;e3ey/ v&& +8,/ 6T/ T/ {18 January 2005 1 SPECI FI CATI ON Tl TLE OF THE | NVENTI ON
COVPONENT MOUNTI NG APPARATUS AND METHOD BACKGROUND OF THE | NVENTI ON The
present invention relates to conponent nounting apparatus and net hod for
nount i ng such conponents as el ectroni c .conponents, optical conmponents and
mechani cal conponents onto a circuit board or other nmenber 18ntanuany 280%he
conponents should be nounted. More specifigally, the 10 invention rel ates
to an inprovenent in the positional calibration of the conponent and the
circuit board due to any shift of the optical axis of an inmage recognition
optical systemused in the conponentgppsfibidigr@pparatus or nmethod. 1-15
Conventionally, in an electronic conponent nounting apparatus, an

el ectroni ¢ conpUFightOF THIDUNVERTOORO a circuit board after position
recognition of the electronic conponent and the circuit board is executed
by an image recogniGGMROBENITcMOBY TSI NN AOPARRhRUCEGNDWETREG D20 preci sion.
Then, calibration operation. of the inmage recognition optical systemis
performed i n FHYSHCTINL RS 886 ANYEXRION of the nounting position due to
di stortpon of the inage,recognition optical systemor the |ice caused by
charges”in envi ronnment al*"fenpRrsditlite al TR i2H t hee @S r oFP ¢ COMpONMT

Tount 1 NG appar s A G RPRG g PRE BFTBPearP; boHeEiFnal b CATPRREREhce

mount i ng apparatus according to the pri i

to Figs. 16 arak lehedfebniti BEmbénentds IRRYALY %Qﬁ%onghgts :szb:‘a heLeLenee

numeral 921 denotes an el ectronic conporient,. which 1s stored on a trayl 922.
Ref er ence numetcpgzstgecates aa dieaditwbtahdsuek otRe ANdefOEY €Yt & NEnich

el ectroni c conmponent 921. Reference nuneral 929 denotes a 5 circuit board,
whi ch is sucked&IpCAmRPIRIILS teheulsbrid ngowtzae. 920 relhspdonfl dwl 15}, 206n925
and thgotray 922 are fixed on a slide base 9c.6. Reference nuneral 927
denot es”an i meg¥ SECEENi ERSALBHL i el a&ystBRTOVEIMERt panf otire ppssitional
recognition ofcat rkgaic?itr.cui t\;bqqq_\reed 924 and the 10 el ectronic conponent 921..
Further the hea e Faldi e | PR TN iaNg t5heh)C ity ikpa dshsue 2B i s
novable in a Yafl}regtieen d el e.re ition_ optical system 927 is
novabl e i n bot hlﬂ}x gﬁ%b?{ dc?épegblgondﬁ%é‘#er%?%%; o Y. IP9S e%‘{%‘r‘émje"rﬁﬂreral

928 15 denot esoret iCED cyseed @fsekhani wAge coRpeHBhE RBuAPLASaL [§y§gﬁ§ 922,

wi th a magni fyie‘r;c’%| | ens 929 coupl ed thereto. Reference nunéral 930 denotes a
prismfrane i fM&#Iash a prism 931 is fixed, and the magnifying lens 929 is
coupl eg:to this prismframe 930. An inmage of title electronic 20 conponent
921 sutked up and hel d £8"VRBtheRAlLL3 oint heari r cliectiroaid 92domprrkart up
and held to tt}‘ful;%qd- ngPstg §_1925 is taken by the CCD canmera 92B via the
pri sm 931 and "the ‘magni ?an FRhs2R R eCHTOR LG KOMPRAGEE r &6 0RPRE T WY cal

system 927 takes Effchi@Iepgl gt QpEeLhe S3¢ELLEN %ecogniticn of the
electronic compcnent and the circuit board is executed by
an image recognition optical system for enhanced mounting
20 precisiorn. Then, calikraticn operation of the image
recognition optical system is performed in crder to
suppress any shift of fhe mounting pesiticn due to
distortion of the image recognition optical system or the
like caused by changes in environmental temperature arcund

25 the electronic component mounting apparatus.,

Hereinbelo_w, an example of the  =slectrenic |

component mounting apparatus-according tc the prior art is

descriked with reference :o Figs. 16 and 17. Referring to



25 conponent 921 or the circuit board 924 through a switching of the field
of view wth respect to the electronic conmponent nounting apparatus
constructed as descri bed above) its operation is 18 January 2005 3
descri bed below. First, after the head 923 and the slide base 926 nave
nmoved to specified positions) the head 923 noves down to pilékJanuarn@005

el ectroni c conponent 921 on the tray 922. Sybsequently, t he head 923 and
the slide base 5 926 nobve again so that a c®arse positioning for nounting
the el ectronic conponent 921 onto the circuit board 924 is perforned.
Subsequently, fgar checkin he position of the circuit board 929, the inmage
recogni tion optEici@aI g‘&Ste%?g?’?egﬁ%esmﬂ%e%%kh ¥ osienosasasano bieagranic
feature point circuit hoard 924 into the field of view,
perforning i m?&%@gégi'ti oﬁl% e FEAFGRe i rft. tRBXL, 9%dr chBekerenate

position of thewaealr aaizc eqppREEt Les | e .recognition optical
system 927 noves to such a positioﬁ 232?6 BB?ﬁ%nggT%%tﬁ?eaﬁéiﬁ?n%é&?h e

el ectroni ¢ conpdrentrod2t tbmbbhenthe2fi el fe ol & nREIIOr @{gtﬁ%ﬁeﬁ%g

recognition of the feature point. Then, position correction

circuit board FIFHAG treral,ectirionh cisospokedt W@2larid perd oraed bee-esh R

t he i mage recognitioguggsults of the circuit board 924 and the electronic
conponent 92|, “&A§%o anTBBf LONdipguritygspt PR%AI aagi $iehi frapmeanat Jare
between a fiel ¢:qgf view "e’, .on :the electroni c-conponent image recognition
side and a field %F \‘??‘evév‘ " *'l‘{c:en hase c$+»€ui tRERTENGRadumesadg it d ] ctemsitds

whi ch are inputahed g% re@égﬁg sured..and fixed values., After that, the
head 25 923 noves dowﬁﬁto mou dﬁfﬁ§EEIé%ﬂF6ﬁﬁc compéient PontRpEfRFms

circuit board $29itHonevisicogMildidnheggonstd t uti-an;as [ aboye)_.even
when the image-pi ckup poﬂiﬂ%ﬁw of the elect#%hgg:e fgﬁ§§%u§?3 Zﬂaé The
conponért 921 &AECEREnES reempoherar BXR4 Wavenehanges hecauses of o 3novable
occurrence of distortion to the holding portion of the image recognition
optical system82PTdde $bresEiRjos et RéideonmmsenPesatiy encvatiaatin a v

generation insj the apparatus so 5 that the inclination of the optical
axi s has changgg?efﬁéoﬁogp?'%Hec&FFS@tF@ﬁ°ﬂﬁﬂFéobe09§l¢élnENSDameéEGnia

deci sion that pBEShYet RS t o pf, the el ectronic conponent 921 or the
Circuit board 924 has glﬁanged.)é ﬁrs}mgyr GFFELPR&re might occur an issue that

effect of the change i n the T maid natl onL8r ey optsatersd o namezal’ 28" "
15 denotes a CCD camera of the image recognitiorn optical
system 327, with a Jnagnifying lens 929 ccupled thereto.
Reference numeral 930 denotes a prism frame in which a
prism 931 is fixed, and the magnifying lens 829 is coupled
to this prism frame 930. An image of the electronic
20 component 921 sucked up and held to the head 923 or the
circuit beoard 924 sucked up and held tc the bonding stage
925 is taken by the CCD camera 928 via tne prism 931 and
the magnifying lens 629, Tnen, the image recognition

optical system 927 takes the image of either the eleztrenic

25

comperent 921 or the circuit board 924 through = switching

of the fisld of view,

W.th respect to the electrcnic component mounting

apparatus constructed as describad above, its operation is




LS

SUMVARY OF THE | NVENTION In view of the above issues of the prior art, an
obj ect 15 of the present invention is therefore to provide electronic
conponent nounting apparatus and nmethod in which the nounting position of
the el ectroni c conponent does not shift -even when an of fset anount between
fields of view on the el ectronic-conponent inmage recogniti d8 Janda@narao? he
circuit 20 board i nage recognition side has,changed due to a change in the
roomtenperature or heat generation inside the appar at us. 18 January 2005
-5 According to a first aspect of the present invention, there is provided

a conponent nougt i 0o t caompri.sing,_ a conpqonent hol di ng and

conveyi ng devi g@é#%@%&oﬁ%&g a%gﬁc?&nv@%tﬁé & o%ﬁﬁ%ﬁ&"‘anﬂ“ ofhfoéihidag

t he conponent o4k agskr gy ; cd igt; hoard .hql di.ng .device fo

hol ding the circuit %ggrg?bgnhgﬁgget%éé%%%#fégﬁ'gﬁ%?ggpggysﬂ: f}b‘f‘a<I 523
performing 10 pusids odowrecognpicRnugf thbiee CheCHbh i DORERbAISIANI fofigst fiel d
of view and for performng position recognition of the conponent using a
second field oftzsdwewl2Zhe $Subseqhérmily,of thvé eedei pgadiakiiertent $hade t hgse
second field of view and both fields of view being inmaged using a comon

i mage ca;thure 13 YRPER; agadn a seorithad| & ecvd e foes taldrbiray | Hgr sabdnt hmge

recogni ti on opti,cal tem.by determ ni a calibration optical-axis shift
anount prior to‘h} eei%%(?ﬁlé‘r‘ﬁt/ Gﬁﬁpﬁﬁeﬁﬁuﬁgéd"ﬂﬁ?otﬁﬁec?EW‘e’ﬂiPomrﬂg‘iaiﬁj

| mge T ecogni {1 an e SYEPER'ear -t afeh TAFRG e i KT o1 h of the

i mage recognition optical syste

optical -axi s shiftciamowekrg0923,t @nao t i 028 hg,, Gl Leul
board, said control section being ope%g%ﬁ%hﬁ% etgpgﬁnggg ga%aﬁfﬁF%fi%ﬁﬁ
optical -axi s sHiduesaroustichy a2fostpeat es Y € WHING R0 Faathi6Upbi ROAES the
calibra#éon posi tion recognized by said i mage recognition optical system
usi ng t firstc¥4QHk$(ﬁ05¢ﬁ9@2dnénaocmhpoﬁéaldcafibﬁaﬂiOpepﬁsfmiﬁﬁlimage
recogni zed by said i mage recognition optical systemusing the second field
of view so as t‘oect?&"ditﬁ"a ﬁlfugtmt?aﬁurgo RTitoal Newts sfvixf tchemiintes e

t hen by cal cul {4 .t he l'iQration optical-axis shift -ampunt using the
plurality of C)tqégi;ngig&éhgpﬁ aﬁ@&ﬁ?§9nlc18cgﬁﬂﬂﬁﬁwt20@%‘! the “image

recognition optical system 927 moves to such a position as
to bring a feature point on the electronic component 921
15 into the field of view, performing image recognition of the
feature point. Then, position correction between the
circuit board 924 and the electronic cerponent 921 is
performed based on the image recognition results of the
Circuit board 924 and the electronid component 821, and on
20 an offset amount ({optical-axis shift amourit} between a
field of view "e" on ,the electronic-compcnent image‘
recognition side and a field of view "f" on +he circuic-
board 1image recognition side which ars irputted as
previously measured and fixed values., After that, the heaa

25 923 moves down to mount the electronic component 921 onto

the circuit board 924,

However, with the constitution as described above,

even when the image-pickup positions of the electronic



-6 According to a second aspect of the present invention, there is provided
a conponent nounting apparatus conprising: a conponent hol ding and
conveyi ng device for holding 5 and conveying a conponent and for nounting

t he conponent onto a circuit board, said. conponent holdin% and conveying
device having a calibration stage; a circuit board hol di ngl8elantary 2e05

hol ding the circuit board; 10 an inage _recognition optical systemfor
repeatedly recognizing a first position of a marking on a jig using a first
field of view while holding the jig on said calibration stage, and for
repeatedI%Preco nizing a second positjion of the marking on the jig using a

second fiBPEPBRERS virewaH I o i Tigl & RPFTY dn shAUScERpOAER BfIaisfy and
conveyi ngodeyi ey the fdd s ff&fjf909£i¥{3eWob%h%g %df&ﬁﬁﬁnﬁope%ant e sgeond
field of view and both fields of view being I nmaged usihg a conmon i nage
capture dewige; rambcmidamr obpsecalosybaemcadld brduengcsatltbngmgeilo the

recognition _optical systemby determning _a cal.ibration optical-axis shift
Bount pr FBPRE GoTRE T e Bt ngoROBREEA OBt 1 of PEURPORGALHS. SR T or

controblipgasaittheconpenenbt Nghdidy aRd eRviRMINgadeyi ¢ Anghsahddl Mmge
recognition optical systemcalibrated using the calibration 25 optical-axis

shift anoR@$li§soRs AoF RSO heodbdposerre pinwrehebeaiseduian baadecisdiog
control s O ihng er e to determ ne.the cal.ibrat] i -axl s
O CareEbt SReBEh00, GRETALE 10, S PERNR L% S0l DT ALk at,gpt | £oh o
recogni zethéycsatcditndge rieeognidasoncromdanl systenrgsiung, 3@nkhe hiigsit
field of view and the second position repeatedly recogni zed by said inmge
recogni t i ©RCBpt Alall SHHst hdisi Fiyet Revssdsad Hasditd Bt of efib8ocd€ctdostcai n a
pl ur a'lb%%%néét@g%a@é 200% £ 2P1168] 'ﬁ'%é@éétoé”%gt Eﬁéﬂﬁgt BEn (A%
cal cul ating e calibration optical-axis shift anount as the an val ue of
t he pluralntyindtophi odl thri spshichtt ambwnts. 5 According to a third aspect
of the present invention, there is provided a conponent nounting apparatus
~conprising: a conmponent hol di ng and conveyi ng devi ce for hol ding and
conveyi ngsauearposentyandyizenTheMnt i ng the conponent onto a circuit board,
10 a circuit board holding device for holding the circuit board; an inmge
recogni ti on optncihkesystemntorbgsef crafiuss posithenprecogarti oanobbkest
fggg;%%tﬁgﬁrgpgfhg%é%ﬁérfﬁvéﬁéﬁékOEsV%%Qr%?%QE”té“%£859é29eR%%kEB%Qc
compenent mounting apparatus and methed 1in  which the

mounting position of the electronic component does not shift
even when an offset amount between fields of wview on the
electronic-component image recognition side and the circuit-
20 board image recognition side has changed due to a change in
the room temperature or heat generation inside the

apparatus.



i'5 conponent using a second field of view, the first field of view being
different than the second field of view and both fields of view being

i mged using a common i mage capture device; and a control section for
calibrating said image 20 recognition optical systemby determning a
calibration optical-axis shift anount prior to the conponeil8 Josuagy 280t ed
onto the circuit board, and for controllgng said conponent holding and
conveyi ng device and said i nage recognition optical systemcalibrated using
the calibration 25 optical -axis shift ambunt so as to nount the conponent
onto the circuit board, said control section being operable to determ ne
the calibration optical-axis shift anmount by conparing a circuit board

cal i bration pogttoe@ingCogni Zed ik Sah fodFRIG £ GAAINELEQB NPt Gl n St em
using the first field 30 of view and a conponent calibration position

r ecogni ze8hBYesaisd Birpagalece o (MU Iop G HI C isys tagpani Figs t pengetdhugfi el d
of view, said gon i i t r abl 1 anuary. 2005
_g_calibrate %ai édé[?}])n%g%?% e%o%gl%ﬁﬂ%gnggét ?cg%q&%lsr?ﬁm%v?}{gﬁet hgo%i &coﬂjic%/lr%ar d
is beidg hetld dynsayingi rcucbmpoaed thobgi ngFadevineant3nAccondi n@pripgnraeftourt h
aspect of the present invention, there is provided a conponent nounting
appar at us°nE8npr FeitRyL ta BeGHsGnent hol di ng and conveyi ng devi ce for hol di ng
and conveyi ng t ang, f ti -t he n a Ci 1
board, said co%pgﬁént %gﬁﬁlng aﬁglggﬁgeﬁgﬁékgo- §EVI§2& ggiﬁgeac%hcﬁﬁf%tion
stage; a bpeecdit board hol ding device for holding the circuit board; an

i mage recognition optical systemfor recognizing a first_ position of a
marking on a jfg uéﬁﬁaea F?%QQHFFéP& oPngcﬁﬁew%MﬁﬂqgluﬁQﬁru?qqﬁ;ﬁmkﬂ%m
sai d qgl i Bpat@BnSt 888ogANdibAr &€CAN ZiNG R i%eCcoB rBOSLEiRR Oof tdig st
marking on the jig using a second field of view while holding the jig on
sai d conpéhentl Rél dilsy atdl conveytnfodringeposheldnr sechigelidioh wifewhsei ng
di fferent n second field of. vi.e nd.both 20 fields o i,ew _.being
"mged st ROLE e ot THagh SAG0UTe Vi aRiod: oS of T5eet PR Pop?

cal i br ati ngesaie indage. fRCEgN t£198n OphiCak const emdny det erieRi AGda both
calibratiaon optical-axis shift anount prior to the conponent being 25

nmount ed ohi®lefe f r Fdel poRkly die B8ARF0IE | RETEEND EBRPONEHE TWEi ng
and CQ9V6¥59?C%?VEEE and sai d i mage recognition optical systemcalibrated
using the calibration optical-axis shift amobunt so as to nount the
conponent ontoat hecontecuilt beardiosai dfoent r chliectitdmobei mgiaper aldagyet 0 30

determ ne_the calibration.optical-axis shift anmount by conparing the first
posi 11 on FECGENE 5elNby OBAE 8o negd S eloghit | O ORI CA osy & oAISTHG L
first fiebgdt@baviawiandsnift amount prior to the component being

mounted onto the .circuit board, and for controlling said
20 component holding and conveying device and said image
recognition optical system calibrated using the calibration
cptical-axis shift amount so as to mount the component onto
the circuit board, said control section being operable to
determine the calibration optical-axis shift amocunt by
25 repeatedly comparing a circuit board calibration position
recognized by said image recognition optical system using
the first field of view and a component calibration position
recognized by said image recognition optical system using
the second field of view so as to cbtain a plurality of
30 optical-axis shift amounts and then by calculating the

calibration optical-axis shift amount using the plurality of

optical-axis shift amounts.




18 January 2005 -9 the second position recognized by said i nage recognition
optical systemusing the second field of view so as to obtain the
calibration optical-axis shift anount. 5 According to a fifth aspect of the
present invention, there is provided a conponent nounting nethod
conprising: repeatedly recognizing a first position of a nh8kianyann2@0j i g
through a first field of view using an _ismage recognition optical systemto
generate first position inages 10 whilethe jig is held by a calibration
stage of a circuit board hol ding device for holding a circuit board;
repeatedly recogni zing a second position of the marking on the jig through
a second field of view using the inage recognition optical systemto

generate 5900”§c@8§&5h§”t£5ei“@@@ﬁn%hgggeE@edﬂgkﬂé Eﬁégep¥ 4 nGURQIEeNt
hol di ng and conveyi ng device for holding a conponent™ an or nmounting the
conponentthara tErpubtribedr d, comgpohiendt moeltd nef adpew divingzahigf eseng: t han
the second field of view an ot.h fields of view being.imged usi .a
conmon_ | mage. AP HovRELa gL et g Y aFPEY CBT Bt | S TR
shift snosngs Letweemd he fiesboRrestt i o andt heoSREORY PO ticRmpésidig the
first position imges and the second position inmages; calculating a

cal i br at i ontep# calreixis bhitd, armid  asmpsnanede Mdnge afdt kendetyémd ned
plurality .optical-axis shift _anmounts; calibrating the imge recognition
opti cal §§§ %gguégﬁén hé 83%&uF§?é8nc5IPgFétion optical -axis shift anount;

and nounting thecterponremotd chdheigdr aeivicbodod uségindetd30 edlridwiat ed
i mage recognition optical system 18 January 2005 -10 According to a
si xth aspeeRr®f the present invention, there is provided a conponent

R e b g
position oécagebapogent firde hetdtbynaoconpanentimgl dhng andy cosyeyi Bg
g;g; So TNEPRED Aty TOE 00,V GHAL USnOBa g MRS TN Shon 2R e
calibration stage, -and for repeatedly recognizing a second
position_of the markiﬁg cn the Jjig using a second field of
15 wview while holding_the jig on said component holding and
conveying device, the first field of view being different
than the second field of view and both fields of wview being
imaged uéing a common image capture device; and
a control section for calibrating said image
20 recognition optical system by determining a calibration
optical-axis shift amount pricr to the component being
mounted onte the circuit board, and for controlling said
component holding and conveying device and said image
recognition optical system calibrated using the calibration
25 optical-axis shift amount so as to mount the component onto
the circuit board, said control section being operable to
determine the calibration optical-axis shift amount by
repeatedly comparing the first position repeatedly
recognized by said image recognition optical system using
30 the first field of view and the second position repeatedly
recognized by said image recognition optical system using

the second field of view so as to obtain a plurality of



recognizing a circuit board calibration position of a 10 circuit board to
be held by a circuit board hol di ng device through a second field of view by

using the inmage recognition optical system the first field of view being

different than the second field of view and both fields of view being

i maged using a common i mage capture device; 15 deterni ni ngl18aaoubanb2@@% on
"optical -axis shift amount by conparing

5

and the circuit board calibration posifi‘on; calibrating the inmge

recognition optical

and 20 nounting_the conmponent on the circuit board using the calibrated

i mage receghiErdnaspsi cahidyst eppuntsg gafuatyier00by- 1 TABRVER HESCRITME ON

OF THEIj%%ﬂ$$§%gggﬁeéﬁ%&éﬁﬁﬁgxfgEgﬁ%gFa@%Jﬁﬁgngstg%t%§%§rggfﬂ% %f

i nventi on W

econe clear Trom | owng description Taken

conj uncti pnewbiLhrihecpr efepped cenbadiirertd Athemeafntd th reference to the

acconpanyi ng drawi ngs, in which: Fig. 1 is a perspective view showi ng the
arrangenent of an el ectronic conponent nounting apparatus 10

over al |

accordsng to axbipsh;gabedi neninefqt hesprasept it&\éegz%£99én5i Invedtidh,

perspective view of thé calibration stage in the st
in the el eberenie ponpodedt anoompiongndppauatiisicofafEiaratys BanpBidisna: vi ew
representing positiaons

1S.t he t ake

f i f .ig,. wi.th the upper, .and
Lower 1ields of VIBRBIAhe "PRageST codni CrBiTIpd caP VSG8t ehibf TPHE NG
el ectroni gnd0 cthve lthdanuasymg88ent?2 and for mounting the component

10

15

20

25

30

onto a circuit board;

a circuit board holding device for holding the circuit
board;

an image recogﬁition optical system for performing
position recognition of the circuit boérd using a first
field of view and for performing position recogniticn of the
compohent using-a second field of view, the first field of
view being different than the second field of‘view and both
fields of view being. imaged using a common image capture
device; and

a control section for calibrating said image
recognition optical system by determining a calibraticn
optical-axis shift amount prior to the component being
mounted onto the circuit board, and for contreolling said
ceomponent holding and conveying device and said image
recognition optical system calibrated using the calibration
optical-axis shift amount so as to mount the component onto
the circuit board, said control section being operable to
determine the calibration optical-axis shift amount by
comparing a circuit board calibration position recognized by
said image recognition optical system using the first field
of view and a component calibration position recognized by
said image recognition optical system using the second field

of wview, said control section being further operable to

t he conponent calibration position

system using the calibration optical-axis shift anount;

e that a jig is placed



conponent nounting apparatus of Fig. 1; Fig. 9 is a flow chart of
cali bration operation of the el ectronic conponent nounting apparatus of
Fig. 1, Fig. 5 is a block diagram show ng the arrangenent 5 of the control

section of the electronic conmponent nounting apparatus of Fig.

1; Fig. 6 is

a longitudinal side view of the inage recognition optical $§sherain2@de
first enbodi nent of the present inventiqgn; 10 Fig. 7 is a perspective view

showi ng the calibration operation in the¢ first enbodi ment; Fig.

8is a

perspective view show ng the overall arrangenment of an el ectronic conponent
mounting apparatus according to a second enbodi ment of the present
i nventi onfailbbFage 9sazda PErdpedsiopgniitewwrof ocphdcedl | Bratkon wheme the

provi ded Lo Lhecehectionie cormanent oyt 19, apRAraL: BLgralqdim g e

representing-an i nage e Thage r ecoghi tion o

i cal ~system

provi ded #avibe.20 el ectroni c conponent nounting apparatus; Fig. 11 is a

fl ow chart show ng operation of the el ectronic conponent nounti

ng.

apparatus; Fig. 12 is a flow chart showing a circuit-board supplying

operatgon and g

system out pf the operation of the electronic conpon

cakhbrat i-on opeLakt AN, <k the 25 i dmge Lereanition st i cal
3 g f P B

nt nounti ng apparat us

of the setbhadeembodiroeiteadf at kempanentt amunfiigg Eppesrat s ooknplt Bgimm of
the control section 18 January 2005 i3 of the electronic conponent,
sgeg ?ngﬁﬁéﬁFQS a

mount i ng appar &t FEBORHE- Ad "R RN VEY e PRVERE o

perspect i ¥g4q ViAW g ;2 shihdenbase Amyi #g deybeatohgt henel @TnRHent

conponent nounting apparatus o the second enbodi nent "of the

nventi on;

onto a circuilit board, said compcnent heolding and conveying

10 device having a calibration stage;

a circuit board holding device for holding the

-+

beoard;

circuit

an image recognition optical system for recognizing a

15

20

25

30

first position of a marking on a jig using a first field of
view while holding the jig on said-calibration stage, and
for recognizing a second position of the marking on the jig
using a second field of view while holding the jig on said
component holding and conveying device, the first field of
view being different than the second field of view and both
fields of wview being imaged using a common image capture
device; and

a control section for calibrating said image
recognition optical system by determining a calibration
optical-axis shift amount prior to the component being
mounted onto the circuit becard, and for controlling said
component holding and conveying device and said image
recognition optical system calibrated using the calibration
optical—-axis shift amount so as to mount the component onto
the circuit board, sald control section being operable to
determine the calibration optical-axis shift amount by
comparing the first position recogrized by said image

recognition optical system using the first field of wview and



Fig. 15 is a perspective view showi ng the inmagerecognition-optical-system
novi ng device of the electronic conponent nounting apparatus of the second
enbodi ment of the invention; 10 Fig. 16 is a perspective view show ng the
overall arrangenent of an el ectronic conponent nounting apparatus accordi ng
to the prior art; and Fig. 17 is a |longitudinal side view 68 Jahwaiyn2Qb
recognition optical systemof the prior,art apparatus. 15 DETAI LED

DESCRI PTI ON OF THE PREFERRED EMBODI MENTS before the description of the
present invention proceeds, it is to be noted that |ike parts are
designated by |ike reerence nunerals throughout the acconpanying draw ngs.
20 Her ei &t 0f e et POFiLE 8npsRERENABERL igkhig appet atllis %hd TRECHSd tadras
exanpl e o n nt | p at t or.di.ng i LSt
enbodi mn‘%pg‘?g%)}ge%gseége}ﬁt rLL|Sﬁ\g)l nt P§% a%%c%g(gc;@b%gﬁjw%ﬁ &g%gr egn(geaatgo :t%e
acconpanydhnga tr anhagsal 2brktdonlopsiaapengpectihie tvieawuoft .t he el ectronic
conponent . nounting apparatus which carries cut the el ectronic conponent
nmounting nethod in the first enbodi nent of the present invention. Fig. 2 is
a 18 Januar yn 20084 14q P@LSpRECki Yen Vil the cabi Rration stagenef ohhe

i mage recognition optical system Referring to Fig 1, reference nuneral 13
denot es amhefecisopirevidagoaenryrasean sranpiegofieghoshppomeni tinde 5
nount ed, whi chreis stored on _a trag 19. Eeference. uneral - 15 dengt es a
bondi ng head as ah- exanpl 86 ER&r B8t PoriéEdmpoient” b4t ng HRa*EBHVEYi ng
devi se, the bonpdi terbegd la havirkg a fiwiet | ¥ of yimyi ngsinganaX dimagki on
and a function of noving up_and down in a Z direction 10 perpendicular to
the X di r@ﬁ‘?%%ﬁ@naol?'gépﬁécﬁb’éﬁ?maﬁ@ BENRF oerat Tve PoribaenuAmgdeRri ng
up t hg, el aciyonic canponent Wi zl n dling. it 10t ed
by re@er e‘ﬁfgleié;ulﬁgsaﬁr% ?g g%gidr cﬂ; tgbo%%flébg:s?]%ﬁorgxgﬁggg c?ffnaal n%%ﬁgrﬁggnto
whi ch t he® etthiohitngodponeat £&48 hsltlonbealbimpudtethoatdle circuit board 16
bei ng sucked up and held to a bonding stage 17 as an exanple or a _ .

ci rcui t - boar d 1R r  HevFRECIFREANTL Re SE&REIh @t g P anbnEhBarkafd14
are fired,pnegeskide bRssudB havddit,fs f #Rethon Of v 1OYi RGing thee Yimage
direction. -Referénce nuneral 19 denotes an imge 20 recogni'ti on opti gal
system wialgrhniorcogptiealhe syeseti oo ofgartwratia cuse¢chodr dpdéikocat ed

bel ow ¢ he, i mage recagni fjon optical s em 19 _and the positiaon,.of the .
el ec\t,\ir%nilcm%%%%o gﬂ‘ﬁ S%ﬁckjejog uﬁsrmg%f‘%h@yi nﬁgec?“él%%%%l"fi (Lﬁhr? 1%af 8y st em
19 by the:dorg nggherdice £65rWhicahevey &t dempdiers hAHI NhOVRBuhRenypper

and lower fields of .view. Also, the inmge recognition. optical system 19
i s rmovabl'§ nCBEPRNRNANPYY di Cddtdldiis. PrReF@r etbe nbibeshl £2@lderof exiaw

cal i brat ik%‘ir?é aQe £ MG 1 S X€d18N second field of view and both

fields of view being imaged using a common image capture
20 device;
determining a plurality of optical-axis shift amounts
between the first position and the second position using the
first position images and the second position images;
calculating a calibration optical-axis shift amount as
25 a mean value of the determined plurality of optical-axis
shift amcunts;
calibrating the image recognition optical system using
the calculated calibration optical-axis shift amount; and
mounting the compenent onto the circuit board using the

30 calibrated image recognition optical system.



18 January 2005 15 the slide base 18. Referring to Fig. 2, a jig 21 nade of
glass for calibration of the optical systemis sucked up and held on the
top of the calibration stage 20 while keeping 5 positioned by a pair of
position regul ating claws 20a, 20a. Also, a nmarking 22 for image
recognition is marked at a center portion of the jig 21. Fi1§.Japusnodl03 n
detail the image recognition optical system 19. Reference nuneral 19a
denotes a CCD 10 canera, with a magnifying | ens 19b coupl ed thereto.

Ref erence nuneral 19c denotes a prismframe in which a prism19d is fixed,
and the magnifying lens 19b is coupled to this prismfrane 19c. An i mage of
the el ectronic conponent 13 sucked up and held to the head 15 or the 15
circuit board and t bordi S | S dake t he
CCD caner a 19aigﬁgggﬁggpﬁ?§n$19g'éﬁh ? %Qﬁ%g%?f;?%E ?ggge%gb}§¥%en,q¥ﬂg

i mage recbhricei os pmbwa@bdspst@mpﬂ%anﬁ«mpuduﬂngnmﬁthdde¢¢mmwi$heg

el ectronic congonea% l %F§ﬁ£%UIt board 16 through a,sw tching of 20
the field of vF&l” ﬁ“ﬁ?&s g, he® FumErar $¥§1 nBf &89 uppért § ower

shuttess whhgh akedioly DM %@%é“@@?mﬂ@?ﬁ@ andch@welenfd &lsi s igyw and
whi ch are driven by shutter driving units 105 For a switching to the upper
field of PPEREIEHe qfow@}r Oﬂﬁ@tqn@rﬂw Yo absovierlld oba posteirpAneBL42® idinthe
figure so I we f view while,t upper shutter 419
is noved gaatc(r%g?r%éﬁt poSsi |é(;en Eh%&%ﬁ 3 éfrtIrStt heleulp%e$§f| QEH ofy viewd o 6e
recogni zednbymthe E@EQan&Q@@nbbuwmamﬁsyﬁﬂaﬁystent19 Meanwhi l e, for a

18 January 2005 16 switching to the lower field of view the upper shutter
419 is noved tﬁe§°EB§FﬂP8nEMZGlFﬁUﬁﬁeQQ%ﬁﬁeC§é15§aFé°§MRﬂﬁﬁﬁtﬁﬂuBEe@

fieldygf uiew,yhi 'b% 1# ‘é‘?% phutf af, 419 dis Jmved, f 0,2 taﬁgg RS/ e

allowing only the | ower S of viewto be recognlzed i mage
recogni tivhropghcala sys¢eomd 9. f1béddriofe ovléhesewtwnushmgtet3e4l&mage
controlled béﬁa main controller 101. Wth respect to the el ectronic .

conponent “fib Pt hy©Bp it Bt R ¢ SHSERTet e%lh%s L3gssri b Ao&fe, VHEY S5 i on

I's 10 exphacpedehel @parFofndoUBELRY (e 18] 6ct T 9RkG GRPONSHE 139850 Jhe
circuit board 16, a calibration operation of the optical systemis first

execut ed. v¥ae b@éﬂétﬂmﬁgﬁ§ dés@glbe@ommmnlumﬁQﬂtcaPQpreld$W£c¢4OM/chart of
Cal'bﬁ§t'0n Op&é@é%ﬁlnlng a calibration optical-axis shift amount by

comparing the component calibration position and the circuit
board calibration position:

calibrating the image recogniticon optical system using
the calibration optical-axis shift amount; and

20 mounting the component on the circuit beocard using the

calibrated image recognition optical system.




15 for the inmage recognition optical system19. In the calibration
operation, first, the inmage recognition optical system 19 noves in the X
direction or the Y direction so that the marking 22 of the jig 21 on the
calibration stage 20 fixed to the slide base 18 becones 20 recogni zabl e for
the image recognition optical system 19. Subsequently, thel8idandags 2002w of
t he i mage recognition optical system 19 *s switched fromthe upper side to
the lower side, and the position recognition of the marking 22 of the jig
2l mounted on the calibration stage 20 is 25 perforned (step S1 in Fig. 4).
s Next, the inmage recognition optical system'9 withdraws (is retreated)
backward wi th respect to the slide base 18) i.e., obliquely upward and

ri ght war dgkRekrher¥cr b8 hanwal 0 pkdrfid ection in Fig. 1. After this.

t he bondi ng head 15 noves down to pick up the jig 21 on the calibration
stage 20 (step 52 in Fig. 1). Next, the field of view of the inage
recognition 5 tical st s switched to_t upper |de and the

i mage recogniti gln Spt?%é E{Psetrerr?fﬁ ﬁ(‘ﬁes‘-’”f‘“ar\/4\5-aer5(r1t epg b\:]?ﬁuéﬁﬁstﬁﬂ/t\inward
and | eft wapndehnibhe W4 di rpetbpB id1 M. riomWhale the1Bash | b JELQHdd on
of the marking 22 of the jig 21 is performed again (step S3 in Fig. 1). The
jig 21 10tpkehadée ofonyl wRat bem Eéﬁ%(ﬁhﬁtRﬁ¢f@h¥eds@mbﬁéﬂmﬁﬁéssﬁmﬁnﬁﬂ&lng
22 can be o] e per f VIGM/ pectively.
Next , ftgégﬁthFégggg%e%gbﬁ’%i%ﬁq% c§ﬁ§g@§{e %h ?%ﬂg%mn backwar d,

t he bondlng headg25 aoves demnpéisp@cﬁﬁw&t i@ v I@ﬁ&hﬂﬁ@(lﬂﬂﬁa<ﬁﬂéﬂHEﬂi0n
stage 20 (step $4 in Fi 1). Then, based ,on the individual recognition
resul ts, ah*aperdantax? §H]fFléﬁﬁﬁﬁPlef?@@Poﬁﬁﬁﬁnﬂﬁo%%ﬁw%énﬂﬂﬂ?ﬁﬁﬁ%ﬁ and

| ower 16' eé@éo?éilﬁge‘ﬁ’o()fa Eq%s'tmﬂs%orﬁ%%gw tjon ﬁ%er?@’Str%ng'LgW T

determned (step 55 in Fig Thi's 1s explain det ai
reference to FFgg-3.2 Hyg. a3 pegpmpesanitwe posevi ofs wdie t heloherkidgn22 ey he

jig 21 taker, mag ni ti,on qQpti system 19) where 23
representsa Bgélt?gﬁ£8f EHQ% gkuﬁégzzlﬁesﬁ%ﬁFﬁg f A8m FECogFilEFF NG nmage
of the magkhpandAtWnbinktheql apekrd® fd @lrd mafy vizew) and 2S represents a
position of the marking 22 resulting:- fron1recogn|2|ng an image of the

marki ng 22 wi t hi®he duppér ¥ i el ewofr epir@wenft itflie peagbiecrsomf t imagept iofal
syst ey 19th9 ?Rsnggieélw%@% pheb L;[pvﬁéeeern ér@cﬁa favrré(xlc nglelc]ig % n%l_re 09:'05che

image recognition optical system of the electronic

20

25



18 23 and the marking 29 in this case represent a,”. opticalaxis =hift
anount between the lower field of view and the upper field of view of the

i mge recognition optical system 19. This optical-axis shift anpunt_ between
the fields of 5 view would subtly vary due to the occurrend® Januansei i on
of the imge recognition optical systeh219 etc. caused by effects of
changes in the environnental tenperature around the el ectronic Conponent
nounting apparatus. Unless the optical-axis shift anount between the fields
of view stored 10 in the electronic conponent nounting apparatus is
corrected, there would occur .a shift in the nounting position corresponding

to the tenperatWREEHINFOUNCLRE, APRRF 3RS R erfekft df the optical -axis shift
amount between the fi el of view]js_perforned taoa a 15 plurality of tines
Tigh 0 oeP8L GRIEE 68 BalpPabidnl hbeliciadey

(step 56 in Fig. 4), and & nean val ui _ ! FT™
bet ween t he f'@%c@héﬁeP@d@yddich%@ﬁgggﬁg A& 'ﬂﬁ?éﬁ#@%ﬁgusgbf E?h; i3

because one-tinme neasurenent wou SO nmuc by hand

precision of the jig 21 sikat st he apﬁlsak-@ﬁ%sraﬁﬁlJﬁoﬁ%%u@heZQregHb'Qm be
measured wi th high precision. Subsequently) Tor prevention of any“shitt in
the nouhting poSitheomornthelopectabaaxf stishidleanmuniic kerpeasnthachinelsy of
view stored in the el ectronic conponent- nounting apparatus is updated, in
whi ch process $PRAEMHMCTa Fi@datéd with an optical -axis 25 shift anount for

calibration use determ ned as. the abpve neaps value (step S8 in Fig) 9). In
this connection, as ther%er?'& hgsd or? aﬁ‘?ﬁ%ﬁ'ﬁg‘r’cﬂe "Héja?su‘Flrﬁ’érﬁf W% ehtlficed

calibration prgghsdfintidh quuﬂr Q0 ol l.ow=_ng, O t t hods
are avail abl e: O The ﬁéggg¥g#%%% 0 05¥}§a §§%$sféﬁé%te%ﬁéﬁﬁﬁe#% %gr ¥ med
to three or negeeddneSiralenttien;S6 in order to suppress any effect of the
handl i ng precision of the Fig 21. 5 A nean val ue of neasured values is

det er mifled, excluding tHgupper - 1is1i ta nepstspscypldle @l t Nehbwives - | tid t
measured val ue, at step S7. The determined nean value is used as a
calibration restibration opergpipvatnakies Shift embwaimensr cal i bration use,
at step SB. 1n addition,‘mheg only one 10 neasured value is left after

excl udi ng the upper-|init9edsded PALSPELRAVENY I PBWEROVi AT { thRasurBall

val ue, the one val pe_is ~as.an _optical -axis shift _amount for
calibration use. n1#&@gﬁéggﬁr%ﬁeﬁ?ggg‘%b%?cg?-8&?%“%hT?fngh%%n?pPgriEPs
perfor med 1o d¢Eer Hindice of SERSnA! efbERimbh HOMYR! ol sSURPE 5SS AN, L1 ect

of the handling precision of the jig 21. ‘At step , it "a measured val ue,

even whén subtracted frabgt.hed aies peaspeesh wal vos: s£SthéSchlifdiif gggnce
beyond a threshol d val ue, a nean val ue of neasured values is 20 determ ned,

excl udi ng the ffaFenmepreoizt reksur tblevakllecarosiep Sdmpdhentlet goantesy mean
value is used as a calibration result, i.e.) an optical-axis shift anount
for calibrati FPRACUR/ step S8. m For the measurenent of the position: oz

the marking 22 25 of the.jig.21.under the inmage pickup with the upper and
lower fields of view for @rhatcéd PeddEi ﬁEBHgEFEE?—g‘Foﬁ{‘ tHage FateRykYion

of the markinge:? | Snafdl f YecBflitodt PLYEALLY Qfstdi™p:69%8eh! OF ! fhe
20 electronic component mounting apparatus;

Fig. 11 is a flow chart showing operation of the
electronic component mounting.apparatus;

Fig. 12 is a flow chart showing a circuit-board

supply:ing operation and a calibration cperatior of the

25 image recognition optical system out of the operation of

the electronic component mounting apparatus of the seccond

embodiment of the invention:;

Fig. 13 is a block diagram of the contrcl section



18 January 2005 20 steps S1 and 53 in Fig. 4). The position of the marking
22 is determned at step SS based on the plurality of recognition results.
In particular, adopting the Oand nethods 5 nmakes it possible to elimnate
any effect of an abrupt, large shift of the jig 21 during 18dandam 2¢Qp of
the jig 21, as it may arise on rare octasions. Referring nowto a control
section 200 relating to the calibration operation of the inmage recognition
10 optical system 19, its construction and the operation flow are expl ai ned
in nore detail with reference to Figs. 9 and 5. In the first place, the
construction of the control section 200 provided in the electronic

conponent 15 redunchag epmaedniss | @omisBhantetho R 01d | BBEheafif- 5t the
reference nuneral 101 denotes a main controller of The control section 200

t hat control s S&§enEhembodiment onf ot npomertti oruNnt i ng appar at us. The nain
controller 101 issues operation instructions and 20 cal cul ation
instructions and puts dat3-idtdo Bhd2owmerspemsivei esieaccohadvingta alide

concat enated gRutr e . xef erence numeral s, 102) 103, .109 denote

nmot or drivers, mhigh:cgﬂfegggﬁaetg a QH?oFTFSFrﬂB%?n&OFPQ“Fﬁﬁgéﬂﬂﬁﬁiﬂﬁtion
opti cals syst emppQriaRuthes X 5k r §&¢d R0 23:f pg.MDyi NG f he i mage
recognition optical system19 in fﬁgEﬁﬁﬁggg%%Foﬁfag%ea;%ﬁﬁo LS novi ng t he

bonding head 13 in the Eifveiti eald ghresddoive HESRELHME i viers .
corresponding to other notors are on?tt%é#irnt?ﬂs fié%?%giﬁé 1 9J§%E§Fy 2005

21 Reference A8ReEREL105-ophidiek- siutee moiiing Mevilet ©SUth as] JALORS <OF
air cylinders, which drive the shutters 419 for sw tching between the upper

and | ower fieFdEPBRe0tefCoNtiRg' ApPagetnacodni thonsepondakmbydingnddor
Ref erence nun@hgli%9$ 5id§potes a nozzle suction driver, which perforns the
on-of f switching O Re*@Wttion of the suction nozzle 15a of the bondi ng

head It Reference numeggl 1 0 Loage_recogni zj ng section, which
captures the marking 22 %# t% jjdalegnc1 %%gfsggcléé]f?b?h??o%l%éq‘gst%enﬁéféréatia by
the i mage 10 secaggehedn 6Pt iagale 19:gemy 19, ih .ured i mage data
is stored in a nenory 108. Reference nunerng%%geaéng¥%®Qéﬁgi%ﬁﬁ@rg%us

processi ng seafrondingich e groiioreartheapgsition of the target, i.e. the

marking 22, fromthe inage data stored in the nenory 108. The positional
data of the Fig. 17 is a longitudinal side view of the image

recognition optical system of the prior art apparatus,
15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Before the description of the present invention
proceeds, it is to be noted that like parts are designated
by 1like reference numera;s throughout the accompanying
drawings.

20 Hereinbelow, electrenic component mounting
apparatus and method as an example 8f compenent mounting
apparatus and method according tc a first embodiment of the
pPresent invention are desgribed with reference to the
dccempanying drawings.

25 Fig. 1 is a perspective view of the electronic
component . rounting apparatus which carries cut the
electronic compenent mounting method in the first

embodiment of the present iﬂvention. Fig. 2 1is a



15 marking 22 is stored in a nmenory 110. Reference nuneral 111 denotes a
cal cul ating section, which calculates an optical-axis shift anount (offset
anount) fromthe position of the marking 22 of the jig 21 stored in the
menory 110. Then, the calculated optical-axis shift anpunt is stored in 20
the menory 1i 0. Also) data of target coordinates for the nd@slanmany2005
respective notor drive shafts have been4stored in a nenory 112. Production
conditions for producing the circuit board 16 on which the electronic
conmponents 13 are nounted have been stored in a nenory 113. 25 Next the
control flowis 5%seccri. ed. First, the :rain controller 101 reads fromthe
menory 11t the X% mand Vool Hfhalds Etor &3 LRIk Chefdrdfe112t t & hthi LR 9Pe

i mage recogni tj tiscal uld be noved to recognize 18
January 2005 22%%%%%3%%?&%&? %g?ﬁgﬁg 22 of the jig 21 on the

cal ibration stage 20, ambrlessuny toSELYC] ONseddrdi® ALIKPEY 1924010550
that the image recognition optical system 19 noves to the X- and

Y- coor di nat es.anmhe|ctdonit icomgenert poas tavre 0 Gl rsstempdeABVES ho the
X- 21d Ycoordi nates. Subsequently, the-main controller 101 Issues an

i nstruc®ion t HEsshutwhedrcrdris/i sepuad torl05 toayaké. t hBefertucof numers Df
the i mage recqgﬂh%ion optical system 19 switched to the |ower side, thus
swi t ching the FUTU0 12 1P Nh G He?S sPUeceHPBP S P e¥h 083E9t HeRrLeT bed.

Sub tly, ' ol | er ,101 i s: instruction to the i

ecooni 71 ng’ seeHsn ety Oa iy Bha Shr I RuetinkiRobaiel fagicet The

marking 22 of Hawird da2le@ictivh Caldl brgbipg stf0an2Cycaptuad iy Lhe qmge
er

recognition 15 optical system 19, and furt storing the captured | mage
data into the funorion 08 f Subsequent by, &he MAbRnCoRRr old erz 104: i sseiesy an
instruction for image processing to the-inmage processing section 109, so
that tHe i magePgFmsRekisingrsdey i the 189 dialsatiisnesaral pasivt | iced4brgf 4 20
mar ki.ng 22 of theqiig 21 fromthe above image data stored in the menory 110
, storing it iQfiS% hEPRERELYe1160T Theagi et esuiaking t upt hkbepokhectrenide
operation of 1 in.Eig. 4. Next) in order that the inmage recognition
optical '25 s;s}-'tsct%g)n(% ‘tvx,ilt:ihgr“ga/sauﬁot‘)él? h&*3 et shangddre dbor dPemeiead d1%r ed
in the nenory (g dni@ %%h%:%@rgerE'Src%Qéuiga ssfgom the Qgggr%%ﬁﬁ. 1he

X- and Y-coordinates to which the inmage réecognitron op i Tal 53
shoul d move bawemierd, onto 1&hd@Auaihe 2808crrenic component 13 is to be
15 mounted, the circuit board 16 being sucked up and held to a
bending stage 17 as an example of a circuit-boaid Holding
device. Then, the bonding stage 17 and the tray 14 are
firxed on a slide base 18 having a function of moving in the
Y direction. Reference numeral 19 denctes an image
20 recognition optical systeh, which can recognize the
positior of the circuit board 16 located below the image
recognition optical system 19 and <he pcsition of the
electronic component 13 sucked up above the image
recognition optical system 19 by the bonding head 15,
whichever it is, by switching over the upper and lower
fields of view. Also, the image reccgnition cptical system
19 is movable in bcth X and Y directions. Reference

numeral 20 denotes a calibration stage, which is fixed on



23 and then issues instructions for the drivers 1J2, 103 to nove backward
to the X- and Y-coordinates) so that the inmage recognition optical system
19 is noved backward up to the X- and Y-coordinates. 5 Next, the main
controller 101 reads fromthe nenory 112, a Z coordinate which is stored in
the menory 112 and to which the bonding read 15 shoul d nov¢8dannaty2005ck up
the jig 21 on the calibration stage 2045and i ssues an instruction to the
driver 109 so that the bonding head 15 10 noves to the Z-coordi nate, thus

t he bondi ng head 15 novi ng down. Subsequently, the main controller 1Cl

i ssues an instruction for.the nozzle suckup driver 106 to turn on the
suckup of the the) AL day Hlake nezzle 15a, so that the jig 21 is sucked up by
t he nozzl e 15a of the bonding head 15. 15 Subsequently, the main controller
1C1 issues an instructi ®efkarithetdrinigr 204at31@0wa Mmdéﬁbﬁxggéﬁéﬁﬁék
origin, thus the nozzle 15a of the bonding head 15 noving up. The processes
up to this poiflidtatins eferthe optotadt epssami s Fuckd: B MNexktheldiesmmin
control l er 101 issues an instruction for the shutter driving unit 105 to
switch the fiethf of K evPof the | AabEbraiphi t3@90ptdtal whik2 enkeeping t he

upper sgde on her w tching the shutter fromthe |Iower side to the
upper s?de asﬁgﬁégﬁéﬁg yiﬁechPBgd?PZ%O%ﬁﬁgﬁbJEﬁfﬁﬁ%iPﬁecnﬁVﬁ %gﬂtr%RQEr
101 issues an M, U iRrfQig tHe FHROSLLEEO0GREZLNP: S&ctEON 0 _Gapfure
an i mage, so that an inmage ofg.the mar k?ﬁgsgzggké?ﬂ%fﬁg %? énég%g &‘% E%/ t he
nozzl e 15a of d¢éreedpdirndohead fhei sigaptured by the 18 January 2005 24

i mage recognition optical system 19, thus, storing inmage data into the
menory 108. Subsequent | ¥igtheft s&iowscont r gleltad 110dhé ssmageanr éasgmireidon

for the image processing section. 133 to performinage processing, so that
5 the i mge protes@ihgEE @™ oh® 100 Reflergngee nupesadi tidn denotes @hecCD
mar ki ngn22 of jd g romthe i e _data stor in the nenory 108, thus
storingoit inﬁ% iﬁg”npééf§ 1fo_m?ﬁ8q33688553§nﬁp fgbth?QQEkEQH Bherete
operati on of Sidme:The fkbrah 19cNathhdl:le T B, EORt ILLET LOL bssyes an
instruction for the calculating section il 0 eterm ne an opti ¢af?ad s
shift amount hetisren ddd suFikedandnkiowte ndgnikelds nyimm i eco-félf t
amount, of the inmage recognition optical syStem 1?7, so that the cal’culating
15 section llltxakbikatmsigme fophecal 9axi s Fehi LhageoWwh kyepesf OEtidig c

calculations fromthe position 22-i of ‘the marking 22 of the jig 21 and the
position 22-2 RMENFarki n§uskeds upheand gheldstter ethé nhehd nEhopy e

storing:the cal. ed optical-axjs shift anmount into the nenory 20 110.
Thi s ogser ati o?léll(ijégut%%egf?ﬁ‘?fjcg?- EP R ST ta’ﬁrﬁ‘@ﬁn‘i £91 ERRaPPREL BBt AT Tof
step S5. This 4 ' f ePr o0 e ne.after the operation of

returni ng the lﬁog‘{agélér?(r)b h%ﬁ%:a ¢ rg%%ﬁgs%ggeviﬁ %ﬁespébs& 38 awthien

Fig. 4, whereamgrii€yaper dlen@n 108, almrbe Gene; Hefors the; td of
step S9. O herwi se, the steps S9 and S5 may berﬁd;forrre Sl?c%ﬁn?aé eoucéﬁ'y.

Next, the mai Bvsdenr oll%er ta@esr cate t hmade anfl YeDghdsh nagies sé s@d-dy o he
memory 112 to which the image " '
component 13 or the circuit board 16 through a switching of
20 the field of view. In Fig. 6, reference numeral 419
denotes upper and lower shutters which are for switching
between upper and lower fields of view and which are driven
by shutter driving units 105. For a switching teo the upper
field of viéw, the lower shutter 419 is moved to a position
25 420 in the figure so as to shield the lower field of view
while the upper shutter 419 is moved to a retreat position,

allowing only the upper field of view to he recognized by

the image recognition optical system 19. Meanwhile, for a



4 18 January 2005 25 recognition optical system 19 should be noved to

w t hdraw backward, and issues an instruction for the d=fivers 102, 103 to
nove to the coordinates, so tat the inmge recognition optical system 19
noves to the coordinates. Next, the main controller 101 reads fromthe
menory 1i 2 the Z-coordinate stored in the nmenory 112 to whi8HanuarnnGh e
15a of the bondi ng head 15 should be mpged down to release the jig 21 on
the calibration stage 20, and issues an instruction for the driver 109 to
nove the nozzle 10 15a of the bonding head 15 up to the Z-coordinate, so
that the nozzle 15a of the bonding head 15 noves down to the Zcoordinate.
Subsequent | y, ,S¥HEhiaion teosheol beer 10leid e sriw, i makr uppeonNshoftdhesnpzzl e
suckup driving unit 106 to turn off the suckup of the jig 21 by the nozzle
15a, thus 15 gtsod?)‘?'ﬁ;‘?t‘ﬁ% duBREptEPNL AEDj iy 2hebyigheensezlas Ihm sHidlre

bondi ng head a tyrn,ng the jig 21 . onto the calibration stage 20.
Subsequent | y, ll;tﬁ.hee %?%chﬁ“tg%gl loé] ‘ﬂﬁ‘gi é’él’:gg e st FantEer t HadSdrisver
104 for the newaled kR Hfrddiapondi .head t ve up..to the copordi nate
20 origin, so that the nozzl e 15 g?LgtlEg'bS%g%gnﬂg%@)iSt%v%%w% $ide
coordi nat e origfi wiekhelse pe 0ceS6§Hi A5E bherpelRidoN : : en,; the
mai n controller 101 iterates the neasuréﬂent of S%ti€é§9§§§§?éﬁh?éQ¥§%&Unt
of the steps SVs'6m518.5 utid tréveunber tHedd MewoOf sHEESHFETEM g Of; g
optical -axis shift anount stored in the nmenory 113 is reached (step S6 in
Fig. 4). ThenSB4Led 164 PHeaobrivatontiallehi i0lamounts 18 January 2005 26
measured and stored in Qﬁg nennr% 108, as shown in step S7, a nmean val ue of
the optical -axis shift BnFesPecherdiddie elesitrenicbearpenents maimtdny ned

by the cal cul g4 ti Ln,t f.ol L owi n nner.. 5 if it is set in
t%e menory 11%&?%33%?%ecgﬂsllﬁckgd bg G9s5¢ PP 4 ove, 'its operation is
10 explained below.

For mounting the electronic component 13 onto the
circuit board 16, a calibratioen cperation of the optical
system is first executed. The operation is described from
now on. Fig. 4 is a flcw chart of calibration cperation

15 for the image rscognition opfical system 19,

In the calibration operation, first, the image
recognition optical system 19 moves in the X direction or
the Y direction so that the marking 22 of the jig 21 on the
calibration stage 20 fixed to the slide base 18 beccmes

20 recognizable for the image recognition optical system 19.
Subsequently, the field of view of the image recognition
optical system 19 is switched from the upper side to the
lower side, and the position recognition of the marking 22

of the jig 21 mounted or the calibration stage 20 is

25 performed (step S1 in tig. 4).

L}
Next, the image recognition optical system 19
withdraws (is retreated) backward with respect to the slide

base 18, i.e., obliquely upward and rightward in the Y



measur enent of optical-axis shift anount is performed to three or nore
tinmes and that the upper- and lower-limt neasured val ues are excluded, a
mean val ue of optical-axis shift amounts is determ ned with the renaining
measured 10 val ues after excluding the upper-limt neasured value and the

| ower-1linmit neasured value as invalid, and the resulting nmt8nanabne2085
stored in the nenory 110 as the callbraV|on result, i.e., the optical-axis
shift amount for calibration use. In addition) when only one neasured val ue
15 is left after excluding the upper-limt measured val ue and the

| ower-limt neasured val ue over the three tines of neasurenent, the one
nmeasur ed val ued+EECSEY figt Edd-i Br- at$6ﬁe%stfmﬁaomhﬂ:§=lonalmﬂg Skatt 15noamesf or

calibration us e case ere a thre hol d val ue 20 for
variations in ?%er%g?i \égé&ax?% %H?ftjlg tORs B8t § J&?é'tﬁ'é’l‘?nri/tﬂ% 20

di fferences be $he r val ues are cal cul ated by subtracting one
measur ed value%¥€§€1 %e ochf ﬁgasured values, and if the difference

between a neasured val ugiand apne 6fiathe o ?tQQE ”Easeﬁgd1%§gge§e*o§§YLlon

beyond 25 the threshold val ue, a mean val ue of . Che “measur vai-u

det er ni Bed, excpuiltaly syetemf 0femBnbiveReHegeasURed @At Sndb thend th

determ ned nean value is stored in the nenory 1i0 as an optlcal axi s S%Ift

anount for cal%%#%ﬁl§ﬁ09§él*lOQ8oﬂanua¢ySQQGSnZZ&NmnyeaMfémmﬁrdhelsetllng
he u and lower-limt neasured val ues, and

for the exclu5|o? of%# y

without the set¥tHEEHHY &9 W@§Wb@@dvéﬁuéwa£dnéﬁntbéluedéFeéb%@%a#ﬂaﬁi@
shift ampbunts §s £ 1 t he asure | ues

optical -axi s s%n f?ﬁ%%%}?ﬁ%égﬁ{g@ JeCarhngl ﬁ‘gan Val" ﬁégf‘ggstgr‘éﬁ et he
menory 110 as i cal Srrs | Okxcalli tign us , en
t he nﬁnber of ??%ggioggregﬁgnltloﬁ%agggggkfh gﬁ e 9E§‘ IiB ?hepifg 2¥h
capturil@g processmadepetf glaed 20dCREVABAYSKY 119 ghke §§;1ﬁﬂﬂpefhgfs£ﬁéns

as shown by one-dot
marking 22 can be recognized by the upper and lcwer fields
of view, respectively. -
Next, after the 1mage recognition cptical system
19 has withdrawn backward, the bonding head 15 moves down
15 to mount the jig 21 onto the calibration stage 20 {step S4
in Fig. 1}. Then, based .on the individual recognition
results, an optical-axis shift amount (cffset amount)
between the upper ard lcwer fields of view of the image
recognition optical system 19 is determined {(step 85 in Fig.
20 5). This is explained in deﬁail with reference to Fig. 3.
Fig. 3 represents positions of the marking 22 on-
the jig 21 taken by the image recognition optical system 19,
where 23 represents a positior of the marking 22 resulting
from recognizing an image of the marking 22 with the lower
25 field of view, and 24 represents. a pesition of the marking
22 resulting from recognizing an image of the marking 22
with the upper field of view of the image recognition

optical system 19. Distances X1 and Y1 between the marking



chain line at steps S1 and S3 in Fig. 9 in the capturing of the inmge of
the marking 22 of the jig 21. Then, nean val ues anong a plurality of
positions of the marking 22 of the jig 21 determined froma plurality of
imge data are i5 determ ned, respectively, arid the determ ned nean val ues
are stored in the menory 110 as the positions 22-1, 22-2 oflStlaauas R00Yy 22
of the jig 21 and used to cal cul ate thé8optical -axis shift anmunts between
the fields of .view) respectively. 20 Next, the operation of bonding the

el ectroni c conponent 13 onto the circuit board 16 is perforned.. This
operation is gﬁicribed below. :first, in order that the inmage recognition
optical system PTS EhepPagking chécknt Faigosiasieor apiratseat2 Rrci opwida oar d
16 on the bondj ng stagg 17 no ng:'e on the slide base. 18, the slide base 18
and the image Tecognitior Spitcateesfe i fo Lave rnddeddunde’ithe adshtthdl  of

(e T Cont st 3Gk O\ oo PraRe S UL E PRl oo by LT 0 S0

January 2D05 28 position c Ing are nma n

by the controllaf tﬂnidnﬂptﬂbaﬁbﬁﬁhke%th%,aﬁB@nii%E@wggnVEﬁg QHQEQ% iJg|ge
recognition optical system19 is switched fromthe upper side to't e Toner
si de, where 5 “iew posildi snbtéyogaryi dneofot bRecotcutteaarsk i 6 sEvtieqd on
t he bondi ng stqge‘}7 is performed. Next, after the slide bass i8-and the

i mage recogni t3forr tht 1A HAGENiEGoar opFived sosspwCilBi ed cposiaviseds byt he
position reco%#E%E%§ o% t he el ectronic 10 conponent. 13 on the tray 14 is
performed by the rmiglr &8400RFi oA SPEi BRFIE)BIRM AL, © IEBQLatarmee ra ndvad

bendi ng head i de. ha 19 are npved based on the above

recogni tion ré'is_huefi?%],'é f ﬁeﬁjblocﬁd? n% cf(?lneee{1 TBOVRRT g3 T3 Wick Hﬂgeﬁﬁcﬁ'h@p t he

15 el ectroni c cpaitpanedkik3sRi £t todd@ekbecNeXhe EDS: PONGE NG »?%q:ot%:%gand
i-ons,

the inmage recognition optical system 19 are noved to specified posi
and t fieldisf theewlottromit nE@poratayMoun@RAngPabSa a SYS MY et tad,

switched to the upper side, performng 20 the position recognition of the
pp P g p g
el ectroni c cofPér&nt we3lducreduap ¢o shifbonth ngtieadnciint iHen gays itrdkinng
into consideration the . mge recognition results o-_' the circuit
2 g
ccrresponding to the temperature change.
Next, the measurement of the optical-axis shift
amount between the fields of view is performed to a
15 plurality of times (step S6 in Fig. 4), and a mean value
among the optical-axis shift amounts between the fields =of
view is determined (step S7 in Fig. 4). This is recause
one-time measurement would ke so much affected by handling
precision of the jig 21 that the optical-axis shift amount
20 could not be measurad with high preﬁision. Subseguently,
for prevention of any shift in the mounting position, the
optical-axis shift amount between the fields of view stored
in the electronic cdmponent:mcunting apparacus is updated,
in which process the amcunt i3 updated with an optical-axis
25 shift amount for calibratioq use determined as the above

means value (step S8 in Fig. 4),

In this connection, as the metheod for achieving

the measurement with enhanced calibration precision, the




board 16 and the el ectronic conponent 13 as well as the calibration result
of the inmage recognition optical system 25 19, i,e.) the optical-axis
shift amount for calibration use, the position correction between the
circuit board 16 and the electronic conponent 13 is perfornmed, and after
this, the bonding head 15 noves down to nmount the el ectroni8 Jana8ryJ2008kary
2005 29 conponent 1.3 onto the circuitq¢poard 16. As descri bed above,
according t.: this first enbodi ment, nmeasurenent of the optical-axis shift
anount (offset anpbunt) between the fields of view of the inage 5
recognition optical system19 is perforned to a plurality of times during
the cali brati ditldperiag &h tard pevthesduras walaidabékect ed from anong. the

. measured values_of the plurality of nmeasurenments or a mean val ue of those
measured val ueLis Jd&d Asagurepentalcfixicptdimaltaxfgunshaft 10amatitr ais on

use. Thus, whi eqree _of effect of the handlin recision of the jig
21 i's suppr essde%flt%%\;v,e%t %eo oft T8 QBxMETB hittHMe S it Tt weBn 21t HFdedne2 si de
field of view Y e i =fi f Mi. f the.iLm ecogni tj.on
optical system Ig can Egedégf?ra?ngn%fd t\%lletdhh%d\éﬁ%gdgﬁé%F%P%nggog?ﬁa{gl%r%/]'
shift o8 the naumidaig wosid ion Mfaddhie el RELONT L COIPORRINe 43 é:@éﬁﬁ'i‘%to
the circuit board 16 can be suppressed. In this first enbodi nent, aft a
posi tion recodiie iLppespéiattoneasutde valnid ped22hef 1therf 1 imgt Zlesu28 t he
calibration st age 20 is perfornmed at step S1) another position recognition
operation of t¥HeYfar@ngt2p & .t hBhei deparmingddnagn bselure imuzmes kEa of

t he bondi ng heca_q_i.g its Flerforggd at steps S2 and S3. However, it is also
possi bl e that,“convers@flyIS5PtEt Lhe- opet abPbhcdt-&tispssf tarpnasmy forp

perfornmed, the0p8HAL ste s performed., As.shown. above, according
to the present invgﬁttilgﬁ, Q{Sﬁé g‘%t is‘g:tagagf's s ?fgdg LRR . GFPs S it )

betweerd t he finpladnir@ld VigWd: ils - fef i MBIS,T eg?&i‘&&ﬂrfg‘aggéit ﬁ@np%r-lﬁdﬁ]i%”“ary

2005 30 systemis determned to a p ureﬁﬂty of tines, ased on the
optical -axis steafshiradovalscobntihehgl Ubakityimit thdis) @fd "RASY MBI o@D
optical -axis shift anount far calibration use is determ ned, for exanple,
by taking a mif@?S¥xiede vefluehdseuveatiuas. affhost Ladl +ax thestdiety eanafntefdgct of
t he handl i ng pra&gg)siagn of the jig in determning the optical-axis shift

i

amount for cal h°isBS?s suppressed | ow, the offset amount

&ggglcal-aXIS @?'ftTﬂgDUH£355§%ggﬁ¥11gqe E%%?EATLQEiL'eégi é v;gg%g%ﬂjighe
15 performed to three cor meore times at step S¢ in order to

suppress any effect of the handling precisicn of the jig 2L.
At step S7, if a measured value, even when subtracted from
the other measured values, results in difference beyond a
threshold value, a mean value of measured values is
20 determined, excluding the aforementioned measured value at
step 87, The determined mean value is used zs a
calibration result, i.e., an optical-axis shift amount for
calibration use, at step §8.
@ For the measurement of the position of the marking 22
25 of the jig 21 under the image pickup with the upper and
lower flelds of view for enhanced recognifticon pracision,
image racegnition of the- marking 22 is performed to a

plurality of times (see flows in one-dct chair lirne at



10 side field of view of the inmage recognition optical system can be
determ ned with high precision so that any shift of the nounting position
of a conponent relative to the nmenber onto which the conmponent shoul d be
nount ed can be suppressed. 15 Furthernore, in this first enbodi ment, when
the plurality of tines of neasurement of the optical -axis 3$8iJanuano2@d5i s
performed only once, for exanple, befog@ the start of the nounting
operation, there are sone cases where sone distortion occurs to the hol ding
portion of the inage 20 recognition optical systemdue to changes in the
room tenperature or heat generation. inside the apparatus during.the
mounting oper attepy lausidn@3t he Fagli vali amedipdlshe i0At beathaxharkPnghenge,
so that the nmounting position of the conponent is shifted as a mal function.
Accordi ngly, t¥ 23iqfeawdmedt has ostepr effce based sopr etheabpiuthnity afder
the shift optical -axis shift anmount is nmeasured once as descri bed above, a
simlar measur€HEIRNEe WokeSHLEsr an el apse of another specified time, for

exanpl e, two hours, 1% Januar 005 31 and, an offset of the optical-axis
shift amount is updat ed *FasB¥ oi e meadoPeidt thesult . a7di @i smesdptds ned
nmore cogcretely.pdd hj respgct qQperation of nounting the electronic

conponent 13. FiTst, af ?ergg%'ﬁgghggd mzi}l?&%teheans\'ii%lg%%%‘Sec?S MavZP iR to

speci fi ed posildmyes,sHilte bgadhd5i @ves gk i .t he el r onj
conponent 13 on the tray 14. Subgsg%uently, t ghﬁeggn%lgﬁdotfhg%lfigiueczblafse
18 nove agai n ¥ ttha@Ya agdaesenpoard i mrdaxgcngr. nounting the el ectronic
conponent 13 10 onto the circuit board 16 is perfornmed. Subsequently, for
checking the position ofeERETENFcOPY Board CBltndie sevagen eb¥yni¢laming

opti cal systerg°19t ves _rLo}ﬁsuch a positi En as to bring a feature point such
as a recognition k oA TREATI L UICPeBBALaN 16°F nttdie hamppe| dretogs idvion

perforgng imac;&'Jchlr I tis@n the feature poin t he i mage

recogni zi ng sect ilo_n 1%38& xtl)%_’f gfrtscﬁ%}%?ﬁ‘g% p‘?)‘"sci tt?b‘%‘?] Hrenaet B kGoni ¢
component 13) 24 dafagriedC 2aNkhbi8NABRAL £oy; B SLEMLIPUES (110,510 2
position as to bring the feature point such as a recognition '’k oﬁaqdne
el ectronic 20 Tsonponent 13 into the field of view, perform ng inmage
recognition of the feature point by the image recogni zi ng section. 107.

Then, position correcti 8 bEf§edirstheptireni ttimarcdntGrandidbhe ef eaileoni c

conponent |3 is erflorrre .baseg%qon the inage recognition results of the
circuit board 828 artPTHe el €t r BRPEi¢shpone ihel 2 laat nod o axemponent

tored i n the i pHBaETRE (£ AR08 | Sioves down to mount the
el ectronic conponent 13reRkPrifg CHd CUbig, 18 Japuary, 2005 32 board 14.
denotes a main controller of the control section 200 that
controls the whole électronic component mounting.apparatus.
The main controller 101 issues operation instrdcnions andl
20 calculation instructions and puts data into and out of
memcries according to a concatenated control sequence.
Reference numerals 102, 103, 104 dencte motcr drivers,
which correspond to a moter fer moving the image
recognition optical system 19 in the X direction, a motor
for moving the image recognition optical system 19 in the Y
direction and a moter for movihg the bbnding head 13 in the
Z {(vertical) directicn, respecrively. Drivers

correspeonding to other motors are omitted in this figure.



As shown above, according to this first enbodi ment, the position correction
during the electronic conponent nounting operation is inplenented by an
anount of offset between the field of view on the el ectroni cconponent inage
recognition side and the field of view on the circuit-board inmage

recogni tion side neasured and updated in the nmenory 113 at 18ndespasl 2007 a
specified tinme, for exanple, two hours21As a result; the nounting position
20 of the electronic conponent will never be shifted even if the
inclination of the optical axis has changed because of an occurrence of
distortion to the hol ding portion of the inmage recognition optical system
due to changesFPHEISRCS dBiRer@dpdPht draobes helt yemaliniiog indkdesthb as

apparatus. 15 ,Yé*th t he el ectropi c , conponent mounti ng apparatus and net hod
of the present™T HVeht PO AsCAbHRARTR ¥ HER herEv8 cbaf nehdetess pt1dnforhe

of f set anount VWae el ds,of view of .the i e .recognition gptical
systemis neasﬁf%d at ggﬁﬁgghtﬁﬁg Pﬁ#gfv%T%,fﬁﬂﬁpggﬁﬂggtF%nvéﬁ”tﬂg Fhge
20 recogni ti oniti&gell tscdynittheneloget £aNi § EQQHPP@“tn%%%r%H%eChBﬁg&%lbO@ dis
made based on the neasurenent results. Tgus, it~ becores possi bl é fo achi eve
a positiPon corderetem & reezfleonumrnioti strdveiron whf chheek8behagt REr bhogs pf
the image recognjition optical systemduring the el ectronic 25 conponent
mount i ng oper a# ¥ BrEh i tdfatthe hauediert refhi the ospotient naril el Tount etha t h
hi gh precisio ewﬁg}upon %Ci rrence of changes in the roomtenperature or
heat generati of° Tt HeNEH gpar deberencagnymgyaly 190033® tider eimbbhage

el ectronic co munt j ng .appar at.us and .net hod according to a second
enbodi ment of n?%e rieis%;#] g|enve1'ntn’|’or’fﬁ&‘é‘l’%l FERHT58d WSt FRerElerice b the
acconpanyi ng d i pas.£45 9 i} . per ctive. yiew of an electronic
conponent nnun%?%g appéﬁ%tﬁgﬁégfgﬁFﬁﬁaégﬁe % fﬁébgoﬁﬁgﬁkz?yngh ti W29
appar al@s. Fi gre@grsi ta qrerapeictalves yéean 0f 9t he Tateagr:;e iy Sd vt i aRaf the
i mge recognition optical systemprovided in the electroni ¢ conponent
nounting 10 apPidat 45, Feefredr iy 8o memprys, 10&f er GaCernuger ajundd3 1dermd es
an el ectronic conponent, as an exanple of the conponent, which is nounted
on a circuit PSHIURLLSURRIRXRRPFRSHING $RGMEIN t ovlvii It hde thesrneiomaso nieing

shoul d be 15 t.ed.  Reference nuperal 225 denotes a_storage nagazi ne, in
which a plur alr? y‘tg’f%nt roéiy%ﬁ'faa 889956 Lo SEte GRTKRET é2a fromalhe yimdge

el ectroni ¢ ConpONeNd S %3 Ry QY nti to the circuit board 224
are stored on the tray pIé?%g%fzggmkgSéggﬁée ﬁgﬁe?ﬁflﬁﬁﬁnﬁﬁnéﬂ leﬁnﬁeﬁ,
whi ch 28 perf oaeilrigf tangi @ngdtbpu@r i A9 20RGdA A oNs Pf t & %gg?i ne
225. Reference 'nuneral 228 denotes a dramﬁngjﬁnit hav?%% %ﬁéﬁ”%ﬁs ol

nmovi ng forwar dlldnddBaekrear ¢ i nadcylatiegt iseetaed, cl@mimg caheul bayspl At es
226, thus perforning a dramﬁngﬁoperation of a tray plate 226 to the storage
25 magazi ne 2% SPEASe SRLFEr #hoYnD |of fpateamosak ) héadmholvé nposi fiorct i on

en the tray piat & PGS B ciior 1o 4D, 340ked aver iR R0 has  a
18 January 200fe34 the calculated optical-axis shift amount is stored in
20 the memory 110. Also, data of target coordinates for the
movement of respective motor drive shafts have been stored
ir a memory 112. Production conditicns for preducing the
circuit board 16 on which the electronic compenents 13 are
mounted have been stored in a memory 113.
25 Next the control flow is c;escribed. First, the

main controller 101 reads from the memory 112 the X- and Y-

coordinates stored in the memory 112 to which the image

recognition optical system 19 should be moved to recognize




function of noving in an X direction perpendicular to the Y direction and
being a function of turning 180 in an A direction. Reference nuneral 230
denotes a recognition canmera, which has a function of checking the position
of 5 the electronic conponent 223: on the tray plate 226 and whi ch noves in
the X direction together with the reversal head 229. Refer é8dannanc2@d5 231
denot es a bondi ng head as an exanpl e of2a conponent hol di ng and conveyi ng
devi ce, the bonding head 231 having a .function of noving in the X 10
direction and a function of noving up and down al ong an upand- down
direction perpepdicular both !c and Y directions, and being enabled to pick
up the el ectrohf® cHAp®heftt 24e wAdgkiRds BeencSuck® uiddand helod t shehe

reversal head 9 he reversal head 229 by vagcuum suction cad then 15
nmount i ng t he e%éé%?%%?gaéoﬁﬁ%ﬁﬁht%§23 8Rto fﬁ@u%?rc%ﬁ%kiﬂﬁﬁ%?nf24F°ReF fence
nuneral 232 depetes in t age, : ap,.ex o] j if- I
hol di ng device?e&ﬁTEﬁ ?8?%5 %%§a%% Hgﬁgé ?Rg 2??% |tEB§g§%I§géﬁ ?ﬁgﬁga%he
bonding 20 staggse3k 19 friowd Oofb athbi de hage ¢3oddthaldsdde Gagen233nhhas a
function of being able to nove in the Y direction under the guide of guide
menber s 3341) 3dmapy retadnimiedd ywpricdlngyatkeal 119sapews340athkt R-aaser yo
nmot or 34G shown in Fig. 14. Reference nunerals 234, 235 denote conveyor
arns, 25 each S9°EALBXEDI e Bibaemienddivy - Bbar adonventmgldevi 881 \issohsare
equi pped with four_suction ds 236 at the tip of each of the conveyor arns
234) ' 235 and WAl RECRT LT 1P GPUFBOFnEFGBLAR ki 147d 8 Faket FoR of
noving in 18F4 a t .dl recti IThe ti ortjon of th
rianyaby 240Qy 3 exlgéé%héé??%nlplo é)pglhai F‘?’ﬁ‘tc?ri‘ogg

conveyor arm 235, al though not shown I n ur e, ha cons

simlar to theseeoves@rtar fhe3Powdhes LRV atifs HW1t2BnlgS :6BaRLEE L g4gK up
and convey the circuit board 229, which 5 has been conveyed up by a pair of

| oader ldonveyots 23the wi tlowelte foitle Suairieon pads gBSv ks yhen Jaawrtvthe
circuit board 229 onto the boding stage 232. Further, the conveyor arm 235
is enabl ed to fukpasgeenthe dilecwmatinbeantr22Vepl bekd ssudshanbamditrgcstage
232 to a pair gf ugloader 10 conveyors 238 with four suction pads.
Ref er ence numer8l 389 1H8A6t £8C9ANLAARS FREBEPRtLON BPt FERFUE§sEBMiImAAREh

can recogni ze i1 f. the circuit_board 4 | ocat ed bel.qw t he inmage
recognition op%?ggﬁgé%éi%rgﬁ%ﬁd Otfhg%lSo*g‘Fbeﬂg?Z t é'llgc@aoﬁ’f"cthe
conmponent 223 b@@@ﬁ:@é’tﬂ&@v%ﬂa?@ if@g?abiﬁegak}%%”t@ﬁ“fﬁé éysrte?:’é‘a%§?ion

through the switching of the field of View, e 1 mage recognition

opticallsystenc@89cat spyebhelppn belhtXrandr Ysdébkesdi RS BYptUEBiNgmaghal |
screw 361 with rotation of an X-direction novenent notor 20 360 shown’in
Fig. 15, and bfatarniingca bakl ®emewy37108ith rSudsequently, Y- dhéechbon
novenent notor hidden below in Fig. 15, respectively. Reference nunmeral 290
denotes a cal i BPAEFBhLSY af@l WAPERS aanpanssyuohiohefoli deabaspr28@ssihg
;S_noved integral the Y 25 direction novenent of

cal i bration st@geégﬁo i d |y bg . ‘
the slide base 233 Gur T h& PEBEOPY t FECEFPBUI Y oaP, T88%t Helte alPrge2dl
for use of cal pbsaksgnef sééemﬁm@gsf QEQHELE{:QQ %pgic%%.'tti%“ﬂﬂl' Sot O¢gLed
to an inmage-recogni zable position for the inage recognition
2 marking 22 of the jig 21 frcm the above image data stored
in the memory 1106 , storing'iﬁ inté the memory 110. The
pProcesses up to this peint are the cperation of step Sl in
Fig. 4.
Next, in order that the image recognition cptical
'25 system 19 withdraws up to the rear X- and Y-coordinates
stored in the memory 112, the main controller 101 reads
from the memory 112 the X- and Y-cocrdinates to which the

image recognition optical system 19 should move backward,




18 January 2005 36 optical system 239. Besides, the calibration stage 240
is noved integrally by the Y-direction noverent o. the slide base 233
during the feed of the circuit board, so that the jig 241 for use of
calibration of the image recognition 5 optical system?239 is |located to a
pi ckup-enabl ed position for the bondi ng head 231. Referri ng8tlanBag; 2005t he
jig 291 made of glass for calibration @8 the inmage recognition .optical
system 239 is sucked up and held on the top of the calibration stage 10
240. Also, a marking 242 for inmage recognition is marked at a center
portion of the jig 241. Various operations of the el ectronic conponent
nount i ng apparaiduscidre Coid P!  Gant ton 400. .Thi s nt.r ol
section 900, as shown in Fiégs? iilgfjt‘?gcﬁlqﬁg;p%% 1Eﬁ§vi Fggge%gi rllsgbntl(rbﬁl 1%t 301
whi ch out put s meyer abackwa mst toctih@nsy - caneul Btddrdinglie4ct i ans cand the |ike
according to a concatenated control sequence, and puts data into and out of
a menory 31G M5Get KECRANKT tonteptieal 306k tem AGt put mbhed opetidtd v up to

i nstructions atﬁ\d %ge li ke and to 20 receive various types of .signals,
connected to thE Kai ANEont FOPFRRA RS -are driving units and the |ike for

such meghani sns as the eyqr, arns, 239, 235, the bonding stage-232) the
bondi ng head 231, the sﬁ?gg' b%glee %310 tongnglyer i gl strﬁgi@sZQgFoft‘héiﬂeoader

and unl oader GRRveYyONS$22 3eordth i-nRge r Ltjon optical system
239, the reversal )F:{ead 2%9?2 ct?%ce dr aavt\-i@ngmt}@t 3523,@8?%% h?f’fré Fﬁ”?",‘f"sol hat

t hese nenber s aade tepertaichotheo Mondlihg= ndaBY 1she;HERailR ﬁgg%r llar 30h; 01
respectively. Mire specifically, the 18 January 2005 menber's connect ed
to the main. &EntYhs |Jre 30U omckhedecadibraviog sbagef 00, Uanands@ows apd
X-direction mgvenents of the conveyor arns 234, 235 and a vacuum suction
devi ce for théPSGEEFEACPal] 588 6fivAs APAss234hak3%hea beadinm deati a5 5
devicedor sughi Qg @f ttF‘e ircui(hw. board 279 by the bonding stage 232: a
Y-directi on novenent motor 4T GPOFAERT§ det g L Ponging digadctlSomavdnenent

motor, a Y-di geghion 8RNS, or nd shutter drjving its for
swi t ching of the upper- an%l@ o?/\v"/reﬂ'fi téf\‘gsq%‘finvi éW‘FD?H,/?]ﬁe lildﬁ'agias?‘é%%gﬁf‘ti on
10 optical sysnhem-@dfiohhforefiy ot el GhLckLBr HRY YAT ] ytphfra.ﬁ.1 f a, an
i mage recogni zi ng section 30" for capturing Phe m€1r§i inég)éjg%}z of %@ jq?% 241
for calibrati G4CkyPt Ré thagpigeZbgny ttlon myid 6l 5%),Ste@Mehas9 tas ijTg0e dat a
and nmaking the inmage data stored in the nenory 310; an inmage 15 processing
section 309 féFf pibcessity Ple theagwazams uisal by tihe | vEgH fEecagad zilng

secti 307 a red jn the nenory 310; a calculating section 311 for

cal cuﬁgti ng a%g'(%%%%%%ﬁ‘%%s tg}ﬁ 28GRt *RéL ®Ee A0t his siperanaridistewert ibhel ds

of view after ¢she.| c i by the i e processing 20 sect=on 309,
and then stori Eg Ez}illlgg% é’?iégng?gsg?‘t g&/}lvﬁt %c't &E‘%mﬂf%&rr&‘%f@? 251218y r §88Fon

novenent not otheamdyriand: SW fTOMRITERL L APLET + Ak m suyctiop, devi ce
for suction of the conmponent suction noggFegf Sre%tchgl%eﬁ?ggghe‘?d 23??eand a

vacuum sucti oRrdessses fup Swucthimn miidd1ecaliny JdedB t48nSb298c280s2! i S
not ed t hat thg_ot héar'dri vers are omtted in the figure.
ig. 4.

%

20 Next, the main ccntroller 101 issues an

instructicn for the shutter driving unit 105 to switch the

field of view of the image reccgnition optical system 19 to

the upper sice one, thereby switching the shutter from the

low i I i ] '
er side to the upper side as previously described.

25 Subseguently, the main controller 101 issues an instruction
fer the image recognizing section 1C7 to capture an image,
S0 that ar image of the marking 22 of the jig 21 sucked up

by the nozzle 15a of the bonding head i5 is captured by the



Wth respect to the el ectronic conponent nounting apparatus constructed as
descri bed above, its operation is 18 January 2005 38 now explained with
reference to Fig. 11. The follow ng operations are executed under the
Control of the main controller 301. First, (11) a feeding operation of the
el ectronic 5 component 223 (step 521 in Fig. 11l is execut &8.Jamhagy 2005
operation is detailed below. The |iftep4227 noves up or down so as to cone
to a specified height for drawing out the tray plate 226. Subsequently, the
tray plate 226 set in the storage nagazine 225 is clanped and drawn cut by
the 10 draw ng, unit 228. Subsequently, the position of the electronic
conponent 223 YiR%heleFegniftiare opsical clsysken by2,t hehuseatgiingonimayer a
230. Subsequen%)alea, based o%he posi tion checking results) the drawi ng unit
228 and the reVersal*Hehd IR edL &%- t hat SemEequsdtinoni ¢t 5 dwdponent
223 can be pi cksd t rev, | head 229, and .then the reversal head
229 noves down toﬂéﬁéll%)fupri?’&e el eszl[%rsoniacf1 coler%trfélr‘Ft%lf% ft§L’fbsetq nt1MA9& he

reversal head g2 dasingy £80tibnt e Ao (Bézeﬁ‘c;xinprlmﬁggeﬁ?xeggggraﬁpesg( that

direction to a position where the el ectronic conmpon 2 car.

delivered to e Howdiengrbeads2ad. sdisian the weqeential opSEaLi o, for_o
feeding the electronic conponent 223 with the reversal head 229 is carried

out, (12) a f&ddithg dFekdngoR2obft hbeciigull BeamdrRR4insdepdf2? §tordd.
=1), (23).a calibration oFer ation of 25 the inmage recognition optical
system 239 :st'dp 993 PRVFY. 198)  thNG (SEPrimgposh t Lowke r sbegmemioay dddr.ati on

of the circuitpRoar step, S24 in Fi 11) are also carried out, where
(12) the feeding Egr‘%%?%% ‘E’ﬁ Y%eé'blisr &ﬁ‘?%&é)ﬁdthelepﬁéﬁ%?@ ohotep SHo
(step S22) andn ¥3);.the calibration operation of the inage recognition
optical system 239 (step S23) are carried cut concurrently, and after both

operatl®ns have been compkejedtheld)mihe PRSnkirgR1EECOGMH L og Qgﬁé at iag),n of
the 5 circuit board 229 (step 529) is carried out. first, (1 f the feeding

operation of tH¢“Elcsipr Boarthe® X (il iS32 ket 16XPt a1 Nesl. d ey nfireC Wint
board 224 is first conveyed by the pair of |oader conveyors 23? fromthe
right of the @P&éFﬁgﬁ?ElﬁoﬁBé%En?mﬁﬁnﬁtbﬁgwappatHEUsppér and lower two
fields of view, i.e, offset amount, cf the image
reccgniticn optical system 1%, so that the calculating
15 section 111 calculates the cptical-axis shift amount by
performing calculations from the position 22-1 of the
marking 22 of the jig 21 and the positicn 22-2 of the
marking 22 of the jig 21 stored in the memory 110, storing
the calculated optical-axis shift amount into the memory
20 110. This operation is the optical-axis shift amount
calculating operation of step S5. This operaticn of step
S5 may be done after the operation cof retutning the jig 21
te the calibration stage 20 at step 5S4 as zhown in Fig. 4,
whereas the operation may also be done befsre the operaticn
25 of step 54. Otherwise, the steps 5S4 and S5 may be
performed simultaneocusly.

Next, thg main controller 101 reads the ¥- and Y-

coordinates stored in the memcry 112 to which the image

W



10 .-"ig. 8 to a position where the circuit board 224 can be picked up by
the conveyer arm 234. Subsequently, the conveyor arm 239 noves in the X
direction for pickup of the circuit board 224, and then noves down to suck
up and hold the circuit board 224 with the four suction pads 23'c, thus 15
pi cking up the circuit board 229. Subsequently, the convey®d Januap320Gves
in the X direction) and nmounts onto thgsbondi ng stage 232 the circuit board
224 sucked up and held by the suction pads 236. Also, if any circuit board
224 over the mounting of ail the electronic conponents 223 20 is-left on

t he bondi ng stag§ 23i,. the operations of conveying out the circa a board
224 to the pait® Gf dMrERdEPLLSAYePES P3RS Bhesildg behaaseay dyorw ari236 | S
concurrently [ cut, W t e feeding_ operation of the circuit board
224. During t%?gkggggéssa,n\q hie15§s sdea%aéﬂg'iﬁ‘gc‘? O% ob3F efNgt Tdviews gt i on

of the originigs the YynghkeClion ve Is_of the ball_ screw 340a
driven by the servo notor 340|.c> Né:)g? ﬁg%dﬁéé%%'l i bt itUrFtopetrrﬁ%i orés#® t he

i mge recogni treapgaptiesl cpysELM A3G LS ti1@p b | aj " 18 January
2005 40 The i mage recognit?on opticafﬁiﬁétg§?%59kﬁngég ?%é%ﬁ%?%f?ﬁ'rection
and/or the Y direction ¥exthatthenematyikicunt292 16k t1@® | irgaddl PRk Nepe
calibration stage 240 nounted on the slide. base 233 becones recogni zabl e
for the i mage™™PE¢odri% i OFe oprreardsyatense8ed | nnt hite pracess, 1ihe cgl | de
is located at the position of the

base 233, whi ¢h.dpes, nof need nmoyve,

origin of the @fg?rgggi aoﬂzﬁg%e%toéﬁhﬁ bengiagubedd yis tsheuithadee moved

L por for s e G e e SR hB s Fb A Sip D age e prg 2l
mount ed on théseaksbanat ies: i 4dr The HESQIPI '§?@3 | §;stored.in the
menory 310, and the position of the marking %4g9i§ﬂga cu gfee T8RS mage

procesdh ng sedbronf3obebhsnding héis 1Tmge whckid of-abdiuihAe MR Y1310 a
15 Subsequently) the inmage recognition optical system 239 withdraws

backwar d (obIFéﬁeP9ZEbﬁa?&aaﬂﬂ theyhewtichyg rhekidy.158 movasddbhantbhenhendi ng
head 23i nove 090§“ to pick ug the jig 291 by .suction. Subsequently, the

i mage recogni trohCoPtTRal SYBFEEIeY.s SR tBatel conthellewetosi deshiel d of

20 view, and grvessk e g ( iquely downward anti |eftward in Fig. By,
perforning the posft?gﬁggg%ogg#tﬁgﬁ(ﬂ°1%$%|ﬁ£Q5WQJQEﬁ?%ﬂgt%ﬂ?ﬁibog4loonce

again. The jigu?dlofs wnédesQ a peLvihousg, t ight),so.that the sane
mar ki ng 292 can be recognizegkg% ?ﬁeeggsbgét?geﬁyigpésgg }6?e&3325t£u5
Thereﬂgre) t hetppBing othe eswgiid ich e g @ar%bnﬂh%4%ogE1gh$5gigf2 na held
by the bonding head 231 is performed, and the réecognized inmage i S stored in
the menory 318°N%HeE f headtkr ke posi t retuphindie umy kija% 292 ignesl cppated
by 18 Janua;% 005 41 the image processing section 309 and stored I1n the
menory 310. SU Js’(zétﬁﬂset?ﬁqry,sf-ﬁ%ei ge rdugguensd yopttineal msitst e6n2381ler

wi t hdraws backyar hen the bgnding head 231 noves down to nount the
iig 241 onto t%% g%&?%?téﬁcﬁF%ﬁEﬂﬁilf@oF% the driver 104 for the nozzle

15a of the bonding head 15 to move up tc the coordinate

20 origin, so that the nozzle 15a of the bonding head 15 moves
Up to the coordinate origin. These processes are the
operation of step S4. ‘

Then, the main controller 101 iterates the
measurement of optical-axis shift amount of the steps S1 to

25 |

S3 until the number of times of measurement of cptical-axis

shift amount stored in the rnemory 113 is reached (step §6
in Fig. 4).

Then, based on the cptical-axis shift amounts



5 Then, based on the respective recognition results stored in the nmenory
310, an optical-axis shift anmount (offset anpbunt) between the fields of
view of the imge recognition optical system 239 is determ ned by the

cal culating section 311. This is described in detail with reference to Fig.
10. 10 Fig. 10 represents a position of the marking 2Q of 18Ranuay 2005
captured by the image recognition optiggl system 239, where 243 represents
a position of the marking resulting fromrecognizing an i mage of the
marking 242 with the lower field of view, and 249 represents a position of
15 the marking resulting fromrecognizing an i mage of the marking 292 with
the upper fi elmk£fund®wndDsgbaBaesn XehéentA Pabeeen st BRoNRY ki ngr 243 And
the marking 249 in this case represent an optical -axis shift anmount (offset
amount) bet ween mémn | vakbre fo Rl thef opt byw BrukithesHipperanfdeltd afo Weew 2y of
the image receg;ition.optipal system 239. This optical axis shift anount
woul d subt |y Vety @abilbratian oteudetaseined dioyt o orelofultaid rigvegect ion
recognition optj.cal stgn\iSQ,or the |ike caused by effects oz changes in
t he environnen ]fbﬁﬁﬁ? Par8¥aR3uhd e el ectroni ¢ conmponent 25 nounti ng

apparatygs. Unl ess the optd cal-ax-s i.ft,ano stored i e nory, 310 O
t he elegtronic conponenf%nnﬁktiég a%%graﬁﬁs ?gécoég%%f%d?liﬂerqEWbuﬂH“%ccur
a shift in thendBE¥UHdndehtPQst t by Ieshong ng. t he. change.. J ary
2005 42 Therefore, in or dgar%tgﬁg]r'gé\zrent anyggﬁ??tgg'%m?%egﬁo nt'ifr?diln%gsi 1 on,
the optical - axitereshi 6t aseenttinriwestd t bRafi ehds Wheti-eVi it 01 8 i M ifie
menory 3i 0 of the el ectronic conponent nounting apparatus is updated by the
cal i bration 5 Tsmedorvalneist age @x2)lutkd, f eenieag epkuat oHnoptidthb-atircuit
board 224 (ste j?aﬁZ) nor (13) the calibration operation of the image
recogni tion op{}l anerRhs 239 (WEFISIeA el r 858t emaindagbarea 28324 0 be

s T e’ posi TAR DR SRR HIE VERFe ot MRAERE paige and
Therefore, (12pnd helg@&dilrig‘&pe_r&tajsql?egf tha (&l eyt iqjq’aarlqd2,24 a(n%t er{_@eZZ)

and (13) the calibration operation of tae inage recognition’optical system

239 (step S23)rexarl didgl onddm| eaRd eds Cpeerentd Yehd ONENSEy YRBN Jshepe
conveyor arms 239, 235 are noved in the X direction, any force is applied
to a base 299 &flibmatdloackesnilt, chmoonettie mptritdang a&ppasBifis asuA®© for
accel eration and/or deceleration of the speeds of the 20 conveyer arnms 234,
235, so that Vivridgaddenousar I tandithicine eheot pohi covenpement edowaihieng

apparatgs. Khan, this. ocgurs, the hondi head 231 and the calibration stage
290 ar %yal so %r%r%%fztd By TheA éPFoﬁggoPpPﬁE‘W% BT GS5hi B Mshdisent

mounti ng appar@ddiSioherl i nij.J o] ing, 242 of the
jig 291 is perfor m%g gtr ?ﬁ?ié‘f??‘%a%gfggtghe‘;a{l%ge%\%lﬁl gt{%l lr]era},qr'kerees Il"tnfaﬁg qftn

| overed preci stesenemyethecogei he Lyl Jaeieehar gsb@nes £d-P1 B 5 QY of
t he neasurenent of the optical-axis shift anount between the s 18 January

2005 43' as an optical-axis shift amount for calibration use.
Otherwise, in the case where a threshold value
20 for variations in the optical-axis shift amount is set in
the memory 113, difference; between the measured values are
calculated by subtracting one measured value from the other
measured values, and if the difference Letween a measured
value and any of the other measured Values, results beycnd
25 the threshold value, a mean value of the measured values is
determined, excluding the .aforementioned measured value,
and the determined mean value is stored in the memory 110

as an optical-axis shift amount for calibration use.



upper field of view and the lower field of view, as an issue. This being
the case, in this enbodinent,' it is controlled that, under the control of
the control section 400, the conveyor arnms 234, 235 start to nove in the X
5 direction after the conpletion of the inmage recognition of the marking
242 of the jig 241 with the lower field of view in the cal 18:danuary 2005
operation, and the inmage recognition of7the marking 292 of thejig 24Z with
the upper .field of viewis perforned after the conpletion of the novenent
of the 10 conveyor arms 239, 235 in the X direction. In addition) the
conpl eti on of each operg&ion can be confirned by) as an exanple, outputting
a conpl etion signal frofmfRe #péPaetondenpisttdddeiizette exelmmion of

controller 30i.,af tige. of the conpletion of the operation, and then by
the main 15 con r(‘S'Hﬂ%rr 3814 I’%‘ﬁ%ﬁ/]i’ﬁb“t FEASYESAeV R bR gind . wisfhaut thhe

conpl etion confdttRly &% 22 +§ o] riving the next -driving unit may be
outputted fromthe 1glni n goﬁ?’f%?ﬁé%éﬁig%%" t%gmﬁ%&tv %Ny Prica ix gy
chart show ng shich amoQResal s Ofet SrrsiHRM Fr3mFLY3 ¢ ad SafddSt,
while a the 20 pickup of the circuit boaré ?ZEQ%yt?%gm%%ér}ggeﬁ/%%aa]T% %9
23S or Yhe corvieyobpaica Pakiiss gietfor aRguats st QRcSHhe ket BEmSALE t,.% , the
i mage recognitiqn of the marking 292 of the jig 241 with the lower tield of
view i s perforifed®attSsBEpred3inSthecnyemnry yl1has eart heptd i r-ecdiisosnaFeenent

of 25 the con arns is.perfornmed at: step S57., the pickup of the jig
241 by the bo\égeéﬁéthgﬁﬁ ‘Eﬁjlﬂ?’éa%‘é?rf &Sfed at step S54. These operations of

step 55i and step S59 dgypot ssarily need to be perfornmed concurrently,
but doing so 18 Januar%/ gbo@?%g ?ﬁ:e pt eerrab‘?é %ige s (& F&C998dtderonsi n

t he nmounti ng tsiete {nSuheegaedt vhi h t] circuit board
224 onto the bonding stage 23 y%lyjl\?rfg% on&é%ygé}rl%g%%%%%eﬁé’r fpoerrr"ﬂt%J T step
552, a0 the sswptinmepsipets nege fev ewagairt hent ohas hes f@f{dﬂgg%ﬂ%%%- el he
jig 241 with the‘upﬁr field of viewis perforned at step S I'na (?ition,
a lateral arr&R3iPokireght Stepeftl amdesS3t he Biepss SHd and SR urnh 8 12
i mply that thg gperati on é)f step S51 is perforned after the conpletion of
both the oper af'forrMi9e10P5t BRe SBGT.ARSt B2 oper bheodigl a3t.ep Bhed, Aean, a

| ateral arrowg,bsgayl o rjight under the steps 55| and 559 in Fig. 12
inply that the Opg%atgfn%?l oas{’g‘br%%srl“# ShATGrmeRsarfet i endarsdngl é2i of of

Fur Cher mor 6, Che. Oper ati o e e el Ty D G LY o1 § oWEoSe AFFee pre

Furthernore, the operation may be ei m-as
conpl ét5 on of dehermimee, reeeg@btiﬁ@lfi GRE MRk i 24 g LA | Qa%?\% with
both | ower and upper fields of view for the calibration operation, 8
conveyor arm £32 Stared im tievmemoryh@lX 29 ohé gsddianionsAlen the_ s o¢
conpl eti on of Bhe Xﬁgi_recti on novenent of the conveyor arm 234, the inmage
recogni tion of "Eh@ETEiRENG 299f ofhehd ijgi R 94ndi tsethad ovelcdistsl ehevi ew
is started. Ip ?99511039 thﬁq.%grrpl etion of each operation can be confirmed
by, as an exanple - outpittPRGLE HNES ohedwean giikie ffoeddtie of view,
oper ation- conpkghest fgyi£€ to the main centroller 301 at the tine o the
conpl etion of the operation, and then by the nmain controller 301 receiving
the' c8pl etion signal . WsT the CREILRIERN GETELRIERLOkne 3833D43LY 2005
component 13 onto the circuit board 16 is perform=d. This

operation is described below.

First, in order that the image recognition

optical system 19 is enabled to check the position of the

25 circuit board 16 on the bonding stage 17 mounted on the

s5lide base 18, the slide base 18 and the image recognition

optical system 19 are moved under the control of the main

controller 101. For this process, feature points for



a signal for driving the next driving unit may be outputted fromthe main
controller 301 to the driving unit. Next, (14) the position recognition
operation of the circuit board 229 (step S24 in Fig. 11) is explained. 5
First, in order that the inage recognition optical system 239 is enabled to
check the position of the circuit board 224 on the bondi ng18tlapeans2005
nounted on the slide base 233, the sligg base 233 and the inmage recognition
optical system 239 are noved. For this process, a feature point (e.g., a 10
recognition mark such as x mark) for position-checking is previously marked
in the circuit board 224. Subsequently, the field of view of the .inmage
recognition omdscalicsyshenk2’dy ase ddkdEdnt @hltheil-ewer sbgles wWoere the
position recognition of the circuit board 224 nounted on the bonding 15
stage 232 is perfornmed. Nakter byheheonphetdbnobf théeméid) coor {dB)er 101,
operations, i.e., gperations_of steps S21 to S24, (15) a bondi ng operation
(step S25 in ﬁ}i@% 1481G Chefiey nell. thei smagrr ne¢edn i &lax pt it el betsvem
First, the boqgin%theqq %Sé 0 noves in the X direction, and perforns the
pi ckup of the “&l éct FSME"E W%Sﬁ@nf'h%ﬁ%‘ifcl?é&euﬁot Shendovey et sds. HEwE229.
Next, téie bondi i 231 ] ed to Qsi tign. re the position of the
sucked el ect rgﬂrﬁég %%%&%gnfbgggmééﬁo%eo%ﬁ%&é:&rﬁfflﬁgof’ ge® 'MeElhid on
optical systemh23%ondingoBedgeent!ys gdierdMmge recognition optical system
239 al so noves for the position checking of the el ectronic conponent 223.
Subsequently, the fiel dNektyi eaftdr t hhei nEield epagdi t1DN 20t | €AE SiridM 239
is switched to the upper 46 18 January 2005 side, end the position
recogni tion of*¥WE"EteChr oRPE iedhpotititterp23 9 s ager f vowed byot hepe aelied
recognition o tgg%kiﬁxste 239. Then, based on the position recognition
resul't of the electronirc EBRpoRBRITYIB FERGPLtasnt hefpokiei i ertronic
recognigion r thes ciceult board 4 in (14). the pagsition |
recogm?i on og:gwgioin%&toff% hgﬁciuér%:eui ?r%barzl 2239 épﬁr)éﬁr@?ﬂ) ShoSEi gmpage

correction of rekeghaRdoRdcpeads 23dyang, tike slide base 233 is perforned; and
t he bondi ng head 231 noves down to nount the el ectronic conmponent 223 onto

the 10 circuit board 228exfs deseri hek alb@N@in%Cﬁéédi NG tehd higesaqangd
enbodi ment, the slide base 233 is |ocated at the position of the origin so

that the cali (e8¢ of stzRyenxaay i adast aireck bt abalee pr acaim iandre dgss ulfe o, he
slide base 23 irléhe 15 e] ectronic conponent nounting apparatus) which is
a region that Wl IPHS BhsPet LPh@wssvelawiy- ta anak- and apiskat bpnghef t he

CirCUiﬂsboardea%%trgﬂ&Eng?%??ﬂ%§§g$ngg&P%E%6§%:i?it board. Therefore, it

beconmes possible to pérf fon of the imge

recognition optical 20 gygtem 233 d%kh@gn%heh%%%peﬁﬁsoffﬁgplg enment  of
[ t d

circuit boards, so that any extension o he, nount i 'ng ®t o FHEC

cal i bration opecagndniofi t&pt @il calystest enocagr-be géédd Nated %ctirﬂtedsuch
extension of the nounting rine can be suppressed. 25 As shown ove,
accordi ng to PRE1SAEBENt ardvamei dieldhed thewciofcuite biomigd irsedwjrd thynt he
circuitboard hol ding device)_the calibration stage on which the jig for use
of calibratioﬁpﬁﬁcﬁgesyﬁﬁﬁ% Fechyrivitemedptpche dpper side, performing

20 the position recognition of the electronic cemponent 13
sucked up tc the bonding head 15. Then, by taking into |
consideration the image recognition results of the circuit
board 16 and the electroniec component 13 as well as the
calibration result of the image recogniticn optical system

25 18, i.e., the optical-axis shift amount for calibration use,

the position correction betweeﬁ the circuit board 16 and

the electronic compcrent 13 is performed, and after this,

the bonding head 15 moves down to mount the electronic



18 January 2005 47 systemis to be nounted is placed at a position which is
a region outside the conveying-in and -out region for the circuit board and
which allows an inage of the jig to be recognized by the i mage recognition
optical system Wth 5 this and other arrangenents, the position
recognition for calibration by the image recognition optichd Jepsarr2Gld
performed. Thus it becones possible .2®erformthe calibration operation of
the i mage recognition optical systemduring the process of replacenent of
c=rcuit boards, 10 so that any extension of the nounting tinme due to the

calibration op I of, ot he i e recognition optical systemcan be
reduced. Alt ho‘ﬁ%ﬁ%ﬁ%e%tpr]gsgﬂf;oi "én‘fl'r’bﬁ?%?"@é@n 1Pyl |y described in
connection with the preferr jments 15 thereof with reference to the
acconpanyi ng dr awi ngs, it iggfgpgg run%} vﬁhatangfgbgqchﬁhgeghhﬁd first
nmodi fi cati ons emedipRatentimdasufeesarsSkid | ege Lt,: Sugh .changes and
nodi fi cations are to be understood as incIu%egp&??ﬁ?ng¥hg %@&%& o%hqqé}
present invent{dhfses dufdured byetweerappeandEde28s Clogi npi 4l €8S chey: fepar t

t herefrom 18 Janyary 2005 48 WHAT IS CLAIMED |'S: 1. A conponent nounting
appar at Us comm%QﬁQﬁit¥8“cﬁﬁﬁéﬁéhtShéFQMng9ana cenfeymed deviceplwralialydi ng
5 and conveyi a. ohent and for_ nounting the conponent onto a circuit
board; a circul ‘b%gerrgg Lbﬁ*dﬁgngglfe\ﬁ"éébfr@r’llﬁél Fregatherei medi 8 buzasiireah

i mage recogni ty0m0Pk! st for performng 10 position recognition:of
the circuit boar &leus%%gégtﬁ,r st Tl efaﬂgﬁg- ViR gﬁﬁ%ﬁdpe?’%ﬁﬂﬁ? nPHodins on

recogni tion ofpliura16RFPERCREa s dikrd S@G0RdELEl g, 0f, Vi the first field
of vi ew bei ng di_ffereﬁ t han ﬁfeé}%en?gn ‘i:f iger%ggf 9379%% %ﬁ\(ljhb%ﬁ?l “fqaeslut}?dof
view bei ng i nefedessi ig a wsedDRas MGe GHHIWRE -4Ridevisegreand A, cant 1ol
sectigf for calibrating said inmage recognition optical system by

det er %ing a CIPERSEPBNLSPE | cBhusxi BhEhe f thamdagtedr bor eFget-he ogompnent ,
bei ng nountedhg .the circuiit board, and for controlling said 20 conponent

t.Q
hol di ng and coﬁ\?’é\i)‘/'rlﬁa PFCLE19Rd Xai e nhge Rdcdgni sippregdsdal osysttam

cali brated usi : - L b kon_optical -axi.s shjft _amount so as to nount
t he conponentO%%#ggghggéér%§#¥9b83$ﬁ?tsg?ﬁw%%%tFB? dareronidei Ageéderdbl e

to determ ne thewcahhlr afAON (P LRl @ ‘i’lg.%f LoRMOUN, DY che image
reccgnition optical system 1¢ cén be determined with high
15 precision so that any shift of the mounting position of the
electronic component 13 relative to the circuit beard 16
can be suppressed,

In this first ehbodiment, after a position
recegnition operation of the marking 22 of the jig 21 on
20 the calibrgtion stage 20 is performed at step S1, another
pesition recognitien operation of the marking 22 of the jig
21 sucked up by the nozzle 15a of the bonding head 15 is
performed art steps $2 and 53. However, it is also possible
thaz, conversely, after the operation of steps S2 and S3 is

25 performed, the operation of step 81 is performed.
As  shown abcve, according to the present
invention, the ‘optical-axis éhift amount {zffset amount)

between the fields cof view of the image recogrition optical



25 repeatedly conparing a circuit board calibration position recognized by
said i mage recognition optical systemusing the first field of view and a
conponent calibration position recognized by said i nage recognition optical
system using the second field of view so as to obtain a plurality of 30
optical -axis shift anounts and then by cal cul ating the cal l8xanuary 2005
optical -axis shift anount using the plggality of optical-axis shift
anounts. 4 18 January 2005 49 2. The apparatus of claim1, wherein said
control section is operable to conpare the circuit board calibration
position recogni zed by said i nage recognition optical systemb5 using the
first field of S¥$%&&h add tdesexunipederto cal iginataldrypost t it@RekECQGHH ZEeFeRY
said i mge reclg%niéi on optical sxstem using the second field of view so as
to obtain at |e53%9 tHt ddPRtdsR1arkss sift aamaunts, edndheopiakall ey eof he

calibration opgi -axis_shifi amgunt by: 10 excluding an upper-1limt
optical -axis EH@?S[ a%lunrflg%%ﬁr%“q r 3 MRt iGFl-@misaxshi & famogndunfof r om

the at |east tddedotifsel gaxi s.Shfit..amounts;.if a plurality of shift
anounts remain after exc uﬁgﬁfhgeﬁﬁﬁgﬁwpm tfod:pt?% R sbéhitfatkléﬁmmt

and the3l over Ihedn Mvh108t igFal treds ghLHLs amoudl,s then deternining the . -
cal i bration optical-axis shift anount byscal culati ng alderreéir:l]eva eﬁ%e@f e

plurality of reffeaa mef sthef thandlints praedsiérnobkyrpee;shi ih é@Pé'ﬂ%ir’iﬁ{@i ns
af ter excl udi the upper-limt optical-axis shift anount. and the
lower-limt 2 t | BRHLECRL~aX4Ri f shifpummouriten fadet eadiibiragithe ead i bration

optical -axis | nt .as thg one mai ni ng shift amount. 3. The

appar at us_of (S:&fug&rﬁ %,_\L/%nerl_gi"n nga c _sred:l $EX3n i(9psperbbreis 0 Foifrare
Fecogni t1on opt o svaraeeforie PRRHTNS Fiatd 5F vitw ana T womonent
cal i brii on pasidd o RCENIARY BY $&kLd i e ition optical system

using the second field of view so as Folg‘gpgi rl{[ag?gﬁg'a%{mt?ﬁ ‘ECEbJpﬁ ML s

shift amounts,camde daaminatevibe B0geabidspiign aptigal aﬁﬁl ssl-ﬁ't It
amount by: excluding outer-limt optical-axis shift amounts Tromthe 5
| east three opticOMRkiggshpsitiemioft 53 curpoeientaBedstele to the member

onto which the component should be mounted can be
suppressed. ' ,
Furthermore, in this first embodiment, when the
Plurality of times of measurement of the optical-axis shift |
amount is performed only once, for exXample, before the
start of the mounting operation, there are some cases where
some distortion occurs te the holding porticn cf the image
20 recegnition optical system due to changes in the room
temperature or heat generation inside the apparatus during
the mounting operation, causing the inclination of the
optical axis to change, so0 that the mounting position of
the component is shifted as a malfunction. Accordingly, to
25 pPrevent this occurrence, it is preferable that, after the
saift optical-axis shift amount is measured once as
describad above, a similar'.measurement is done after an

elapse of another specified time, for example, two hours,



18 January 2005 50 Iimt optical-axis shift anmount is defined as any shift
anount that differs fromany remaining of the at |east three optical-axis
shift amounts by nore khan a predeterm ned threshold val ue; and 5
determining the calibration optical-axis shift anount by. calculating a
mean val ue of .the remaining shift anounts after excl udi ngl18njano@re200% ni t
optical -axis shift amounts. 9. The appddatus of claim1,' wherein said
control section 10 is operable to repeatedly performa conpari son process
to determine the plurality of optical-axis shift anobunts, wherein during
each conparison process, said inmage recognition optical systemis operable
to repeatedly pendoam pessét Ol gRkEk of . the cigrcuit board calibration
15 position using the first f?glgﬁgfeb%%§€%o§%.stahiéitﬁ?%“%Fp%ﬁraP¢@99®f

circuit board che#dd @i ameporiabueBmbARIESsyANd IS operable to repeatedly
perform position recognition of the conponent calibration position using
the second field of viewTddsadstexphptnedt mord Wicdldriey eQf QQHHOPS%$3C t

calibration 20 ﬁpsition i,mages, said control section being operabfe %o °
determine the cifi BPSCRSACBpt PEalmatitanghi £he amelentt tyii ccoBABbAGRE NE; 3

plurality of ciggcuid hy |ibratjiqn pesition imges and the plurality of
conponent cal i brat dntgg%seﬁ't icto i dcANUrtde diridey heessh Ifbripard sorved

process so 25 aso tspadilMidd ‘Rl i of opti.gcal -axis shift anounts; and
cal cul ating the calibrationﬁgﬁ?ﬁégﬁgéxﬁées%ffﬁ ArodRVessideynt fe Fiekalug y

of opti cal - axi sthehifltecamonits cofBo hesagparaLus,. lain' 1, wherein
said control sectionis o erablegtgeggtg?nsghéﬁélﬁfg$i?§‘0P§%ﬁﬁ?Qﬁﬂn§%Mrs
shift. anountSQR?rQﬁ@btbgl9ndo¢m&Hsmﬁddmh§§écggtmgqgn% aitd d nggrg 2005
51 calibration(gpsition recogni zed by said i mage recognitlon opti f syst em
usi ng the first“Fr8PdFBRL b i nmhEathacsmtiogethecal E6F b o0 d%ﬁr?;i&ﬂe‘?ig 13
ield

recogniged b s O e.recognjtion optical systemusing the secon
of v?eﬁ?ﬁt SySS@gnge gClﬁﬁ“?ﬂtbP@é@s? GiSApéb%@mmﬂdu rﬁiiuéqm@n&ﬂgar&bgs
conprising: a epepRnsst +hal di canveyi ng. devi ce for hol ding and
gonvgying_g conponenieggfdf P%iigﬁ?iﬁglﬁﬁé(: _ }?QEF%nlﬁfarbErd?hge
oard, said comwgongnit bPei SONVEY e_having a calibration
stage; a circuit board hol ding devitce orfﬂéﬁ%¥%% ?%esﬂFgcﬁiPoﬁééiﬂﬂ as
to bring a feature point such as a recognition marck on the

circuit board 16 into the field‘of view, performing image
15 recognition of the feature point by the image recogniziné
section 107. Next, for checking the position of the
electronic comwponent 13, the image recognition optical
System 1% moves to such a position as to bring the feature
point such as a recogniticn mark on  the electronic

20 i
componert 13 into the fjield of view, rerfecrming image

tecognition of the feature pcint by the image recognizing
secti | Lt

ction 107. Then, positicn correction betweer the cilrcuit
bo '

ard 16 and the electronic component: 13 is performed based

on the image recognition results of the circuit board 16

25 j |
and the electronic component 13 and the latest calibration

r K ! ] []
esult of the image recognition optical system 1§ which are

stored in the memory 113. After that, the head 5 moves

d .
awn to mount the electronic' component 13 orto the circuit




an image recognition -optical systemfor repeatedly 15 recognizing a first
position of a marking on a jig using a first field of view while. holding
the jig on said calibration stage, and for repeatedly recognizing a second
position of the marking on the jig using a second field of view while

hol ding the jig on said conponent hol ding and 20 conveyi ng 18slant@ry £A65
first field of view being different th@2 the second field of view and both
fields of view being i mged using a cormon i mage capture device; and a
control section for calibrating said - inmage recognition optical system by
determining a calibration 25 optical-axis shift amount prix r to the
conponent beindxﬁﬁﬁhﬂéh onto the circuit board, and for controlling said
conponent hol di ng and conveyi ng device and said i nage recognition optical
system cal i brat ed using 5ﬁe(ﬁQQWnaiabqvepthﬂﬂcﬁmﬁﬁgsm{$ aRpygt spas to
nount the conpgm&ghi%gtﬁ 30.the circuit board, said control section belng
operabl e to determ ne the Be; Rt o paraRictdvins diniifity artouing 1 &yt ronic
repeat edly conpamcegehlenkbi ositian repeatedly 18 January 2005 52
recogniagd by sa?% iﬁagemrgégg% téﬁﬁ?%ﬂﬁqquﬁs Helerpasergby hen fameintf ice d
of view-and thheffseandbposiéh onciepestsd] v Jgecognized by said inmage
recognition optical systemusing the secon f?igrgbofOQie %o eLECPrdisrai n
a plurality of “Smgpneoal image xbtbynatpswt sid@dahfeprby gakgulating the
calibration oph%cal-axis|shift amount as the nean va]gefg% hg%pW&gglﬁpy of
optical -axis shi'ft &ibfits-PIardrhemagear abusgaf tebai M e WHRELIL SR 4 mROe
10 recognitionu?ﬁnggl.sy temis operable to performa recognition process
by recogni zi ng. the frrif IS Yot h@tmdnkenyads ofiea g e dd remehi | e
hol di ng the jigoonegak al J | on stage and then by recognizing the
second position of theg%r%’r kévg%a%aﬁ”t%e F?gaoﬁ%s‘ﬂ-% ViR | TeOUTS] idiongokhttibe jig
on sai dOdconponefit thel dilegtapdico Lng device, and said | nmage recognition
opti cal systen1§eing operablelt08¥§ %ﬁ?nghglfgcgaﬁ?figﬂ ﬁFbéggg gvenuidl ity
of tinmes so asthe iepkinedion rerog dihe f i, ithon and the second
position of the jig. 20 8. The appargﬁts.of gﬁg%nﬁg% HER rﬁ-?ﬁPﬁuFﬁaﬁg
recogni tion op??cﬁchygﬁ@ﬂni@fopésemwtﬁdﬁ)E@C@EQiKSl&Pﬁ%fbéﬁEigﬁs£fiﬁﬁ of
t he marki ng oniéhe jig a plurality of times while holdihg'the jig, o faid
calibration stage) and FHHUR e86ARLesyéeens aont Pasidrigers of the FBEAI Ng
on the jig a piémﬁggéeﬁ f JQ Eestmhile holding the jig on said conponent
hol di ng and conveyi ng device '§8 a9°P8rfepntictiide edegnripparabastir st
positi ®h and the second yaesi tix@n Af :1.9.. .30 9. The apparatus of claim
6, wherein said i mage recognitioﬁﬂgﬁ#gggﬁcsﬁgpgﬁFFEtOESPQEFQQtéppécmgmﬁze

the first posiatdbmethadeoirotie NBr&ferd 18] didh o 35! éggr:aereent from the

foregoing description, the offset amount between the fields

o . . e .
f view of the lmage recognition optical system is measured

at regular time intervals, the correction of the image

2 s
0 recognition results of the electronic comperent and the

circui i
Cult board is made based on the measurement results.

Thu it i i ' hi
8, 1t becomes possible to achieve a position cecrrecrtion

free from any distortion of <he helding portion of the

1Mmageé recognition optical system during the elesctronic

28 com ]
Ponent mounting operation, so that  the electronic

c ‘s .
omponent .can be mounted witn high precision even upon

ocC J
currence cf changes :in the Ioom temperature or heat

generation inside the apparatus.




18 January 2005 53 times while holding the jig on said calibration stage,
and is operable to recognize the second position of the marking on the jig
at least three tinmes while holding the j.ig on said conponent. hol ding and
conveyi ng device, whereby said 5 control section obtains at |east three
optical -axis shift amounts, said control section being operl@olanuasy 2005
calculate the calibration optical -axis3ghift anmount by: excludi hg an
upper-limt optical-axis shift anpbunt and a lower-limt optical-axis shift
anount fromthe at |east 10 three optical-axis shift anounts; if a

plurality of shift armug{s remain after excluding the upper-limt
optical -axis shift amourit®*StdPEREYr onerlertroDpEi cakomrpsasthi f t maunUDhg

t hen determ ni | L brati ptical -axis shift amount by calculating a
mean 15 val ue glfgp% %tlg uérug{’i {"ﬁgg?‘gr BTEPRPADS shPf @ oTRAANG: @EbRE iMerdn| 9t one
shift amount reR@i peegdier 1 S¥& M e er-lymit optical-axis shift

amount and the | owgr?l i%@tiopt |%’$mg§<’|§£ %%?%lbﬁﬁ)tﬁﬁth t FerP RS n i Bleg t he

cal i bration opach@cai‘paigiis:gcﬂirtauigggynt as the one remaining shift amount. 20
10. The apparatus of claim6, wherein said inage recognition optical system

i s operable to recogni z&ighe §itst Posétsputtofvd hei dRr KieNG PNt DE. $4,9; at

| east three tinmes while holding the jig on said calibration stage, and 25

i s operabl e toc“TRYYHIz &AL 156 canDe posis iam af exaepler kENghoncéMsod ik at

| east three tigms Wid e. ol ding the jig on said conmponent hol ding and
conveyi ng devi ce, e,vg%@r eﬁasraﬁt&%c:onte?ﬁﬁ' stcifoft BISTSPRStAVE| Masw WOff eehe
optical -axis sdidde aBunt S 13824 iGNt LSl section being operable to
calculate 30 the calibratioﬁ'ogtﬁggl-éﬁigﬁghi}Ta%%DJﬁ%°H$9té9&|ﬁﬁ§kfal
outer-limt omystam apirpvildelit agourhe fL9 least three optical -axis
shift anounts, wherein an 18 January ZOgEEgﬁng%teff$é%ﬁthmnW%§ﬂ=¥%as
shift afount iaPR¥efEtNSd as any shift anount that differs fromany renaining
of the at least three optical-axis shift anounts by nore than a

predet ermi ned t hreshol dR¢&fEBin@NILS deter m & ngréfer«ald brafndedy 223
optical -axi s QQ#%&e%nDunt Qy cal cyl ating a nean val ue of the renaining
shift anounts atrer exel ufifFtaRPi6ut SITRINHNt ,opaE can avikamphif toAMaYRL S.

component, which is mounted on a ecircuit board 224 as an
eéxample of a member to which the compeonent should be
15 mountecd. Reference numeral 225 denotes a storage magazine,
in which a plurality of tray plates 226 are set up, where a
plurality of electronic components 223 prier to the
mounting to the circuit koard 224 are stored on the tray
plates 226. Reference numéral 227 denotes a lifter, which
20 performs lifting and lowering operaticns of the storage
magazine 225. Reference numeral 228 denotes a dfawing unit
having functions of moving forward and backward in a Y
directien and clamping the Lray plates 226, thus performing
a drawing opera*tion of a4 tray plate 226 to the storage
25 magazine 225, Reference numeral 229 is 2 reversal head
having a function of moving up and down, and enabled to
pick up the electronic compodent 223 on the tray platé 226

by vacuum suction. Also, the reversal head 229 has a



11. A conponent nounting apparatus conprising: 10 a conponent hol di ng and
conveyi ng device for holding and conveyi ng a conponent and for nounting the
conponent onto a circuit board; a circuit board hol ding device for hol ding
the circuit board; 15 an image recognition optical systemfor performng
position recognition of the circuit board using a first fi diSJarfuary @a0&nd
for perform ng position recognition of 3dhe conponent using a second field
of view, the first field of view being different than the second field of
view and both 20 fields of view being imaged using a comopn i nmage capture
device; and a control section for calibrating said i mage recognition
optical systerhBFtdorecsi mougng tal &rbr}atdm&ﬁtdnc?ter%éhﬁiéﬁ%i Agoyll prior
to the conponent bei,ng 25 nounted onto .the circuit board, and for

control ling s&'deEoH8netid hbetnggaantursoniceyi off devheéagandai thi gROG,
recogni tion opfi.cal ;gystemcalibrated using the calibration optical-axis
shift amount so as to rount®tHEtThpsHBEREEHNtZP X hderdtesi t2 boershn Saidh
control secti @amaeisng able t Q determnpe the calibration optical-axis
shift gﬁrmunt by coﬁﬁarh?lﬁg:ﬁ‘amcalesr cétji ?UBSBHP cﬁEi E}"ﬁF?‘bﬂgpéﬁet iRsrs ftdoogrifzed
by sai & i mage thecoghedt ghiePt & St €Bb YSi first fjeld 18 January
2005 55 of view and a conponenfﬁ%%libra??gnc%gsﬁggo%rﬁéb 9%d289 S

i mage recogni #hérhopriveal isythemyisd Ngddiensacd el A ] e BWe, Said
control sectiﬁg being further operable to calibrate sai& |nage,re53§ﬁ9tion
optical systeRfiifled2Phe Beférente momsrhl 23eiduhdtelsd DboraiitC gyl bghoar d
hol di ng devic?.n %2. Tpe apparatus of claim 11, further conpri'sing a

cal i bration sfdg&”fBF-§uppot tFMPangritg hodivgl abdatomve pfnd Qessi b, i age
recogni tion opki SySt aad for noving the jig such that the jig can be
recogni zed byggg?gh?ngégﬁggﬁggnPPWOHgoﬁiré&PCE?QBeﬁﬂfs@Pﬂimmaga refeoghi ti on
opti cdl0 syst edibetpgop Jecogni ze a positio f the jig supported
on said cali brat_im(j)n stgggé@gélseft de?:té'??lc%?t E‘gt‘ﬁ? 42 %’écpi “t 1% Po SNt Bn; and
sai d conponen&ifiofidimgdanecthivy epé PlesiNd: i erahl € tQ hold the jig
for calibration of said inmage re%og%if?%$£§$$?%§?‘§€s gg]Snéﬁf “ro 783t he
jig such t hata‘t“ﬁeb?i-@g cemalbked etomgmicz}ed;;by;}&aiéig%irce%glgbf‘gg? QEEi cal
20 system saig.inqﬂg recognition optical system being operable to d
recogni ze a pB3t¢F offDPadte Juckedens pdshe Id conprnentetalsdiingeandz s,
conveyi ng devfﬁﬁna§ t he_conponent calibration position. 25 13. The
apparatus of claim ff PRET eI H safECcid4ili Fybotaehuml dizngideviacsl | oEéndes a
slideibase, saheh<ciald braki O being located at -an end edge of said
slide base so as to davgimcni 0 ls‘%"’tr uc%ilr?g t’ﬁ’@p‘c}‘i"?‘&ﬁi 2 %J0aPat Rhade heictutui t
board board 224.

Reference numerzl 232 denctes a bonding stage, as
an example of a circuit-board hclding device, which sucks

up and holds the circuit board 224, Then, thke bonding

20 ‘stage 232 is fixed on a slide base 233. The slide base 233
has a function of being able to move in the Y direction
under the guide of guide members 341, 341 Sy rotationally
driving a ball screw 340a with a servo moror 24§ shown in
Fig. 14. Reference numsrals 234, 235 denote conveyor arms,

25

®ach as an example of 3 ¢circuit-board corveying device,
which are equipped with four suction paas 236 at the tip of

each of
the conveyor arms 234, 235{ and which have a

functi i
tion of meving up and down_and 2 functicn of moving in



S is conveyed. 30 14. The apparatus of claim1l1l, further conprising a
calibration stage for supporting a jig for calibration of 18 January 2005
56 said image recognition optical systemand for noving the jig such that
the jig can be held by said conponent hol ding and conveyi ng device) said

i mage recognition optical system being operable to recogni Z8 Jamasy 20066 of
the jig supported 5 on said calibratiomggstage as the circuit board
calibration position; and said conmponent hol di ng and conveyi ng devi ce bei ng
operable to hold the jig for calibration of said i mage recognition optical
systemand to nove the jig such that the 10 jig can be recognized by said

i mage recognitité® Spdicaictipat enThéat fpi : 4 on,.optical s m
bei ng operable to recognize a positionpo tkﬁgfﬁiﬁﬁij%i§%F€?|QT éﬁﬂ%gﬁght
hol ding and cofY&PPHENde¥Ee stwurhe iaonpoaentigisld,br Ahk0N, POSiAd -3 15-
The appar at us g& chain111, further conprising a circuit board conveying
devi ce for m)vinﬁ‘l A& EPréGFtQG@JPHPIWﬁémeEﬁdsaidheonbhobysechkgnzbq ig

operable to pr aljibratjon of said image recognition optical system
when sai d circgp?egsab%gr u%%n%@y?ﬁ% TRATEE The mlaqyg t heagidr Q2idt, bbake.

16. The Sappar ahdg @feedl aidn f h onpr.i sin circuit board conveying
device for noving the circdkﬁﬁgbg%% g d%a At ot tgg dex agenveyosapgaiti ng

a jig for caliBiaki obheofodd sacdibABEgdEe69gNLEIO tical system, wherein
sai d control section is operable to:gsinul?gngggsﬁgggo troF ig?dC&FFéaFt

board conveyi ngP#8¥i c#2ndrdai d thengeonenagnidd ophhcal .such. t hat
said circuit board conveyin2§device pi cks up tﬁgacircuit 3%¥%%§gg’mhgpg

sai d imge recogh TYOh dfki €3P i§sepabpedf bonsraneger r eROQRI QD Obohhg ji 0

supported on sgp4l ﬁfé&gﬁaéﬁoghgtgggéingJggiﬁguggg 5305 gZir of unloader

10 conveyors 238 with four sucrion pads.

Reference  numeral 239  denctes  an image
fecognition optical system; which can recognize the
position of the circuit beard 224 lqcated below the image
recognition optical system 239 and the position of the

15 electronic comgonent 223  located zbove the image
recogniticn optical-system 539 through the switcﬁing of the
field of view, Also, the image recognition optical system
239 is movable in both X and Y directions by turning a ball
Screw 361 with rotation of an X-direction movement motor

20 360 shown in Fig. 15, and by turning a ball screw 371 with
rotation of a Y-direction movement motor hidden below in
Fig. 15, respectively, Reference numeral 240 denofes a
calibration stage, which is mounted on the slide base 233.
The calibration stage 240 is moved inteqgrally by the Y-

25 direction movement of the slide base 233 during the feed of

the circuit board, sq_that a jig 241 for use of calibration

of the image recognition optical system is located to an

image-recognizable position for the image recegnition



thereafter, control said circuit board conveying device so as to nove said
circuit board conveying device toward said circuit board hol di ng device,
and control said conponent hol ding and conveyi ng device so as to pick up
the 5 jig; and thereafter, sinultaneously control said circuit board
conveyi ng device and said i nage recognition optical systemigSubdnuama084i d
circuit board conveying device nounts t&3ge circuit board onto said circuit
board hol ding device while 10 said i nmage recognition optical system
perfornms image recognition of the jig held by said conponent hol ding
device. 17. A conponent nounting apparatus conprising: 15 a conponent

hol di ng and cétRfefitdy ¥skiese 239r hBedidgs anthe oox Byt fax fort GRSt AN f or
nounting the GaRonent ontg a circuit board, said conponent holding and
conveyi ng devi ce aviHFHaddyi Bvathiivh Yrdigectd oo moviemebsard Holedi sigidievi ce

for holding t | [5G oard; .an_.image recognition optical systemfor
recogni zi ng allf%isgstﬁlgotsdlu[%l 8% g?‘eafﬁﬁ?kgﬁgtt’)ﬁ El?‘i:ﬁl’hs?%f% f§Q sthefly dihe of

vi ew whi | e hol{di e fhl i d ' jon_stage, and for recognizing a
second positi 3%92?2%%&%?&;%%93%&” f%gh}s?gg@\t'zdin ugfnggs SEEATd FF AT o e\?v
whi | e hol di ng oplté cjailg systeni d390aROoNeRL+«BQ! dhng B8R GODYEW 1 vige, the
first field of view being different than the secgng ??e%%?%&gaﬁﬁﬁéé%ﬁ?nboth
fields of vie#k%eith§ Pangédgubéad 28icomon i-nage capture device; and 30 a
control section for cal {brating said i mage recognition optical system by
determning a calibrati0f*®p¥+eal taxFdashi%t treouhtg p2dbrmadet be earpenent
being 18 Januar upted anto the circuit board, and for

control ling saig %8%%§§%§$oﬁg?ﬂi¢hfz%ﬂfgﬁbﬁVEQHﬁ@tHGQi@E¢%ﬁﬁﬂsﬁ¥SIQmW§Qé
recognition opki m_.¢ad ihnat ing the l.i bration optical -a

shi ftg Iarrlnunt Etgl ggbtkg}ﬂ?r%%nta ?jhg]%clgrrg)g]n;l:ﬁe oo q:fc.t I c,‘T’arIA rtatgé’l&r &,tas)ézz
contrdl0 secti @dChei Agseperaklag Kigqdeyer Epe ; cali bration optical-axis
shi ft amount by conparing the firgt posifﬁoﬁh% 803%4%§§H%§°Ea%5 ﬂﬁ&&@é
recogni ti on opti dakesysteporrsiory dthe e {3ty biseld of view and the second
position recogni zed by said imge recognition 10 optical systemusing the
second field of view sova51Q%s obBParatites calfi brtad | eleaptinnt - Donposlhft
anount. 18. nt._mounti ng nmet hod conprising: repeatedly recogni zing
a first posi ﬁ“gﬁHg@‘g %%?ﬁ‘?r}:guso%rlescgnjtif@liﬁ?obgha £IMGml fieeitdono#00i ew
using an i magerH ££ 085 d 4 oNn i.cal stemt enerate first position inmages
while the jigis held by&a écgaqtﬁ%?’aﬁﬁgh ?f’aagf"g? P A ¥uix3 bddr §9PBRHEG
devi cé5f or howdthg a cimaguni t Reakdsicepeapedl y,necogni zi ng a second,
position of the marking 20 on t he jié th?ggghmglggco EiPPng SPeYRENWTsI ng
the image recb@yhtrioniond, cabatyslemag J¢A8Eafer S§cHNd Jpasi tion i es
while the jig is held by a conponent Hglding and conveyﬁﬁg déﬁr%e Egge
hol di ng a conpSRRFEiRREY o qrmeatengteHecennpohesiquihce,ClaneUplicBoasds t he
first field o; g&eE/%S being different_than the second field of view and
both fields of "V eW Befhy FhedetetRihg31% cdiororthienagénc apnurelileyi 261

to output the operation instructicns and the like and to

20 i i :
recelve various types cf signals, connectad to the main

centrcller 301 are driving units and the like for such

mechanisms as the conveyor arms 234, 235, the bonding stage
%

232, the bonding head 231, the slide base 233, the
calibration stage 240,
25 237, 238,

the loader and unloader conveyors
the image recogniticn optical system 239, the

reversal head 229, the drawing unit 228, the lifter 227, so

that these members are operation-controlled by the main

controller 301, respectively. More specifically, the



determining a plurality of optical-axis shift anbunts between the first

position and the second position using the 30 first position imges and the
second position imges;

18 January 2005 59 calculating a calibration

optical -axis shift anobunt as a nmean value of the determned plurality of

optical -axis shift amounts;
systemusing 5 the calculated calibratiggn optical -axis shift anount;

calibrating the inmage recognitil@Jamtarg 2005
and

nounting the conponent onto the circuit board using the calibrated inage
recognition optical system 19. The nethod of claim 18, wherein said
repeatedly 10 recogni zing the first position of the marking and said

r epeat edl y recmgmbefﬂgcbhﬁe&@é@nﬂdﬂﬁﬂéiﬂ@i&fcﬁh€ﬁ§§¥5kn%d¥”q%éfﬁﬁéz

perform ng a recognition process by recognizing t

I rst position of Fhe

mar ki ng on t hedfiginmeunivefoni bp-dhdhabweh ngrnd hR-fi feOPidhencabibrad i 9P

stage and then E% recogni zi ng the second position of the marking on the jig
one tine whil e*ABI
devi ce, and repﬁgpég

The net hod of

01 "t he mar ki ng. Soner i ok DR Ve SHni e U F| POR-BoePti B Bher RGONARi ng.

S‘P‘hbel(‘ffg 3 5Tep (ﬂﬁﬁfhéiﬁom@n@nwanuhdi sgcandncdaveyengor
Sal rec 1ti_on
¢l aj m‘%%l,‘%v\ﬁ&d%i %ggaP& FBge%l’c’%‘Hl%ﬂ“rve@ééﬁi 2 NgcehB Bhetion

of the marking conprises: 25 recognizing tl ] . .
on the jig a pstagei2y2ofa tyr@isradtiiles MRdhBHct NELhEI£9P %Qghgg%ggL %%gn
e on

stage; and after said recognizing of the first position o

the jig a plurdd3iyanfXtdimsct rec ogiviezieny Wo€o2) $e¢0AYBES|bihORGD
marking on the jig a plurality of tines while holding the jig on't

Fate

conponent hol dMtPEmd 288nvalyd e tiediréwing Mhitanuficy 208tching of the

10

15

20

upper-and-lower fields of view for the image recsgniticn
optical system 23%; the memory 310 for storing various-
types o©f data; an image¢'recognizing sectioh 307 for
capturing the marking 242 of the jig 241 for calibration by
the image recognition opticgl system 239 as image data and
making the image data stored in the memory 310; an image
processing section 309 for precessing the image captured by
the image recognizing section 307 and stored in the memory
310; a calculating section 311 for calculating an optical-
axis shift amount between the upper-and-~lcwer fields of
view after the image prccessing by.the image processing

section 309, and then storing calculation results into the

memory 310; an X-direction movement motor, an up-and-down

movement motor, and a vacuum suction device for suction of
the component suction nozzle for the becnding head 231; and
4 vacuum suction device for suction of the calibration
stage 240. It is noted that the other driQers are omitted
in the figure.

With respect to the electronic ccmponent mounting

apparatus constructed as described above, its operation is

rocess_a plurality of tinmes. 20 20.



60 21. The nmethod of claim, 18, wherein said repeatedly recognizing the
first position of the marking and said repeatedly recognizing the second
position of the marking 5 conprises recognizing the first position of the
marking on the jig at least three tinmes while holding the jig on the

cal i bration stage and recogni zing the second position of tH& Januamg0sd t he
jig at least three tinmes while holding38he jig on the conponent hol di ng and
conveyi ng devi ce, whereby 10 at |east three optical-axis shift anmounts are
determ ned, said calculating of the calibration optical-axis . shift anmount
conprising: excluding an upper-limt optical-axis shift ampunt and a
lower-limt optdwaéxpxasnsdi fteRMURE EROD the Al, | east 15t hrge. .
optical -axis shift amounts; if a pl urgl ity o? s%'igf't g?}bunﬁ‘sher eﬁ%?%owajfr{ger
excl udi ng t he apgFat-lonsi t appt isaicuasts shddt aWBUNEoRRELT N fl opgE | iy ity
optical-axis shift anmount, then determ ning the calibration optical-axis
shi ft anount ﬁﬁﬂﬁﬂqééﬁétﬁﬁé-a mean 20 value of the plurality of remaining
shift amounts; and if only one §hift amount remains after excluding the
upper-limt optical -axi §28RFft (ahbuntfeardrshepeoneioni of t t'onte bedtmdis
shift agount, th .erygning the calibration gptical-axis shift amount as
t he one renaiﬁ%ﬁ%gggﬁ%T %%%uh?FeQSSgg. Hhet W@t hdd'ofi%| g¥AFUBedwheTdils sai d
repeatedly reepgraziind tihe ddd st LOosidiQN ofpthe narking,and said
repeatedl y recognizi ng the second pogﬁfidn onﬁfﬁggkﬁﬁjg%?c%ﬁﬁ??SEE or
recogni zi ng tWewhi rsst gostéi oomef tbhe mpekiRde@Nnd9ghle bird @@l Jifastkhr ee
tinmes while holding the jig on the calibration stagg and Eeco&ﬁﬁ??nguﬁhe
second positi &f€ofCH3e Rt P 6n tSwbseiqgeatlypashet hrae bilges ahisl et
hol di ng t he i18fﬁanugr 2005 61 jig on the conponent holding and conveying
devi ce, said cal cOfaf Héa%? PEFA LAY 28t ilencdpubedl ani $ravni fautayunhe
conprig ng: exeluding guter-l.imt optical -axis shift amounts fromsS the

det er mi ned opt %%agngi gmétﬁi f%‘ggjnoung S SHEELY s ant Bat eRP$ HE tomptafcalthexi s
shift amount ksedetibned as i£5-amoupt that ditffers_from any remaining
of the optical-axis shift gﬁgﬁ% € 6%3ngﬁegﬁﬁahrﬁpriﬂEFe?ﬁﬁné& eESREI d
val ue; and 1Obgeternireicagnibecsabiheal i P8 OPtd BRlaA%LS 1SN nt

cal cul ating a nean value of the remaining shi#%ﬁ%ﬁgéh?éféf%é?ggggpuﬁsﬁg any
outer-linmt opPFéRtcBxicheskiihy amsuwits, Xhe TheawBidhodnot odxai M8, +wherein
sai d repeatedlé 15 rgcognizing the first position of the marking and said
repeat edl y relByRf3ifng £Redsetdhd IoRi thawedof sche uratki ngrecomlieicsesnic
repeatigdly re 4 fi.rst position and repeatedly recognizing the
second positigﬁggéﬁéggc??seﬁapi iRl by the reversal head 229,

and then the reversal head 229 moves down to pick up the

electronic component 223. Subsequently, the revarsal head

22% turns 180° in the A direction \and moves in the X

direction to a position whers the electronic component 223
20 can be delivered to the bonding head 231.

While the sequential operation for feeding the
electronic compenent 223 with the reversa. head 229 is
carried out, (12) a feeding operation 0f the circuit beard
224 (step S22 in Fig. 1), (13} a calibration gperation of

25 the image recognition optical system 239 (step S23 in Fig.
11}, and .(14) a position recognition operation of the
circeit board 224 (szep S24 in Fig. 11) are also carried

out, where (12} the feeding opération ¢f the circuit board



20 29. A conponent nounting nmethod conprising: sinultaneously holding a
circuit board using a circuit board hol di ng device and'recogni zing a
conponent calibration position of a conponent to be held by a component
hol di ng 25 and conveyi ng device through a first field of view by using an
i mage recognition optical system recognizing a circuit bod8daralanp28bdon
position of a circuit board to be held3gy a circuit board hol ding device
t hrough a second field of view by using the inmage 30 recognition optical
system the first field of view being different than the second field of
view and both fields of view being imaged using a conmon i nmage capture
device; 18 Fefuat3ceob2aR dederiBhi nhea cadlibiraatiban pRiratabnadss ol ft
anmount by conparing the conmponent calibration position and the circuit
board cal i br ati"§¥SpGEFPEBAL 6B PBkkrd hFtsten 28de (stepghRd) onreptd cried

system usi ng he jbration optical-axis shift anmount; and nounting the
component on t uté: cf:ggél"fr%%ﬁfﬁ' udndy Fﬁéeéalb%fbt@eirﬁﬁg\@ﬂﬁecbgﬁetib}&'en

optical system e ho f clai,m24, further conprising noving a 10
*Romplerddt T8NO4nY dosllogn &R IRABR CRErieni ©fh i's

calibration jig supporfe a ca

hel d byt he cidgieuhiitbsasdshep gi W58 §UcC the.jig can be
recogni zed by the i mge recogniggg%?og??ca% g?%?%%? %@“26. The met hod of

claim24, further coner$rag,nDMihgtﬁecﬁé@&ﬁﬁﬁi??bﬂgﬂidﬂuggngggiiyké%-t
i ion s i rcui i's y I reul
calibration agg mhqn the circuit board hel d by the circuit oar&
hol di ng devi c&98GEh 4at(Stiee jS23)cdr hexpieliceky t Maecaipengnt teeld e 4and
conveyi ng devE%eTi%Q+27. The gethodhof claim 24, wherein said recognizing
of a conponent “caliBra i ¥ ob*@n iR r z OLE @I'C oar
f a conponent “cal T5rafPBXPBSi BY of@nkr Sai @ rkewsimt sanyefors @7 fitorboar d
calibration pQ%btk?BhtSoPOEhé“%fé%ﬁ?%%i@h%gmkgﬁegkrﬁéﬁﬁtfﬁﬁ”ﬁ%ﬁéié?ﬂiegf 25
i0 Fig. 8 to a position where the circuit beard 224 can be
picked up by the conveycy arm 234, Subsequently, the
conveyor arm 234 mcves in the X direction for pickup of the
circuit board 224, and then moves dewn to suck up and hold
the circuit board 224 with the four suction pads 23¢, thus
15 picking up the circuit board 224. Subsequently, the
conveyor arm 234 moves in the X direction, and mounts onts
the bonding stage 232 the circuit board 224 sucked up and
held by the suction pads 236. Also, if any circuit board
224 over the mounting of all the electfcni components 223
20 is left on the bending stags 232, thé cperation of
cenveying out the circuit board 224 to the pair of unlecader
conveyors 238 by using the conveyor arm 235 is concurrently
carried cut with the feeding operation of the circuit board
224. During this process, the slide base 233 is located at
25 the positicn of the origin cn the Y-direction movement axis
of the ball screw 340a driven by the servo mortor 340.

) 4 "
Next, (13) the calibration operatiocn of the image

recegnition optical system 239 (step 523) is explained.



28. The nmethod of claim 27, further conprising: sinmultaneously picking up
the circuit board using a circuit board conveying device while performng
i mge recognition of a calibration jig supported on a calibration 30 stage
using the inmage recognition optical systemto determ ne the circuit board
cal i bration position; 18 January 2005 63 thereafter, novil@garvarg200ai t
board conveyi ng device toward the circyQt board hol di ng device, - and pi cki ng
up the calibration jig using the conponent hol ding and conveyi ng devi ce;
and 5 thereafter, simultaneously nounting the circuit board onto the
circuit board holding device using the. circuit board conveying device

whi | e performi§ | #aRee r ceoganition obptheatakiybtani @19 irgohed diRy thie x
conponent hol dj.ng device using the inmage recognition optical systemto

det er mi ne tkma4&%%5§ﬁﬁ6néﬁ9165lF%?aXiQquﬂiiqﬂ 6©9. that the marking 242 of

J NOZI N =1 Nad NN RES) RFF KPR/ 2085 don ' dcage 240 mounted on the

/ NZ/ N Now/ N/ N, 41N / I No 54 N , JVENS/ NIV NVNON, / NV NN
/N N N I\ItW/ N/ mﬁ%“'ié?“é{‘% wxl\hn%]%f }%Ww%%%w%w for’ the ' imdge

{val gb] X] ca] calecapnaf¢ahcapeotan] opd el cadxal eal el sap£ad e calpal saldcal ca
] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] cal w LDEI J .

zl m } xsni d_Z] FeaPc&%a] odlical cidesa]roat] codet] £a] nayepl €8] eakaakaalealgal cal ¢
aJca] ca] ca]ca chca]ca]ca]ca]ca]ca]ca!:*8HL<!A&n&o&'A(H(),,,g-.//OABCBU83c9
s9x9=} xsni d_z}PF FFdaPc Sic dfha] evd a4 caf cahea]ealicakt abeareakeehta)adlscal ca]

I ====X @y @aaaaaz AdABBCCLCNCCFDEE- E. E E

SEEEEEFFH) xon COFASHEAT caf Ok] QAPQR] CATEA] a1 A) AT oo bapvaFea) eaPoako] ca
i LFl F Fj GkGEEGEEHHHHHHal bl [ 111 J

!JEﬁL&ﬁL&ﬁL&ﬂ%ﬁ%{aﬁ%E]alqegé]c%léf%%f%%%%ga%t]] acisgc:\é‘j SH7c & 1RIRER HTSa] 4] ca] ¢
"a] ca]dd] ca] c@]osa]mahcaieb@]gmksiehcaiﬂakﬁ@%%]k@fﬂgcaé4\{’1 1,5/]% bHIOCPPn
Q QLRORRTTUMWMWAWMXNX0XAZBZc Z} xsni d_Z] ] ca] ca] ca] ca] €a] ca] ca] ca] ca] cafcal ca] ca]
_c]a} ]ca] ca] ca] caPvaFed] oa] ta¢ ced bitlradina] caloal eabea)l Tivd oAl @RfriiZald k] W o]
J

is stored in the memory 310, and the position of the
marking 242 is calculated. by the imé@e processing section
305 based on this image and stored in the memory 310.
15 Subsequently, the image recegnition optical system 239
withdraws backward (ocbliguely upward and rightward in Fig.
8), and then the bending head 231 moves down to pick up the
jig 241 by suction, Subseduently, the image recognition
optical system 239 is switched to the vpper-side field of
20 view, and moves forward {obliquély downward and leftward in
Fig. §), performing the position recognition of the marking
242 of the jig 241 once again. The jig 241 is made of
glass and pervious to light, so that the same marking 242
can be recognized by the respective fields of view.
25 Therefore, the pcsition reccgnition of the marking 242 of
the jig 241 helq by the bonding head 231 is performed, and
the recognized image is stored in the memory 310, and

further the position of the marking 242 is calculated by
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or the 1like caused by effects of changes in the

environmental temperature around the electronic component

25 mounting apparatus. Unless the optical-axis shift amount

stored in- the memory 310 of the electronic component
mounting apparatus is corrected, there would occur a shift

in the mounting position corresponding tc the change.
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' ()-2zXJ<8!'! Therefore, in order to prevent_any shift of the mounting
position, the optical-axis shift amount between the fields
of view stored in the memory 310 of the electronic
component mounting apparatus is updated by the calibration
5 operation.

Neither (12) the feeding cperation of the circuit
board 224 (step S22) no» {13) the calibration operation of
the image recognition optical sf;tem 235  (step S23)
requires the slide base 233 to be moved, and both

10 operations can be implemented while the slide base 233 is
in the position of the origin on the Y-direction movement
axis, Therefore, (12) the feeding operation of the ¢circuit
board 224 {step 522) and (15) the calibration operation of
the image recognition optical system 239 (step $23) can be

15 implemented concurrently,

Hovwever, when the conveyor arms 234, 235 are
moved in the X direction, any force is applied to a base
239 of the electrcnic component mouﬁting apparatus due to
acceleration and/or deceleration of the speeds of the

20 CCnveycr arms 234, 235, so. that vibrations occur to the
whole electronic component mounting apparatus. Whan this
occurs, the bonding head 231 and.the calibration stage 240
are also vibrated by the vibrations ¢f the whole electronic
component mounting apparatus. If the image recognition of

25 the marking 242 of the Jig 241 is performed st this timing,
the image.would bluyr, resulting in lowered precision of

image recognition and therefore lowered Frecision of the

measurement of the optical-axis shift amount between the
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centrolled that, under the control of the centrol section
400, cthe conveyor arms 234, 235 start to move in the X
5 direction after the completion of the image recognition of
the marking 242 of the jig 241 with the lower field of view
in the calibration operation, and the image reccgnition of
the marking 242 of the Jig 241 with the upper field of view
is pe*forned after the completlon of the movement of the
10 conveycr arms 234, 235 in the x‘direction. In addition,
the completion of each operation can be ccnfirmed by, as an
example, outputting a ccmpletion signal from the operation-
completed device to the main centroller 301 at the time of
the completion of the operation, and then by the main
15 centroller 391 receiving the compietion signal. After the
cemrletion confirmetion, a signal for driving the nex*
drivirg unit may be cutputted from the main controller 301 ~
to the next driving unit. =& flow chart showing such an _
operation is shown in Fig. .12. That is, first, while the
20 pickup of the circuit board 224 by the conveyor arms 234,
235 or the conveyor arm 234 is performed at step S50, at
the same time, the image recognition of the marking 242 of
the Jjig 241 with the lower field of view is performed at
step 553, Subsequently, while fhe X direction movement of
25 the conveyor arms is performed at step S51, the pickup of
the jig 241 by the bonding head 231 is performed at step
S34. These operations of step S$5i and step 554 do not

necessarily need to be performed concurrently, but deing so
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5 recognition of the  marking 242 of the jig 241 wizh  the
upper field of view is performed at step 855. In addition,
a lateral arrow from right to left under the steps 553 and
850 in Fig. 12 imply that the operation of step S$51 is
performed after the completion of both the cperation cof

10 step 850 and the operation of step S53. Alse, a lateral
arrow from left to rightAunder the steps SS1 and 854 in Fig.
12 imply that the operation of step S55 is perfcrmed after
the completion of beth the operation of step S51 and the
operation of step $54.

15 Furthermore, the operaticn may be either @ or @
as follows. @ After the completion of the image
recognition of the marking 242 of the jig 241 with both
lower and upper fields of wview ~for the calibration
operation, the conveyor arm 234 starts to move in the X

20 direction, @ After the completion of the X direction
movement of the conveyor arm 234, the image recognition of
the marking 242 of the jig 241 with the lcower field of view
is started. 1In addition, the completion of each operation
can be confirmed by, as an éxample, outputting & completicn

25 signal from tHe 6peration-completed devizce to the main
coentrecller 301 at the time of thé completion of the
cperation, and then Py the main controller 301 receiving

the completion signal. After the ccmpletion confirmation,
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Next, (14) the position recogniticn operatlon of
the circuit board 224 (step 824 in Fig. 11) is explained.
5 First, in order that the image recognition optical system
239 is enabled to check the position of the circuit board
224 on the bondihg stage 232 mounted on the slide base 233,
the slide base 233 and the image recognition optical system
239 are moved. For this process, a feature point (e.g., a
10 recognition mark such as x mark] for pesition-checking is
previously marked in the circuit board 224. Subsequently,
the field of view of the image recodgnition optical system
239 is switched ‘to tne lower side, where the position
recognition of the circuit board 224 mounted on the bonding |
15 stage 232 is performed.
After the completion of the (11} to (14)
operations, i.e., operations of steps 821 tc S24, (15) a
. bonding operation (step S25 in Fig. 1l) is performed. This
operaticn is explained below. First, the bonding head 231
20 moves in the X direction, and performs the pickup of the
electronic component 223 sucked up to the reversal head 229,
Next, the bonding head 231 is moved to a position where
the position of the sucked electronic cemponent 223 can be
checked by the image " recognition optical system 239,
25 Concurrently, the image recognition optical system 239 also
moves for the position checking of the electronic componeﬁt
223. Subseqguently, the field of view of the image

recognition optical system 239 is switched to the upper
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side, and the position recognition of the electronic
component 223 is performed by fhe image recognition optical
system 239. Then, based on the position recognition result
of the electronic component 223 as well as the position
5 recognition result of the ciréuit board 224 in (14) the
positicn recognition operation of the circuit board 224
(step 524), position correction of the bonding head 231 and
the slide base 233 is performed, and the bonding head 231
moves down to mount the electronic cormporient 223 onto the
10 circuit board 224, |
As described above, according to this second
embodiment, the slide base 233 is located at the position
of the origin so that the calibration stage 240 is located
at a deep-side end edge of the slide base 233 in the
15 electronic component moeunting apparatus, which is a region
that will not obstruct the conveying-in and -out operations
of the circuit board 224, during the feeding of the circuit
board. Therefore, it becomes possible to perform the
calibration operation of 'the image recognition optical
20 system 239 during the process of replacement cf circuit
boards, so that any extension of the.mounting time due to
the calibration operation. of . the oprical system can be
eliminated or that such extension cf the mounting timelcan
be suppressed. - ;.
25 As  shown above, éccording to the present
invention, when the circuit board is held by the circuit-
board holding device, the calibration stage on which the

jig for use of calibration of the image recognition optical
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system is to be mounted is placed at a position which is a
region outside the conveying-in and -out reglon for the
c¢ircuit board and which allows an image of the Zig to be
rescognized by the image recognition cptical system. With
5 this and other arrangements, the position recognition for
calibration by the image recogrition optical system is
performed. Thu&, it Lecomes possible +to perform the
calibration operation of the image recogniticn cptical
System during the process of replacement of circuit boards,
10 so that any extension of the mounting time due to the
calibration operation of the image recognition optical

system can be reduced.
Although the present invention has been fully
described in connection with the referred embodiments
15 thereof with reference tc the accempanying drawings, it is
to ke noted that various changes and mcdifications are
apparent tc those skilled in. the art. Such changes and
modifications are to be understood as included within the

scope of the present invention as defined by the appended

20 claims unless they depart therefrom.
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WHAT IS CLAIMED IS:

1. A component mounting apparatus comprising:
a component holding and conveying device for holding
5 and conveying a component and for mounting the component

onto a circuit board;

a clrcuit board holding device for holding the circuit
board;

an limage recognition optical system for performing

10 position recognition of the circuit board using a first
field of view and for performing position recognition of the
component using a secohd field'of view, the first field of
view being different than the second field of view and both
fields of view being imaged using a common image capture

15 device; and | .

a control section for _calibrating said image
recognition optical system by determining a calibration
optical-axis shift amount prior to the compecnent being
mounted onto the circuit board, and for controlling said

20 component holding and conveying. device and said image
recognition optical system calibrated using the calibration
optical-axis shift amount so as to mount the component onto
the circuit board, said control section being operable to
determine the calibration optical-axis shift amount by

25 repeatedly comparing a circuit board calibration position
recognized by said image recognition optical system using
the first field of view and a component calibration position
recognized by said image recognitién optical system using
the second field of view so as to obtain a plurality of

30 optical-axis shift amounts and then by calculating the

calibration optical-axis shift amount using the plurality of

optical-axis shift amounts.
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2. The apparatus of claim 1, wherein said control section

is operable to compare the circuit board calibration
position recognized by said image recognition optical system

5 wusing the first field of view ahd the component calibration
position recognized by said image recognition optical system
using the second field of view so as to obtain at least
three optical-axis shift amounts, and to calculate the
calibration optical-axis shift amount by:

10 excluding an upper-limit optical-axis shift amount and
a lower-limit optical-axis shift amount from the at least
three optical-axis shift amounts; |

it a plurality of shift amounts remain after excluding
the upper-limit optical-axis shift amount and the lower-

15 limit optical-axis shift amount, then determining the
calibration optical-axis shift amount by calculating a mean
value of the plurality of remaining shift amounts; and

if only oneAshift amount remains after excluding the
upper-limit optical-axis shift amount. and the lower-limit

20 optical-axis shift amount, then determining the calibration

optical-axis shift amount as the one remaining shift amount.

3. The apparatus of claim 1, wherein said control section
is operable to compare the circuit board calibration
25 position recognized by said image recognition optical system
using the first field of view and the component calibration
position recognized by said image'recognition optical system
using the second field of view so as to obtain at least
three optical-axis shift amounts, and to calcﬁlate the

30 calibration optical-axis shift amount by:
excluding outer-limit optical;axis shift amounts from the

at least three optical-axis shift amounts, wherein an outer-
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optical-axis shift amounts by more than a predetermined
threshold value; and _
5 determining the calibration optical-axis shift amount by .
calculating a mean value of° the remaining shift amounts

after excluding any outer-limit optical-axis shift amounts.

4, The apparatus of claim 1, wherein said control section
10 is operable to repeatedly perform a comparison process to
determine the plurality of optical-axis shift amounts,
wherein during each comparison process, said image
recognition optical system is dperable to repeatedly perform
pesition recognition of the circuit board calibration
15 position using the first field of view so as to capture a
plurality of circuit board calibration pesition images, and
is operable to repeatedly perform position recognition of
the component calibration position using the second field of
view so as to capture a plurality of component calibration
20 position images, said control section being operable to
determine the calibration optical-axis shift amount by:
comparing the plurality of circuit board calibration
position images and the plurality of component calibration
position images captured during each comparison process so
25 as to obtain the plurality of optical-axis shift amounts;
and
calculating the Calibrafion optical-axis shift amount
using the plurality of optical-axis shift amounts.
N
30 5. The apparatus of claim 1, wherein said control section
is operable to obtain the plurality of optical~axis shift.

amounts by repeatedly comparing the circuit beard
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calibration position recognized by said image recognition
optical system using the fifst field of wview and the
component calibration position recognized by said image
recognition optical system using the second field of view at

5 specified time intervals.

0. A component mounting apparatus comprising:
a component holding and conveying device for holding
and conveying a component and for mounting the component
10 onto a circuit board, said component holding and conveying
device having a calibration stage;
a circuit board holding device for holding the circuit
board;
an lmage recognition -optical s&stem for repeatedly
15 recognizing a first position of a marking on a jig using a
first field of view while holding the 3Jjig on  said
calibration stage, and for repeatedly recognizing a second
position of the marking on the jig using a second field of
view while holding the jig on said component holding and
20 conveying device, the first field of view being different
than the second field of view and both fields of view being
imaged using a common image capture device; and
a control section for calibrating salid - image
recognition optical system by determining a calibration
25 optical-axis shift amount prior to "the component being
mounted onto the circuit board, and for controlling said
component holding and conveying device and said image
recognition optical system calibrated using the calibration
optical-axis shift amount so as to mount the component onto
30 the circuit board, said control section being operable to
determine the calibration optical-axis shift amount by

repeatedly comparing the first. position repeatedly
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recognized by said image recognition optical system using
the first field of view and the second position repeatedly
recognized by said image recognition optical system using
the second field of view so as to obtain a plurality of
5 optical-axis shift amounts and ‘then by calculating the
calibration optical-axis shift amount as the mean value of

the plurality of optical-axis shift amounts.

7. The apparatus of claim 6, .wherein said image
10 recognition optical system is operable to perform a
recognition process by recognizing the first positicn of the
marking on the jig one time while holding the jig on said
calibration stage and then by recognizing the second
position of the marking on the jig one time while holding
15 the jig on said component holding and conveying device, and
said image recognition optical system being operable to
repeat the recognition process a plurality of times so as to
repeatedly recognize the first position and the second
position of the jig.
20
8. The apparatus of claim 6, wherein said image
recognition optical system is operable to recognize the
first position of the marking on the jig a plurality of
times while holding the jig on said ¢&alibration stage and
25 then recognize the second position of the marking on the jig
a plurality of times while holding the jig on said component
holding and conveyingldeviceVSO as to repeatedly recognize

the first position and the second position of the jig.

30 9. The apparatus of claim 6, wherein said image
recognition optical system is operable to recognize the

first position of the marking on the jig at least three
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is operable to recognize the second position of the marking
on the jig at least three times while holding the jig on
said component holding and conveying device, whereby said
5 control section obtains at least three optical-axis shift
amounts, said control section being operable to calculate
the calibration optical-axis shift amount by:
excluding an upper-limit optical-axis shift amount and
a lower-limit optical-axis éhift amount from the at least
100 three optical-axis shift amounts;
if a plurality of shift amounts remain after excluding
the upper-limit optical-axis shift amount and the lower-
limit optical-axis shift amount, then determining the
calibration optical-axis shift amount by calculating a mean
15 value of the plurality of remaining.shift amounts; and
if only one shift amount rémains after excluding the
upper-limit optical—axis shift amount and the lqwer—limit
optical-axis shift amount, then determining the calibration
optical-axis shift amount as the one remaining shift amount.
20 |
10. The apparatus of claim o, wherein said image
recognition optical system is operable to recognize the
first position of the marking on the jig at least three
times while holding the jig on said calibration stage, and
25 is operable to recognize the second position of the marking
on the jig at least three times while holding the jig on
said component holding and conveying device, whereby said
control section obtains at least three optical-axis shift
amounts, said control section being operable to calculate
30 the calibration optical-axis shift amount by:
excluding outer-limit optical-axis shift amounts from

the at least three optical-axis shift amounts, wherein an
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ocuter-limit optical-axis shift amount is defined as any
shift amount that differs from ény remaining of the at least
three optical-axis shift amounts by more than a
predetermined threshold value; and -

5 determining the calibration optical-axis shift amount
by calculating a mean value of the remaining shift amounts

after excluding any outer-limit optical-axis shift amounts.

11. A component mounting apparatus comprising:

10 a component holding and conveying device for holding
and conveying a component and for mounting the component
onto a circuit board;

a circuit board holding device for holding the circuit
board;

15 an 1image recognition optical system for performing
position recognition of the- circuit board using a first
field of view and for performing position recognition of the
component using a second field of view, the first field of
view being different than the second field of view and both

20 fields of view being imaged using a common image capture .
device; and

a control section for calibrating said image
recognition optical system by determining a calibration
optical-axis shift amount prior to the compenent being

25 mounted onto the circuit board, and for controlling said
component holding and conveying device and said image
recognition optical system calibrated using the calibration
optical-axis shift amount so as to mount the component onto
the circuit board, said control section being operable to

30 determine the «calibration optical-axis shift amount by
comparing a circuit board calibration position recognized by

said image recognition optical system using the first field
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of view and a component calibration position recognized by
said image recognition optical system using the seccnd field
of view, said control section being further operable to
calibrate said image recognition optical system when the

5 circuit board is being held by said circuit board holding

device.

12. The apparatus of claim. 11, further comprising a
calibration stage for supporting a Jjig for calibration of
10 said image recognition optical system and for moving the jig
such that the Jjig <can be recognized by said image
recognition optical system, said image recognition optical
system being operable to recognize a position of the Jjig
supported on saild calibration stage as the circuit board

15 calibration position; and
said component holding and conveying device being
operable to hold the jig fof calibration of said image
recognition optical system and to move the jig such that the
Jig can be recognized by said image recognition optical
20 system, said image recognition optical system being operable
to recognize a position of the jig. held by said component

holding and conveying device as the component calibration

position,

25 13. The apparatus of claim 12, wherein said circuit board
holding device includes a slide base, said calibration stage
being located at 'an end edge of said slide base so as to

avoid obstructing the circuit board when the circuit board

%
is conveyed,

30

14. The apparatus of claim 11, further comprising a

calibration stage for supporting a 1jig for calibration of
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said image recognition optical system and for moving the jig
such that the jig can be held by said component holding and
conveying device, said image reéognition optical system
being operable to recognize a position of the jig supported
5 on said calibration stage as the circuit board calibration
position;
and said component holding and conveying device being
operable to hold the jig for calibration of said image
recognition optical system and to move the jig such that the
10 jig can be recognized by said image recognition optical
system, said image recognition optical system being operable
to recognize a position of the jig held by said component
holding and conveying device as the ¢&tomponent calibration
position.
15 .
15. The apparatus of claim 11,-further comprising a circuit
board conveying device for moving the circuit board, wherein
said control section is operable to prevent calibration of
said image recognition optical system when said circuit

20 board conveying device is moving the circuit board.

16. The apparatus of claim 11, further comprising a circuit

board conveying device for moving the circuit board and a

calibration stage for supporting a jig for calibration of

25 sald image recognition optical system, wherein said control
section is operable to:

simultaneously control said circuit board conveying

device and said image recognition optical system such that

said circuit board conveying device picks up the circuit

30 board while said image recognition optical system performs

image recognition of the jig supported on said calibration

stage:
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thereafter, control said circuit board conveying device
SO as to move said circuit board conveying device toward
said circuit Dboard holding' device, and control said
component holding and conveying device so as to pick up the

5 4ig; and '
thereafter, simultaneously control said circuit board
conveying device and said image recognition optical Eystem
such that said circuit board conveying device mounts the
circuit board onto said c¢ircuit board holding device while
10 said image recognition optical system performs image

recognition of the 3Jjig held by said component holding

device.

17. A component mounting apparatus comprising:

15 a component holding and conveying device for holding
and conveying a component and for 'mounting the component
onto a circuit board, said component holding and conveying
device having a calibration stage;

a circuit board holding device for holding the circuit

20 board;

an image recognition optical system for recognizing a
first position ofra markinq on a jig using a first field of
view while holding the jig on said calibration stage, and
for recognizing a second position of the marking on the jig

25 using a second field of view while holding the jig on said-:
component holding and‘conveying device, the first field of
view being different than the second field of view and both
fields of view being imaged using a common image capture
device; and '

30 a control section for calibrating said image
recognition optical system by determining a calibration

optical-axis shift amount prior to the component being
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optical-axis shift amount so as to mount the component onto
5 the circuit board, said confrol section being operable to
determine the calibration optical-axis shift amount by
comparing the first position recognized by said image
recognition optical system using the first field of view and
the second position recognized- by said image recognition
10 optical system using the second field of view so as to

obtain the calibration optical-axis shift amount.

18. A component mounting method comprising:
repeatedly recognizing a first position of a marking on
15 a Jig through a first field ‘of view using an image
recognition optical system toc generate first position images
while the jig is held by a calibration stage of a circuit
board holding device for holding a circuit board;
repeatedly recognizing a second position of the marking
20 on the jig through a second field of view using the image
recognition optical system to generate second position
images while the jig is held by a component holding and
conveying device for holding a component and for mounting
the component on a circuit board, the first field of view
25 being different than the second field of wview and both
fields of view being imaged using ‘a common image capture
device;
determining a plurality of optical-axis shift amounts

between the first position and the second positicon using the

30 first position images and the second position images;
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the calculated calibration optical-axis shift amount; and

mounting the component onto the circuit board using the

calibrated image recognition optical system.

19. The method of claim 18, wherein said repeatedly

10 recognizing the first position of the mérking and said
repeatedly recognizing the second position of the marking
comprises:

performing a recognition process by recognizing the
first position of the marking on the jig one time while

15 holding the 3jig on the calibration stage and then by
recognizing the second position of the marking on the jig
one time while holding the jig on the component holding and
conveying device, and ‘

repeating said recognition process a plurality of times.

20
20. The method of claim 18, wherein said repeatedly
recognizing the first position of the marking and said
repeatedly reccgnizing the second position of the marking
comprises:

25 recognizing the first position of the marking on the
Jig a plurality of times while holding the jig on the
calibration stage; and

after said recognizing of the first position of the
marking on the jig a plurality of times, recognizing the

30 second position of the marking on the jig a plurality of
times while holding the jig on the component holding and

conveying device.
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calibration stage and recognizing the second positicn of the
marking on the jig at least three times while holding the
jig on the component holding and conveying device, whereby
10 at least three optical-axis shift amounts are determined,
sald calculating of the calibration optical-axis shift
amount comprising:
excluding an upper-limit optical-axis shift amount and
a lower-limit optical-axis shift amount from the at least
15 three optical-axis shift amounts;
if a plurality of shift amounts remain after excluding
the upper-limit optical-axis shift amount and the lower-
limit optical-axis shift amount, then determining the
calibration optical-axis shift amount by calculating a mean
20 value of the plurality of remaining shift amounts; and
if only one shift amount remains after excluding the
upper-limit optical-axis shift amount and the lower-limit
optical-axis shift amount, then determining the calibration
optical-axis shift amount as the one remaining shift amount.
25
22. The method of claim 18, wherein said repeatedly
recognizing the first position of the marking and said
repeatedly recognizing the second.'posltion of the marking
comprises recognizing the first position of the marking on
30 the jig at least three times while holding the 3jig on the
calibration stage and fecogniﬁihg the second position of the

marking on the Jjig at least three times while holding the
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excluding outer-limit optical-axis shift amounts from

5 the determined optical-axis shift ambunts, wherein an outer-

limit optical-axis shift amocunt is defined as any shift

amount that differs from any remaining of the optical-axis

shift amounts by more than a predetermined threshold value:;
and

10 determining the calibration optical-axis shift amount

by calculating a ﬁean value of the remaining shift amounts

after excluding any outer-limit optical=axis shift amounts.

23. The method of <claim 18, wherein said repeatedly
15 recognizing the first position of the marking and said
repeatedly recognizing the second position of the marking
comprises repeatedly recognizing the first position and

repeatedly recognizing the second position at specified time
intervals.
20

24. A component mounting method comprising:
simultaneously holding a circuit board using a circuit
board holding device and recognizing a component calibration
position of a component to be.held by a component holding
25 and conveying device through a first field of view by using
an image recognition optical system;
recognizing a circuit board calibration position of a
circuit board to be held by a circuit board holding device
through a second field of view by using the image
30 recognition optical system, the first field of view being
different than the second field of view and both fields of

view being imaged using a common image capture device;
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board calibration position;
calibrating the image recognition optical system using
5 the calibration optical-axis shift amount; and

mounting the component on the circuit board using the

calibrated image recognition optical systen.

25. The method of claim 24, further comprising moving a
10 calibration jig supported on a calibration stage when the
circuit board is held by the circuit board holding device
such that the jig can be recognized by the image recognition

optical system.

15 26. The method of claim 24, further comprising moving a
calibration jig supported on a calibration stage when the
circuit board is held by the circuit board holding device

such that the jig can be held by the component holding and

conveying device.

20
27. The method of claim 24, wherein said recognizing of a
component calibration position and S%id recognizing of a
circuit board calibration position is not performed when the
circuit board is moved.

25

28. The method of claim 27, further comprising:
simultaneously picking up the circuit board using a
circuit board conveying device while performing image
recognition of a calibration jig supported on a calibration
300 stage wusing the image recognition optical system to

determine the circuit board calibration position;
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thereafter, moving the circuit board conveying device

toward the circuit board holding device, and picking up the

calibration jig using the compenent holding and conveying
device; and

5 thereafter, simultaneously mounting the circuit board

onto the circuit board holding device wusing the. circuit

beard conveying device while performing image recognition of

the calibration jig held by the component holding device

using the image recognition optical system to determine the

10 component calibration position.



