4567é3eLfAA _bce6eTLfp 1 DESCRI PTI ON APPARATUS AND METHOD FOR NCUNTING
CCNPCNENT 5 TECHNI CAL FI ELD OF THE | NVENTI ON The present invention rel ates

to an apparatus and nethod for nounting conponents sucthwmwmmmmmmmwevices
on a substrate or circuit board. 10 BACKGROUND OF THE | al |y,
a conponent nounting apparatus has been . used widely for. a aewgenti al
positioning or nounting of electric conpdnents on a substrate such as

printed circuit board. Fig. 12 shows a conventional conpon i ng
system The system generally indicated by reference nunerammmﬂﬁmmmmmmmes a
conponent supply 110 for supplying conponents; a transport heagd 0 for

pi cki ng up one of the conponents frmESCREPmmononent supply 110 and t hen
turni ng. the conponent upside down to orient' the 20 conponent in a
predet erm ned nounting direction; a placenent head 130 for receiving the
conponent from'the transport head 120 -and then placing the-conponent onto

the . substrate or pripfethTId AND WORMODI FOR! ROBNTENG TBMPOYESENEr a 140 for
capturing an i mage of the conponent received 25 by the placenent head 130;
a holder 150 for holding and 2 then positioning the circuit board in

pl ace in the system 100; another imaging canera 160 for capturing an

i ndi cat i on pRRHAEGAN {1tE $idE UtkE by dogont rol ler 170 for control I'ing
t he whol e operation of the system 100. The 5 placenent head 130, which is

supported to nove hOWH@“Bﬁﬂééhﬁrhﬁ&@hgﬁghr§€§heas'@thﬁ abparatuedwmped
wi th a vacuum nozzle or quill capable of rotating about a vertical Z-axis.

Ref erring rm%t'ﬁ £33 RO LnQPebAbbAR Y dte sa@sﬂémhcbee@%%rsl bed
? he 1

hereinafter. 1n the draw ng, conmponent supply 110 1s provided wth a
Qunber of a substrate or circuit board.

10 BACKGROUND OF THE INVENTION
Génerally, a component mounting apparatus has
been - used widely for. aﬁsequential”pqsitioning'or moﬁn;ing
of electric components on a substrate such as printed
circuit board. Fig. 12 shows a conventional component
15 mounting system. The éystem generally indicated by
reference numeral 100 includes a component supply 110 for
Supplying components; a transport head 120 for picking up
one of the components from the compoﬁent supply 110 and
 then turning. the component upside down-:tb orient the
20 component in la prédetérmined mountiﬁg direction; a
piacement head 130 for receiving the component from the
transport head 120 and then placing the component ontb the
substrate or printed circuit board in place; an imaging
camera 140 for capturing an image of the component received

25 by the placement head 130; a holder 150 for holding and



conponents 111 supported and separated from anot her on an expanded pl ate
112. The conponents 111 are. each recogni zed by, an inmagi ng device or
canmera 113. Based upon the recognition, the controller 170 noves the
conponent supply 15 110 so that one conponent 1lla to be nmounted in the
subsequent nmounting is positioned in a predeterm ned pickup position. The
transport head 120 travels to a position2right above the conponent 111a,
moves downward to contact the conponent 11la, and then sucks the conponent
111a for . 20 unloading. After unloading, the transport head 120 noves
upward and then travels in the X-direction to a transfer station. At the
transfer sthehopostitd drriampsponé héadui20 daxget hem pilehet Hey ddrpoagatetur ns
upsi de down as indicated by arrow 121. This brings the conponent 111 from
an 25 upsi ed¢doanopheirt ilaaginig camayy i1 fmsicapusing hath' indécatidon
surface (i.e., bottomsurface wi-th sol der bunps or.electrical connections)
- to be oppomgdkkhe @i Cutheboaidcud tf agesh eoywnvar d cofirteopllagenern o hegdr130
approaches the . conponent 11la in the upright position fromabove to 5
recei ve, theneeonanert frOMWNA d repsptioneast 18Re Higytert heopl acemgat
head 130 noves upward and then travels in the X-direction toward a
pl acegent ghatkRBntTRRald arINORh taadi d 2ipad # €dd bed o dePho¥ edoAtall hG
conponent,” noves back to the pickup station for the subsequent pickup
operation 10 [y/d ng-§heeopehat 1o Hegcriibed abovguigpslr Giith Rpagdchah is
transported to and then held in position by the .holder 150. The i nmaging
device of agENa G0 ARANOIENRBHING ksl hoAtibdpls tPeraRtal CaLhgis.
i ndi cation defined on the circuit board; -indicative of a reference 15
position for the nounti f.ih cggggpen capt k0 iS¢t
transmtted to the cg%ﬁggfﬁé¥51€8. 5es%3s%§§% ?ﬁ éngaE ,ﬂshé§?ng§?ng :
device 160 L agethel W UL 290L0elpLARALRG ASYEe 140, SAPUBLEL: 0D APpe
. er on the Crrcuit

opti cal he§ he"reécognition of the i ndi'cation

b 151, th ical 18 back i 2 di tiqQn, -d_th

ol aceflont FRREOSET nat HEEY Lnardo % ¢ et RBRALTT M At Poct on BREE o85osed.
t ly th tical 180 b I h I head t

nal ¢ 1 ¢ AoEBBrss (FE coiReReked 20 Hirte B ETRe T8 LaRiNSR oadtes

hal t. 2] e acenent ea8n130

g ot erpantiey AT TS Siponedtvd nf L BIE SA0R FEfBY kAR

t he suckin% nozzle,' of _the glacenent'Bead 130'fg§ 3uc$in% and hold%gg t he
conponent P¥1aPs WBPHERPNdSVACENn oF eV B position. TREEDS BP8Pent8St he
nozzle fromnaking .a conflict with_the ipgagi ng device 140. Al so, the, sucked
conponent ¥8G°98 1dioR wi tHHi nCANEF Rt erlgﬁeqéiﬁﬁrﬁf%kﬁ@?ﬁpﬁ%%? supply

15 110 so that one component 11la to be mounted in the
' subsequent mounting is positioned in a predetermined pickup
position. The transport head 120 travels to a position
right above the component 1lla, moves downward to contact

the ;Qmponent 111a, and'then'éqcks the component'lllé fqpf
20 | ﬁnloading. After unloading, the transﬁort head i20 moves
upward and then travels in  the X—direction to a transfer
station. At the transfer station, the transport head 120
together with the component turns upside down as indicated
by arrow 121. This brings the component 111 from an

25 upside-down position into an upright position so that” one



- After the conpletion of the recognition, the placenent head 130 with the
conponent 1llla restarts 10 travelling in the X-direction again toward the
nounting station. During the travel, the recognition results of the
conponent 111,a and the circuit .board 151 (in particular, the reference
indication) are used for calculations perfornmed in the controller |170. The
controller 170 15 .cal cul ates the displacénent in the X-.direction of the
pl acenent head 130 for the nounting of the conponent 1lla onto the
predeterm ned position of the circuit board 15I. Also calculated in the
controller 70 are the rotational angle of the nozzle. about the Z-axis arid
t he di spl asawrdifce20 6i.ehe chbotgiom bosuwdfdsd. WEtdr diswldex t heunpbkculaat i on
made by the controller 170, the placenent head 130 travels in the
X-directiorlesta ijpesl t¢amaeheiens] tppbsespdused rche t choandt 15bdardt itshi s
moiment, the corrections for the nozzle and the circuit board 151 have -
al ready bedmc2sl cdopheted.. Thethd hg lplcatement hkead 130 - causesadies nazd e

5 to nove downward, so that the conponent 1lla is nmounted in position on
the circui icompamtnit51.11Afd erinmowhd N@iprtikghtpl peyinitorhedd oh30 atphrases .

t he conponent 111a and then pulls up the nozzle in the Z5 direction to a

certaisn | evelceilitenthé heonpbgend Maash 180e MeYaasbBrkethiRen 19@. ci rmeld!,
board 151 and the placenent head 130 so that the imagi ng device 160

det er ni nes tretIRicdntc amanerio Iddgeé akigrathcanbedabar Kiraed 1803kt itee on
the circuit board 151.. Another imaging device 140, on the 10 ot her hand,

recogni zes ywhathelt itdie twibedenty Neesnd3P. stArpaht i cohar ttAgsbbRteRdf the
nozzl e, carries any debris. Once.. the recognition. has been conpleted, the

pl acenent Read 136 dPVEEiRECkdIT VIR X% i £RE! IcdhdoMedtEC oI &Y EQEk”?&t

conponent. By the repetition of the series of opéerations 15 descri be

above, {he SQTRARAALS AL LIy exXPANCSD DADELaddR: SpeopBnbedaequant [ally on

the respectivecircuit boards wth a ¢ or exanple, 1.9

secopds. However, th%&%&’%”%h@”%‘ e%?i}gg&ﬁgw%ie&ga%é%zteem$ﬁze°:i§%‘{1§“ca'

drawbacks in the recognition operations or “exanple, fdr

[ ecognt L1 oyt e LOTRONSNL 1% P4 A6STENy Neadh 1A AT Ly B8 heapog g ved

t he conponéent: la Ts acceler 0 d certain vel df t er

the accel eratjon, the placement head 130 conmes to a tenporal halt for. the
Fecogni t1 on Tt T Bihpoheat 111478y FEATIY mitf Fi ot Se TROC=Hhi 460

requ'res'f%ﬂﬂy%éégégﬂfﬁgléfgcuit board 151 to capture the indication

defined on the circuit board, indicative of a reference
15 position for the moﬁnting of the component. The captured
image is then transmitted to the controller 170.

As best shown in Fig. 13, the imaging device 160
together with another imaging device 140 is mounted on an
optical head 180.'_After.the‘ﬁebognition of the indication

20 on the ciféuit board i51, the optical head 180 moves back
in the X-direction toward the placement head 130 that is
running in the opposite direction. Once opposed, not only
the optical head 180 but also the placement head 130 comes
to a halt; In this state, the component 1llla held by the

25 placement head 130 is recognized by the imaging device 140,



6 and decel eration of the placenment head 130 before the actual nounting of
the conponent 11la. Also, the placenent head 130 after it has' come to a
halt continues to vibrate for a certain period, which requires the inaging
canera 160 5 to wait until the term nation of the vibration in order to
attain the precise recognition of the conponent 1l1la. This in turn reduces
the operational efficiency of the nnuntiﬁg. Further, as shown in Fig. 14,
in the operation for the recognition of the circuit board 151, the nozzle
10 131 of the placenment head 130 is noved upward to the el evated position
as indicated by arrow 135. Then, as indicated .by arrow 145, the optical
head 180 nBResilMadBeCaPEM ek by dihg cdamizyg edgwiicentd @ his ckrensmibbadd 151
for imagi ng by the imagi ng devices 140 and 160. A distance 15 between the
el evat ed négzitbeawpriti® ldieul 10 boahll, thigi cwrmetthy thiphsibeking nezdési gned
to be about 40mm for. exanple, in'order to prevent. the interference of the
optical heafl -180ewinkeadrempz Nead 3138ndfaksosuak Bngureada - prdgéng nabeng
operation of the optical head 180.  The 20 el evation of the nozzle 131

requi res Océmpevend édédm Wy e niseind aimi gh-sheesit edipes tbhiodnnot Bhis
Furthernore, the conventional nounting systemis equipped with an interlock
to avbi d tpeevenéisf dhenoe zafl & froptadalndesadcdBOl it hwitle phacewmegtinbead
130 during the 25 recognition operations by the optical head 180 before and
after the dewuttiend40lhi Alompl tleat eackbd sbmpohend Af30¢ hies nbeld | RGLRYHL em
100 and nmekes the system | ess econom cal. Mreover,, the conventional.. _
recogniti oa gietedure thequm=es ddelptianeneqd. head 130 and the optical head.
180 to 5 travel along, conplicated passes, respectively. This in turn
requires the mountingfeyst efhico bawplatiene bByEnbeneof rdebyrishehts and
accel eration/ decel erati on operations, which further reduces the positional
br eci Si on gl abaReHeYi 1eJr 1300 iheRebynehe dofp@ihuali1y. 305 ELMMERY OF
THE | NVENTI ON Accordingly, an object of the present invention is to provide
an i proved -aoERAAGR IRURHANIX2BAYEREYSANdg B habwakR Tenkhi Ro8Rfinkhe
conponent nounting apparatus of the present invention has a conponent
supply prouidedodl. apirifly SRl VN, SURP! VAR COARORERIELE £ aBRRO !

head for picking up the conponent at th I rst ation fromthe conponent

supply ?thBﬁﬁgn%h%mﬂ¥E$jaﬁﬁjﬁh&PEEQEﬁ@E1ﬁ%é¥d,151_(in particular,

the reference indication) are used for <calculations

performed in the controller 170, The controller 170
15 calculates the displacement in the X-direction of the

placement head 130 for the mounting of thé compénent 1l1lla
onto the predetérmined position of the circuit board 151.
Also calculated in the controller 70 are the rotational
'angié.df the nozzle-about_thelz-akis and the displacement
20 of the circuit bbardllsl. Accdrdiﬁg to the calculation
made.by the controller 170, the placement head 130 travéls
in the X-direction to a position where 1t opposes the
circuit board 151. At this moment; the corrections for the
nozzle and the circuit board 151 have already been

25 completed. Then the placement head 130 causes the nozzle



20 second stations a placenment head for receiving the conponent fromthe
transport head at the second station and then transporting the conponent to
athird station; a substrate provided at the third station, the substrate
bei ng provided with the component fromthe placenent head 25 at the third
stations and an inmaging unit for recognizing 8 the conponent held by the
pl acenent head; wherein the first inaginé unit is positioned in or in the
vicinity of the second station. Another conponent nounting apparatus of the
5 present invention has a conponent supply provided at a first station for
suppl ying a conponent; a transport head for picking up the conponent at the
first statitenMavemddewatbonght tBapptieamerdasienty ahshar i 5 ngotthéedoonent
to a second station; a placenent head for receiving the 10 conponent from
the transpposiidan an tthe sHoswdl stadwh BRY. t hen transporting the
‘conmponent to.a third,. station; a substrate holder for holding a substrate,
t he substrate hol der Afdiery mowvabiegpettheenplheemehtr dhestcat 130 aed easfemurt h
station spaced a certain distance away fromthe 15 third station; a first

i magi ng unithef cronpexogrii z1 higa t Aadc dbgeonenil hel dpbyhieheno 7d laec eenthbhead; and
a second inmaging unit positioned at the fourth station for recognizing the
subst Bat e. dAreidtdiorcanpoaecotriatnt ilrgredppar @hua, oft Heheldg pigsraadi n\g@nt i on
has a conponent supply provided at .a first station for supplying a
conponent ; mdvigsanspobetiead fuife peLkengtupddiad cospongid €lhet b aldefent
station fromthe conponent supply and .then transporting the conponent to a
second st athiean 1BElssetiwat bradihagineceiatiing: theo 28ecornonest whedmdhe
transport head at the second station and 9 then transporting the
conponent thea ddigcheitati DIy BaRubsthet & el tesriioyd deds at ibheohhithé
station for holding a substrate, the substrate. being provided with the
conponent frigmdite Bbasemersl headngbthbe tihﬁd@iﬁ(%aﬂe@ﬁjcea 2461 rsdn i WRG Ng
unit for recognizing the conponent held by the placenent head; and a second
| Maghpg Unigenfeqr H%?&,gnkébBSnHB@ssmtrl’f&e:tH\QeE@.'a'&eHé%tf ife&dd andoseqand
imaging units are arranged nhot to interfere wwth a passage of. the

pl acement %%%‘%-iclﬂa‘il She 2t £9MRARC Y MOHA! hBY 2 TR NG, hase DI ?Jﬂ/nﬂeﬂ&i@..

conponent by a transport head froma conponent supply at a first station;

Lranspor ti B e GUIRARAIL: dif s b | £5ho 8LELLONCHE B18EEAUASHALON by

the transport h transterring the conponent fromt ransport to a

by Phacorlol oy a B eG0 hal R sCaL 4Eng Ut D pDl sistel ved
transporti%%ﬂgg%éﬁmpongytthe repetition of the.series of operations
15 described above, the_components on the expanded panel 112
are mounted sequentially on the respective circuit boards

with a cycle time of about, for example, 1.9 seconds.

However, the convehtional component mounting
systeh-has'sévgral-drawbacks'in the recognitiqﬂ operatidns..
20 For example, for the recdgnitioﬁ of the component, the
pla.cement.head 130 after it has received the component 1llla
is accelerated to a certain velocity. Immediately éftér
the acceleration, the placement head 130 comes to a

temporal halt for the recognition of the component 1l1lla by

25 the imaging device 160. This requires further acceleration



fromthe second station to a third station by the placenent head; placing
the conponent onto a substrate at the third. 20 station by the placenent
head; and controlling the step of placing the conponent. onto the substrate
based upon information obtained by the recognition of the conponent. BRI EF
DESCRI PTI ON OF THE DRAWNGS 25 Fig. 1 is_a perspective view of a conponent
10 nounting apparatus according to a pre@erred enbodi nent of the present
invention; Fig..2 is an expl oded perspective view of various el enents of

t he conponent nounting apparatus in Fig. |; 5 Fig. 3 is a side elevational
vi ew showi ng the novenent of elenents in the conponent nounting apparatus

shown in RrE Heqglgratgion hughhe alacanpntel dgad oAl vhehereackhe
showi ng the novenment of elements in the conponent 10 nounting apparatus
shown in Rgtual Mystisg afdtbB soapgnaits showi nilsde Wee shbageneny
velocity relations ,of -the placenment head in the conventional system and
the systemeadoildPngltes tiHe preseome rhenti baltlisomtgnugsarko gviphste
showi ng tine versus noving velocity relations of the transport and
pl acenent freads. eedtéhe pebdvdat whiahdereqwigsthethe ithagheg tcamspori 6pass
of the conmponent; Fig. 7 is a block diagramof the conponent 20 nounting
apparat us escwadtngntadlt kb epriefrmirestt eododfmthe ofikdad imresientordeentoon;
Fig. 8 is a perspective view of a conponent nounting apparatus according to
anot her pregtesirdtrabpdeatBe ebcbhg ipiesedf ithentomponddt Flgba. 9AThbsough
- 9K are side el evational views 11 each showi ng the novenment of elenents in
- the conpongnt tipHNteadcappPahat Upesha@wdrdl Rffidiency of the mounting.
‘Further, as shown in Fig. 14, in the operation
for the recognition of thé circuit board 151, the nozzle
10 131 of the placement head 130 is moved upward to the
elevated position as indicated by arrow 135. Then, as
‘indicated by arrow 145, the optical head 180 .moyés ‘in
betwéen the eleﬁated nozzle 131 and the circuit board 151
for imaging by the imaging devices 140 and 160. A distance
15 between the elevated nozzle and the circuit board,
indicated by alphabet H, is designed to be. about 40mm, for
example, in order to prevent the interference of the
optical head 180 with the nozzle 131 and also to ensure a
préper imaging opeﬁétibn of " the optical head 180. The
20 elevation of the nozzle 131 requires 0.1 second even by the
use of a high-speed voice coil motor.
Furthermore, the conventional mounting system is
equipped with an interlock to avoid the interference of the

optical head 180 with the placement head 130 during the

25 recognition operations by the optical head 180 before and



Figs. 10A and | OB.are side elevational views'. of the. imaging device and
the conponent in the conventional 5 system and the system according to the
present invention; Figs. 11A through 11F are side el evational views of the
conponent recogni zi ng device according to another preferred enbodi nents of
the present invention; Fig. 12 is a schematic perspective view of the 10
conventional conponent nounti ng apparatd@; Fig. 13 is an expl oded
perspective view of various el enents of the conventional.. conponent
nounting apparatus in Fig. 12; and Fig. 14 is a side elevational view of

t he novabl e 15 el ements in the conventional conmponent nounting apparatus in

Fig. 12. RAEFERRED:ENSUDEVENTS GhisHEompENTR OrE WEHE' statstaree afo the
drawi ngs, a variety of 20 enbodi nents of a conponent nounting system and
its met hodnawmbing ngysoemhe0prasdnnakasethicos waitlem Be sdestanssi dal det ai |
hereinafter. It should be noted that -although a vacuum nozzle is used for
~hol ding a conponent’ M@ﬁeaverrcmhelnnnvbm61em®loyedognnbaqmﬂnmqqﬂduIQ .
whi ch the conponent is 25 nounted, the present invention is not limted
thereto. Fogquid@s ekaapbracenentabeat 160z landreshebeprteipladc drbdny Lbtther
5 travel along - complicated pasSes, respectively. . This in
turn requires the mounfing system to have a more number of
drive shafts ahd accelération/deceleration operations,
which further reduces the. positional precision of the
moving part and thereby the imaging quality.

10 |
SUMMARY OF THE INVENTION

'Accdrdiﬁgly, anﬁobjéét'of thé;prééent inVéntion
ié to provide an improved compénent mounting apparatus and
method.

15 . '_TQ this end; the componént mounting apparatus of
the present invention has a component supply provided at a
first station for supplying a component; a transport head
for picking up the component at the first station from the
.éqmp0nent supﬁly_and then trahspoﬁting'ﬁhe gqmpﬁhent'to a

20 éecond station; a placément head fér receiving thé
component from the transport head at the second station and
then transporting the component to a third station; a
substrate provided at thé third stati&n, the substrate

being provided with the component from the placement head

25 at the third station; and an imaging unit for recognizing



mechani cal hol der or chuck for holding the conponent by; a nechani cal
engagenent with. the conponent. Al so, the substrate. may be anot her device
or housing to which the 5 conponent is nmounted. Referring to Fig. 1, there
i s shown an enbodi nent of the conponent nounting system generally

i ndi cated. by reference nuneral 1, according to the present invention.
Cenerally, the system 1l has a conponent s@ipply 10 for 10 supplying
conponents to the system1l; a transport head 20 for picking up each
conponent fromthe 'conmponent suppler 10 and then turning upside down to
orient the conponent in. a direction along which the conmponent is nounted
ont o the sutis¢ reomsoneptabeddnbyhéhe B0 dammeardcdiaddvy wher eionpomentidstfrom
the transport head 20 and then nounting the conponent onto the substrate;
an i magi ng ftesgtegomunddneia 4@ sfidridmedi hg arposnt ithe ofidtiwicpmopdnethehel d
by the placenent head 30 imedi ately after the conponent has been -
transferredséoondiesphaaitenent head 30; a substrate hol der 50 20 for holdlng
and then positioning the substrate in place in the system 1; another

i magi ng device or canehath@rf orconprgidig: a peshting obpbheatubst raf esthad a
controller 70 for controlling the whole operation of the system 1.

Referrsng tor&sgat lirdrghtiohhendd aaspeshpbradt20s@sply pHRAdRT BY aa
horlzontal gui de (not shown) extending in

first station for supplying a component; a transport head

for bicking up the component at the firét-station from the

component supply and then transporting the component to a

second station; a placement head for receiving the

10 component from the transport head at the second station and

then transporting the component to a third station; a

féubstrate_hplder fdf'hoiding'a subét?até['the substtaté

holder being movéﬁle. Bétween the third station and a

fourth statibn spaced a certain distance awéy from the

15 third station; a first imaging unit for recognizing the

component held by the placement head; and . a second imaging

unit positioned at the fourth station for recognizing the
substrate.

Anéther: cbmpoﬂent mounting appératus of thé

20 present invention has a component supply provided at a

first station for supplying' a component; a transport head

for picking up the component at the first station from the

component supply and .then transporting the component to a

second station; a placement head for receiving the

25 component from the transport head at the second station and



13 the X-direction and is connected with a notor 22 so that by the driving

of the nmotor 22 the head 20 noves back and forth in the X-direction. The

pl acenent head 30 is' also supported by a horizontal guide (not shown)
extending in 5 the X-direction and is connected with a notor 32 so that by
the driving of the notor 32 the head 30 noves back and forth in the

X-direction. As can be seen clearly by tBe conparison of Figs. 2 and 14,
t he conponent nmounting system 1l of the present 10 invention,

caneras 40 and 60 are located in different positions. For exanple, the
i magi ng canmera 40 i s nounted adjacent a transfer station where.. the

transport liadch 2€ranspofir&isng héheonponpanens t he pk acewerd fezat 1300 The
i mgi ng canmera 60, on the other hand, is nmounted on the 15 rear side of and
out si de a rsefpstiratherieoldwer ppaceidatl heéadR0 thiamed| stahiohe f¥xdinodatiingn so

that the irmaging canera 60 does not

Referring agai subpetFags, 1taed Xuddteratospobethgsuporiddd hagiah upiper

t abl e;

. e.

, X-table (not shown), 20 for supporting the conponents and a

t he i magi ng

interfere with the placenment head 30.

in

| oner tabl &orpdhentyt abbe tabselramien@m\meaaoatsm@rtmﬁgdtbeaxlbablel The
tabl es are nmounted so that the | ower table noves back and

5

10

15

20

25

first imaging unit for recognizing the -component held by

the placement head; and a second imaging wunit for

.-recognizing the substrate; wherein the first and second

imaging units ate arranged not to interfere with a passage
of the placement head.

Also, a component mounting method has picking up
a_coﬁponent by a transport head from a component supply at
a first statioh;’trensbottinglthe:eoﬁponentlfromfthe firét
stationﬂ to a .secend station by the trenspert head;
transferring the component from the transport head to a
placement head at the“ second station; recognizing the
component received by the placement head at or in the
vicinity of the second station; transporting the component

from the second station to a third station by the placement

head, plac1ng the component onto a substrate at the thlrd 

statlon by the placement head; and controlllng the step of
placing the component onto the substrate based upon

information obtained by the recognition of the component.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1is a perspective view of a component



forth in Y-direction relative to the system and the upper table noves back
and forth in X-direction relative to the 25 | ower table. For this purpose,
the tables are drivingly 14 connected with respective notors 13 and 14,
SO that by the driving of the notors ,13 and 14 the tables nove back and
"forth in X-. and Y-directions |ndepedently, al l owi ng. a.. designated
conmponent to take a predeterm ned pickup 19 posi ti on. The transport head 20
is supported by a horizontal guide (not shown) extending in the X-direction
and is connected with a notor 22 so that by the driving of the notor the
head 20 noves back and forth in the X 10 direction. A notor 21 is nounted
on the tramsportingapparfbust acdongite b ckedraiporeat eapoddacadwn £
al l ow ng the conponent to, be transported for the placenment head 30 in a
condi ti on wier grdserdorimesiningomprtion of the conponent is faced down. 15
The placenent head 30.is slidably supported by a horizontal guide (not:
shown) extending in thigy X-2li i£cdn oexphdded pemspet&dvmtvlewluﬂ(vaﬁibux) -
that by the driving of the notor 32 the head 30 noves back and forth in the

X directi onnlehdminroRkhs cmundeendmbiatphaceppatratead i30 F2Q f ar; rotating
t he conponent about the vertical Z-axis and thereby orienting the conponent

in a wedeterm ned diFiegli Gn. iAnet hei daptelleddt ionHI owiided sRowhagpleement
head 30 fox the vertical novenent of a conmponent hol ding part of the
pl acenent heatbmht 26 Thel andistd atig hehdlekopondhitc mbenshihgakipparaifus
shown in Fig. 1;
Figs; 4A through 41 are side elevational views
each showing the movement of elements in the component

10 mounting apparatus shown in Fig} 1;

Figs. S5A and 5B are graphs showing time versus
'movingjfveiocity .relations ;of. the ;p;acement head in the
cénventionai systeh and the s&stem accoraing to the preéent
invention;

15 _ Fig. 6 are graphs showing time versus moving'.
velocity relations of the transport and placement heads and
thé substrate holder together with the transport pass of
the component;

Fig. -7 -is  a bldék__diagram of " the compdnent

26 mounting appafatus aécording to the preferred embodiment of
the present invention;

Fig. 8 1is a perspective view of a component
mounting apparatus according to another preferred

embodiment of the present invention:;

25 Figs. 9A through 9K are side elevational views



supported by a guide rail (not shown) extending in the Ydirection, includes
a notor 52 for its novenent in the Ydirections along the guide rail. The

i magi ng device 60,, which is also slidably supported by a guide rail 60a 5
extending in the X-direction, has a notor 62 for its novenent in, the

. X-direction along the guide rail (not shown). As described above, the
conponent inmaging device 40 is fixed in Yhe system 1l at a position where it
can oppose the placenment head 30. 10 Fig. 3 shows a positional relationship
of various parts and stations (i.e., pickup station A transfer station B,
and mount station C)  in the system As 'can be seen fromthe draw ng, each
conponent &¥phorhay g t fBecoRpy¥RBARtsuphI e liement $i dfedthp H5PmPRNEN
transport head 20 15 at the pickup station A The transport head 20 noves
in the X-dnoweting gPPekrFust shewni gt Flgt ¥6 drawing) to the transfer
station B where it turns upside down to overturn-the conponent.into a state
i n which the conponefitggan19& randt &8Bomnehes kidselavatipomli tslesovef The -
. overturned 20 conponent 11 is then transferred to the placenent head 30.
The pl acenem¢ . headid@ wienicde andnponentcoinbomends f{o the ptaresmniomsaht i on,
C to mount the conponent 11 onto the predetermi ned position of the
subst$at e Sistém andetheosygehnenohctioedieguent itdle queesdnonn&nwidmout any
troubl e, an imging device or canera 12 is 16 arranged at the pickup
station A The imgi Rfjgdevildds Ay camgh 601 Br erar sdkige k latvathertalansfews and
pl acenent stations B and C, respectively. Also, ..the inmaging device 12,

40, and 60cfr eheonsempeehd thwaxpiiditld edet@cesescddgdiidy %0 Sardidied he

i mges captured by the imagi ng devices are transmitted to the controller
70, respechiyeb¥redSerbbaaflyndeselri ke@ dr@snt Nervdmgidrg; device 60 is
positioned on the rear side of the placenent head 30 to avoid the

i nterference betweenrige 18I BY adeyékEmBOiangdripeldt iRtaacednt Jreaghs0.
Referring next to Figs. 4A to 4H, operations perfornmed at respective
stat{@ns . wWhhieRBidRAE" LBRBONEAL H8laitiRerRialdtals; The drawi ngs _
illustrate the operations perfornmed at the stations Ato C, when viewed in
the Y 15 direction.: canihe enkro vwﬂgg% :pergd d.ons
performed at the pi c)f?ﬁ%'st z}ltgi OE%A gfrne ?éi)élgdeia{j@i n Fi gpsé.ailA‘pfmd@%éBv? of
operations ; t ' stadi e B i hgsq 4 -+ angh: i ons
2 the plaldrealE s A R e P e e SR

station A, sk N Fibg. , each of the conponents 11 supported by
~the conpon% aggggfygﬁgﬁﬁg'rggggﬁﬁééd by the imagi ng device 12 from above.

By the use of the in mat i,on _transm_tt [ [ [ t he
controller 70 noves %gé'cgﬁpgﬁeﬁt gé?&ple;e/l%l‘;(g@ggr{se{o?tﬁa?gtﬂg %g%/rplgﬁ%%%lﬁl to

ot thon. SRERSEE SRourtt nepryhEBhate e PUREhERE “nebs 5% Al eleT

t he pi ckup, ogitioga and :, then noves downward to pick up the conponent at
t he pickupl oSt¥ion“ Thereafter, the 5 transport head 20 noves upward and
then travels toward the transfer station B, i.e., fromleft to right in the

drawing. At this nmonent, the imging device 12 is |ocated above the pass of

the transport _head 20 so that. no interference mgyld be nmade between them
pPREFERRED EMBOD&MENTS OF THE INVENTIO

 _ With refereﬁcg to the dfaWings’, a vafiety_qf

20. emblodiments. of a component mounting s;ystem and .its '-method
according to the present invention will be described in
detail hereinafter. It should be noted that although a
vacuum nozzle is used for holding a component and a circuit

board is employed for a substrate to which the component is

25 mounted, the present invention is not limited thereto. For



10 Referring to Fig. 4C, at the transfer station B, the transport .head 20
turns upside down so that the conponent .is oriented. into a placenent
condition. , This allows that the electric connections such as sol der bunps
provi ded at a bottom surface of the conponent to be 15 directed downward
for the nounting onto the substrate. Although the solder bunps are wi dely
used for the electrical connections .betWéen the conponent and wires on the
circuit board for the nounting of, for exanple, an oscillator, the

el ectrical connections can be perforned by 20 the use of a conductive
adhesive. Also in this placenent condition, a top surface of the conponent,
typical |y wixampite anygheunyacugireadpzezdebenagcdbeedreplaced edpy armthecuum
nozzl e of the placenment head 30. Although the turning operation of the
transport 2Edmead @il i sopdeformedhatck hfotr Andtidngsttdte ocoBponenhi by, &8
enbodi ment, it can: be done as the transport head 20 nobves from the pickup .
‘station A tedhenicahsfargaganénmn Bvidhsothal t homgbnkhe .t r angfleso, ofthd he .
conponent is perfornmed vertically fromthe transport head 20 to the 5

pl acenent Isedbt3xte tmagn e dapeéhier adwvilie eold omossithgatchowhzent alle or
obliquely. At .the transfer station B, the vacuum nozzle of the placenent
head 30 nowesipdmemt avermbdtieedr ansport head 20 positioned bel ow t he '
pl acenent head 30 to contact with 10 and then suck the conponent 11.

Si mul taneously with tHéSertihwgttanspgltiheate2l el easesn bhe sx®HMRRIHE 11,
causing the conponent 11 to be transferred to the placenent head 30. After

the transfef ofththesrpmmient mdlntihe t4 e/ t Jeerdadq yovesi aneydf om
the transfer station B 15 toward the pickup station A (i.e., fromright to
left in reference numeral 1, according to the present invention.
Generally, the system 1 has a componenﬁ supply 10 for
10 . supplying components'tb the systém 1; a transport head 20
for picking up each component from the component supply 10
 and:th§n;tﬁfnihg upsiﬁeudOWn:to orient the componentfin a'
direéfion éldng which the coﬁponenf is nmunﬁéd Qnto'the
substrate; a placement head 30 for receiving the component
15 from the tfansport head 20 and then mounting the component
onto the'substiate; an imaging device or camera 40 for
imaging a position of the component held by the placement
head 30 immediately after the component has ©been
ft;anéferred:to'thegplacémentlhead 30; a substrate holder 50
20.. for holdiﬁg and theﬁ positioning thé subsfrate in place in
the system 1; another imaging device or camera 60 for
imaging a position of the substrate; and a controller 70
for controlling the whole operation of the system 1.

Referring to Figs. 1 and 2, the transport head 20

25 is supported by a horizontal guide (not shown) extending in



the drawi ng) for the subsequent pickup operation of the conponent 11. As
shown in Fig. 4E, the novenent of the transport head 20 away fromthe
transfer station B allows the conponent 1l held by the placenment head 30 to
fall 20 within the field of the imaging device 40 | ocated under the
transfer station B. The imagi ng device 40_recogni zes the conponent 11 held
by the placement head 30. The inmage of thé conponent is then transnitted to
the controller 70 by which the position of the component 11, including X-
and Y 25 lateral positions of its center, angular orientation, is 19
determ ned. During the above operations perforned at. the pickup and .
transfer , §hat Kofd ERCAA@TB anchd s annnegleed|with 12 anebort 84 Sporhat by
substrate supply not shown into the 5 placenent station C and then held by
the substr&he f%tmn%OOfAst}sﬁoth‘r FPg. U headsistmaves5back oppdsed
to the imaging device 60 for capturing the inmage of the substrate to
identify réspéttiire tbeali-aiixeaftiiondi caffhenp lmrdmzhivnhehd Sibsis ahdsoFor
this pur pose, as best shown 10-in Fig. 4F, the substrate 51 as well as the
‘substrate bobgerted ilsy mavatbfizoatde puddenefriotst shban)C dxxexiding - in

of fset.position, Spaced rearward away. fromthe station C. Munted above
the off set thesiX-idirdct itdre drthdi N-sieveCeedOvith »itktog BR soBPRa6f biyhe

i ndi cations. After the image 15 pickup, the substrate hol der 50 together

with .the substdaieibhd oFf cohéi etbtack3po tithe pbagemmtmsevaki Wudk asdshown
by the dotted lines.in Fig. 4l. It should be noted that the inmaging device

in the confemthon@]tf&ygpemﬁétgxﬁngned to nove in tw directions, 20 i.e.,
X- and Y-directions, which requires two feed mechani sns. However, the

i magi ng devi ce 60 of e Qﬁeeraeérnvemeappyn@ye@h@aé&smpaﬁlﬁ@ﬁtbfophgsl n the
X-direction. This neans that one of the two feed nechani sns can be

ellnlnatedgfgggque S¥sS 4818 d@ﬂp&héﬁ%rﬁ%ﬁh@@@@°§&§@émaﬂdo§5th€pp9¥§§nkhe
quality of the recognltlon
10 _1nvent10n, the imaging cameras 40 and 60 are located in
different positions. For example, the imaging camera 40 is
mounted adjacent a transfer statlon where the transport
head 20ltransfers the component to the placement head 30
The imaging camera 60, on the other hand, is mounted on the
15 rear side of and outside a region where the placement head
30 travels in the X-direction so that the imaging camera 60
does not interfere with the placement head 30.
Referring again to Figs. 1 and 2, the component
sﬁpply.lo has'an_upperjtable/ i.e., X—table.(not shOWn)fi
20 for_supporting the components and a lower table, l.e., Y;
table (also not shown), for supporting the X—table. The
tables are mounted so that the lower table moves back and
forth in Y-direction relative to the system and the upper

table moves back and forth in X-direction relative to the

25 lower table. For this purpose, the tables are drivingly



20 Al 'so according to the conventional systemthe inmaging device is designed
to nove into the operational position in which it opposes, the substrate.

At this nonent,. in order to avoid the possible interference between the 5
i magi ng devi ce and the placenent head, the placenent head as well as the
vacuum nozzl e shoul d be noved .up and amgﬁ fromthe i magi ng device. This
requi res another waiting tine for the pl tement head, which results in the
extension of the overall nounting tine. 10 According to the present

i nvention, the placenent head 30 occupies-a certain region spaced away from
that of the imaging device 60, which ensures that no interference. woul d.
occur bet veeRneabad WALE Fespesitisies mdteotsreld ngndevidee 60 W pikk bhe
images at any tine, irrelevant to.the 15 position of the placenent head 30,
reduci ng tdvelvibngt odg theremotrpescdit rand et 47¢hget ealmd eesmavpodiadlonahd

devi ati on between a predeterm ned sucking point .and an actual sucking point
by the noz&dethndiran Xangansr 2Z8ddreettianisoninflephadeompenent]llbyinke ase of
the image or signals transmtted fromthe inmagi ng device 40. Also, the
control | erdg9idgrteedi nesmporasitt | obal dekeat ian bekdede ridiega edeiekapned
and the actual positions of the indications on the substrate 51, by the use
of the imagesdvtishgnals 25 transmtted fromthe i magi ng device 60. Taking
account of 21 these deviations, the controller 70 calculates a travelling

di stance to the placenrent iaidgyrt a hehkdt i g anglse oduppervedz| &3l about
the vertical Z-axis,. and a displacenent of the substrate 51 with respect

to the Y-dhoéeCibABalBagdded Upon bhewadl Witdridimhg OPAN aleons-dPFethEoADt OF' S
for noving the placenent head 30 and the substrate 51 are controlled by the
control |l erarf. iAf tehnkleeld ansfera askot he2r 8608RLL &Y athd Meriving of
the motor the Head 20 moves back and forth in the X-
10 direction. A motor 21 is mounted on the transport head 20
for turning the picked component upside ‘down, allowing the
:component"tdibeZtransported for the piaCemen?}head'30 in é‘
condition whefe the connééting pbrtion.of the comﬁénent is
faced down.
15 . The placement head 30 is slidably supported by a
horizontal guide (not shown) extending in the X-direction
and is connected with a motor 32 so that by the driving of
the motor 32 the head 30 moves back and forth in the X-
direction. A motor 33 is mouﬁfed on the,piacement_ﬁéad'30
20 for fotating the compoﬁent abéutltﬁé vertical Z—axis and
thereby orienting the component in a predetermined
direction. Another motor 34 is provided in the placement
head 30 for the vertical movement of a component holding

part of the placement head 30.

25 The substrate holder 50, which is slidably



conponent at the transfer station B, the placenent head 30 10 begins to
nove toward the placenent station C (i.e., fromleft to right in the
drawing) . Also, after the correction of, the .positional. deviation and
.the angular, orientation. by the-controller 70, the placenent head 30
noves to the placenent station C, as shomg in Fig. 4G Thereafter, as 15
shown in Fig. 4H the placenent head 30 pﬂ ces the conponent 11 in place on
the substrate 51. In this operation, the nozzle 31 sucking and hol ding the
conponent noves down with the placenent head 30 toward the substrate 51
Once the sol der bhunps provided 'on 20 the bottom surface contact with the
subst rat es SEPPOHE D Rt eRe At iREadadd f breesshRENG opdemding byathet Yrhe
substrate 51. Sinultaneously, the placenent head 30 applies a high
frequency Qﬂﬁﬁﬂﬁkﬂﬁd(ﬁﬂ¢kﬂ%@ﬁpéﬂ@@¢QEL5%aﬁ@rnétﬁh@QMﬂmﬁnttimmshEOYbe |
connected wi.th the 'substrate. 25 The vibration may be an ultrasonic wave .
gener at ed By rgctiznsiakeryethei gulede cedifor eXbeplimactimg ulleviaseniéd,wave
has an anplitude of about' 1 mcron and a frequency of about 63;.000 . per.
.mnute. AWhdich t he : ateapl elidabdf tiebpoobopdneny rourtuinty tdad 1pl &O@mMent
head 30 noves back to the transfer 5 station B for the subsequent nounting
of thé compatemdinthe inmagheg Xedirec#foni cksasgp 4 hendtrmmge 6 toee pliagenent
head 30 as the head is waiting for the next transfer operation to determ ne
t he exi st emoweafendebins. theé tXedilebetsons albdegt ethe t i iskst emiguspards t he
10 subsequent operations for the renoval of the debris, which would

ot herwi se savsa)any Hamegecrdbee fssRponeshe ltoipdmathoz@d§ing 3devithi s.
operation can equally. be applied to .the transport head 20. In this
instance, ube ismgigeddem Cehd0 Hyskemup the bMaaes ofidhewnazal e ©f chhe
transport head 20 15 to detect any debris on the nozzle. Preferably, this

i's perfornmegpaset tdPlAGREBEnthashB8RBd s noving toward the placenent
station C. Further, at the placenent station C, after the placenent

oper api on by the pl agangnts hgad,3Q ﬁ&@iti&?@ftféiét%nslggﬁ_ H?Veskﬁgp‘é’afd

to a shifted .position where 20 it opposes the "1 maging vice 6

pi cking uppartismageof dihe st rat e 51 %ﬁ&ﬁre&a{é%ﬁ”&?i ngruhgtRer the
conponent 11 has been nounted in prgce o the substrate 51.° -
station B, and mount station C) in the system.  As can be"
seen frém fhe drawing, each compoﬁént subﬁofted. 6n the
~component supply 10 is'picked up by the -transport head 20
15 at the pickup station A. The transporf head 20 moves in
| the X-direction (from left to right in the drawing) to the
transfer station B where it turns upside down to overturn
the component into a state in which the cbmponent can be
- mouﬁted on”the_éubstrate'from'ifs above. The ovérturned'
20 comﬁoneﬁt 11 is then tfansferred to the placémen£ head 30.
The placement head 30 with the component il moves to the
placement station C to mount the component 11 onto the
predetermined position of the substrate 51. |

In order to control the sequential operations

25 without any trouble, an imaging device or camera 12 is



The i magi ng device 40 positioned at the transfer station B allows the
conponent 11 to be recogni zed before 25 the placenent head 30 begins to
nove toward the placenent 23 station C, which ensures the placenent head
30 to nove continuously w thout any halt. The position of the imaging
device 40 is not limted thereto. For exanple, the imging device 40 may be
positioned in the vicinity of the transftér 5 station B or in another
position spaced slightly away fromthe position where the conponent is
transferred fromthe transport head 20 to the placenent head 30. The reason
why the imagi ng device 40 is placed at or immedi ately adjacent the transfer
station i arramea datanghetopd ctdupt istmtivrchal s Thealwmading tkheicesvert i onal
operation that requires the placenent head needs to halt after it has

reached thed érdrenusperdelinat the antHiefer Ohnd’ pluck@ehromtdid daansf er
station to the placenent station for the recagnition of the conponent and

al so the pragidgcfeveepeceivailly . untitsshethd vili@in@ndeaused hy,t hgyhal t
will come to an end. In this regard, the tine |oss can be reduced to sone

extent evemdven dhe BbaseerRed headcw@kesnarBahkrbeforeséé regchay the
maxi mum speed. Therefore, the terns "vicinity" and "spaced slightly" neans

a cergt ai n dighge e Whirgdydde phaeereat BgadeRB | $nacaeleer afefd dd t Qide

maxi num speed. Referring to Figs: 5A and 5B, descriptions will be nade to

this in detaisni AeShAMEAD EbGrSrseRC0) dirBEpke iR 150NV et ianalagyst em
in which the placenent head halts in the course of moving fromthe transfer
station tQiescribed above, the imaging device 60 is positioned on the
rear side of the-'placement ~head 30 to avoid the
interference Dbetween the imaging device 60 and the
10 placement head 30.
| Referring next to Figs. 4A +to 4H, operations
pérformeq ‘at résbectiﬁe' étations_fwiil"be' déScribed; in;
detail hereiﬁafter;. The.dréwings illustrate-fhe §§ératibns
performe@ at the stations A to C, when viewed in the Y-
15 direction._' As can be seen from the drawings, the
operations performed at the pickup station A are depicted
in Figs. 4A and 4B, operations at the transfer station B
are in Figs. 4C to 4E, and operations at the placement
‘station C are in Figé. 4F. to 4H.
20' | At the pickuplstation A,.as best shown in Fig. 44,
éach of the components 11 supported by the component supply
10 is recognized by the imaging device 12 from above. By
the use of the information transmitted from the imaging

device 12, the controller 70 moves the component supply 10

25 so that the component 11 to be picked up and then mounted



25 the placenment station for the recognition of the conponent 24 by the
i magi ng device, a certain tine of about 0.1 second is required for danping
the vibration of the placenent head caused by the inertial force of the

pl acement head with a weight of about 10 kilograns, for exanple. After 5
recognition, the placenent head noves to the placenent station, during
which it is accelerated and then decel erist ed again. Contrary to this,
according to the nmounting systemof the present invention, as shown in Fig.
5B, after 10 the transfer of the conponent, the transport head 20 noves
away from the field of the imaging device. Imediately .after that, the,

- conponent diel ehby sursttatcensnt thead 3bhé spiekagnigad.tildien, ten)! agement
head 30 accel erates to the maxi num speed, noves with the speed, and then
decel erat eshdwnt @nr 8GN t41, PLRECHRBNhsPLR Head M § ebhRhBat @Hde the
~addi tional  accel eration and decel eration required in the conventional -
system - W £ @8 CrRRSAS 1€ a8)C! enbh Made APAHINRaZdSeEONEIc i dp Brnghows
a rel ationshi p of 'novenents and 20 operations for the placenent ﬁead 30,

Lransport heado2ncand subsigat gy hplder ;v £an berseeniram thecy

dr aw ng, e placenment of"t nént, the placenent hedd 30 noves

T e e

with this, ransport- as alrea pic
subsequent n . 25 fromghe pickup statjon A toward the
transfer s%%%ﬁ%ggg.g?ﬁgxﬁéagé goeéhdf%S%hEF%%t%Obﬁgﬁgi<§ﬁﬂ#ﬁﬁré§a¥ﬁn?he

transfer, i id.then approach each. oth f.aor ;,the . transfer of, the
component 1% of ERe FERE IS0t R T FaS Ui F aLBmbitt RERE S DR sond
illustrated by a-hpllow arrow directed upward. . Inmmediately after the, ,
transter et heSEofBonERenopet: PRRE G Bo ah Ao Its B SRR (AT cheup
station, Iloming Ehg recogﬁ%tion of the conponent held on the placenent
head 30 bﬁb?r@@ﬂ e“or"ERB | 8rng device. 10 The recognition operation of
the conponent is illystrated as a hatched box. Wien the recognition is
conpt@t ed, the placeﬁﬁﬁﬁrﬁéag %@ jHéVe§ﬁ§bm%PdtPﬁet§FBE§ﬁEnF HrorPC.
During the novenent of %he%glgcenent head 30, the recognition operation for
t he substr 5 or S 15%wh S ¥ r a no h hed
B SRr3RSReF 8 150 whF P s WRFLRR r AR asSAndiiel HeEth

- box. Then, the . ... . . S - RO
- component .is oriented .into a placement’ céndition. . -This-

allows that the.électric connecfions such aé solder bumps

provided at a bottom surface of the component to be

15 directed downward for the mqﬁnting_ onto. the substrate.

Although the solder bumps are widely uséd for the

electrical connections between the component.and wires on

the cifcuit board for the mounting of, for example, an

'oscillatdr, the eiectfical Conpeéfionslcan'be-perfofmed by

20 the uée éf a conductive adhesive. Also in this placement

condition, a top surface 0of the component, fypically

- without any bump, is easy_to be received or sucked by the
vacuum'noizle of the placement head 30.

Although the turniné operation of the transport

25 head 20 is performed at the transfer station B in this



substrate hol der 50.noves to the placenent station C where the placenent
head 30 pl aces the conponent on the substrate 51; which is illustrated by a
hol | ow arrow directed downward. During this,, the transport head 20 picks.
up the 20 subsequent conponent fromthe conponent supply. The above _
descri bed operations are repeated for each conponent. Provided belowis a
conparative table showi ng novenent axes &fd nechanisis (i.e., feed

mechani sms for X-, Y-, and/or Z-direction). for the transfer and pl acenent
25 heads, the imaging devices, and the substrate hol der, 26 required for
t he conventional system and the system of the present invention. It should
be noted tambotihmenticr dasecari bhedonrbers othé herbesgporec e S nB0 cavpleiscat es
the structure of the system-and al so decreases the positional precision 5
of the conmfpornthangitchapdetiatdons ichastead angif snbstagien BABLE

El enent Feed Mech. Requi redl nprovenent Syst em 1Syst em 100Z- Di spl acenent Head
20X, ZX; - . Also, although the transfer of. the component: is -
ZReduced

e pérfo;zggL_szL;gall¥_Jhxnm_iimL_tra5390&Qlaﬁ@ﬁﬁ”tf@angoﬁhezx
educe

| Y;_i____placement_head_BQ+_lt_can_be_&6nex1nYiEﬂFQdfP€8t1Q%TsuchD§%'Ce
[“b X‘Feﬁgrlﬁgﬁﬂalhy;ox;oblﬂdﬂéﬁy 50 Y'Y

X_Di spl acenent Reducg:j- ,&-shpcan %e seen fm'lgom'?lh g/gflg Vl%glg@sr?%n%(le O%

the placement head 30 moves down toward the transport head

20 positioned below the placement head 30 to contact with
10 and then suck the comporient 11. Simultaneously with this,
the transport head 20 feleases the component 11, causing
the cémponént.l;“to.bg'trahsférféd'to the'piaCemeht ﬁead BQ.W.
| After the transfer‘ of the léompoﬁent il, the
transport head 20 moves away from the transfer station B
15 toward the.pickup station A (i.e., from right to left in
the drawing) for the subsequent pickup operation of the
component 11. As shown in Fig. 4E, the movement of the
transport head 20 away from the transfer station B allows
'the cbmponent'll~held by the placement head-BO to_féllT
20 | within the field of tﬁe imaging dé&iée 40 lgcated ﬁnder the
transfer station B. The imaging device 40 recognizes the
component 11 held by the placeﬁent head 30. The image of
the éomponent is then transmitted to the controller 70 by
which the position of the component 11, including X- and Y-

25 lateral positions of its center, angular orientation, 1is



according to the present invention, the fixed inmaging 10 device 40 does.
not need X- and Y-feed nmechani sns needed. for the conventional system This
not only sinplifies the structure of the system but al so increases the
positioning and inmaging precision. Meanwhile, the inmaging device 40 may be
designed to nove Y- or Z-direction, which will be 15 described bel ow. Even
in this enbodinent, one of the two mechahPsns is elininated. This is
illustrated in the table 27 by bracketing. For the imaging device 60,
only one (i.e., Xfeed) nmechanismis needed: This means that' one mechani sm
can be elimnated fromthe conventional system which needs 5 two (X- and
Y-) feed néekaximg®ed.This is because the substrate 51 is shifted away from
t he placenent station to another position for its recognition by the

i magi ng device 60. Thenieductiben ebotviee bpedatdohani prrdlosmedicagasehet he
recogni tion precision of the substrate. Al though the 10 systemis. ‘designed
so that thpiskbst ratdk thoinlefenvseathaanlk andafdrBh itheY-dliventdton, 5it igay be
moved in another direction. provided that the substrate can be recognized
by the i magragsgeviteel | iramces t aubgmsitd oguppdy fHOM tdleowh ader@nt tekat i on
and the imagi ng device 60 does not make 15 any conflict with the placenent

head 80. Fplhkemehite stystiiaim of the ﬁﬂfb_&?nﬁeiﬂvﬁfﬂ it CAbSTPsEENhbNGeROVI NG
passes of respective noving el enents. For exanple, according to the

conventiongb.sysh€mshbhe vacupignozzl e thk odubderptacenents G $0di 0
required to 20 nove about 40mmin the vertical direction in order to avoid.

the interfenencemiyifgt h@etiBEI NGo depd £eafAMRY Y 1 t AhigeACE@ dikRg to
the system of the present invention, the inmaging devices 40 arid 60 are

| ocated at SQBEE%%Q@C%@0§th9@%¥ﬁg€§ﬁ5c§éf’\?et*J]Sc;?_%&%ﬁg_ec?f_iﬂﬁie agepent

head 30 25 in the novenents in X-direction. This mnimzes the

marked on the substrate. For this purposé, as best shown
10 in Fig. 4F, the substrate 51 as well as the substrate
holder 50 is moved from the placement station C to an
offéetjposifion; spaced:reafwgrd'aWay froﬁ the station C;_ .
Moﬁnted abévé lthe- offsét position is the imagin.g.c.iévicé.. 60
fbf picking up image of the indications. After the image
15 pickup, the substrate holder 50 together with the substrate
51 is carried back to the placemént station C, as shown by
the dotted lines in Fig. 4I.
It should be noted that the imaging device in the
conventional $ystem_is designed to mdve_in‘two directions,
20 i.e.,” X— anal Y;directions, wﬁich requires twd feed
mechanisms. However, the imaging device 60 of the presént
invention moves back and forth only in the X-direction.
This means that one of the two feed mechanisms can be
eliminated from the system, which is more economical and

25 improves the quality of the recognition.



28 vertical novenents of the nozzle 31 in the placenent head 30, at the
transfer and placenent stations down to about Imm for . exanple, which, is
required for the prevention of the . interference with the conponent. 5
Furt her, according to the conventional system the inmaging device for the
substrate recognition is assenbled with another imaging device for the
conmponent recognition. This requires bot#4 magi ng devices to nove a | ong

di stance of about 250nm for exanple, between the 10 conponent and
substrate recognition stations. However, according to the system of the
present invention, the substrate recognition device is separated. fromthe
ot her conponent recoghl$¢on agwpxsbirgd thatthe icorsmnisicoroml ysiystetthethe
recognition of the substrate. Therefore, the substrate 15 recognition
device is riopaging devioee bal yWesignid edodimsowacerdfo abbet dferayidmal
exanpl e, which m ght .differ depending upon the size or the purpose of the
conponent . el tkoucinomhbéht he appbagsditheastbstesild.s AL tiiel s atwednion. of
the inertial force of the novenent mechanism 20 as well as the necessary
rigidity ofin hersieppotei mycsid uthar eesslial so intdrdfeierreabetatenhethe
preci sion of the positioning. As described above, the system 1l of the
preserf i nviamgimg hdevaceunet tiie npliaegmpartt sheaddpnghet pAraddiierds, h&bdt he
pl acenent head 30 noves about 500mmin-the X-direction 29 between the
transfer angs phatenest tiatieosul avtzle THeoUDIEMRNImOFe®atp elRITEMay
shoul d be controlled precisely in order ,to attain the precise alignnment of
the conponentdm . @het hEmsgbsgr Aetridedr t MiSL PULRREA.rd1Cafi¥Ehem e ©ysg 5
servonotors, pulse-motors, and/or voice-coil nmotors for controlling the
movi ng di stediee Bdr tige hEaBELENL | Read(i hhekht @ dh0Se Mot Gife Ak dision
conmbi nation therewith, a |linear scale may be used for each noving nmechani sm

in order toftimd NoPefBIE RECEESRgCOMEQI of the npving distance. 10 The
| i near scale, which is a pul se encoder for nmeasuring a |iner displacenent,

has a ¢ eference scal epdkbihqaingi €6StHBI kedsepti Gaklontalodeanel ivaldenand a
detector nounted for nopvenent on and relative to the reference scal e, which

ensures a b S cantr@ly.. [qTat c u i.nt o ,
) &30 By BT B ceT e i [ QWS b BB Rlrad £l HREOE |

the linear scale Is preferably u

vt ng Ot Stalceshlging! dilyibe CRySeln YN SRlou IO eifal S 1B e delipaam

"showi ng vari-aus™ pa . .Incorporated in respective devi Ces descri bove.

2 sof ta o O R AT HEE AL Bl | on TRERN CRLOBD AR 1010 0 T8, “Beky 36"

a software section. ardwar e "sect’i on incl udes™t he "cor _
1 anport NEAR20, o BESHEI URed sl COPOTEN! pLEROINLI IR 52 10
sect ilofp. _25 pioné:iéjggé Sl itq{]éS B gggrsngin%g huenaiLctl'SBB(,)r J.Q_eo &éfrllglgl %ﬁen%oeusnsta{r}/g

time. |

The controller 70 determines a ©positional
deviation between a predetermined sucking point and an
actual ‘sucking point by the ‘nozzle and an angular
20 orienﬁation of the component, by the use.of fhe image or
'signals transmitted from the imaging device 40. Also, the
controller 70 determines a positional deviation between the
predetermined and the actﬁal positions of the indications

on the substrate 51, by the use of the image or signals

25 transmitted from the imaging device 60. Taking account of



30 operations for supplying conponent, sucking conponent, calcul ating, an
anount for position correction, calculating an anmount for angul ar
correction, recognizing conponent,.. recogni zing reference-indication, and
correcting position. 5 The hardware and software el enents are integrated
with the controller that controls the overall operations of the el enents.
Each of the hardware el ements whose oper &tli ons are already described above
has various drivers connected 10 through respective |ines extendi ng out
fromthe elements. The controller receives.signals fromrespective units of
t he software section and, based., on which,, controls respective drivers.
Anong ot herthddengigvidiel emspobeat cenppbylprodssaiguldaite sc @ntoravse tlhieng
novenent of the 15 conponent supply 10 so that the conponent to be picked
up is placelisitarde pockhp pasicement Himtdemonentosatknggapydteess rghainit
controls timng and vacuum for the conponent sucking by nozzl-es nounted on
the transf afosdik phRcapent haadserbiedlnid-sadis, Cah€uhatigglpesidmanals ari d
20 angul ar corrections calculates, fromsignals transmitted fromthe
recogni tiontrtevi@Bs4@ata MBIV wgtﬂi seaper tof té hehpl aceiedcthiesd. 30 Haxdde
X-direction for the mounting and the. anmount of angular correction for the

nozzl & 31 ald the venldudalt i4m3XiSpeddELSRIPORER ML GROEN:ET @B UV idRy
controls the recognition timng by the recognition device 31 40 and the

field of, Fﬂﬁédﬁyaéémeﬁﬁeh@@&”§mcsna”@h@a@dybﬂf%ﬁéﬂEi'QBeU@dhﬂ¥HﬂféHS
t he recognltlon timng and the field of the substrate recognition device

60. and, based-wPHLAFLRIEELTNHTI ON by the device 60, the position 5
correction unit controls the noving distance of substrate holder 54 in the

Y-direction. Wth they ﬁ%r@n nt, Fgeegquggiqﬁgp gggb ﬁgtgg angf6q:

separ at ed fronteach ot Ich allows respective devi es 40 and 60 to be

controlled i ”ét:ythg' tt*}%&’ttsf%'}y sr rdrPté 02%%@?5&%#@%%@ do

devi ce. Referrlng to , anot her ing sy od accor

to the seqpnd enbodi gRal: @4, ;pﬁssgﬁgceﬁ\é st ian widd €e<qeﬁc“bﬁd°‘t|y

hereinafter. e conponent nting s emot this odi' ment’,” "dener

I ndi cated by, é‘@pt%@{ ﬁigﬂ?hlﬂu raldé% nsg)SI mARL Lo kpaL %}\ t%;(ffﬁiﬁ:[lon

enbodi nment exce e sy a second’ plracenen

Th f , ) h : h -
oo e EAnE BRI B S R M P BBEPRRIBS

t hi I t head ,30 t at .the, trc f d
hen moves THe | RensEndd: 106 at PR &R °”ert‘m%ﬁﬁ%t SorneheScato [tgma”
The nmounting of the co nent at the | acenen stat n s conpl et ed

The s ot & eatdrte SOFBRISH Bl drmceRois  arativer Aon cRPErRaBaerers GF of

LI 0 200 o R R e R, 1 bR CRES aza“%;%gﬁs.t e e o
time for HQPPt{ngklace on the substrate 51.
In this operation, the nozzle 31 sucking and
holding the component moves down with the placement head 30
toward the eﬁbstréte_Sl; tOnce the solder bumps provided on
20 the. bottom stlrface contact wi'th the substrates 51, 'the
placement head 30 forces -tﬁe component 11 .against the
substrate 51. Simultaneously, the placement head 30
applies .a. high frequency vibration to the component 11,

causing the solder bumps to be connected with the substrate.

25 The vibration may be an ultrasonic wave generated by a



Contrary to this, in the system2 of this 5 enbodinent, the first and
second pl acenent heads. bear respective functions and thereby enhance the
productivity of the nounting. For exanple, the system 2 is designed so that
t he placenment head 30 serves for a first step of nmounting in which the
conponent 11 is nounted on the 10 substrate 51 and then connected
tenporally by the ultrasonic vibration.,22rhe tenporal, connection requires
only alimted tinme of about 0.1 second After. 'the tenporal connection,
t he placement head 30 noves back fromthe placenent station Cto the
transfer station B where it 15 receives the next conmponent fromthe
transport heazoeldhbriecdavipkaceRent ekeagpl®) ddvesasl frasensecoade shap of
nmounting in which it applies the ultrasonic vibration again to the
t enpor al | yawoemedtietdeonpbnebbutl T omithenpeam@nent frequenty o fof abbet
.component to the substrate. The.20 permanent connecti.on requires anot her
time of abélif0004psecandsmitelV t hAfbert wheStEfmshetnechi of e dtsRpdnehhe
first (tenporal) and second (pernanent) connections by the placenent heads
30 and 80 heantifgabehe Blhcen@n® heRLBOISmovEs! Bap&CiHovede dhersfere,
the total connection tinme appears 33 to be identical to that required by
the systemnzdaviohhe fbisthenbadsBBObntHRAWRYR LN AGOHOEIbItensystem 2,
after the tenporal connection, i:e.,. during the permanent connection; the

pl acement head 30 caphpr @&@ednlO dSrRid/e4d bhekaexip COARONRAL WY Chhgeans
that the overall tinme for nounting per conponent is substantially reduced

by, for exgipteneRt4 Haspnds. Jg-er&{énlrﬁe,atdheiéuwi@mé %Qarﬁhieigné‘:?’&ng

two pl acenent heads causes the overall tine for nountinhg of the

conmponent {0, berE pAUERG LAR deasage\teaﬂﬁr?é SOhbNG:Pf QdUeLl Vil §lpilg,

systemto be increaséd significantly. Besides, the two-.s.tep , connection

Fre" s iHE LERRLLRALRISISE Cladleraanecting Lisise) SmaRPI P
to 19 subséquent operations for the removal of tﬁe debris, which
would otherwise cause any damage to the component 11 or the
 n6zzle:31. :This,Qpéfaﬁiqn cag.¢Qﬁaily}be.appliedvto-the
transport headiéo. In this instance, thé imaging.dévice 4d
picks up the image of the nozzle of the transport head 20
15 'to détect-any debris on the nozzle. Preferably, this is
performed as the placement head 30 is moving toward the
placement'station C. Further, at the placement station C,
after the placement operation by the placement head 30, the
*subStrate'Silmay move reafward to a shifted position where
20 it opposes the imaging devicé 60 for picking uﬁ an imége 6f
the substrate 51 and thereby determining whether the
component 11 has been mounted in place on the substrate 51.
The imaging device 40 positioned at the transfer

station B allows the component 11 to be recognized before

25 the placement head 30 begins to move toward the placement



t he conponent effectively, another holder in the formof bracket or box
cover may be used for holding the conponent and then forcing it to the
substrate. Also, in the two-step conriection, the position 20 and/ or
orientation of conmponent nounted tenporally on the substrate may be

recogni zed by the recognition device and, if necessary, corrected at the
per manent connecti on base upon the recogd®tion result. In this instance,

i medi ately after the tenporal connection of the conponent by the 25

pl acenent head 30, the substrate 51 is transported rearward 34 to oppose
the fixed recognition device 60 for the recognition of the conponent
mount ed t espatdlony 6n e dubshsares Thes, diassmentonhielzel pdsi ti®nabve
information transmtted fromthe recognition device 60, the controller 5 70
cal cul at es cbhd iamowstl yf ori thoutY-anyamdldr. arthe agsosbtient bonthsd ikbging
controls the novenent of the other placenent head 80. Preferably, the -
recogni ti odege\iecd 04Q s eagliizds ddh e argranent rdol gk agppey t thE - ehahag -

pl acement head 30 10 immedi ately after the tenmporal mnounting of the
conponent gaeiidee 400mReN®Y Judlidiikeaenrid ahofveaphbey kacrreRt-ahezd 80

.. before the permanent nounting of the conponent: This allows the

contrel | er st@ti@npEEvent i @nynHeRsH Ppes@egbeeRpncahi 1 4yl Pearaysedoly the
exi stence of debris at the 15 conponent hol ding portions of the placenent

heads. Al sghet Wh$satiNsSwhleep!@femeahpBaad 80 4 0+hahd rehe elle PSR! k¥ie,
nount ed conmponent positively. Figs. 9A'to 9J schematically shows a series

of . operati-ansRetf AR o8 NG HY HUR AN Laq 296, P! 26EMBAL SRR §hti ons

by the system 2. As can be seen fromthe draw ngs, the operations

i 11 ustrat edpigh sEigsinQAidpi A6 26 ei%iﬁtlgégg %}C%méégéﬁﬁf&egdﬁg%gggof

described wth reference to Figs. e” sys

this embodigRNorard sy R s L8 60TROURY 1hhd %4 PRREAhY PRt e

10 caused in the conventional operation that requires the
placement head .needs to halt after it has reached the
':ma*imUm3sp¢ed in.the boufée;of,movingJﬁ#pmfthe'transfer
station to tﬁe placéﬁeﬁt stétion for the recoéhition of thé
component and also the imaging device to wait until the
15 vibration caused by the-halt will come to an end. In this'
regard, the time loss can be reducéd to some extent even

when the placement head makes a halt before it reaches the
maximum speed. Therefore, the terms "vicinity" and "spaced
-slightly" méans‘a certéin.range'in which fhe plébement head

20 .is acceierated up to the maxiﬁum speed.

Referring to Figs;-SA-and 5B, descriptions will

be made to this in details. As shown in Fig. 5A, according

to the conventional system in which the placement head

halts in the course of moving from the transfer station to

25 the placement station for the recognition of the component



35 connected with the substrate 51 as shown in Fig. 9H After the

conpl etion of the tenporal connection of the conponent, the placenent head
30 noves back in the X-direction to the. transfer station B for the
transfer operation of the next 5 conponent. After the disengagenent with

t he placenent head 30, the substrate 51 noves rearward in the Y-direction
to oppose the recognition device 60. As shown in Fig. 91, the recognition
devi ce 60 recogni zes the conponent tenporally connected on the substrate 51
and then transmits the 10 recogni zed i nage signal to the controller 70. The
positional relationship between the substrate 51 and the recognition device
60 , is sirbyathtoimaatinghalevice, FagceainAftiafie tHE aBOQENIA.I10Nseddied
substrate 51 noves back in the Y-direction to the placenent station where
it opposes iderdgusee@ntopl asrpeny BRad vE®raAS ot tiHe R Xhcddent Nead .

pl acenment head 80 noves dovinward to hold the tenporally connected conponent
11. Al'so, tdwupbaceyerheheaark 80 J0r 668N CHMONESNE cdibehi® hQ%dSHHS%]Haée. |
and then provides the conponent with the ultrasonic vibration for the

per manent 2 t@Rechiron Hodthe £ONMPRAEBL st he Aubst EakRL18S bestp gh in
.Fig. 9J, the conmponent hol di ng portionbgf fhe pl acenent ﬁead 80 i%§%§¥?ned

Fig. . | i ¢ t d k gg}gﬁ
in thes formaiodnackeh; AHEr AdRoht { R agpvRlyt Bga tﬁég?lan t%gé

configuration suitable for thé positioning of the conponent

appl i cationsftihe, Ul thasey ¢ Yhheat i ope to d he, 38 comonentngl t shoy! d

be noted that when any m sal i gnnent such as 1 nproper nounting or connéction

of the co é&efétggtggggg.by the recognition device 60 (see Fig. 9l1),
the 5 controller 70 suspénds the nmounting operation to make a warning. In

this case, if necess supstr 51 e, .di scarded . autqomatically or
manual ly. Referring ta%é{llq—:lcggfylogsangk%& a otc’%éir_lq‘tgib%é)l n&,{}e o?n?%t]sri‘/%t em
according t pLes j popn_l10 wi.l|l be described r ei ter., The

dr awi ngs ifﬁﬁ%&%&f@gpggét#%%ggﬁte?EYFgﬁéﬁppsaﬁef@ﬁgﬁlfﬁbqﬁéhp nt2 S’k ed
and d, he._nozzl t he pl acenent _head 30 and he recognition
devi Elgds i nq%lrhée §5%§%r§??o§§l_%i‘ stcé)ﬁtf)p(%ed"@’loﬂ')‘e aﬁ‘aaPHBOE% 'gﬁdo%q ﬁ*éo‘ﬁ?%sent
invention (Fig. 10B), 15 respectivel As. descri bed above with reference to
Figs. 13 anagq%ﬁ, %58 or%i’%g%tlgiﬁheoﬁo Ent TBREF Yy 1M T%re s JIEEE '%ﬁg]éﬁ t he
" conponent 11l1a held by, ,ihe nozzle 13 f the pl-acegent head, 130, :and, the
subst ance: 51°7% g%aF{nfEEdfo?ﬁPg ' i&?ﬁéb Ry EhsuPiagelritahead Bt wen
the recognition device 140 and t he conponent, necessary for the proper
recognitian?ﬁOQW%F%%npo%%%?{ fRecRlpreameRs hRad s aRGedrIsitashda idRe of
in particular, the large size conponent. Contrary to this, the recognition

devi ce 40 iRR¥IUHE e8PBRAY FOVashevbthr EBggringssh oand h&hepnswsaie rates

therefore fixed in _the :
15 to reach the placement station. This eliminates the

additional lacceleration and .deceleration required in the
conventional system, which decreases the cycle time by

about 0.2 seconds.
o Fig. 6.'Shows a. relationship of - movements and
20 operations for the placement head 30, transport head éo,
and substrate holder 50. As can be seen from the drawing,
after the placement of the component, the placement head 30
moves back from the placement station C to the transfer
station.B. In synchronism with this, the transport head 20

25 . which has already picked up the subsequent component moves



37 system which does not need additional space to avoid the interference
wi th the neighboring nmenbers. This. in turn defines, a |larger space between
the recognition device 40 and the conponent than the conventional system
which 5 increases the field and/or resolution of the recognition device 40.
The increase of the field and resolution are illustrated by dotted lines a
and |l ong and short. dotted lines ~i in Figd | OB I nprovenent on the field
and/ or resolution of the 10 recognition device can be attained by anot her
enbodi nents illustrated in Figs. 11A to 11F. For exanple, according to the
enbodi ment in Fig. 11A, the recognition device 40 is . designed to shift in
t he direct Foam fdicapedkby &tadwotb, Al tewartthethe araXsdierecd i o 0Ba
certain extent. Wth the 15 arrangenent, first the recognition device 40
occupi es aTher sheqpdsi tA0®nawnker 80i thalcod zeppaspar tadh tdEh&OMRANERhe
Then, the recognition device 40 noves to.a second position where-it- .
recogni zestrhasifemnistagi qar Bt id t heeponpopesich Paddral ot Ragesso0f thhe
conponent are then conbined and 20 processed at the controller for the

subsequent t pang€sgeo SUtRe AT oR@DIHANN BRAGMOLHANOE B sSOF £ ekiben f tHe
conponent. This process allows the recognition device to capture the entire

i mgesof tpeaeenBaReNhed) h vhNGceI3ar Y11 asekHELAN gyen, W2 LEpbed
space. This in turn neans that the 25 noving range of the recognition
device forgibeceedPoRsiird. Immediately after the transfer of the
component, the transport head moves back toward the pickpp
station, allowing the recognition of the component held on
the placement head 30 by the use of the imaging device.
10 The .recognition opération of the component is illustrated
as a hatched box. When the.recognition is completed, the
';plaCémgnt héad,?O hp§e$ tQWng-Ehé plécemeht“stétion C.'
Duriﬁg thé. movémeﬁt of the placéﬁent head 30;. the
recognition operation for the substrate 51 is performed,
15 which is illustrated ‘as another hatched box. Then, the
substrate holder 50 moves to the placement station C where
the placement head 30 places the component on the substrate
51, 'which is illustrated by a hollow arrow directed
downward. During-this,:the.tfanquft head'20 piCks_uﬁ the .
20 subsequent component from the component supply. lThe above-
described operations are repeated for each component.
Provided below is a comparative table showing
movement axes and mechanisms (i;e., feed mechanisms for X-,

Y-, and/or Z-direction) . for the transfer and placement

25 heads, the imaging devices, and the substrate holder,



38 recognition can be mnimzed. In addition, the horizontal novenent- of
.the recognition device 40 may reduce the likelihood that it suffers from
any damage. by the possible drop of the conmponent or other nenbers. 5

Al t hough the whol e i mage of the conponent is captured through two pickup
processes, nore nunber of pickup processes can be enployed for the |arger
conponent. | n another enbodinent in Fi g6 11B, the recognition device 40 is
designed to nove vertically, i.e., 10 in the Z-direction between a | owered
position indicated by solid lines and an el evated position indicated by
dotted lines. This enbodinent allows the recognition device 40 to shift its
f ocus vermaqulfed sborhihet neoncvemidner dls sydtemi ddér ent beisglis off e
different | evels can be recognized 7.5 without any defocus. For exanple, as
shown i ndriesehitavimgehbiohar g&t ehopddebe hbtied mhwed thewiddr¥addier
elevated to the lowered position to extend its field, so that the entire

inmmge of tie hanger ¢OnpheertedancbhasaRkur égmbli@@Qe%hQ%eTmecf@é@.gP%“ on
device. 40; due to its novability in 20 the vertical direction, is also

avai | abl e ff ofhéheyedtleactdren 8l sgelidcs &ardd %@ypagetgeﬁa@n%emﬂaﬁg
portion of the transfer and placenent heads 20 and 30. 1n another

enbagdi mertf i4h&Fi @omddfent henaeeraNkEL9BdEX1EE 4Q b o U%B%f E%%s@iaace

horizontal axis not 25 shown so that It rotates as in |cate arrow 47.
Thi s 3YABLE

Element _Feed Mech. Required Improvement
System 1 System 100

_ Z-Displacement
Head 20 X, Z X, Z Reduced

Z-Displacement

Head 30 X, 2 X, 2 Reduced

""""" | X,Y—NoXYFeedMech
Device .40 ' o o

.......... Worzl[NoXFeedMech]
Holder 50 Y Y -

No Y-Feed Mech.
Device 60 - X, Y D ¢ X-Displacement
Reduced

As can be seen from the table, the system

according to the ‘present invention, the fixed imaging

10 ~ device 40 does not need 'X- and Y-feed mechanlsms needed fof
the conventional system. This not only simplifies the
structure of the system but also increases the positioning

and imaging precision. Meanwhile, the imaging device 40

may be designed to move Y- or Z-direction, which will be

15 described below. Even in this embodiment, one of the two

mechanisms is eliminated. This is illustrated in the table



arrangenment allows the recognition device 40 to take between a first
position (indicated by solid lines) where '"it recogni zes a part of the
conponent and as econd position (indicated by dotted |ines) where it
recogni zes the 5 remaining part of the conponent. For this purpose, the
recognition device is connected with a driving source such as pul se notor
that is controlled by the controller. Thg7system maybe desi gned so that the
recognition device takes three positions where the recognition device
captures 10 respective parts of the conponent. In another enbodi ment in
Fig. 11D, the recognition. unit has two fired recognition devices 40a and
40b in ordey beaekktrigeg.the field of the recognition unit. This arrangenent
~all ows the larger conponent to be 15 recogni zed by two recognition devices

with a high resoluti ger ALRe, it iy I 4BYERBNIGATRY P& WUSEHe ST it hat et her
one of the recognition devices wiorks for a snaLV conpgﬁent, and bdth“for-a
| arge conp : QMg 14 0 er ~the recognition is not, li.mted to
two. 20 | nggﬁgg hggcenboﬁejh% ﬁﬁa%gg 161)%35{]%8&%%%03% ti o%nr{edex\gnegléaﬂbsf“s '
oriented hgtizeont alylsy.; r gni.t.i .t .h mrror 41. The

mrror. 41 ?éhlg%a%2$ﬁﬁ¥%€%ﬁnf{§htﬁggrgggg%ﬁ%#%h%&e$&§i%ﬂ)%R&F%uﬁﬁﬁ fed
for retati so,¢ha evfi el e,recognition device is 25 reflected .
and then ngegd g%roggﬁ{hg zoﬁg%%%n%gqﬂﬁﬂ%%hﬁs l%rﬁéhggﬁﬁﬁPFethEhﬁirror
rotates be i St sposiytdan where the reflected field of the
recognitio%ﬁgggfgggcgéeH%eﬁ%ﬁ#ﬁéég%¥%% ?53ﬂoﬁbﬁtp§ﬁ§%¥ e e podt  FBn
where the ¢ ed fi.el.d.c rs, the_ renmaining part ,of the conponent. 5 For
this purpoélggzﬁ% glorsrlg%glns%/&l Vi) §e%%ﬂﬂétf‘gla géf §%ﬁot16‘}a,gls‘{ghd%ﬁ§l‘ﬁﬁl se
‘nmotor, so %Qat keg controller %OQ%#PE§5%€6 tor, to rotate the mrror. The
‘mrror may be anySneiber “¢8Pable REuis] Nigha B s nERISeS Phesm

I n anot her enbodigent in Fig. ,11F, the 10 recognition unit has an optical
menber 42 E8cRYESCFBRs BBEF?FE;HBd BEt wWeBA t FeF BERER t | o biEveRah 40thed t he
coiqﬁgnent 11 ;aLIog%ng; the recognition device 40. to pick. up the imge
of 1H0ger TYRpBlehs. CHFE90RE &9 HimbeFhaosubayrpsesbppsiereamaedvackut of
t he space between the 15 recognition device 40 and the conponent 11. Two or
more opti AP mettieR Y e Prasdrian so itthamay sbet apveedneinf awntdrer s
sel ected qgfending'upon the size of the conponent .and/or. the required.
‘resol uti onSLRESBIORhRTENEALEA tharfhdiheioswagt betesedni hecawsiogntiized ibyh -
other optical elenments 20 such as mirror and prism Further, the =~
recogni t i ofR¥eiMeg iy ndpvBeesubport edetbpinourrsittiont aselyy Enomhitshe .
enbodi ment but also in the previous enbodinment in Fig. 11E, which enl arges
the field BfaceRenbco§aitioon atel i tle whnhgikgepienj dehe60 edoesethotesmd ki i on.
25 While this invention has been described in 41 conjunction with a
speci¥ic emtvdcomhlichevidbh, the pdacemendeheathd0.nmany al ternatives,
nodi fications, and

Further the system of the present invention can

shorten the moving passes of respective moving elements.
For example, according to the conventiona; system .the
vacuum noézle'3i of the placement'head 30 is reéuiréd to
20 move about 40mm in the vertical.directionlin.order to avdid
the interference with the imaging devices.: Contrary to
this, according to the system of the present invention, the
imaging devices 40 and 60 are located at difference
positions and outside the passage of the placemeﬁt head 30

25 in the movements in the X-direction. This minimizes the



variations, will be apparent to those ,skilled in" the art:Accordingly, it
is intended to enbrace all such 5 alternatives, nodifications, and
variations that fall within the spirit and broad scope of the appended

cl ai ns. 42 CLAIMS 1: . A conponent nounting apparatus,. conprising: a
conponent supply prOV|ded at a first station for 5 supplylng a conponent a
transport head for picking up the conpone@8 at the first station fromthe
conponent supply and then transporting the conponent to a second station a
pl acenent head for receiving the conmponent fromthe 10 transport head at
the second station and then transporting the conponent to a third station;
a substr at eviesitdealprroweieentas ofie thiel mbatlad i ®b fiar tiod db Dgcemedbs healke,
the substrate being provided with the conmponent fromthe placenent head at
the third sB&tiadndhendresrsiier reagl nglamdterd ors techgns zognt b6 apBRENEH,
hel d by the placenent head wherein'the inaging unit is positioned in.or in
t he V|mrnt¢oafQXEmﬁbeanhSCMJIHIréQu2reah¢de¢wQep&em@ﬂﬂﬂ&m GPpanat us

in accordance with claiml1l, wherein the imaging unit Is fixed in or in the
vicinity of initerfecwntes Wattilorthed.colgoreaiponent nounting apparatus in
accordance with 25 claim 1, wherein the imaging unit is novable in a
di rect bon: Further, according to the conventional system,
the imaging device for the substrate recognition is
assembled with another imaging device for the component
recognition. This requires both imaging devices to move a
long distarice of about 250mm, for example, between the
10 component and substrate recognition stations. However,
.aCCOrding to the system of the present 1nventlon, the
substrate recognltlon dev1ce is separated from the other
component recognltlon device so that it is served only for
the recognition of the substrate. Therefore, the substrate
15 recognition..device 'is- required to move only a limited
distance of about 10mm, for example,'which might differ
depending upon the size or the purpose of the component.
The reduction of the moving distance results in the
_'teduCtion of the inertial force of the movement mechanism
20 as well as the necessary rigidity of the supporting
structure and also in the increase of the ptecision of the
positioning.
As described above, the system 1 of the present

invention has a number of moving parts. Among other things,

25 the placement head 30 moves about 500mm in the X~direction



43 perpendi cul ar to another direction along which the imging unit opposes
the placement head for the recognition of the component: 5 4. The conponent
nmounting apparatus in accordance with claim |, wherein the imaging unit is
novabl e in a direction along which the imaging unit opposes the placenent
head for the recognition of the, conponent. 10 5. The conponent nounting
apparatus in accordance with claim1, whéPein the vicinity is defined by a
range in which the , placenment head is .accelerated, up to the maximum
speed in the course of the novenent thereof fromthe second station toward
the third station. 15 6. The conponent nounting apparatus in accordance
with clai nPetvgesr cihe t hearshpspend Matanans shationpoBerandipdi de Tthewn
after receiving the conmponent at the first station and before, transferring
the ' conpoReiement ef sezdndelegestashonld’ belhsorconpbhedt proahsehy in
apparatus’in accordance-with claim 1, "wherein the imaging unit is supported
so that itordesgriioestithin eteat ppectsens lafynirtea tc anportent coRbonedés on

the substrate. For this purpose, the system employs
5 servomotors, pulse-motors, and/or voice-coil motors for
controlling the moving distance of the elements. In

addition to those motors and in combination therewith, a
linear scale may be used for each moving mechéniSm in order
to attain a more precise control of the moving distance.
10 The linear scale, which is a pulse encoder for measuring a
liner displacement, has a reference 'écale with indices
markednoﬁticallyZOrlmagnéticélly andla de£e¢tqrfmounted for_
movémént én and- relative. fo the referéﬁce scéie, whiéh
ensures a precise movement control. Taking such feature
15 into account, the lineér scale is preferably used for the
compensation of the change of moving distance that might be
caused by heat.'
Fig. 7 is a circuit diagram showing various parts
. incorporatéd in respéctivé.deviCes.déscfibed above. AS can
20 - bé seen.from tﬂe drawing, the system has a hardware séctiqn
and a software section. The hardware section includes the
component supply 10, transport head 20, placement head 30,
component recognition device 40, substrate holder 50, and
substrate recognition device 60, The software section

25 includes various processing units for controlling necessary



8. The conponent nounting apparatus in accordance faith claim 1, wherein
the imaging unit has a plurality of imaging devices. 5 9. The conponent
nounting apparatus in accordance with claim1l, wherein the imging unit has
an optical menber for changing an optical feature of the first imaging
unit. 10. The conponent nounting apparatus in accordance with 10 claim?9,
wherein the optical nenber is a mrror, pPism or lens, or a conbination

t hereof-. 11. The conponent nounting apparatus in accordance with claim1,
wherein the imaging unit recognizes a portion of 15 the transport head
and/or a portion of the placenent head, for holding the conmponent 12. A

conponent @panathgnsppdoat usupediyinicsi npmporeamponestclsimg! yeprpyhded, at a
first station for 20 supplying a conponent a transport head for picking up
t he conponealcatathedf ianstamtatt ofiofr posti it oeo et iBPP! ¥a Bod1 4 PeAq
transporting. the conponent to a second station; a placenent head for-

recei vi ng éhe ssonponefivrf ramyhber 2z drmnspon, hQ‘édo@hiEh@l@%dﬁéﬁEi,,'Oh
and then transporting 45 the conponent to a third station; a.substrate

hol der - f orrbobdhiigiags weslardrtoe 1 1ol Sedst6f eahal QrrRQING FOYEPL&n
.between .the third station and a fourth station spaced a certalin distance’

away $rom PhéhBatbivadestatld Qb f@wdi& SE1EABALEYRI b ftQly JAGRON ZiN0:f be -
conponent hel d by the placenent head; and a second i madi ng, unit positioned

at the foucoiiobaleen £RAcr SRaUPES1 A0 dfie SHRIAN eoplilaldonlhepgompppent

-nmounting apparatus in accordance with . claim12,:
.1 magi ng ugiémkgtsghovable in a first direction al ong which the placenent
head noves between the second and third stations, and the substrate 15
hol der is novable inggcpecond diar el i Q0. PET RANIGH Ar L h8se operations
are already described above has various drivers connected
10 through respectivé lines extending out from the elements.
The controller receives signals from réspective units of
'the5.software .section. éﬁd/ basedffqn"whichkl conﬁrols-
respective. dfivers;., Amdng other 'fhings, Ehe céﬁponent
supply processing unit lcontrols the movement of the
15 component supply 10 so that the component to be picked up
is placed at the pickup position. The component sucking
processing unit controls .timing and vacuum for the
component sucking by nozzles mounted on the tranéfer_and
.piacement heads. The units.fof calcﬁléting poéitiénal and -
20 angular corrections calculates, from signals trénsmitﬁed
from the recognition device 40, a moving distance.of the
placement head 30 in the X-direction for the mounting and
the amount of angular correction for the nozzle 31 about

the vertical Z-axis. The component recognition unit

25 controls the recognition timing by the recognition device



the first direction. 14. The conponent nounting apparatus in accordance
wth claiml|3, further conprising a fixing. head, so that the 20 pl acenent
head makes a tenporal connection of the conponent to the substrate and then
the fixing head makes a permanent connection of the conponent to the
substrate. 15. The conponent nounting apparatus in accordance with 25 claim
14, wherein the second inmaging unit recoéﬂizes t he 46 conponent on the
substrate after the tenporal connection and before the pernanent connection
of the component. 16. The conponent nounting apparatus in accordance with 5
claim 14, wherein the second imaging unit recognizes portions of the
pl acenent HEhRrAdEhRe FlisdichEheblief devtisladi ngThae rederensetintid cathion
conponent nounting apparatus in accordance with 10 claim 16, further
conpri si ng Reqqgeklier anaifourerlr ohs a téleaf re¢ognibiding itiegpl acénerite head
between the second and third stati.ons . 18. A-conponent nmounting apparatus, -
conpri si ng:fiksler ednporentsubsipiacepr vecdgdifitoa fdesicet &0 cand por baseal yi ng.
a conponent; a transport head for picking up the conmponent at the first
station frampdarhe toponemgsippdy abd t hee t dendperticlg t hidecompeiariiori o . a
second station; 20 a placenment head for receiving the conponent fromthe
transgort headredtidre srtbndcitatolen dne beinyr ahispoiidago f heuberpenent to
a third station; a substrate hol der provided at the third station for
: holder 50 in the Y-direction. With the arrangement, the
recognition devices 40 and 60 are separated from each other,
which allows respective devices 40 and 60 to be controlled
independently, without any restriction imposed by the other
10 device. |
Referring to Eig.'8, another mounting system and
method according to the .second embbdimentfdf'thelprqseﬁt"
invention will be described hereinafter. The component
mounting system of this embodiment, generally indicated by
15 reference numeral 2, is similar to that of the first
embodiment except that the system 2 has a second placement
head 80. - Therefore, 1like parts bears 1like reference
numerals throughout the drawings.
'Méanwhiie,'ac¢ording.to the_system'of-the_first
20 embodiment, the placement head 30 receives the component at
the transfer station B and then moves to the placement
station C for the mounting of the component. The mounting
of the component at the placement station C is completed by

the wultrasonic connection, which needs a relatively

25 extended period of time of about 0.5 seconds. This



hol di ng a substrate, the substrate being provided with the 25 conponent
fromthe placenent head at the third station; 47 a first imaging unit for
recogni zi ng the conponent held by the placenment head; and a second i nagi ng
unit for recognizing thesubstrate; wherein the first and second i nmagi ng
units are 5 arranged not to interfere with a passage of the placenent head.
19. A conponent nounting nethod, conprisid®g the steps of: picking up a
conponent by a transport head froma 10 conmponent supply at a first
~station; transporting.the conponent fromthe first station to a second
station by the transport head; transferring the conponent from'the
transport BBEFeRSeH A AGieing Hebie a0 f t Aessetahddseabinant b, pdea@nitas,ng
the conponent received by the placement head at or in the vicinity of the
second st athésh tremsldos t i mgahhenvemiede x feronmdrheo S ecloadogtakilon thifed
third station by the pl acement head; placing the, conponent onto a
substrate erthouriiingr.20 station by the pl acement head; and controlling -
the step of placing the conponent onto the substrate based upon i nformation
obt ai ned by the recoguintmarpf tde clobponedh. Lhe20syAtemanpanest mMpunlsi ng
‘method in accordance with claim 48 19, wherein the vicinity is defined by
a ran§e i nembodimemnd,pl abenemti dsad.ands aeeeher abedcéRentto hBEJFEX HLEWR
speed in the course of the novenent. thereof;, fromthe second station
toward therebpedtdtvat ifimctions and thereby enhance the productivity

of the mounting. For example, the system 2 is designed so

that the placement head 30 serves for a First step of
mounting - in which the component 11 is mounted on the

10 substrate 51 and then connected 'temborally by the
ultrasonic vibration.  The temporal connection requires
‘only a :limitedt time of ‘about ﬂO 1 second ' After the
temporal éonnection; the placement head 30 moves back from

the placement station C to the transfer station B where. it

15 receives the next component from the transport head. The:
second placement head 80 serves for a second step of
mounting in which it applies the ultrasonic vibration again

to the temporally connected cdmponent 11 for the permanent

connection of the component to the substrate. The
20 permanent connection requires another time of about 0.4
seconds.

With the two-step connection embodiment, the
first (temporal) and second (permanent) connections by the
,placement heads 30 and 80 require about 0.1 and 0.4 seconds,

25 respectively. Therefore, the total connection time appears



5 21. A conponent nounting nethod in accordance with claim19,, further
conprising a step of maki ng a permanent connection of the conponent to the
substrate at the third station by a fixing head, after the step of placing
the 10 conponent onto the substrate by the placenent head. .AFn. A
uMAwAM9A9NQAN%NWM&A@%M%MAWAQMAAWMWAYM%
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if necessary, corrected at the permanent connection base
upon the recognition result. 1In this instance, immediately

after the temporal connection of the component by the

25 placement head 30, the substrate 51 is transported rearward
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S, 810965& (f)emsn&ii(}%ﬂsrreé (Fh deomenﬁnt&lmtadllt;mﬂ_@@&m dn the
F&109& ()- 1! LF&LO%& ()-1 109 ()- 105 105_BzodY: 10910%& ()- 10 10 10 .
F&lO%&' () - SURSEERG%-( & ( FhenkFa1bs@eq) - b’ F&beYRPE)-tibnal J.nformatllon
L1 wWUBdY: | A0%i<u<& () - 1! xGA0% <I <& () - 1! dA0WX<X<&' () - 1! A0%<<& ()- 1!
+ G’/&O‘V&OE&aP)SmIItIE@mOT’Z@E@:EhQ)retbq#i####){r#(&vldét60 the controller
$10%& () @$10%/|v& ()-@B10%& () - |
70 calculates the amount for X-, Y-, and/or angular
correction and then controls the movement of the other

placement head 80.
| Preferably, the recognition device 40 recognizes
the component holding portion of the placement head 30
10 immediately after the temporal mounting of the cOmponent
and the component holding portion of another placement head
- 80 before the permanent mountlng of - the component Thls
allows the controller 70 to prevent any possible acc1dents,
which may be caused by the existence of debris at the
15 component holding portions of the placement heads. Also,
this allows the placement head 80 to hold the temporally
mounted component positively.
Figs. 9A to 9J schematically shows a series of
_operations performed at the pickup, transfer, and placement
20 stations by the system 2. As can pe seen from the drawings,
the operations illustrated in Figs. 9A to 9G are the same
as those illustrated in and described with reference to
Figs. 4A to 4G.
According to the system 2 of this embodiment, in

25 particular, the component 11 is temporally mounted on and
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the completlon of the temporal connectlon of the component

10

15

20

25

@Qg_@y sigatepsl as shown in Fl

the placement head 30 moves back in the X dlrectlon to the .

transfer station B for the transfer operation of the next

component, After the disengagement with the placement head

30, the substrate 51 moves rearward in the Y-direction to

oppose the recognition device 60. As shown in Fig. 9I, the
recognition device 60 recognizes the component temporally
connected on the substrate 51 and then transmits the

recognized 1image signal to the controller 70. The

~ positional relationship between the substrate 51 and the-

"recognltlon dev1ce 60 ‘is 51mllar to- that shown in. Flg 9K.

After the recognltlon, the substrate 51 moves back in the

Y-direction to the placement station where it opposes the

second placement head 80, As shown in Fig. 9J, the

placement head 80 moves downward to hold the temporally
cohnected component 11. Also, the placement head 80 forces
the component 11 to the substrate and then provides the
component w1th the ultrasonlc v1bratlon for the permanent
connectlon of the component to the substrate

As best shown in Fig. 9J, the component holding
portion of the placement head 80 is defined in the form of
bracket. Alternatively, the placement head takes another
configuration suitable for the positioning of the component

and the application of the ultrasonic vibrations to the
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detected by the recognition device 60 (see Fig. 9I), the
5 controller 70 suspends the mounting operation to make a
warning. In this case, if necessary, the substrate 51 may
be discarded automatically or manually.
‘Referring to Figs. 10A and 10B, another
embodiment of the system according to the present invention
10 will be described hereinafter. The drawings illustrate
positional relationships between the component sucked and
held by the nozzle 31 of the placement head 30 -.e'nd_ the
recognition devices in the conventional system (Fig. 10A)
and the system of the present invention (Fig. 10B),
15 respectively.
As desci:ibed above with reference to Figs. 13 and
14, according to the conventional system the space between
the ‘component 1lla held by the nozzle 131 of the placement
g head 130 and the substance 151 is so llmlted This fails
20 ‘to ensure a distance, between the recognltlon device 140
and the component, necessary for the proper recognition of
the component, which reduces the resolution of the image of,
in particular, the large size component. Contrary to this,

the recognition device 40 is mounted only for the

25 recognition of the component and therefore fixed in the
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M 109 ()-18ystem, which does not need additional space to avoid the
' interferencg with the neighboring members. This in turn
';defineé a-larger'spéce bétwéen-the'fécqénition'dévice:40-
and the component than the conventional system, which
5 increases the field and/or resolution of the recognition
device 40. The increase of the field and resolution are
" illustrated by dotted lines o and long and short dotted
lines B in Fig. 10B
Improvement on the field and/or resolution of the
10 recognition device can be attained by another embodiments
illustrated in Figs. 11A to 11F. For example, according to
.the,émbbdiment'in Fig}leA,:the_reéognitibn_dévice'40'is
designed to shift in the direction indicated by arrow 45,
i.e., the X- or Y-direction, to a certain extent. With the
15 arrangement, first the recognition device 40 occupies a
first position where it recognizes a part of the component.
Then, the recognition device 40 moves to a second position
where it recognizes the remaining'part-of the componént.
~ Partial images ‘of the component‘ are thén ' combinéd and .
20 processed aﬁ the controller for the subsequenﬁ processes
such as position and/or angular correction of the component.
This process allows the recognition device to capture the
entire image of the component with a necessary resolution

even within a limited space. This in turn means that the

25 moving range of the recognition device for the component
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recognition can be'minimized. In addition, the horizontal

movement of _the recognition device 40 may reduce the

likelihood that it suffers from .any damage' by the-poseible'

drop'of the component or other members.
Although the whole image of the component is

captured through two pickup _processes, more number of

pickup processes can be employed for the lafger component.

In anothef embodiment in Fig. 11B, the
recognition device 40 is designed to move vertically, i.e.,
in the Z-direction between a lowered position indicated by
solid lines and an elevated position indicated by dotted
lines ' ThlS embodlment allows the recognltlon dev1ce 40 to
shlft its focus vertically so that the components with
different heights or at different levels can be recognized
without any defocus. For example, as shown in the drawing
the larger component 11 is moved down from the elevated to
the lowered position to extend its field, so that the

entire image of the larger component can be captured by one

shot. . The recognltlon dev1ce 40, due to 1ts movablllty in

the vertical direction, is also available for the detection
of debtis-carried by the component holding‘portion of the
transfer and placement heads 20 and 30.

| In another embodiment in Figqg. 11C, the
recognition device 40 is supported by a horizontal axis not

shown so that it rotates as indicated by arrow 47. This
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arrangement allows the recognition device 40 to take
between a first position (indicated by SOlld lines) where
tit recognlaes a part of the component and a second pOSition ,
(indicated by dotted 1lines) where it recognizes the
5 remaining part of the component. For this purpose, the
recognition device is connected with a driving source such
as pulse motor that is controlled by the controller. The
system may be designed'So that the recognition device takes.
three positions where the recognition device captures
10 respective parts of the component, |
In another embodiment in Fig. 11D, the
recoonition un1t has two fixed recognition deVices 40a and
‘40b in order to enlarge the field of the recognition unit.
This arrangement allows the larger component to be
15 recognized by two recognition devices with a 'high
resolution. Also, this arrangement may be used so that
either one of the recognition devices works for a small
component, and both for a large component. Of course, the
fnumber of the reoognition'is,not iimited.to'two7
20 : In another | embodiment in Figqg. 11E, the
recognition device 40 is oriented horizontally. Also, the
recognition unit has a mirror 41. The mirror 41 is located
in front of the recognition device 40 and supported for
rotation so that the field of the recognition device is

25 reflected and then moved across the component. With this
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arrangement, the mirror rotates between a first position
where the reflected fleld of the recognltlon dev1ce covers
a part of “the component and a second pOSltlon where the
reéflected field covers the remaining part of the component.
5 For this purpose, the mirror is drivingly connected to a
motor, such as pulse motor, so that the controller controls
the motor to rotate the mirror. The mirror'may be any -
member capable of changing a light pass, such as prism.
- In  another embodiment in ' Fig. 11F, the
10 recognition unit has an optical member 42 such as lens
positioned between the recognition device 40 and the
component'll allowrng the recognltlon dev1ce 40 to pick: up -
the 1mage of larger component The optical member 42 may
be supported to move out of the space between the -
15 recognition device 40 and the component 11. Two or more
optical members may be prepared so that a suitable one of
which is selected depending upon the size of the component
and/or the required resolution. Also, the optical member
42_mey=be used in combination with other optical elements:
20 such as mirror and priém. Further, the recognition device
40 may be supported for mo?ement not only in this
embodiment but also in the previous embodiment in Fig. 11E,
which enlarges the field of the recognition device while

keeping the required resolution.

25 While this invention hae been described in
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evident that many alternatives, modifications, and

Qariatioﬁs-will be apparent’ to those skilled in' the art..

Accordingly, it is intended to embrace all such
5 alternatives, modifications, and variations that fall

within the spirit and broad scope of the appended claims.
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5 supplying a component,

a transport head for picking up the component at the
first station from the component supply and then
transporting the component to a second station;

a placement head for receiving the component from the

iO transport.head at the second station and then transporting
the component to a third station;

a substrate holder prov1ded at the third statlon for
holdlng a substrate, the substrate belng prov1ded w1th the
‘component from the placement head at the third station; and

15 - an imaging unit for recognizing the component held by
the placement head;

wherein the imaging unit is positioned in or in the

vicinity of the second station.

20 2, The component mounting apparatus in accordance with
claim 1, wherein the imaging. unit is fixed in or in the

vicinity of the second station.

3. The component mounting apparatus in accordance with

25 claim 1, wherein the imaging unit is movable in a direction
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5 4. The component mounting apparatus in accordance with
claim. 1, wherein the imaging unit is movable in a direction.

along which the 1mag1ng unit opposes the placement head for

the recognition of the component.

10 5. The component mounting apparatus in accordance with
claim 1. wherein the vicinity is defined by a range in
which the placement head 1s accelerated up "to :the max1mum‘
speed in the course of the movement thereof from the second

station toward the third station.

15
6. The component mounting apparatus in accordance with
claim 1, wherein the transport head turns the component
upside down after receiving the component at the lfirst
station and before:transferring the compcnent_at:the”secondf-
20 lstation. | | |

7. The component mounting apparatus in accordance with
claim 1, wherein the imaging unit is supported so that it
recognizes different portions of the component.

25
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-5 9. The component mounting apparatus in accordance with
claim 1, wherein the imaging unit has an optical member for

changing an optical feature of the first imaging unit.

10. The component mounting apparatus in accordance with
10 claim 9, wherein the optical member is a mirror, prism, or

lens, or a combination thereof.

11. The component mounting apparatus in accordance with
claim 1, wherein the imaging unit recognizes a portion of
.15 the transport head and/or a portion of the placement head,

for holding the component.

12. A compqnent mounting apparatus, comprising:
" a componént Subply pfovidea at a first station. for
20 supplying a component; |
a transport head for picking up the component at the
first station from the component supply and then
transporting the component to a second station;
a placement head for'receiving the .component from the

25 transport head at the second station and then transporting
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the component to a third station;

a substrate holder for holding a substrate, .the

_substrate holder belng movable between  the third station .

10

and a fourth station spaced a certain distance away from
the third statlon,

a first imaging unit for recognizing the component
held by the placement head;  and |

a second imaging unit positioned at the fourth station

for recognizing the substrate.

13. The component mounting apparatus in accordance with

_clalm 12, whereln the second lmaglng unlt is . movable ln a

15

first dlrectlon along which the placement head moves
between the second and third stations, and the substrate
holder. is movable in a second direction perpendicular to

the first direction.

14. The component mounting apparatus in accordance with

-claim.l3 further comprlslng a f1x1ng head .so that the.

20

placement head makes a temporal connectlon of the component

'to the substrate and then the fixing head makes a permanent

25

connection of the component to the substrate.

15. The component mounting apparatus in accordance with

claim 14, wherein the second imaging unit recognizes the
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portions of the placement head and the fixing head for

holding the component.

17. The component mounting apparatus in accordance with
10 claim 16, further comprising a linear scale mounted on a
shaft for guiding the placement head between the second and

' 'third stationms.

18. A éomponent mounting apparatus, comprising:

15 _ a component supply provided at a first station for.
supplying a component;

a transport head for pickiﬁg up the component at the
first station from the - component supply and then
transportiﬁg'thé component tQ'a second station;

20 a ﬁlaeementlhea& for receiving-the component from the
transport head at the second station and then transporting
the component to a third station;

a substrate holder provided at the third station for
holding a substrate, the substrate being provided with the

25 component from the placement head at the third station;
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| " #$9UR'. () *+,-./ (A28econd imaging unit for recognizing the substrate; .
- wherein the first and second imaging wunits are
-5 arranged not to interfere with a passage of the placement

head.

19. A component mounting method, comprising the steps of:
picking up a component by a transport head from a
10 component supply at a first station;
transporting the component from the first station to a
'jseCan $té£iqn_by the't;ansport heaq; :*j
trénsférring the coﬁponené:from fhe transport head Ea
a placement head at the seéond station;
15 recognizing the component received by the placement
head at or in the vicinity of the second station;
transporting the component from the second station to
a third station by the placement head;
| placing'the cOmponeht onto a_substrAte at the thif&V
20 station b& the placement head; and
controlling the step of placing the compbnent onto the
substrate based upon information obtained by the

recognition of the component.

25 20, A component mounting method in accordance with claim
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19, wherein the vicinity is defined by a range in which. the

placement head is accelerated up to the maximum speed in

the course of the movement thereof from- the second statloni _'

toward the third station.

2l. A component mounting method in accordance with claim
19, further comprising a step of making a permanent

connection of the component to the substrate at the third

station by a fixing head, after the step of placing the

component onto the substrate by the placement head.



