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counfries *166166* Description Method and device for processing substrates
5,The invention relates to a nethod and a device for processing substrates,
in particular for populating the subsirates wth el ectnixxahnearyp20@8ts. In
t he automati ggpgpubabien of substrates (for exanple 10 printed circuit

boards or cetrapkgogulstrates) with SVMD conponents (SMD=Surfac
Devi ce), thefb@d&?hduahnegmggnents are renoved from a nagazinjmmmnmmﬁuwumm
devi ce by neans of a pick-and-place head and then positioned in a .6

pr edefi ned pggggkgptggnthe substrate. In this case 15 thefsubstrates are
taken from a magazine and transported to a processing position, i
automatic processing machine. In this first automatic pro%essiﬂmﬂwﬂm ' ﬁmm
for exanple ghi-gker snar@ealBki edrabrbBasgingi BLisseRathg substr c
conponents are 20 to be placed in a second automatic processing mathi®e .

The substrates are transported to this second autonati c processi ng nmachi ne
by a tramsporhedeyheentisnonderatled ptaces cagpapentsndn spodelies agsuratel y,
25 the know ed f .the position_of .the substrate is necessary. Far this
pur pose, pospfggﬁgﬁép iﬁﬁ%%ffggegia%ﬁlg%ﬁ%%%%sr'é%g |ﬁﬁ41§ ﬁ%?téh?
substrate, asebgitckédsupibp aleatwigaincbhpoasnémati c processi ng machi ne
and evaluated in ternms of their position 30 relative to the automatic

processi ng machine in an i mage eval uati on unit connected downstream of the
canera. On oAé@ SiSstFHEIaE NupPRY 1 dELRT r i SELFEY 2156 SprRATIRKEP Whi ch, in

turn, each haventiedcwilrdEKingsedhi 68 aeeamiieveyed dratesiernidiorsexanpl e,
to reduce the influence g%EQISt n substrate on, the agcuracy of
ua
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components are removed from a magazine or a feed device
by means of a pick-and-place head and then positioned
in a predefined position on the substrate. In this case

15 the substrates are taken from a magazine and
transported to a processing position in a first
automatic processing machine. In this first automatic
processing machine, for example stickers are applied at
those points on the substrate at which components are

20 to be placed in a second automatic processing machine.
The substrates are transported to this second automatic
processing machine by a transport device.

In order to place components in position accurately,

25 the knowledge of the position of the substrate 1is
necessary. For this purpose, position markings (for
example crosses) are applied to the substrate, are
picked up by a camera in the automatic processing
machine and evaluated in terms of their position

30 relative to the automatic processing machine in an
image evaluation unit connected downstream of the
camera.

On one substrate, a number of circuits may be provided
35 which, in turn, each have circuit markings which are
surveyed in order, for example, to reduce the influence
of distortions in the substrate on the accuracy of



popul ation. In addition, unserviceable circuits are marked by functi onal
mar ki ngs, known as ink dots. As a result, the canera with the downstream
i mage 13 January 2003 GR 98 P 2520 - 2 Version for foreign countries
eval uation unit detects the faulty circuit, and it is n@ Jaoalya2@d3w t h
conponents. If, then, conplex circuits are populated with many 5 different
types of conmpgnents, %P%n a nunber of_p&gcgssing stations are arranged in a
line, as is e§%&g&eéoror exanpl e by US 5, 692,292, between which stations
the substrat e @lignl RReRYied. | n each processing station, the position
mar ki ngs, the circuit 10 marki ngs and the functional markings are surveyed
and eval uat ed, %gich requires g correspondin I¥ hig? exFenditure of tine.
Met hods and &&PUCES 0y défect ﬂ@tﬁHE’naPRPﬁgg §F8P18 drsEFYsed fdfSexanpl e
by WO 97/ 385@A ritedDb 4 1£ Bt thiddha Thea tsen@$ , Skobwdewiscank rdqurocessi ag | i nes
is not descri .+ Move r, i omatl.¢c, picC nd- ts FUJI 20
Machi ne, it F%%%ﬁéﬁn t%mgranggggggthekéggstrgpgs oﬁgaggﬁéggge c%&%gérs,

whi ch are provided with accurate fixing nmeans. As a result, surveying in

t he subsequent pick-and-place robots is dispensed with, but a |arge nunber
of expensive workpiece carriers has to be kept 25 ready. DE 42 33 438

di scl oses a device having a transport system between individual processing
stations for workpieces on workpiece carriers, in which, in order to 30
check individual nmounting steps, inage processing stations are provided,

whi ch can be linked with further processing stations via a conputer that
controls the processing stations. In this case, the inage processing
stations have different tasks, depending on their 35 position in the
transport system For exanple, provision is firstly nade to check the
wor kpi eces | ocated in the workpiece carriers for correct position 13
January 2003 GR 98 P 2520 - 2a Version for



foreign countries and for conpleteness, with the aid of the inmge
processing stations, and to output a signal if an error is detected. The
error can then be rectified. Direct further processing 13 January 2003 GR
98 P 2520 - 3 Version for foreign countries of the wor kg 96662622008 be

gat hered. Secondly, provision is nmade for the individual nmounting steps to
be checked bygf yit Rergipage processing sfations after the respective

mounti ng. HekRrgied fadySignal is output 5 in the event of an error. The
results of thereheekear@ diansmtted to the further processing stations
via a PC. In this case, there is no disclosure as to the manner in which

the follow n rLocessing. st.atjons _use es sults. There_is no .
description %fV%v]\'heat her the Od%r%ggsitﬁqlgg iﬁgal{lﬁttyer%%ﬁfgggfnatnﬁe eVeht of an
error or whatnodt pepuhedsyr ed tdr eomplosventAt. t hese points in the process
sequence, no determ nation of the position of the workpieces is carried out
either, so that the position_is defined solely via the position of the 15
wor kpi ece carfirer §he8BuchCamRhBHN SEFEEt S s adfer eV akeshi Wakhe FBRY

processi ng sttt Wt R WoF KpeefBoBBREESr S taRe, i aglghibéon, opure
error detection is not sufficient to permt_ su se%ent f.urther _processing.

20 It is an SYE&SFS hE PAVEREI oftBo 3DERTIS a et fod tdRGra 88vi L8 for
processi ng sulistalatsesi | Aowhietgmmid hblyi tT$ e5 de¥2 c29dut Ikt wetdre skpehdi t ure
on time for VA t ge ' ata.ahou sUhsty ate;and d for
processi ng izstgrﬁ\‘cﬁidr#ged&?e% . g‘é%’r&%?%gbto#ge ittrfs/are}lﬁst.l on, C{'he Iorgj_ e%géﬁs

achi eved by ®HRasfodHavs kLo f BAeuPES16H o8l ManKLirafd atlevFéschali ng the
features;of GlaiNmys 30nAcCeardiNthdO Al Mhdrk PROYI Sir@n dsry@pley f ahqat he
geonetric dataﬁg{bout he substrate to be surveyed only i ,tt}]e flést of a
series of autofEtYE§Stoce¥8tfig nddiHeESS and fdimirr?es%ﬁﬁzﬂlé’tgr% datdlt o be
transmtted texgdrelfuuddert aitramati ¢ processi ng machines. As a 35 result,
only the position co-ordinates of the substrate have to be surveyed in each

automati c processi ng machi ne, which approxi mates the expenditure on tine
for 13 Jandéath@03 2GR 98ePi2820 Versidwrdoringr dilgn cewktngss ar8a
surveyi ngst 0 4 he endiebyr & Qi e YWhee Usi/Agswar kPl ege garsiesga,so that
wor kpi ece carriers can be di spensed wth. _ ] ,

The use of such devices 1in processing lines is not

described.

Moveover, 1in automatic pick-and-place robots from FUJI
20 Machine, it is known to transport the substrates on
workpiece carriers, which are provided with accurate
fixing means. As a result, surveying in the subsequent
pick-and-place robots 1is dispensed with, but a large

number of expensive workpiece carriers has to be kept
25 ready.

DE 42 33 438 discloses a device having a transport
system between individual processing stations for
workpieces on workpiece carriers, in which, in order to
30 check individual mounting steps, image processing
stations are provided, which can be linked with further
processing stations via a computer that controls the
processing stations. In this case, the image processing
stations have different tasks, depending on their
35 position in  the transport system. For example,
provision 1is firstly made to check the workpieces

located in the workpiece carriers for correct position



13 January 2003 GR 98 P 2S20 - 4 Version for foreign countries In an

advant ageous way, the geonetric data are determ ned, according to claim 2,
by means of optical surveying of markings applied to the substrate, which

' eads to an adequately accurate determination of the 5 P9Yahuapy 280r di ng
to claim3, the position co-ordinates are |likew se sinply and sufficiently
accurately (Iacunag optical surveying of markings applied to the substrate.
10 In a pref Frad ment accordi ng td claim4, the geonetric data are
al so transni LEEGTED BFtPer aut omati ¢ processing nachi nes through which the
substrate pasSES IRMnrER"F8488 to a further reduced 15 expenditure on time.
The device according to the invention has, according to claimb5, a bus
system for tRBAsf EPEi ngoMREeEASEFed HAtd béhweermitthe ontid devdzes of

the automati grdBeP596ESSLAE i BRSHI BEY @Bdouthu@r dersilghdetier THMes £ her
posi tion co-Qrdi pates anpd %Qe %Fonetrlc dat a, %ges the,%ane measuring
stati on. Thean\FQerﬁqctﬁ‘? i | FNBe ShdnTai ARl T SFore® d&ESit Td&tng Rr o%¢

exenpl ary entiadchent pandesniagcordance with the figures of the drawing, in
which: Figure 1 shows a substrate with schematically indicated markings and
Figure 2 shows two automatic processing machi nes and 30 substrates
schematically in plane view In Figure 1, a substrate 1 for exanple a
printed circuit board or a ceram c substrate, is applied with two crosses
applied in opposite corners as position 35 markings 2. On the substrate 1
there are four circuits 3, which in turn have crosses as circuit narkings
4. One circuit additionally has a functional marking 5, 13 January 2003
GR 98 P 2520 - 4a Version for



foreign countries known as an ink dot, which has been applied in order to
docupent that this circuit is faulty and should not be popul at ed. 13
January 2003 GR 98 P 2520 - 5 Version for foreign countries |llustrated
schematically in figure 2 are a first . automatic processiaguamchoos 6 and
a second automatic processing machine 8, which are connected by a transport
mechani sm 7. gRhggsyhstshate, after being H processed in the first automatic
processi ng ngeksAenb.fdrS transported into the second automatic processing
machi ne 8 byfb&bgghr@mﬁ@@&ﬁe@echanlsn17 for exanple a belt system In the
automatic processing machines 6, 8, the substrate 1 is fixed, at |east

tenmporarily, |n 1@hgrd%rr&81%% (ﬁgcﬁ&f pLace ﬂH%rJ@e two. éHE? tic

processi ng mechi N can CBaPESHSEr u exarmple, as a strc Station
and a pi ck- apdoplisdey dbptmade efas éﬁetW@deG@Hé&jWﬂ%ﬁﬁ#ﬁ%b@t%?seééh of

whi ch has a gfeecifdLregUBR! Yt HATPORSHE bYB@éssEHE;t @Eaﬁ&?@sﬁﬂgrw
stations can also follow in anal ogous form nmeans of Eghneasurlng station

9, for exanpﬁ?%aRﬁﬁﬁﬁ%ﬁ%ﬁqkW%P%EW%%tr%%ﬁ?rnﬁﬁé'e@M§kﬁq HHi PUCPRE
markings 2, 4n Sy ewdHiveyedd redher fiTisd wedoed | 6f ptheesiebys2@rgachi ne,

and the asso ated S| n tes and oretric._data _about_the
i i R:%C?C{ hg LCY%‘C g her OC%S At SF g §n|sn e first

circuit marki RIS 5 “ar
control devi & 12Invvm1fc1ts i saassoctlfmle&j WlSt e hellﬁlqlsxsualﬂ odat ite pkbeessi ng

machine 6. The umnqh%at'% 9eb 8164 x8d ga‘iot:@s%lwgcks@é‘@l&@ceséead 10,

whi ch can be noved over_the substrate in x-y direction via a portal system
11. The p05|ﬁhﬂ§QxF%ﬁH¥ﬁ%te§h3ﬁ8 tiife RROABEFFEPBAPE &fe WRKEREF ntBeaccount

in the fipst iy p:[@CQﬁﬁbEiguﬁaﬁbl e GrHiIréngnt he rsuhseguest or

30 bstrate 1. bst th t d int
Phe. second adfimts 5t oRBESk Rt e B by The P aRs o TochantE 7 and

i's Ilkemﬁse'mnanksmesequemcéeasb:ﬁbﬁarmkn&tﬁdQ/ofommﬂupQBDtesming I n
order to det t{g ne, 8, q_l %tl ve, Qos&gkgpvﬁl ! s h__q_é bstsroat e&i%(gnqhghe

second automatiC processing mach ‘anuary
position is deflned solely wvia the p051tlon of the

15 workpiece carriers. Such a xnown device is therefore
unsuitable for processing substrates without workpiece
carriers and, in addition, pure error detection is not
sufficient to permit subsequent further processing.

20 It is an object of the invention to specify a method
and a device for processing substrates in which, with
little device outlay, the expenditure on time for
surveying the geometric data about the substrate and
used for processing is minimized.

25
According to the invention, the object is achieved by a
method having the features of claim 1 and a device

having the features of claim 5.

30 According to claim 1, provision 1is made for the
geometric data about the substrate to be surveyed only
in the first of a series of automatic processing
machines, and for the geometric data to be transmitted
to the further automatic processing machines. As a

35 result, only the position co-ordinates of the substrate
have to be surveyed in each automatic processing

machine, which approximates the expenditure on time for



GR 98 P 2520 - 5a Version for foreign countries different fromthe relative
position between the substrate 1 and the first automatic processi ng machi ne
6, the position co-ordinates are determned, with the aid of the neasuring
station 9 of the second automatic 5 processing machi ne 3 J4puAgy L0O3
position markings 2. The ot her 13 January 2003 GR 98 P 2S20 - 6 Version
for foreign countries geonetric data about the circuit markings 4 and the
functional RkPAgS Pe transnitted f?dnithe first control device 12 to
the second c ﬁFF&gnd §Fce 14 which is associated with the second automatic
5 processing ﬁﬁ@ﬁ?ﬁecgpngﬁlfﬁis case, the transnission can take place
directly fromthe first 12 to the second control device 14, or else via an
i nt er posed cEHEVEYiDAi t tOnotthe | LetpPeR@EJUrAs anreddle, tHENe gedhdric
data do not peedptieche dptardidedsat takt Wb ile &acopdr0eayt ARt ise
processi ng ¢hi ne 8, mhi%h therefore leads to a | ower expenditure on tine
and t her ef or 8168¢8SRAgH& Mpr ocessi ng speed. 13 January 2003 1998P02520W)
- 7 Patent Cains 1. A nmethod for processing substrates (1) in at |east
two automatic processing machines (6, 8), in particular 5 for popul ating
the substrates (1) with electric conponents, in which, in the first
automati c processing machine (6) - the substrate (1) is fixed, at |east
tenporarily, - position co-ordinates of the substrate (1) in the 10 first
aut omati c processing machine (6), and



addi tional geonetric data about the substrate (1), are determ ned, - the
substrate (1) is processed, taking into account the position co-ordinates
and the 15 geonetric data, the substrate (1) is transported to the second
aut omati c processing machine (8) and is fixed there, at13ecasuateaoaarily,
the geonetric data are transmtted to the second 20 automati c processing
machi ne (8),gkhegppsitpen co-ordi nates af _.the substrate (1) are determ ned
in the secomngepsi®nBEbe processing machine (8) and the substrate (1) is
processed, takiagghntouatedest the 25 position co-ordinates in the second
automati c processing machine (8) and the transmtted geonetric data. 2. The

et hod for_ process ng, SuBSLIALES, (Lags 20, 2l pduin. £12i By

characterized in tha netric dafa are determ ned by neans,%ﬁe<optical
surveyi ng of dgBekPABSd( 4 2CEPIEBPYI &P t®Llahe Subdy afeapd) o£3. opthHecatet hod
for processiggrs8pshialss hddk Bfg35aghah BB ) €hd hetbek rghal, mwrl @nd 2,
characterlzeg I n that the‘$05|t|o co-ordi nates. are determ ned _by neans of
optical surve§RRg &f° pd8it C{ﬁﬂ‘%f’dfr%'ynggc‘fﬁfaﬁﬁplqeetc?’i%qé}%°s’hb§f'ratcrbe (1).

13 January 2P63it988P02520W) - 8 4. The nethod for processing substrates
(1) as clained in one of clainms 1, 2 or 3, characterized in that when the
substrate (1) is processed in nore than two automati c processi ng nachi nes,

t he geonetridcdardiage W scladanser rge t ®oshéeifony t Aercadibahesc PMdcessi ng

machines. 5.1 Avdgysee §0rp Dy OGRSS RUrsubsEhatgs Lddubaving atid@asdy two
automati c processi ng nachi nes égﬂ{ngy havi ngpa transport device (7) for

substrates (2PthERnesRIVRE1LEL kbPgEesBPhySHatRi ABE FBPSEF2%Raving a

measuring station (9) in the first of the two automatic processi ng machi nes
(6, 8) for determ ning neasured data frommmarki.ngs (2, 4, .5 n the
substrates (%‘ aandpfrgr%eéert%ér n?‘ﬁ?%‘%ll%%%‘h iac?rclmcréi-l rdi %gt ecéaolft& t ﬁe substrate
(1) in the fgrsnedtithe dawa autamat i 8lpe ocessnsRiteedd neso( o, f8)theravi ng a
control deviggbh2e:14) %Po@@gé"'ﬁé‘serﬁa@éxj?% rolhi-Rg hhe LRSpgCtives

aut omati ¢ processi ng nachi nes %, 8) an or storing’the neasured data,
charact eri ze@ubyta2B8s BFSEem ( 19)iHet WAy h&Ocodt r BEr BRGF cezequeed 14) of

the aut oymti expeaegssi-egonBehhaes (6, 8), for transferring the neasured
dat a about the markings.
The device according to the invention has, according to
claim 5, a bus system for transferring the measured
data between the control devices of the automatic
20 processing machines and, in order to determine the
position co-ordinates and the geometric data, uses the

same measuring station.

The invention will be explained in more detail using an
25 exemplary embodiment and in accordance with the figures

of the drawing, in which:

Figure 1 shows a substrate with schematically indicated

markings and

Figure 2 shows two automatic processing machines and
30 substrates schematically in plane view.

In Figure 1, a substrate 1, for example a printed
circuit board or a ceramic substrate, 1is applied with
two crosses applied in opposite corners as position
35 markings 2. On the substrate 1 there are four circuits
3, which 1in turn have crosses as circuit markings 4.
One circuit additionally has a functional marking 35,
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foreign countries

Illustrated schematically in figure 2 are a first
automatic processing machine 6 and a second automatic
processing machine 8, which are <connected by a
transport mechanism 7. The substrate, after being
5 processed in the first automatic processing machine 6,
is transported into the second automatic processing
machine 8 by this transport mechanism 7, for example a
belt system. In the automatic processing machines 6, 8§,
the substrate 1 is fixed, at least temporarily, in
10 order to carry out the processing. The two automatic
processing machines can be constructed, for example, as
a sticking station and a pick-and-place robot or else
as two pick-and-place rcbots, each of which has a
specific supply of component types. Further processing
15 stations can also follow in analogous form.

By means of a measuring station 9, for example a camera
with a downstream image evaluation unit, the markings
2, 4, 5 are surveyed in the first automatic processing
20 machine, and the associated position co-ordinates and
geometric data about the circuit markings 4 and the
functional markings 5 are stored in the first control
device 12, which is associated with the first automatic
processing machine 6. The measuring station 9 is fixed
25 to a pick-and-place head 10, which can be moved over
the substrate in x-y direction via a portal system 11.
The position co-ordinates and the geometric data are
taken into account in the first automatic processing

machine 6 during the subsequent processing of the
30 substrate 1.

The substrate 1 is then transported into the second
automatic processing machine 8 by the transport
mechanism 7 and 1is likewise £fixed there, at least
35 temporarily, for the processing. In order to determine
a relative position between the substrate 1 and the

second automatic processing machine 8 which 1is
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different from the relative position between the
substrate 1 and the first automatic processing machine
6, the position co-ordinates are determined, with the
aid of the measuring station 9 of the second automatic

5 processing machine 8, using the position markings 2.
The other
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gecmetric data about the circuit markings 4 and the
functional markings 5 are transmitted from the first
control device 12 to the second control device 14,
which is assoclated with the second automatic

5 processing machine 8. In this case, the transmission
can take place directly from the first 12 to the second
control device 14, or else via an interposed central
unit {(not 1illustrated). As a result, these geometric
data do not need to be determined at all in the second
10 automatic processing machine 8, which therefore leads

to a lower expenditure on time and therefore to a

higher processing speed.
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Patent Claims

1. A method for processing substrates (1) in at least
two automatic processing machines (6, 8), in particular
5 for populating the substrates (1) with electric

components, in which, in the first automatic processing
machine (6)
- the substrate (1) is fixed, at least temporarily,
- position co-ordinates of the substrate (1) in the
10 first automatic processing machine (6), and
additional geometric data about the substrafe (1),
are determined,

- the substrate (1) is processed, taking into
account the position co-ordinates and the

15 geometric data,
the substrate (1) is transported to the second

automatic processing machine (8) and is fixed there, at

least temporarily,

the geometric data are transmitted to the second
20 automatic processing machine (3),

the position co-ordinates of the substrate (1) are

determined in the second automatic processing machine

(8) and

the substrate (1) is processed, taking into account the
25 position co-ordinates in the second automatic

processing machine (8) and the transmitted geometric

data.

2. The method for processing substrates (1) as

30 claimed in claim 1, characterized in that the geometric
data are determined by means of optical surveying of
markings (4, 5) applied to the substrate (1).

3. The method for ©processing substrates (1) as

35 claimed in either of claims 1 and 2, characterized in
that the position co-ordinates are determined by means
of optical surveying of position markings (2) applied
to the substrate (1).
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4. The method for processing substrates (1) as
claimed in one of claims 1, 2 or 3,

characterized in that when the substrate (1) 1is
processed 1in more than two automatic processing
machines, the geometric data are also transferred to

the further automatic processing machines.

5. A device for processing substrates (1)

having at least two automatic processing machines (6,
8),

having a transport device (7) for substrates (1)
between the automatic processing machines (6, 8),

having a measuring station (9) in the first of the two
automatic processing machines (6, 8) for determining
measured data from marking§ (2, 4, 5) on the substrates
(1) and for determining position co-ordinates of the
substrate (1) 1in the first of the two automatic
processing machines (6, 8),

having a control device (12, 14) 1in each case for
controlling the respective automatic processing
machines (6, 8) and for storing the measured data,
characterized by

a bus system (13) between the contrel devices (12, 14)
of the automatic processing machines (6, 8), for

transferring the measured data about the markings.



