;;<e3e;*u8rrs,t<tdt6tT*u')' , ~ 29 Cctober 2002 Description Method and
appar.atus for positioning a substrate linearly and detecting its position 5
Thé invention relates to a nethod for positioning a substrate linearly and
detecting its position within an assefbly area of a pi ¢k @rdopéraeorobot ,
and to an apparatus for inplenenting the method. 10 In the automatic
assenbly of substrates (for exanple printed circuit boards '

S

or ceranc
-subst r at es)Ded¢higoigronent s (for exanpl e SMD conponents, SMVD WMWHW“MWW”W
nount ed device, or ball-grad arrays - BGA), the individual co _
renmoved froma magazine or a 15 feed device by neans of an assenbl yishead
and are théfethed tianéd PAParptadef iffred possitbondngt he suhsid@tsse' In this
case, the SuUbsddrEaiearid &id ey fy | ne, guided on two opposite
& i P

si des agd conveyed into the pick-an ot with the aid of a linear
20 transport. For precise assenbly, it is necessary for the position of the
printed circuit bodte ininkentiamsportidiceactigg toybe Aﬁ{lﬂl([jghexaftll y. The

C

earlier Ge t application DE 197 38 922 Al, whi l0es no
const i tute%é%grtﬁ%?ﬁ% publ isg%tsit%r?,tedi 5SS Yan &ha SRt eS tHAW a it hod f or

assenbl i ngPRSIiEd@ry awbthinh amt egsanbdyciami t oF |a PHick-Gaseplacy ati onary
detector urbbolty WHRM toO e Frdla8ia thile RASit he integrated circuits
and/ or 5he posi ti on of the | ep?(?f raane bef orlgdqqrr:eer[?ga%%lé}ﬁ)l{}?e 8@%1“% the aid
of such’ a detect or 1ni FRC A HARRE the 2566Mbilan of tdupgiated difioeuit board

can be det egtegleafprintéd has ralieadyoHeesn g&ak@graﬁiﬁkﬁggtgfat%ézki ng the
| a

mmchi ne for 38 2SoRbEpERLEC (85 JettR TS avEs ERORSRRone D, Fn ( vhi ch
the substr &FES26reMOLESEd dear ime asseriid Y1 fnsid | ofrdys nechen) ¢akhat oppers,
individual components are removed from a magazine or a
15 feed device by means of an assembly head and are then
positioned in a predefined position on the substrate.
In this case, the substrates are removed from a
magazine, guided on two opposite sides and conveyed
into the pick-and-place robot with the aid of a linear
20 transport. For precise assembly, it is necessary for
the position of the printed circuit board in the
transport direction to be known exactly.
The earlier German patent application
DE 197 38 922 Al, which does not constitute a prior
25 publication, discloses an apparatus and a method for
assembling a leadframe with integrated circuits. 1In
this case, a stationary detector wunit is used to
register the position of the integrated circuits and/or
the position of the leadframe before the assembly. With
30 the aid of such a detector unit, although the position
of the printed circuit board can be detected, after it
has already been braked, a method of braking the
printed circuit board cannot be gathered.
GB 2 150 098 A discloses a machine for
35 assembling substrates with electrical components, in
which the substrates are stopped in an assembly
position by mechanical stoppers,
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2 29 Cctober 2002 are positioned nore exactly by means of pins which can
be noved tel escopically and engage in holes in the substrates, and are
subsequently fixed in the nore exact position by clanping neans. Abrupt
braki ng when 5 novi ng agai nst the necgpani cal stopper cay Qpfsisdrr2003 nove
conponents whi ch have al ready been fitted. In addition, the nore exact
positioning with the pins is often not sufficiently accurate for assenbly

. processes e%@?@%ﬁéd%&?eaekQWﬂ@a%Wgn@ﬁé{‘eéﬁ bhgslQroQanections. DE
43 25 565 di scl oses t hod and_an 1Egarat us for copveying, a Ieadfrarre

froma fiR& pered tBeée§§€Bh8a o¥nt 3¢ n SHFRFE t HE | ES&IFFanﬁnl Stherstly
br aked at sa.lk:fstrzsattds),catalm afrbersubeei;uesm:lgm fixadd 1h hehel inoipe cl anpi ng

mechani smg h I d [OGEs SSsi ng space,
s procos S Tnepasahechs BylneERley Rt ot neRaRePR ¢ The

second5 pmmtVlrtmeagacnSthatthet heechepéctilves tnirEngCcpoi mrsidfmnahalesen r eached
bei ng det gl RLr3RPRORS &%l%@i ankgeUl k19Ea80PPLEY M £Lagfirsily at the

first location and then in rocessm .space, there 1s an undesirable
| oss of t iR idoRTar eBDRi E“I‘?r§t (ﬁig?ﬁ"l"g Bﬁéé ﬁntlﬁé priddeskhrfgPdpacets I n

addi tion, dftdhengt ogagsingenpage aduufayd hxadsrdetse@hmty Prddws a4 ual
position of 25 the | eadfrang, {,_s carrlc-id out __whi.ch is tgo |nacc ate above

all in thé casg 8F°ES gnen‘f% Havi¥ ng very Igﬁlagﬁggl ng% EWRen

connetfi ornIPREBPBD- 176 Al di scl oses a conputer-controll ed asserrbl y
device which is algo usgd ber prgight edrLirgdid 30; bogrdnagsenhly. 440 this

case, the printed circuit boards are placed on morkplece carriers which are
moved on tFRRRGFOTHYS st@F i 6ABVESLIDAdRYiTRAT TRtk FECBt &t iSRSt IBPIME s case,
phot osensais detsatioridheppiesenda ofh ek kl&hecel&a:[fzr&ﬂié ignde iex wpr kpi ece

carrier is 3 SLLiQne e.accur.at el n adj. ust men pin. No
st at ement raaﬁ%eocﬁaag ﬁf n%)'}['] ¢ g %QF t%eﬁat bosarrf oni ng by
usi nglfhe redjdisimeat cﬁampllnsr e el st ehns SUbseqaenuﬂ.at cmoveds in 29

Qct ober 20&%'He?8d'§ﬂa0&a . 1hPoded egEoEEwﬁ ﬂgﬁedapéét PQag%gopoél%éé soni ¢

reflex sensors or exanple, are u tect printed
Circuit bdarere TABA| ilfea? s a@IPRELY| §1°tVI$éin brakbg drildhetatBstiate is

noved at SHOWSEERE poahBst therratcatwwlaét staéperes\piélctthv@amckmm@erted
| nstead of the ultrasonic refle}é] B:;sar flex t sensors are sonetines

al'so used PRHTTHURSYY | REER ERPS L ERr S BY s SBERPRee A%hi bi ¢
di ffeeent &rarsparensf t cidppinghttwisss | rEitdtslicast Ithanditsrefore

di f ferent zhc?éal@fsﬂ 0£h&h€ﬁéﬁt ¢hi SctaeﬁsproTa@s ﬁ&aéﬁg&gor%%%su@sz&{s -

reflex |ight sensaors used cannot erefore be use strates.
Furt her nor&d§$izaplg SRt agktie FRERPAIPA MRS FEORBdIRGBPRGRIbRrates are
nmoved agaitisd proeeBaingalspace. In addition, in the processing

space, no further detection of the actual position of
25 the leadframe is carried out, which is too inaccurate,
above all in the case of components having very low

spacings between the connections.
DE 36 30 178 Al discloses a computer-controlled
assembly device which is alsc used for printed-circuit-
30 board assembly. In this case, the printed circuit
boards are placed on workpiece carriers which are moved
on transport stations to individual working stations.
In this case, photosensors detect the presence of
workpiece <carriers, and the workpiece <carrier 1is
35 positioned more accurately by means of an adjustment
, Pin. No statements are made about the braking operation
itself. The positioning by using the adjustment pins is

to some extent too inaccurate.



15 stopper which is permanently positioned, so that to sone extent, the
assenbly head has to be noved over relatively long transport paths than
~woul d be needed in the case of small substrates, for exanple on the basis
of the position of the feed devices. 4 n addition,-20 d2o Ogtddee 2002 pt
braki ng by the mechani cal stopper, the substrates experience an

accel eration which can lead to already assenbl ed conponents slipping. It is
_therefore the objdet additiecn.nvent detecs peentsdachechdbl Rwkzas appar at us

for inpl en@rtiaRgntike b st %é&rQOSféfoaxéMﬁw abes hL3eR,Cknand; pl ace
robots, irrespective of thejr material_and their sga i al__extent, in such a

way that CRESSHaId eST2DIRRF bFE PF&%?'éledpé:tlﬁsc%‘i HPP#ES as SBRbIN- 1R ar e
necessary trAaspoditng ¢ otitdre bnakatli and tthe ohjlestrise 30s ambwe\de(i*w th a

met hod. hayi e f_p I ,ggg: at
i npl e(rjrsent :ing t%égeé aaogg%asvtona argﬁg aﬁjf%rd(:ans 0 aetqgn?%?él rﬁ':J % y using a
sensor mﬁﬂn53r§@ﬂsorIﬂséﬁ@dwhpéh é@@en@ﬁéﬁ%@O@GWEr§G¢H@Xas§@me¢ff|eId of

the pi ck- %@Q@Exmpﬂﬁri obehsothe a%SI EbRBtOhed ShRI rateqi nvihapitire
assenbly field can be determn The sensor is initially arranged in such

a way thaPrintesy s gr tor?itan&cs@%?'?%?%t??\aﬁxpéb%aﬁsported
into the aafé@hlemtflm&ﬂusmm@cted byet hegsﬁnsmgecatm bhaki R@sRQsi tion

ot oc] on SoH R Gt A o B LB B b b Pt Y P PR anp
t he front uédg@somtcher%ﬁm rae@soasbarr cr@cfel@ppllmttaeaspredexfaaded

l'ocation @anhbe SUubglehdlir@re0r @lSe ¢@RRECtirgRS (RA4S) ankLaR % e the
substrate _or other opaque |locations on the substrate. After e sensor has

det ect ed EHELEEETOTRve 14F mabBri AL S2CNENLATERNS 1 ador t 8 brtz‘illééd, so that
t he subst mat@oeQmesll OsuBStraltésana:aéSﬁﬁbéd mﬁaﬂnsm 4 ameehiefiejaned to as

the rest paesition) sensqr. _det ect of _the .substrate

f eat uf% % eé:ssve’%%fzg po§s1| ?_:er%atn %tt%ﬁ}a 89%9% ¥ on° Bf ef[l}%: stifstrate is
15 known. sAmor@Ktlgnto dhai negsedei ¥r rhemdwghalse tp:o)sbei omodd t Iwevaubst rate
feature at.ghhe3836Mlqy tohooc%'airiéiibfé ﬁ&'&’t?é't@géﬂuébglasﬁg fa n optical

adj ust nent sensor I'nto e_area of adjustnent mar 0 t he
substrat etheorcas st | SHate EPEéfC§ét6§t'erft‘Firneﬁ’f%¥‘i‘PJ<ﬂ %sFPPoPaSlS

of the position of the feed devices. In addition,
20 during the abrupt braking by the mechanical stopper,
the substrates experience an acceleration which can
lead to already assembled components slipping.
It is therefore the object ¢of the invention to
specify a method and an apparatus for implementing the
25 method to position substrates in pick-and-place robots,
irrespective of their material and their spatial
extent, in such a way that the smallest possible travel
paths with the assembly head are necessary.
According to the invention, the object 1is
30 achieved with a method having the features of patent
claim 1 and an apparatus for implementing the method
having the features of patent claim 4.
By using a sensor with a sensor field which
essentially covers the assembly field of the pick-and-
35 place robot, the position of a substrate in the entire
assembly field can be determined. The sensor is
initially arranged in such a way that



According to claim 3,

using an o

pti cal

the method is configured particularly sinply by the
front - edge of the substrate being detected as the substrate feature.

25 By
sensor according to claimb5, different substrate features,

such as the front edge or bar code, can be detected si mphyoctdderogaeferred
refinement of the device according to patent claim6, the sensor is firmy
30 connected to an assenbly head which,can be noved above the substrate,

~that the sensor, and thereforﬁ the sensor field, can be set sinply to the
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substrate. After the sensor has detected the substrate
material, the linear transport is braked, so that the
substrate comes to rest in an assembly position (also
referred to as the rest positicn). The sensor detects
the position of the substrate feature at the assembly

position, so that the position of the substrate 1is
known.

According to claim 2, determining the posifion

of the substrate feature at the assembly position is
advantageously used to move an optical adjustment
sensor into the area of adjustment marks, applied to
the substrate, for a still more precise determination
of position.

According to claim 3, the method is configured
particularly simply by the front edge of the substrate
being detected as the substrate feature.

By using an optical sensor according to claim
5, different substrate features, such as the front edge
or bar code, can be detected simply.

In a preferred refinement of the device
according to patent claim 6, the sensor is firmly
connected to an assembly head which can be moved above
the substrate, so that the sensor, and therefore the
sensor field, <can be set simply to the freely
selectable braking position of the transport path.

The arrangement according to patent claim 7 is
particularly advantageous, 1in which the adjustment
sensor normally arranged on the assembly head for
detecting adjustment marks is used as a sensor for
detecting



10 noved into the pick-and-place robot, Figure 2 shows a schematic side

vi ew of a pick-andpl ace robot, in which a substrate feature of the printed
ci.rcuit board is detected at a braking position, and 15 Figure 3 shows a
schematic side view of a pick-andplace robot in which aﬁ%?@%ﬁgbﬁﬁﬁébﬁate IS
bei ng nmeasured nore accurately at an assenbly position. Figure

illustrates how a substrate 1 (for exapple a printed circuit board or a
ceram c substrate) 20 is ngved in the transport direction 3 on a |inear
transport 2Xh% FUPSEEAERd- PEAERIRobdRiCheSa¥8aEnbtye acdstst £RE an

pi ck- and- pl ageit odwdl i Sehslentified by x. In this exanple, a fixing device 6
for a nunber of suction pipettes 5, and a sensor 10 and an adj ust nent
sensor 14 25 are fixed to an assenbly head 4 which can be noved in the XY
direction. The suction pipettes 5 are used to pick up conponents (not
illustrated) fromfeed devices (not illustrated) and to position these
conponents on the substrate 1. The linear transport 2, the adjustnment 30
sensor 14, the assenbly head 4 and the sensor 10 are connected to a control
device 7. In this case, the sensor 10 is constructed as an optical sensor,
having a detector 11 and an optical inmaging device 12 which produces a
sensor field 13 which is positioned at a 35 freely sel ectabl e braking
position xl. A stationary ( light source 8, in particular a white |ight
source, which preferably extends over the entire 6 - 29 Cctober 2002
assenbly area x, ,.is arranged underneath the linear transport 2 and
illumnates the substrate 1 frombelow Here, |ight sources having a
primarily linear extent, and also |light sources configured to partially
cover an S area can be used, in order, for exanple, to detect substrates
With cut-outs. In order to position the substrate accurately, adjustnent
mar ks 15 are provided on the substrate 1. Figure 2 shows that the front
edge of the 10 substrate 1, as the substrate feature 9, is detected at the
braki ng position X1 by the sensor 10. The linear transport 2 is braked, via
the control device 7, so that, as illustrated in Figure 3, the substrate
wth the substrate feature 9 is stopped in an assenbly 15 position x2. To
exam ne the assenbly position x2 accurately, the sensor 10 is noved with
its sensor field 13 up to the assenbly position x2 with the aid of the
assenbly head 4, which can be noved in the XY direction, and neasures the
accurate position of the 20 substrate 1. On the basis of this positional
measurenent, the position of the adjustnent marks 15 on the substrate 1 can
be cal cul ated, so that the adjustnment sensor 14 can be noved over the

adj ust mrent marks 15, which results in a highly accurate



25 determ nation of the position of the substrate 1. The accurate

determ nation of the position of the substrate 1 nmeans that the latter can
then be fitted highly accurately with conponents. Because of the |ateral
gui dance of the substrates 1 in pick-gnd-place robots, B9 Caaebeape02
detection of the position in the transport direction 3 is adequate for
detecting the position. Depending on the substrate size, by using this

. method, the posi tiDHeOfaﬁf@uéél‘b@zﬁtat@f1a0VQﬁ.g$1ft0rtso@&i:%”bLm1I@ﬁt hgscan be
opti mzed SO tt é short dalssenbl 35 tipes angl ther fore ﬁsgh assenbl y
out puts caflbeCtednitRAFd: 758 Sd‘tn@be CoRP-Pit e adnéu thod for

‘posi tioni n@d‘aaxstlebgemassby( Periiinsard ysamdldetc&rjncngl i Benposi taronthet hi n an

assembly 11elgyoly 2o andyll g qobal, by tESRs ! hd | BeaL.LLR0SPOr!

(2), a sensor ori ent t owar fe~ 50 rate eing set to a
freely5sel %%@%W%Sbrakl ng start position (xI) on the transport path of a

feature (9) of theEﬁétb%léﬁi/eefu&bd\Mn%hlt@ tde ensenbhénfiend ml bbe |inear
e su eat ur assed ugh the

t t ft 9
br ki g st SSREEERFE! o TRTS SRHAthelSine: FabelraRinbe i8) “hicTicen det ect ed
in the senBbgufeelld {13ys, bemngsdnheuke'dlcnf@mteflme&mtenneieuntdﬁ at

appr oxi mat%z%( rﬁﬂghéf @er E&OSZ%E? {X2hpsaiter the; by lé]sng?gg?ﬁhe | i near

transport ensor field bei ng set appr oxi mat e rest
posi t tén (ReTedfinke Featpiekrapdoplene 50Bpbed substrate (1) and the rest

position (x2dupé thessswasi @naéahémb&ieatﬁdeeaww (&f léellsgcﬁeagam ned in
order to detect th 03|t|on Met hod foriﬁgogltl a su te (1D

linearly ant®d®t e%? it po@%?%n 3 c PR © ch ra BBrized in
that by uspnintdée pasu:t:umm ddtexexbout st heiestieacttﬁarytsubastr]arekiegture (9,
an opti calpg%iy%% %n ensor (14) is noved into the area of adjustment

mar ks (15) t ho or positioning a substrate (1) linearly and

det ecfliSng Figupesidt i Bhows cer dFapematert Hardef vEesi et 1 saanBiek-ahdract eri zed

in that as m@esup&cs@t enfleaJaM&z(% bRekddonsuideea 0L the sybshgate (1)
IS regi stered he sensor gloé Aggaratu ELor positioning a Substrate
(1) Imear‘P?a%ﬁ%e TRTEi AGCPEt %gl gF PRASBRPLYCHPALTABP- 8 29 COctober
2002 i npl ementi ng Fhguret Hod iAdastdiatgst chowe of stttk ta (for
example a printed circuit board or a ceramic substrate)
20 1s moved in the transport direction 3 on a linear
transport 2 in a pick-and-place robot. The assembly
area of the pick-and-place robot is identified by x. In
this example, a fixing device 6 for a number of suction
pipettes 5, and a sensor 10 and an adjustment sensor 14
25 are fixed to an assembly head 4 which can be moved in
the XY direction. The suction pipettes 5 are used to
pick up components (not illustrated) from feed devices
(not illustrated) and to position these components on
the substrate 1. The linear transport 2, the adjustment
30 sensor 14, the assembly head 4 and the sensor 10 are
connected to a control device 7. In this case, the
sensor 10 is constructed as an optical sensor, having a
detector 11 and an optical imaging device 12 which
produces a sensor field 13 which 1is positioned at a
35 freely selectable braking position xl1. A stationary
, light source 8, in particular a white 1light source,
which preferably extends over the entire



3, having a linear transport (2) to transport the substrate (1), having a
sensor (10) whose sensor field (13) can be set to a freely sel ectable
braki ng start position (xI) on the transport path of a feature (9) of the

substrate (1), and to a rest positiong(x2) of the substyqiibpat go62(9) to
detect the position of the substrate ? and having a control device (7)
connected to the linear transport (2) and the sensor (10), to brake and

stop the a Mty(2 ft et t u rat,e feature
(9 at theS%%SﬂEﬂlg%cé?E?t Sbst ot () y the Semsor (10 Sa hat the

subst r at e LFERSHO 8m§§q(}#k%ﬁlﬁ4FQ§m$¢%s§uBé§FFFSn1(iiPm Delfhar at us
accor di ngHe® el al 1gik gbalraétsemmmcj Nat Ipa:tmtaheuq;ensgﬁeéio)emt%mnst ructed
as an optic I ens é&i % Qﬁﬁ S acc%rdig to_either of
Clains 4 &R gf' %ﬁf ?1??&& e se S0P 10F g iy onnect ed
to an &ssarmlay bead 4e) u\mldch bel omgeno the pEsRmahdvplmedre(ﬂe@tt and can
be noved %%%%rta*&%gsua%hateuélauéz A@ﬂar&a@ra%&r J@ digPnenf dains 4

to 6, characteri ust ment sensor arrange on the
assenbl y FERFtEALe AGRTR LY sé%BFtT%F F‘@rr’ifetje%t?—ﬁ@ Providsst rat e
feature (8h tBhe Appatatate according to one of Cains 4 to 7, characteri zed

inthat a |ight squrce (8) which is anged tp be_ sta | onar nder neat h
the substrate (1) %ﬁﬁ& éi rah?ga ubﬁéﬁd ?unfﬁ bs § qy g"hler eely
sel ecItabI eupetiraitenilng sy echofsudbet fate ufest (B B6f disf tiertela:u:esiulas:t rates
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measurement, the position of the adjustmeht marks 15 on

the substrate 1 can be calculated, so that the

adjustment sensor 14 can be moved over the adjustment

marks 15, which results in a highly accurate

25 determination of the position of the substrate 1. The

accurate determination of the position of the substrate

1 means that the latter can then be fitted highly

accurately with components. Because of the lateral

guidance of the substrates 1 in pick-and-place robots,

30 accurate detection of the position in the transport
direction 3 is adequate for detecting the position.

Depending on the substrate size, by using this

method, the position of the substrate 1 over short

assembly paths can be optimized, so that short assembly

35 times and therefore high assembly outputs can be

¢ achieved.
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detecting its position within an assembly field of a
pick-and-place robot by means of a linear transport (2),
a sensor field (13) oriented towards the substrate (1)
being set to a freely selectable braking start position
(x1) on the transport path of a feature (9) of the
substrate (1) within the assembly field (x),
the linear transport (2), after the substrate feature
(9) has passed through the braking start position (x1)
and the substrate feature (9) has been detected in the
sensor field (13), being braked in a defined manner
until it approximately reaches a rest position (x2),
after the braking of the 1linear transport (2), the
sensor field (13) being set approximately to the rest
position (x2) of +the feature (9) of the stopped
substrate (1), and the rest position (x2) of the
stationary substrate feature (9) being determined in
order to detect the position.

2. Method for positioning a substrate (1) linearly and
detecting its position according to Claim 1,
characterized in that by using the position data about
the stationary substrate feature (2, an optical
adjustment sensor (14) 1i1s moved into the area of
adjustment marks (15).

3. Method for positioning a substrate (1) linearly and
detecting its position according to either of Claims 1
and 2, characterized in that as the substrate feature
(9), the front edge of the substrate (1) is registered
by the sensor (10).

4. Apparatus for positioning a substrate (1) linearly

and detecting its position, in particular for
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- having a linear transport (2) to transport the substrate
(1), having a sensor (10) whose sensor field (13) can be
set to a freely selectable braking start position (x1)
on the transport path of a feature (9) of the substrate
(L), and to a rest position (x2) of the substrate
feature (9) to detect the position of the substrate (1),
and having a control device (7), connected to the linear
transport (2) and the sensor (10), to brake and stop the
linear transport (2) after the detection of the
substrate feature (9) at the braking start position (x1)
by the sensor (10), so that the substrate feature comes
to rest in the rest position (x2).

5. Apparatus according to Claim 4, characterized in

that the sensor (10) is constructed as an optical sensor

(11, 12).
6. Apparatus according to either of Claims 4 and 5,
characterized in that the sensor (10) is firmly

connected to an assembly head (3) which belongs to the
pick-and-place robot and can be moved above the
substrate (1).

7. Apparatus according to one of Claims 4 to 6,
characterized in that the adjustment sensor (14)
arranged on the assembly head (4) 1is used as a sensor
(10) for detecting the substrate feature (9).

8. Apparatus according to one of Claims 4 to 7,
characterized in that a 1light source (8) which is
arranged to be stationary underneath the substrate (1)
and is directed upward illuminates the entire freely
selectable positioning area of the features (9) of

different substrates (1).



