;;<e3e4<u1rrs,tﬂmwuﬂ“ﬂﬂ“ﬂmul 10 March 2003 GR 98 P 2744 Version for foreign
couptries ' De4 hod for detecting the position of conponents X

pl aced- on a substrahgen a pi ck-and-place robot 5 The invention relates to
a_method for detecting the position of conponents placed gmnarshBgdgate in
a pick-and-place robot. In the autonptic gogul ation of substrates (for 10
exanpl e print e®Rit B 12 bbhr Y- BHOR et Ahi ECEGHERr SPHEFSHiSSh SMD conponent s
(SMD = surface unteq:device), t he i ndividual conponents are renoved from
a feed device 6%0 ot a pi ck- and- pl ace head and then positioned in a
predefined position on the substrate. |5 DE 41 21 404 discloses a nethod in

whi ch an i nspegil b S r 4l ]'§5MEHH§HE h o]
been positi oneyél%[l?%ef%?egleeﬁigﬁggk o&rt?élag%a\}ggéggér ?’éfd out™ ou Sl%e§?%§£8

pi ck- and- pl ace Qobvtsuliserathelpi akPhay-pndcelpeecESdotin addition, it is
proposed 20gthere that a positional correction or repopulation then be
carried out. Since theﬁﬁéck;and-glace robot in this case_is not designed to
detect the position, tHEPobuYaRedCBuUBSLREEE Kes 3 TP W pHPT edetoching

separate devi Cache WHbERNth&nt OF tddmpsSRStET PUaked h f abihertthaR 25 n &
process. . To so,rgjﬁext nt, the }:C,)S' tion of the conmponents after being
placed in a pi BEHNEH RETOHOIPPE - checked visual |y outside the

pi ck- and- pl ace robot i nisepheatze tachitespopil 36148 530 gitsctsess t li€or
practice of .30 placi nent s. ovyer. nmponent.s..whi ch ve_al ready
been pl ace{J(,) an%%f%oﬁ%gﬁgﬁt% S 10%%‘?2% é(rzf é'r%%eaé) %regrat“hlecn %ggfgﬁalé?s?
accessi bl e to wistial SNDspecpovantso (Mt = fsorr facanmieuntedpieciaced, Xehay
i nspection devi : o] 3 S 6 | scl in
whi ch, by neansﬁg?l\g%@aeici%?ﬁzaégﬁgtsr%ggegég%g%i%%%ﬂoettgﬁ?f&g‘ %%vngr:?aogy
arranged behi ndng¢ans orf a1pigkrand2pdacerhgadp arpifhan wowltbenedrénga

countries - 2 ddle @néABESs BV BbHAbLORRENELLEREAEES an | mage of the
substirat e before the coggonent is put in ace, an. i mage of the

1 pl and al so
substrate WPth the co et ptt i4P%I ¢ECAPEEF 7 R&S niButiiEpl 3ke.

For each inspection is carried out to see whether all component
has also been positioned in the predefined position.is
carried out outside the pick-and-place robot after the
pick-and-place process. In addition, it is proposed

20 there that a positional correction or repopulation then
be carried out. Since the pick-and-place robot in this
case 1s not designed to detect the position, the
populated substrate has to be supplied to a separate
device, which is too time-consuming in the fabrication

25 process.

To some extent, the position of the components
after being placed in a pick-and-place robot is checked
visually outside the pick-and-place robot in separate
machines. DE 36 18 590 discloses the practice of

30 placing components even over components which have
already Dbeen placed, and the components located
underneath are then no 1longer accessible to wvisual
inspection, so that, for example, complicated X-ray
inspection devices have to be used.

35 US 5,003,692 discloses a method in which, by

means of a specially constructed suction pipette, a

IO
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camera arranged behind it



5 conponent, the position is therefore checked after being put in place.
The~construction of the suction pipette needed for this is very
conplicated, however, and the tine-intensive recording of the position of
each conponent put in place is generally not necessary. 1fgMmidy 5¥03

position of a epnpanent: 7afyt efeddiere T Edridd dden®i ks and- pl-ace process
is often discovered by neans of a negative electrical functional check. In

this case, elimnating the fault can oft én o | onger be considered, and the
substrate can nqQ bggggr,lS be usgd. . _The ob&ect is,, therefore t%tgggcify
a sinple nmetho¥*f t LBRERg SVASUBEIRN HLE ESRBOHENED oHMad8 ub%t r'ai® by
whi ch neans t hgeubenpetent sefivee chdekedotponieme riactmal pasiplascei n gHodd
tinme. 20 The object ] [ ev a d type. n t _the
begi nni ng havi%&sPhéufegﬁgégs%gfq%?hi%?%QQBﬁe%o%gg;}n%ﬁ?h§g§g9§§kad%?§ion
with a predefided pbatei onfuy edttl yhaa theepi gutandpl pésceoboforafeasht he
pi ck-and- plgce Rragtshe N0cHRPPALALR 2H MTASN MeRldioad Sullcdiipediian are
t pted,

needed any nore. The pick-and-place process is erefore not 1nterru
nor, for exanpbPeingr ePdahy iSepRiace - prie amPTvirudie Fepatfat ehfadiide amnd

the pi ck-and- plagrct@bolied@s@ssary tfiss aiesprty okohpeipaedal i nedishok ce of
the 30 conponents to be checked, a tine advantage can be achi eved as
compared with EREckERG atTe coMpomehte Af DL aBP8ntRERIFEOR0 D
seen in the faeladthaionpdmiild Yurosid iplads i reatyrael echee hacgesdrii me,
and therefore the faul%¥ iubz%rate is.sorted_out, 35 without still fﬁ{ther
10 March 2603 GR 98 P 274430Fdi oROFSF 1PBr ePhn BourtTRRLSRE 3 atter the

cost -i nt ensi ve qoinelaichpl axfe rioeesseskeoandtptaotheprpresasses (sof e i ng)
bei ng perfor ”E‘é&s'cfod%%%fscﬁ} ychAxPs the EVﬁ%PQEer%%%tét'}&c%ﬁe ffuﬁ‘}géj}/orttal
it 1°s € for 'a S'posit

position in good tineE, s al SO possI bl _ i onal” correction -
for exanple a waeeH. dov ridtis orese t ccbeminating she Sruilsr came dfhign yno

pi ck*and-pl ace l%‘?’%e%t ixgﬁetceng%wga@t ethd | Phan Adatage +8h1 BB nger

according to clai sensor used Is a canera wth an i nmage 10
eval uat i onl®ni L HHfeet ed downstream Such sensors, and the nethods of

i mage anal ysis, are teciyu cgbi¥ycSophi, stikatetonad laovehadntrpeandidiee

position to be detecied in strai ghtforward W@y. LB% is preferably made of
the met hod accHEHNRS 15°F 0 4956GHUN ntFhie RTMThaf a‘fﬁj‘%b%?erbtl‘sc&?po%ents
are pl aced one satimtrzmwttherwhich tteansaske conponents are alswhadlefst ood

to nmean, for e q{gg_lreaké;:g%dﬂ %aﬁgﬁ%gowi%b@r& Laced over electronic

conmponents in the pic . . “ven relatively |arge conponents 20
are to song0extent placd&tk oveieat rbadpcpigved ml 2 ereebaporénttdls ncyweler

to save space. RAndrans e theyimihed roeordi fget e bberbgvept LORimt he
position of the conponents | ocated underneath can_be determ ned hefore the
conponents | ocated abov® ar E°PPALLRI whith actual position with a

predefined position directly in the pick-and-place
robot, after the pick-and-place process, no.separate
25 machines for visual inspection are needed any more. The
pick-and-place process 1is therefore not interrupted,
nor, for example, are any separate programs for the
separate machine and the pick-and-place robot
necessary. As a result of the predefined choice of the
30 components to be checked, a time advantage can be
achieved as compared with checking each component.

An additional advantage is to be seen in the
fact that a faulty position is already detected in good
time, and therefore the faulty substrate is sorted out,

35° without still further



25 di spenses with conplicated X-ray exam nations. The sensor according to
claim4 can x advant ageously be noved together with the pick-and-place
head, .as a result of which each conponent placed on the substrate cones
into the field 30 of view of the sensor. As a result, an ?qughﬁpéb 3
conplicated design of a sensor is avoided. In a preferred re |nenen9 of the
met hod, accor disRg98oPcRaidh Yerstieons dieyofdreigins cawetr ies det ermi ne t he
position of the substrate in the 3S pick-@and-place robot, which neans that
only one sensor is cost-effectively needed for these two processes. 10

March 2003 R 285P.2444\8Re Ce’;.{v‘ict.lQFaﬁ@[ 198 CUdd £fes by 1N QL de - save

time, it is advantageous to _determ ne the position of the substrate in the
pi ck- and- pl acePXEBEEESER| f SeleEEaTdr Poing medifosMeDi ace operation
according to claim®6. 3fThgefBE8REY| S i efc@lcabbyeHsedot 0 UddHiZRy t Re
positional acc raﬁ¥ of the pick-and-p|ace robot accoidlng to,&&alg17. Usi ng
known opti ni zatPERtYl §SHHHAR th& i $5Wval L actlr 8¢§Ci ROFEER-EndSF &ce
robots can g hugobg: iomal o¥etkdatash confranertmbpie ) reaupbnestredbeonnventd on
will be explalggd i n_nmore; detail u3|n%c}het§¥enp£$rytenbod il l,ustrated

I_ment
in the drawing°Si n S Figire 2sh a sChendtic ¥id§l$ggﬁn8F3&éﬁ?
pi ck- and- pl aceopelration Eioglee r2ostedesi.a schematic section through a
substrate fitted with conpgnent ;.21 L gurgs B; Shpuse a %ﬁﬂﬁﬂﬁfj segtjon
through a substrate mﬁ?ﬁ't&gqcod%%%enggg%itted§%ne %%ove anot éf%{ZO th
the aid of a pFékRiand-pl ake repsvion iysiegst 8t el CAMEIgur ¥ith cynpdmasss |5

are removed fr arasfiead v it Uoddd disdd S s Wb hmt heuahd sehsa 20l dipg
device 5 (for exanple suctlon(ylpettes) and ngltloned on a substrate 2 in
a predefined pggptioﬂgtﬁﬂgs £ image analysis, are technically

sophisticated and known and permit the position to be
detected in a straightforward way.

Use is preferably made of the method accofding

15 to claim 3 in the event that a number of components are
placed one above another. In this case, components  is
also understood to mean, for example, cooling plates
which are placed over electronic components in the
pick—and;place robot. Even relatively large components

20 are to some extent placed over already placed smaller
components in order to save space. By means of the
method according to the invention, the position of the
components located underneath can be determined before
the compenents located above are placed, which

25 dispenses with complicated X-ray examinations.

The sensor according to claim 4 can
advantageously be moved together with the
pick-and-place head, as a result of which each
component placed on the substrate comes into the field

30 of wview of the sensor. As a result, an additional
complicated design of a sensor is avoided.

In a preferred refinement of the method,
according to claim 5, the sensor is also used to

. determine the position of the substrate in the

35 pick-and-place robot, which means that only one sensor
is cost-effectively needed for these two processes.



25 substrate 2 is in this case transported into the a pick-and-place robot
by -neans of a transport device 3. The holding devices 5 are fixed by a
fixing device 6 to a pick-and-place head 4 of the pick-and-place robot 1
which - nonitored by a control device 7 - noves in the 30 g\ardh/BSdE 0N,
parallel to the substrate 2. As a result, all the positions on the
substrate 2 cafRb@8r Baciéd VETSINorEor fH s B SAHREELAnera conpri sing an
optical detector 11, an optical imaging device 12 and an i nage eval uation
unit (not illustrated), which 35 can be arranged in the control device, for
exanpl e, registers in iths ét@kfl o véeve 13 iade,| ehst izpnedexheageohist o
fitted 10 March 2003 GR 98 P 2744 Versiaon.for,foreign countries -
conmponent 15. Flﬁtfaﬁgllélgnso? S0 PSSHRE ¢ & heEBFck-sal%ds-tplfagtcee h&Hd 4t51‘?ts
field of view pIckaandegdlacevery nodott of oy substnce e 2 hafddwe the
pi ck- and- pl ace_r.ohot... S e : r e o-used to 5

1 QROL g g;ﬁ%t e%}ijbzsatjl%rﬁ %zcéﬁd:ﬁ%e@"% clé‘id;_ﬁp?

determ ne the position strates 2 1nt pi ck-an ace robot 1.
Duri ng the $i ck- and- pl &&e prethred, ishorrfierahedugss thioncptinhge the

substrates 2 ig4henhs8d fakchiRachr echse posdti aidg His e, compaonets 15
on the substra eo 2. fo Usi ng tche scgnsor 10, _the ;C)tg)hsiti on oé]la?)l_ac.ed e

conponents 15 BPEC@EEERE nel® | FAERr o ch¥EkNEhet!fRYWR he QREFFaR 191

located in theapeedefhred peskt ipysidicidl apdcugak9t , ifOpiNAmIE pINle
present at all, ' Si ngle hei,ght sgnsor. is alsp suitable as sensor 10, for
15 exanpl e a c&MEFS al ?rnavaﬁ'kf%ol e"fri afRAATONn <&rSor : SOWRPER™Eonpdhent s

15 are to 1® cheakethent .detail for their position was stored in the control
device 7, together wth,the, pr i.hed.positia f e uepce of the
pi ck- and- pl ace pr ocess&hﬁelr?vrr%gg% g\l/g ulgtel oér}{pufélale]tr?%%rr%gr ggb%t(‘g"hecpectafl
predefi ned posusiioy witthe t hexemplaty postbddhmennd thdwsssalted s ifrur tttes
used as fol | owg, tghe event; of. a positive result, the pick-and-place
process is continued,”'in the case of a negative conparison a fault message
i s output. TheFigumgullt m¥fye can t BERSMRSACexarpide | eWleVo tRE &

erroneouslys fi tfiee sykstd1aie beigyr detected as such r early and renoved
fromthe further process. In this v€ , costl furthe%rpro ess steps are

di spensed wi t h FIBESet hGRIWE hpfFRETPEFEi EGFAFPY 364 3A%§ . as
illustrated schiamdddatinh iah segddroamti n dagyures 2 and 3, a further

conponent 16 (far_exanple | arge n .a_cQal i pl_at i | aced
over a conpone 95 S gt %kgoswsgl%e%%?/%gggggp%ggéégnégggﬁgﬁgathsg)bpsotzlf 1%n in
the pi ck-and- plwicdh 380 qutmanantmkies:ted porsi ppeveocararhgrout a detection
of the pospgion of thegquer coapogeat 46 bgf opecilacingithe fudar 1
conponent 16, which woul d, ot hEEWI se be
illustrated in figure 1

, components 15 are removed from
feed units (not illustrated) with the aid of a holding
device 5 (for example suction pipettes) and positioned
on a substrate 2 in a predefined position. The

25 substrate 2 1is in this case transported into the

\ pick-and-place robot by means of a transport device 3.
The holding devices 5 are fixed by a fixing device 6 to
a pick-and-place head 4 of the pick-and-place robot 1
which - monitored by a control device 7 - moves in the

30 x-y direction, parallel to the substrate 2. As a
result, all the positions on the substrate 2 can be
reached. A sensor 10, for example a camera comprising
an optical detector 11, an optical imaging device 12

. and an image evaluation unit (not illustrated), which

35 can be arranged in the control device, for example,
registers in its field of view 13 at least some extent
of the fitted



10, March 2003 GR 98 P 2744 Version for foreign countries - 5a possible
onl'y with conplicated nethods, for exanple X-ray nethods. 10 March 2003
5 10 GR 98 P 27a4 Version for foreign countries - 6 Detecting the position
of the placed conmponents 15 in the pick-and-place robot 11(§§h‘ar%h52’0@§ used
in order to i nGReaseprt hg4povietisdoa faacfoaeiqf ddimtricks and- pl'ace robot 1
during the pick-and-place process. If, fq{ exanpl e, the control unit 7

determines that there are regul ar devi ations between the predefined and
actual position of the, cogponent the pick- - pl ace.progess is

adapt ed, usi ngcﬂ@Pﬁf}ﬁgtkng&’n pel scjat, euntsfeerrpépof‘ed(aa??neﬁgangl%g%?ual%opostﬂ% ons
coi nci de bettepicByandapdack tHemdret hodtsedrigldetBctviimv of3 t henposiadion of
pl aced conpone 5 j.s: theref iLble. . 7 reh ). @QQ; i's
clainmed is: 1.Qk§ﬁét f#o%‘#%rggog% g%qrggggéﬁzeti%nlgf %%an%ﬁecﬁ{]é%%)gge on a
substrate conp¥PbPhg et eprseTS 18 &4H ur EPrt gXampdenponkse sused to

identifying cegbabPmEABPORRAL Spa8iPE8nl dent idned HosPoRents requid i ngdore
preci se positioning than_other” conponents in said plurality; in an
equi ppi ng pr ocBiSKaRRErPA&CE cerRrh conmpofitidihavenBee® e andemliaGeed,

pi cking up a cgepesssl, tae AcHkeihdd) mesponeNtof r eneagubgrgakdsplouriad ity

of conponents WL a1 QAYRPIAL Nead. Ao a0 UL O0RILS S3ULRRI R il enc s
15 on the substrate 2.

10 Using the sensor 10, the position of placed
components 15 is determined. In order to check whether
the component is located in the predefined position at
all and is not, for example, not present at all, a
simple height sensor is also suitable as sensor 10, for

15 example a commercially available triangulation sensor.

Which components 15 are to be checked in detail
for their position was stored in the control device 7,
together with the predefined position, before the
sequence of the pick-and-place process. The image

20 evaluation- unit compares the predefined position with
the actual position, and the result is further used as
follows. In the event of a positive result, the
pick-and-place process is continued, in the case of a
negative comparison a fault message is output. The

25 fault message can then, for example, lead to the
erroneocusly fitted substrate being detected as such
early and removed from the further process. In this
way, costly further process steps are dispensed with.

The method is applied particularly

30 advantageously if, as 1illustrated schematically in
section in figures 2 and 3, a further component 16 (for
example a larger component or a cooling plate) is
placed over a component 15 that has already been
placed. Detecting the position in the pick-and-place

35 ' robot 1 makes it possible to carry out a detection of

the position of the lower component 15 before placing

the further component 16, which would otherwise be



in a control unit of said automatic equi pping unit, storing a predeterm ned
position at which said picked-up conponent is to be placed on a substrate;
pl aci ng said pi cked-up conponent at an actual position on said substrate
usi ng sai d equi ppi ng head; using a position sensor nnuntepoq@aﬁﬁjgo 3
automatic equi pping unit after placenent of said picked-up conponent —on
sai d substrat SRoAfyPi 2784 YepFeRBAEAP EBHBOABNEOEEHESDF sai d
pre-identified conponents, identifying sagg actual position of said
pre-identified component on said substrate after placing said

pre-identifi edosospohentomy satit s ukshpatiea teepakichpdai d fast Uakap@liet i on
to said predetgerm ned si,ktion; and if said predeterm ned position and said
actual positi 'E%Xn%?§§°§Fthin a predeterm ned range, continuing said

equi pping process, and if said predeterm ned position and said actual
position are outside of said predeterm ned range, generating an error
nmessage. 2. A nethod as clainmed in claim1l wherein the step of nounting a
position sensor on said automatic equi pping 8 10 March 2003 unit
conprises nounting a canera connected to an i nage evaluation unit on said
automati c equi pping unit as said position sensor. 3. A nmethod as clained in
claim 1l wherein said conponent conprises a first conponent, and wherein
sai d equi ppi ng process includes placing a second conponent on said
substrate over said first component, and wherein the step of identifying
the position of said first conponent on said substrate is undertaken before
pl aci ng sai d second conponent over said first conponent. 4. A nethod as
claimed in claiml1l wherein the step of nmounting said position sensor on
said automati c equi pping unit conprises nounting said position sensor to
sai d equi ppi ng head so that said position sensor and said equi ppi ng head
nove together. 5. A nethod as clainmed in claim1l conprising the additional
step of enploying said position sensor for jdentifying a position of said
substrate relative to said equi pping head. 6. A nethod as clainmed in claim
1 conprising the additional steps of, upon each conparison of said actual
position with said predeterm ned position, conducting a procedure to

i nprove a subsequent placenent .of another conponent on a substrate.
AfLCAYR A % AL, L AL AU?. AFI & ANFE. A(3<J1234
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?ﬁg%gigg /501]2r@| /%ggl(c%c (a)nd@Tace db @L (l) c@ also be used in
order to increase the positional accuracy of the
pick-and-place robot 1 during the pick-and-place
5 process. If, for example, the control unit 7 determines
that there are regular deviations Dbetween the
predefined and actual position of the components 15,
the pick-and-place process is adapted, using methods
known per se, until predefined and actual positions
10 coincide better.
By means of the method, early detection of the
position of placed components 15 is therefore made
possible.
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placed on a substrate comprising the steps of:

in a plurality of components, identifying certain
components as pre-identified components requiring more
precise positioning than other components in said
plurality:

in an equipping process after said certain components
have been pre-identified, picking up a component, as a
picked-up component from among said plurality of
components with an equipping head of an automatic
equipping unit;

in a control unit of said automatic equipping unit,
storing a predetermined position at which said picked-up
component is to be placed on a substrate;

placing said picked-up component at an actual
position on said substrate using said equipping head;

using a position sensor mounted on said automatic
equipping unit after placement of said picked-up component
on said substrate, only if said picked-up component is one
of said pre-identified components, identifying saild actual
position of said ©pre-identified component on said
substrate after placing said pre-identified component on
said substrate;

comparing said actual position to said predetermined
position; and
if said predetermined position and said actual position
coincide within a predetermined range, continuing said
equipping process, and if said predetermined position and
said actual position are outside of said predetermined
range, generating an error message.
2. A method as claimed in claim 1 wherein the step of

mounting a position sensor on said automatic equipping

| 10%
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process includes placing a second component on said
substrate over said first component, and wherein the step
of identifying the position of said first component on
said substrate is undertaken before placing said second
component over said first component.

4. A method as claimed in claim 1 wherein the step of
mounting said position sensor on saild automatic equipping
unit comprises mounting said position sensor to said
equipping head so that said position sensor and said
equipping head move together.

5. A method as claimed in claim 1 comprising the
additional step of employing said position sensor for
identifying a position of said substrate relative to said
eguipping head.

6. A method as claimed in c¢laim 1 comprising the
additional steps of, upon each comparison of said actual
position with said predetermined position, conducting a
procedure to improve a subsequent placement of another

component on a substrate.



