 3, 5, 17
are determ ned. zﬂgfe na 5 | ace Sheet- 1 Cctoher 2003_ - 7a
ol o | QeORSAIRLA JAEATBE Lo OToncE s L5 SOTRONeRRE disch. 17,
identificati batdatd ser adfe@matﬁl@aaﬂlceﬁoﬂetaasab:gnad fonthisnegnpeaepk. These
data are then_stored ge 1 16, which_is assigned to
the 5 exchaRGRatrE L dboat SoNgSRehes oo dretd: dhbagie thierebnerazo0s -
8 Once the mnnpomemmmy'dbvﬂﬂehhs béén fBuniviedcht hes «oni@méd ofot BRenenDIrY
devi ce 1% %%n. onent § § is read out by the contro

1
device 6 g#ﬁe plc and 5$§£e nachi ne” 7. J?«Z'he control device 6




5 then uses these characteristic data for the picking- and-placing process
of the pick-and-place nmachine 7. 9 Patent cl ai ns Repl acenent Sheet- 1

Oct ober 2003 1. A nethod for operating a pick-and- pI ace machine (7) with a
control device (6), which controls the pic i onents
(2) onto substrates (1), in which nethod Iéh@ &ﬁerls?}e@f‘ 139?@1{)%?&;6%
exchangeabl e conmponent (3, 5, 17) of thed pt ck- and- pl ace machine (7) and
bei ng rel ate%} to a.stationaril ference_point are determ ned before it
is mounted i PG Fitk- 51‘?8‘13@”56&: chi Re (%’? RS arkeeRt Si¥nteda nHory

devi ce (15, %nﬂ&tassfgnedetOmtea@ryexemngﬁ@blE5ponp@nent18(30f5 e
after the excha eabl e nount ed _i n .t he

onpon S
pi ck- and- pl aé& Crh?rh %7) ﬁr}l éa%tre%%n@LBf %tyh %'teha?%'fﬁ? sPRYigR £ are
transferred foformhe hpmkmang& déwicee n(a]cﬂ';lriléi 718) Tihat o:c&ntcmlrdbvde\él & (6)'
of the pigk- | g harat ris ta are. taken into
account b5§'/ t%gl%rp roI Qg (cﬁ%ra urlx(rilgs e o%pgr at qi‘ahet‘ h&L5kdRs -
and- pl ace naemdﬁ@](az:)lng process of the pick-and- place machine 7.




The nethod for operating a pick-and-place machine (7) as clainmed in claim
1; characterized in '"that geonetrical data of the exchangeabl e conponent
(3, 5, 17.) are neasured before it is. nounted and are stored as

characteristic data. 3. The nethod fgr opeﬁgﬁh a“@g%Equﬂﬁ8¢aﬁfp chi ne

(7) as clained in one of clains 1 or ara erize er ent
exchangeabl e conponents (3, 17) are aSS|gned_d|fferent I dentification
codes and in that the identification Replacenent Sheet- 1 Cctober 2003 -- 9a
codes assigned to the respective exchangeabl e conponent (3, 5, 17) are
-stored a% nggr cteristic data. 5 4. The nethod for operating a

pi ck- ahd ne (7) as clainmed in one of clains 1, 2 or 3,

Replacenent Sheet- 1 Cctober 2003 - 10 - characterized in that conponent

classe bl e conponents (3, 5, 17) which perform simlar
functl &Z‘@% OH PREGATIHE F UnttForrd-Biagel mashine hihgeabtte

conponents&(3pdi:dﬂndeﬁléﬁ (6), which controls the picking and
' placing of components (2) onto substrates (1), in which
method | . _

- characteristic data_of an exchangeable component (3, 5,
17) of ‘the pick-and-place machine (7) and being related
to a stationarily_reference point are determined before
it is'mounted_in the pick—ahd—place machine (7) aod are
‘stored in a memory device (15, 16, 18) assigned to the':
exchangeable component (3, 5, 17y, '

- after the exchangeable component (3 5, 17) has been
mounted in the pick-and-place machine (7}, at least B
some of the:charaCteristic data are transferred from
the‘memory device (15, 16, 18) into a control dev1ce
(6Y of the pick- and- place machine (7),

~ the characterlstlc data are taken into account by the

~ control dev1ce {6) durlng the operatlon of the pick-
and-place machine (7)

. 2. "The method for"operatingma‘pick¥aodépiace_nachine
. (7) as claimed in claim 1, oharadterized-in'that"
geometrical data of the exchangeable component (3,
5, 17) are measured before it is mounted and are
stored as characteristic data.

3. The method for operating a pick-and-place machine
(7} as claimed in one of claims 1 or 2,

characterized in  that different exchangeable
componients (3, S, 17) are assigned different
identification codes and in that the identification




5 |l east one of the conponent classes are conpiled in a function list, in
that the function list is stored, together with the activation to be
carried out for the individual functions, in the control device (6) of the
pi ck- and- pl ace machine (7), in 10 that the ¥ , 5, 17)
is assigned the functions characteristic g%ﬁ%ﬁgggﬁggkgﬁﬁggggﬂgﬂgﬁﬁﬁthis
conponent (3, 5, 17) can perform in that the characteristic functions are
stored as characteristic data in the nmenory device 15 (15, 16, 18). 5. The
met hod for operating a. pick-and-place machine (7) as clainmed in one of
claims | to 4, <characterized in that_t data exchange between the 20
menory device (15, 16, 18) of the exchangeable conmponent (3, 5, 17) and the
control device f . bl k- and- pl machi G ta er
el ectrical Iineggbfg G.égﬁéﬁﬁg%hoggfor@%%eré%?h%gélé%hk-%%§@%+§%§b§%chine
(7) as clai med FRTERESETE cldi mS | 10 4arecHrerce@r gseccharahbheriseidat a
exchange betweepgithe nenory device (15, 16, 18) of the exchangeabl e
conmponent (3, 5, 17) and the control device (6) of

5 4. The method for operating a pick-and-place machine
{7) as claimed in one of claims 1, 2 or 3,




30 the pick-and-place machine (7) takes place wrelessly. 7. The nmethod for
operating a pick-and-place machine (7) as clained in claim?2, characterized
in that, 35 in the case of a pick-and-place head (5 with a multiplicity of

hol di ng devices (4) as an exchangeable co nted 11
Repl acenent Sheet- 1 Cctober 2003 the pofbﬁBQBSQfmﬁ Fggﬁtganlng éevice (4)

is recorded by a. stationary camera (22)-ih a position which corresponds

to the position durin | ace on the substrate (1 in.that the position

of the first hoﬁ%Qﬁﬁaégn%%q%4) 12 1 etd? ed, C?ﬁpangB%npoﬁéﬁﬁsféherQ (21)

assigned to the pixgkrangkealplacedreathdf)s i(3,a Secadl) p@&ukﬂonpewﬁb&m

corresponds to the Shll n of Vi 4), dugin ns ortlng
ol A0, Of s bhe beLdbngydani ae, (4 dunbng bre

and during the oﬁﬁl neas g -componen
recorded positionsE &ﬂd.duM@aemdhangaahéasuompgm&anamx1:KB db%MsbfeaM1of t he

) ff
0 paMErgs (2% 1RRk: A LB S (SQMRAILSRNAS VEEdoLS U OLAS: PO oot
a function 1list, in that the function 1list 1is

stored, together with the activation to be carried
out for the individual functions, in the control
device (6) of the pick-and-place machine (7), in
10 that the exchangeable component (3, 5, 17) 1is
assigned the functions characteristic of this
component, which this component (3, 5, 17) can
perform, in that the characteristic functions are
stored as characteristic data in the memory device

15 (15, 16, 18).

5. The method for operating a pick-and-place machine

(7) as claimed 1in one of claims 1 to 4,
characterized in that the data exchange between the

20 memory device (15, 16, 18) of the exchangeable
component (3, 5, 17) and the control device (6} of

the pick-and-place machine (7) takes place over

electrical lines.

25 6. The method for operating a pick-and-place machine
{(7) as claimed in one of claims 1 to 4,
characterized in that the data exchange between the
memory device (15, 16, 18) of the exchangeable
component (3, 5, 17) and the control device (6) of

30 the pick-and-place machine {7) takes place

wirelessly.

7. The method for operating a pick-and-place machine

{(7) as claimed in claim 2, characterized in that,

35 in the case o0of & pick-and-place head (5) with a
miltiplicity of holding devices (4} as an

exchangeable component, before it is mounted




the positions of the other holding devices (4) are simlarly recorded by '
“the stationary canera (22) and the conponent canera (21), conpared ‘in the
measuri ng device (20) and the predeterm ned offsets are stored in the

menory device (15), in that,. in addition t he other
hol ding devices (4) in relatlon to1fhe flﬁglgﬁdﬁﬁh F1Q5&8§%i¥b3
determ ned in the neasuring device (20) and stored |n the nmenory device

(15), in that, after the pick-and-place heat (5) has been nounted, the
relative position of the first holding device (4) wth respect to the

pi ck-and-pl ace machine (7) is determ ned and the relative offsets of the
ot her holdlng devices (4) _.are transferred fromthe nenory device (15) .
the controfiBePedlte9n 80T A i ckinfl- pratéintichfpwic®) Wdth ascontr ol

devi ce (6)reé@fde@eb§rt Iawgswel@ﬁakya&%n@:%ce 2@?“'1'916 g?m%ogﬁtc pl ck-
and- pl ace heaéih for receiving conponents 2)_ and sequen |y depositing
t he conmporf®rt Sl ( SPrER SRSt Fat £De Bosbwlécﬁérflz’&i Phacgmenthe control

device (6)ofhagha BAHReMACETRNY Sfl@ﬁt thdt @HOLEHs2093n" &3¢l pgout device,
wi th which characteristic data of an
first olding device (4) is recorded, in a
component camera (21) assigned to the pick-and-
place head {5}, in a second position, which
corresponds to the p051t10n of the holding device
(4) during .transporting and durlng the optical
measuring of the components (2), in that the two
recorded positions are compared in a measuring
device (20) downstream of the two cameras (21, 22)
and this comparison is used to determine an offset,
whlch is stored in the memory devzce {15}, in that
the p051t10ns of the other holdlng devices (4) are
, s;mllarly recorded by the stationary camera (22)
and the compenent’ camera (21}, compared in the
measurlng device {20) and the predetermined offsets
are stored in the memory device (15), in that, in
addition, the relative offset of the other holding
devices (4) in relation to the first holding device
{4) is determined in the measuring device {20) 'and
stored in the memory device (15), in. that, after
the 5ick?énd-plaee heaa (5) has been mounted, the
relative position ‘of “the first holding devicer(4)
with respect to the pick-and-place machine - (7} is
determined and the relative offsets of the other
-_holding devices (4) are transferred from the memory

device (15) to the control device (6).

8. A pick-and-place machine (7} with a control device (6)
for'operating'the pick-and-place machine and with a pick-
and-place head (5) for receiving components (2) and
subsequently depositing the components (2) on a substrate
{1), characterized in that the control device (6) has a .




exchangeabl e conmponent (3, 5, 17) of the pick-and-place nmachine (7}and
being related to a stationarily reference point can be read out froma
menory device (15, 16, 18) assigned to the exchangeabl e conponent (3, 15,

17), and in that the control device (6) i%eﬁlggj%rﬁgrﬁ%hi g¥_§$6€{ﬁ§er.m that it

stores the read-out characteristic gqdata an t he

pi cki ng- and- pl aci ng process. An exchangeabl e conponent (3, 5, 17) -for a

pi ck- and-pl ace nachine (7) with an assigned nenory device (15, 16, 18) for
characterj.sti;c_data, of the exchangeahl e conponent (3, .'5, 17) being rel ated
to a stat#%%ggpsyBPEfg?@ﬁES'pHFgg.W@GPhTm@aﬁaﬂﬁﬂmﬁmmie datmposegnkn(3, 5, 17)

for a pi ckxahdngphate mambbnent?) 3as scl gifyed, ¢ (rjug:é a%%g"ﬁﬁg%ﬁ%tggi zed |t nbl'
as (o] 0) C y wiltabl e

t hat t he v _dewice (15,16, 18) is designe

‘and readéﬁggﬁééﬁniy?aﬁﬂi%ﬁipg r@iﬁ%@@té@ @ rdationarihy ercbangeabl e
conponentP¢3ntscaniBe. rédd Fhe €xoharge; Uppnent : 17),.for a pick-
and-.pl ace, gm ghgg E%)tﬁ clained i one%%$ﬁ§fainsq§§'8§§10?66h;%écterized I n
that the exc% ngeabl e §0ﬁ§8h§ﬂgeﬁglﬁe§ﬂﬁm9ﬁﬁﬁ$zﬂ%ﬂck5ana7blaandhead (5).

- 12. The ed@hbhgeabhe conponéndeesceSA617hghaééagﬂ§g-igngaghagewg%chine (7)

- as Clafneghéﬁ PResPhrekat g gead—out characteristic data and uses

_ __them for the pickingfand—placing process,
9. An exchangeable component.(3{“5,'l7] for a pick-and-place
machine (7) with an assigned memory device (15, 16, 18)
B for characteristic data of the.exchangeable'componeht (3,
'_ 5; 1?}_being related to a stationarily reference point.

10. The exchangeable component (3, 5, 17) for a pick-and-
'ur.place-machine (T)Ias claimed in claim 9, charadterized in
that the memory device {15} 16, 18) is designed as a
contactlessly writable and'readable memory, which is

_:connected directly,to the exchangeable component (3, 5,
17). | - ’ |

11. The exchangeable component (3, 5, 17) for a pick-
' and-place machiie (7) as claimed in one of claims 9
or 10, c¢haracterized in that the exchangeable

' component is designed as a pick-and-place head (5).

'12. The exchangeable component (3, °5, 17) fof a pick-
and-place machine (7) as claimed:ip one of élaims 9
or 10, characterized in that the exchangeable'
component is designed as a feeding unit (3).

13. The exchangeable component (3, 5, 17) for a pick-
and-place machine (7) as claimed in one of claims 9

or 10, <characterized in that the exchangeable

component is designed as a sensor (17).




..or ‘10, characterized in that the exchangeabl e. conponent is designed as a: -
feeding unit (3). 13. The exchangeabl e conponent (3, 5, 17) for a pi ck-
and- pl ace machine (7) as clainmed in one of clains 9 or 10, characterized |n
that the exchangeable conponent is desi gp SERIP!
'Repl acenent Sheet- 1 COctober 2003 143 A sygﬁgggygﬁprlS?Jdéégggo%ﬁ%nd pl ace
machi ne (7) and an exchangeabl e conponent (3, 5, 17) of the pick-and-pl ace
machi ne (7) in which systemthe pick-and-place machine (7) has a control
devi ce - the exchangeabl e conponent (3, 5, 17) is assigned a nenory.
devi c7e4(1% 5Y§LeRg oMY 1SARGack ePFgEi'éndapéaafe trkeec it bnp or(@nt a(rids ad6, 18)
bei ng rel@&@ﬁaﬁ@eeblét@bmpaﬁéhky (efegenge, po(%ﬁt r@nd }5{? %5%, device (6)
rac

is designed jn sugp hat it reads out e cha 858a from
t he menorfACREYRc Slni%h1QQ)55ﬁBemses these data for the.

pi cki ng- andtméapiﬁﬁ PMQesbsce machlne {(7) has a control device
(6), '
- the exchangeable component (3, 5, 17) is assigned a
- memory device (15, 16, 18) for characteristic data of
- the.component (15, 16, 18) being related to a
statlonarlly reference pomnt and

- the control device {6) is designed in such a way thet
it reads out the characteristic data from the memory
.deviCe (15, 16, 18) and uses these data for the

. plcklng and- plac1ng process




