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APPARATUS AND METHOD FOR MOUNTI NG COVPONENT 5 TECHNI CAL FI ELD OF THE

"I NVENTI ON The present invention relates to an apparatusZéndUhéﬂhpd for
nounting conponents such as electric devices on a substrate or circuit
board. 10 ®AGKEEEIUND OF THE | NVENTI ON General |y, a conpopefipoiessos i ng
apparatus has been used widely for a sequential positioning or mounting of
el ectric conmponents on a substrate such as printed circuit board. Fig. 12
shows a conventional = conponent 15 mounting system The system generally

i ndi cated by reference nuneral 100 includes a conponent sugu

suppl yi ng conponents; a transport RESERIPIIGDOr pi cki ng up MWWWWM"’
conponents fromthe conponent supply 110 and then turning the cggpanent
upsi de down to orient the 20 conponent in a predetern ned nounting

direction: a place pﬁﬁﬁg; receiving. the conponent fromthe
transport heag 120n§g£ then é&@EPﬁSH?%eﬂ¥B NEANGoRPEPeMENS ubst rat e or
printed circuit board in place; an inaging canera 140 for capturing an

i mage of the conponent received 25 by the placenment head 130; a hol der 150

for holsli ng ranenica? Predel o20@uE INVENTION

The present invention relates to an apparatus and
method for mounting components such as electric devices on

a substrate or circuit board.

10 BACKGROUND OF THE INVENTION
| Generally, a component mounting apparatus has
been used widely for a Se-quential positioning or mounting
of electric components on a substrate such as printed
circuit board. Fig. 12 shows a conventional\ component
15 mounting system, The system generally indicated by
reference numeral 100 includes a component supply 110 for
supplying compoﬁents; a transport head 120 for picking up
one of the components from the component supply 110 and
then turning the component upside .down to orient the
20 component in a predetermined mounting' direction; a
placement head 130 for receiving the component from the
transport head 120 and then placing the component onto 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
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WD 01172097 2 PCT/JPO1 /02308 then positioning the circuit board in place
in the system 100; another inmaging canera 160 for capturing an indication
“‘marked on the circuit board; a controller 170 for contrd Rit{J 28k whol e
operation of the system 100. The 5 placenent head 130, which is supported
to nove hopiZ@Rde@t |y in the X-direction in Fig. 12, is egéipRethad th a
vacuum nozzle or quill capable of rotating about a vertical Z-axis.
Referring to Figs. 13 and |4 operations of the systemw || be described
hereinafter. In the drawing, the 10 conponent supply 110 is provided with a
nunber of conponents 111 supported and separated from anot her on an
expanded pl at €éhéfh2podhei @onporgrt cirkhiar eoeaghinepdgoe zed bye abyst@i Ng
device or canera 113. Based upon the recognition, the controller 170 noves
t he conponent 180ppeyotleer]l ihagonyg hadmare iOnfonenspthidimg @nbandbuateshi n t he
subsequent nnunting is positioned in a predeterm ned pickup position. The
transport hea®aibedtrawel the o alpusitt i dwaridght aabeeatrablennpbhent fddla,

noves downward to contact the conmponent 11la, and then sucks the conponent
111a for 20 ufPBREPHLINIAFERG WRPLAJPRET2EIRD (PENnERSr SYRESE 196 - novERE upwar d

and then travels in the X-dicection to a transfer station., At the ansf er
stati on, %hevPrgﬁé%%ﬁE%ﬁﬁﬁhh%go %%iﬁﬁtﬁﬁ'swp?ﬁrFﬁ%'gbﬁﬁ%ﬁbﬁPrﬁﬁPHEaLL%ide
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nozzle or quill capable of rotating about a vertical Z-axis.
Referring to Figs. 13 and 14 operations of the

system will be described hereinafter. 1In the drawing, the

10 component supply 110 is provided -with a number of
components 111 supported and separated from another on an
expanded plate 112. The components 111 are each recognized

by an imaging device or camera 113. Based upon the
recognition, the controller 170 moves the component supply

15 110 so that one component 1lla to be mounted in the
subsequent mounting is positioned_in a predetefmined pickup
position. Theltransport head 120 travels to a position
right above the component 1l1lla, moves downward to contact

the component 11lla, and then sucks the component 111la for

20 unlcading. After unloading, the transport head 120 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 onc



3 2.2 OCT 2004 PCT/JPA /02308 surface (i.e., bottomsurface wth sol der
bunps or electrical connections) to be opposed the circuit board is faced
“*downward. The pl acenent head 130 approaches the corrpone?g ok¥1200§ n t he
upright position fromabove to 5 receive the conponent fromthe transport
head 120. Wueni7zdohe pl acenent head 130 noves upward and ebenpdinzeel s in the
X-direction toward a placenent station. The transport head 120, after being
deprived .of the conponent, noves back to the pickup station for the
subsequent pickup operation 10 During the operation described above, a
circuit board 151 is transported to and then held in position by the hol der
150. The i rraglsﬁ’gf f36¢i cdlof- canBPhtaBO Sipphassched thhe seildeyi t byoRFd ©51 to
capture the in %tlon defined on the circuit board, indicative of a
ref erence 15 R r&ﬁa}oFo?YPﬁeCtrr‘rﬁPrﬁl +G 8¢ PREOSAPEIeriirctHE @Qﬁltrﬁir éd i rrage

is then trans 0. the contr IIer 170. As .best

i magi ng devi cer?afg GERES wi t A ﬁn(ﬁlt?é:lﬁml Hﬁgll}ﬁfdde%]@ flﬁéoﬁgg?ﬁ)uﬁbéd on
t | h ft th t f th di cat

ol ot ¢ boar S%g‘i’%ﬂé did e bhe 1867 Rg08s TREIC IR { REOR. IR | A

toward the pl acREBRE Qﬁ@dc$§goﬁ£ﬁ§ ffbmréﬁﬁ;ﬁyﬁ s o&@ehggaoﬁbhe d%%%ﬁtlon'

Once opposed, not only the optical head I'so t'he placément héad 130

cones to a halghe bhatBisnSirlRs 130emeP8PARRMHral hha hﬁéﬁ @ya\;é'ﬁ.es 2151 Rhacenent
head 130 is recognized by the imagi ng device 140.

011 72097 4 PCHR-3RGkct0@30BwErel ianpgeceadt tirac tiynt heThgagrags;ctﬁw eleaa40 i's
transmtted to the controller 170. At this nonent, the sucking nozzle of
the placenent 128ad af86rf beisgckepyivedl ¢l thergedipreatponevieslbhaki so

mai ntained in an el evated position. This 5 prevents the nozzle from naking
a conflict witheet Réckwmgs ¥Ry idsvifos the. sy sayuentieps abkedorergtiment 130 is
held within a field of the i mging device 140. After the conpletion of the
recogni t+%n, the pI acen@ﬁl%a‘%‘%w%%ﬁoﬁlhéie@@ﬁﬁéﬁéntabﬂ?YEa eestigcpdtio
travelling in_ the X qh’rectlon agaln toward the nmounting station., During the
travel, the r&?&éﬁl £Pbn 1PedhrnS 8Ft?ﬂet80?rﬁ8n§ﬁ?nlﬁédaﬁ& PRELEAPRUPY boar d

151 (i ti gyl d t d f | cul
perforned i n. LRo  BBMEHI LB 170, "o GORBFD |2{i§‘1$%9150r2;|%%}%$e§3@ﬁ”5

di spl acenent BFEBQC%EQ'Eﬁgn QL EQ%rB'?SS”FQt ?§ fc”nélé%t ynting
n e on of

of the conpone 111a onto t redet ermn p05| fe rcu boar d

151. Al | t t | { th
so cal qurahed o the C@mélﬁd ehodth arfré&ﬂ??m}ea beng ?en%oar e

nozzl e about the Z-axis and the di spl acenent the circuit 151. .

Accordingsto heieabgutat i Bile MAsEn NG her cold rdRneht0, the Hiagereat head
130 travels in the X-direction to a position where it opposes the circuit

board 151. At itbge m®nen trhesadttedttonshd aonthelbezzi®oand the circuit
board 151 have al ready been 25 conpl eted. Then the placenent head 130
causes the nozzle 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 recognition of the indication
20 on the circuit board 151, 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 18Q but also the placemeﬂt head 130 comes
to a halt. In this state, the component 1lla held by the

25 placement head 130 is recognized by the imaging davice 140.



WO 01/72097 5 2 2 OCT 200 PCT/JPOL/ 02308 to nove downward, so that the
conponent 1lla is nounted in position on the circuit bO??d éﬁémﬁAfter
“‘mounting, the placenent head 130 rel eases the conponent 1& nd then pulls
up the nozzle in the Z5 direction to a certain level. Then, the inmaging
head 180 npges7t9r between the circuit board 15Z and t he RTA®eV@BME head 130
so that the inmagi ng device 160 determ nest whet her the conponent 1lla takes
the predeterm ned position on the circuit board 151. Another imagi ng device
140, on the 10 ot her hand, recognizes whether the placenent head 130, in
particular the tip end of the nozzle, carries any debris. Once the

recogni ti on hEge awagec6aptered, by Hheplizcaipat deeker 136 AsvEesanerRktse t he
X-direction for receiving_the next conponent. By the repetLtion of .the

series of opeFtFhsCorsRdderi bél- abBleththd TRFon&hes SBRk NS 2X3Aifded
panel 112 are ted sequentially. o he. respective circyit hoards with a
cycle tine ofoggg%ﬁ R e ﬁé?e}/dl. g3éegﬁﬁdsgu‘a6%eF?dt é’lgérrf\?ensr}eonal
conmponent nount | S h V. | _dr ks, | r jti :
cperations. 2o AR aT TE HRAL TR (el LEIRIB L ke,

pl acenents head, JA0,af @k hb D8s FRGEIMGAnENE componant itilanksiagsaler at ed
to a certain velocity. Imediately after the accel eration, the placenent
head 130 conegedr-a 1RNPOMaAlschakhel glické® ¢RGRGRINLI @800t st Re1gonpeamant 1lla
by 25 the imaging device 160. This requires further acceleration WO

01/ 72097 6 [/ ~a2f{XTd 2FD4hBCThd&0dg 30 eandodecel eration of the placenent
head 130 before the actual nounting of the conponent 1lla. Al so, the

pl acemrent head 130 aft @ftiet hese cawepletiomaldf cohei numdnd bikbr atehd or a
certain period, which requires the inmaging camera 160 5 to wait until the
term nati on obPla¢rmerithr deiagn iLAOor dékht otk t a¢aramensr eéilde r E€HFATET on of

t he component 11l1a. This in turn reduces the operational efficiency of the
nountiru}o travelling in the X-direction again toward the mounting

station. During the travel, the recognition results of the

component 1llla and the circuit board 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 the component llla
onto the predetermined position of the circuit board 151.
Also calculated in the controller 70 are the rotational
angle of the nozzle about the Z-axis and the displacement
20 of the circuit board 151. According to .the\ calculation
made by the controller 170, the piacement head 130 travels
in the X-direction to a position where it 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 heazd 130 ceusss the .zzle



Further, as shown in Fig. 14, in the operation for the recognition of the
circuit board 151, the nozzle 10 131 of the placenent head 130 is noved
‘upward to the el evated position as indicated by arrow 135. Then, as

i ndi cated by arrow 195, the optical head 180 noves in E22 vtdn Whe el evat ed

nozzl e 131wgrag725;1,e circuit board 151 for imaging by the pFmgeasevi ces 140
and 160. A distance 15 between the el evatged nozzle and the circuit board,

i ndi cated by al phabet H, is designed to be about 40mm for exanple, in
order' to prevent the interference of the optical head 180 with the nozzle
131 and al so to ensure a proper inmaging operation of the optical head 180.
The 20 el evat itonmofret Hewmezzd e k3 thadquiheesofpdneaecdrid :e\ien rMoynt-he dse of a
hi gh- speed voice coil notor. Furthernore, the conventional nounting system
i's equi pped wrekifhon mreriteckitrguatobeatdtd Sint erf erence of the optical head
180 with the placenment head 130 during the 25 recognition operations by the
optical head 180 bef or A&y maptgng72dbe placement Peed pEP1IRAL2562308

after the noun in%. Thi s conglicates the structure of the_nounting system
100 and makes "fie CSFEPRART etk 2 ctbritel PUNBSesPether ROZE4RVERL FBRAF™

|SoounTLign PLsEdl e BOULT 5 LLS PLARSTNInbeRc 430 And e 0ek cpb heac
e st e JRURH, 18, LA Qilova eyl pobabes, Ol 18 SRR

precision of hRaaMYbNGo PERA akKk LHEIARY LBG: LORYEHJadtiiines Mlether

the component 1lla takes the predetermined poéition on the

circuit board 151. Another imaging device 140, on the

10 ofher hand, recognizes whether the placement head 130, in

particular the tip end of the nozzle, carries any debris.

Once the recognition has been completed, the placement head

130 moves back in the X-direction for receiving the next

component. By the repetition of the series of operationé

15 described above, the components on the expanded panel 112

are mounted sequentially on the respective circuit boards

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

However, the conventioﬁal component mounting

system has several drawbacks in the recognition operations.

20 For example, for the reéognition of the component, the

placement head 130 after it has received the component 1llla

is accelerated to a certain velocity. Immediately after

the acceleration, the placement head 130 comes to a

temporal halt for the recognition of the component 1llla by

25 the imaging device 160. This requires further accelc:-ztion



SUMMARY COF THE | NVENTI ON Accordi ngly, an object. of the present invention
is to provide an inproved conponent nmounting apparatus and nethod. 15 . To
‘this end, the conponent nounting apparatus of the prese&n "EY 4 on has a
conmponent supply provided at a first station for Supplying-a corrponent a
transport weau720r pi cki ng up the conponent at the firstPGUEOI/RIE rom t he
conponent supply and then transporting th& conponent to a 20 second
station; a placenent head for receiving the conponent fromthe transport
head at the second station and then transporting the conponent to a third
station; a substrate provided at the third station, the substrate being

provi ded wit h3Pfle GREhtoRr Grh tﬁ%eplpé@é’ﬁﬁ‘ﬁﬂthéwd%lé? tRRE s r Bhe

t at d i t 9209 2 OCT 2004
pott 5 po1 1 02305 Fh P B At CFaf B tar a8 et Suad enkSREPRST hio

f t t th ft

Station O IneE 137 BERM 0 e oAk asEB8ee AP o VB AR ponent
mounting, et hod haseplki Beripaa &&%Of}%fa%ﬂaxsatﬁ% ﬁle%ggq%oggﬁg rhl 9Eb 2

conponent supply at a first station; transportin romthe

first stafionthowai€eeond siat It@@mbxaﬁb&téﬁn&&orélb@ 2dond Bré‘PéL?rEé“g the

conponent fromthe transport head to a placenent head at the second
station; recogptaimgid@reeiponeatodraagionedbynt heofdameei¥ent 1headraisor in

the vicinity of the second station; transporting the conponent fromthe
second st ati ofhnt buen thedudest aheé oaspdsx;attﬂmml acteteidndp of the mounting.
Further, as shown in Fig. 14, in the operation
for the recognition of the circuit board 151, the nozzle
10 131 of the placement head 13.0 is moved upward to the
elevated position as indicated by .arrow 135. Then, as
indicated by arrow 145, the optical head 180 moves in
between the elevated 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
proper imaging operation 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 interfe‘rence of the

optical head 180 with .the placelﬁent head 130 during the

25 recognition operations by the optical head 180 befo.z and



head: pl acing the conponent onto a substrate at the third" 1 station by the
pl acenment head; and controlling the step of placing the conponent onto the
“‘substrate based upon information obtained by the recognitjan kthe
conponent. 15 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g. 12i& 04T spective

vi ew of a wompeient WD 01/ 72097 10 2 2 OCT 2004 PCT/ JROMIPOO23E3 nount i ng
apparatus according to a preferred enbodiment of the present invention;

Fig. 2 is an expl oded perspective view of various el enents of the conponent
nounting apparatus in Fig. 1; 5 Fig. 3 is a side elevational view show ng

t he novenent of elenents in the conponent nounting apparatus shown in Fig.
1; Figs. 4A thfteghtkd raamtsinde elbiat complichtens thechtshoting. of hehe
novenent of elenents in the conmponent 10 nounting apparatus shown_ in Fig.

1; Figs. 5A aReuBBing &Y§taphs0shand repkesnthe ef EeEeMOAASTy ©FEPBREESL r el at i ons
of the placenent head in the conventional system and the system accordi ng
to the present inventi dR¥ee8eE; gthe SPBVERLIATG ks HmOFG+EF- PEPgﬁguW%ving

Lo oCT Y o L g0 oL A0SROE 200 RgEeL e, And e g e
5 travel along complicated passes, respectively. This in
turn requires the mounting system to have a mbre number of
drive shafts and acceleration/deceleration operations,
which further reduces the positional precision of the
moving part and thereby the imaging quality.

10
SUMMARY OF THE INVENTION

Accordingly, an object of the present invention
is to provide an improved eomponent mounting.apparatus and
method.

15 . To this end, the component 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
component supply and then transporting the compeonent to a

20 second station} a placement' head for receiving the
component from the transport head at the second station and
then transporting the component to a. third station; a
substrate provided at the third station, the substrate
being provided with the component from the placement head

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



Fig: 7 is a block diagram of the conponent 20 nounting apparatus accordi ng
to the preferred enbodi nent of the present invention; Fig. 8 is a
*‘perspective view of a conponent nounting apparatus accorxjiZlm:Tt @Wanot her
preferred embodi ment of the present invention: 25 Figs. 9A through 9K are
si de el evawiomaiosvi ews WO 0l / 72097 11 2 2 OCT 200 PCT/ 35@1?%’2&’3% each
showi ng the novenent of elenents in the c8nponent nounting apparatus shown
in Fig. 8, Figs. 10A and 10B are side el evational view of the inaging
device and the conpopent in the conventional 5 system and the system
according to the present invention; Figs. 11A throu 11F are side
el evat i onal vitEves GomMPORENEoRpERENt e BYAFIRIRS dk?\ﬁ eWQEESFal He t %‘%t her
preferred enbodi nents of the present |nvent| on; 12 .is _a_sch
perspecti ve vi BIRGMNG HP0 Lol FRRA dﬂhp%’ﬁeh? %Bﬁn ViiGghapPar gt us? Fi g.
13 is an expl oded per ctive view of various elenents of the conventional
conponent nount¥" chp’%&?éf’ is in Fig. 12; and Fig. 14 is a side el evational
view of the novable 15 el ements in the conventional conmponent nounting
apparatus in Fig. 12. PREFERRED EMBODI MENTS OF THE | NVENTI ON Wth reference
to the drawings, a variety of 20 enbodi nents of a conponent nounting system
and its nethod 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 conponent and a circuit board is enployed for a
substrate to which the conponent is 25 nounted, the present invention is
not limted thereto. For WO 01/ 72097 12



2.2 OCT 200 PCTIJPOL1/ 02308 exanpl e, the vacuum nozzle may be repl aced by
-anot her mechani cal hol der or chuck for holding the conponent by a

‘nmechani cal engagenent with the conponent. Al so, the sulyplngfelleay be

anot her device or housing to which the 5 conponent is nounted. Referring to
Fig. 1, tWeweries? shown an enbodi nent of the conponent nﬁﬁ?(t"?oﬁ’&z:’gajstem

. generally indicated by reference nuneral® 1, according to the present
“invention. Generally, the system 1l has a conmponent supply 10 for 10 -

suppl yi ng conponents, to the system 1; a-transport head 20 for picking. up
each conmponent fr.omthe conponent supply 10 and then turning -upsi de down to
orient the conponent iy di_r I iGN il ceORRENBNEK 1By Nunt ed
onto the substrate; aAglsgéeﬁeﬁgkhgga%g@%%rngcei ving the gonponent 15 from
t he transpor{ 98&9‘0@&1@% then mepBtt NBebider £omonsiponrha shepbybst r at e;

an imaging device or canera 40 for imaging a position of the conponent held -
by- the pl acegent . beag: 361 divradiaais@loyt ffig ethd heomgumportefiromaghbeénrst |
transferred to the placenent head 30; a substrate hol der 50 20 for hol ding
and then poskthemémg tdhe subsddoaice istaplace by ttee syEtanarprtanbehes

i magi ng device or canera 60 for inmaging a position of the substrates and a
cont rol IPer 7Qrbasrepnin®l thagcohponbot e foper abeort GMSPRE s P\ §gm L 2@ .
Referring to Figs. 1 and 2, the transport head 20 25 i s supported gé a
horizontal guldechant dtemsn)abxtihrli s§cPRd  SABGPN72059°9 v 00

PCT/ JP01/ 02308 the X-direction and is connected with a npt Qr. 21211 sghghat by
‘the driving ebmphaenbt glec22vefie hikalh®0 PIBFERERECRSENd $or h iR thé”
"X-direction. The ptacenent head 30 is al so suppor : o) 'ngp%- a gui de
(not shown) &itcéndbrgof ntBet ARCOAY; Tt ioh iﬁﬁgfegﬁgﬁﬁ c e"g 'Tr/fnlth tgﬁlr:mt or 32
so ‘that by the driving of the tor 32_the. he ; S fhghehorth in
the X-directifsgm AEecéﬁc%‘éé s%teagq(?l,négf’lﬁ %l{lﬁg%gg%g%goﬁnﬁﬁlﬁ gs. 2 and

19, in tde conponent nopunti 0 PLESEHa 0 dthvwanrt itixdt he
i magi ng caneM&8d40PAAG B8 5?"% ?é@%ﬁg&d‘lﬁ néra‘%??aeréé‘%? posi tions. For exanple,

the imaging camera 40 is | aeet; ankr 28stesl 5img i eie vdtepe offhe
‘transport heé&%@oprgP{s?g'rggB%gQg%%ponent to the placenent head 30. The
i magi ng camerg 6Q, on.the abhgsn&idnd ot MRt edubstihee 15basad sipge of and
outside a redi G wier e the pl'acement head 30 travels in the X-direction so

that the inaging ameba 68tained by the recognition of the component.

5
' BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of a component



does not interfere wth the placenent head 30: Referring again to Figs. 1
and 2, the conponent supply 10 has an upper table, i.e., X-table (not
"shown), 20 for supporting the conponents and .a | ower tz? ¢ . Ytable
(al so not shown), for supporting the X-table. The tables"a e rmunt ed so

t hat the lvwaeirmbabl e noves back and forth in Y-directi orPQTePeLGR2¥8 t o t he
system and t he upper table noves back andoforth in X-direction relative to
the 25 lower table. For this purpose, the tables are drivingly WO
01172097 14 2 2 OCT 200 PCT/JPO 1/02308 connected with respective notors 13
and 14, so that by the driving of the notors 13 and 14 the tabl es nove back
and forth inmourdisoyagpeeationsceobipandent & ypref ¢ mwich ereboddgegtiardd
conponent to take a predeterm ned pickup 5 position. The transport head 20
i s supported Wie PHeSEREoRR YN GiArde (not shown) extending in the X-direction
-and is connected with a notor, 22 so t gy t he dri.ving,of the motor the

head 20 moves back and®i®rth i aPh&*R ‘;"Lﬁe i PRCRSGTIVA HhEBro21Y3% 9%unt ed
the t hea 0_f t th ked  d ,
o owi g ¢ e Einmsaa,pfe shEceitieen, baf PLTS eI IRALTIN #RE, eso°i“”.1 a
condi ti oR where t he cogggctl ngbﬁoogt |sggeofe %h}%tgggﬁpng%wl S ggﬁ
a

The pl acénent head 30 1s°slid y supporte y a orlzonta gul not

shown) extendii@rdhtt i Xe Bl o ange | éo@@m e tih :erat%% 1Y
that by the driving of the notor 32 the head 30 noves back and forth in the

Xdirection. AHBNOAin38ifs ntpunted on the placenment head 30 20 for rotating
t he conponent about the vertical Z-axis and. thereby orienting the conponent
in a predeterm ned diretgsondAAnbirbeghnattorar30 s deprelbevtad ona 1t hei gisacenent
head 30 for the vertical novenment of a conmponent hol ding part of the
pl acement heazkh@0. sRéwilhe Shbstmoaerehdl def 5D¢m6mrﬂschlns tdlej dedrgonensD
01/ 72097 15 2 2 OCT 2(b~ PCT/JP01102308

10 mounting apparatus shown in Fig. 1;

Figs. 5A and 5B are graphs showing time versus
moving velocity relations of the placement head in the
conventional system and the system according to the present
invention:

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

Fig. 7 is a block diagram of the component

20 mounting apparatus according 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 v.izws



supported by a guide rail (not shown) extending in the Ydirection, includes
a notor 52 for its novenent in the Y directions along the guide rail. The
"i magi ng device 60, which is also slidably supported by ngthq{mail 60a 5
extending in the X-direction, has a notor 62 for its novenent 1 n the
X-directi oMoal/wpyg the guide rail (not shown). As descri bear/eouess t he
conponent imaging device 40 is fixed in tthe 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 nount statiaon C%%i n the system As can be seen fromthe draw ng, each

conponent suppRfitt e8ReRhetRe mmsveensu sl yelemenrtsHi érecth Bymperent

transport head 2Q .15 at the ‘Fi ckup station A The transport head 20 noves
in the X-dir 4" PBRATRFYS tMGRP FRIth® drawing) to the transfer
station B where it turpns_upsi do overturn the conponent into state
in which the conponent 9%:%?1’ b%gﬁoﬂﬂ&;abgnafﬁeséﬂ%s? QYR | Y5 Re. The
overturned 2 t 1.S. 4 t S d to the_placenent, head 30.
The pl acenen?trﬁée)%m\% t]t#‘}tl%ee g%ghfpo%}ggntéﬁgoﬁrloefets L&) Flﬁ% 59338%%?11% ation
C to noupt the HQAPARENERd 1s Pty LRERUSAS € NiNed RAsLL QvaétI&%
substrate 51. In order to control the sequential Operations W t'hout any

trouble, an imaging derige. of1KapmFdugh? 11F arW0s94b729849a1602a2 Pidad 200
PCT/ JP01102308
: of the component recognizing device according to another

preferred embodiments of the present invention;
Fig. 12 is a schematic perspective_view of the
10 conventional component mouhting apparatus;

Fig. 13 is an exploded perspective view of
various elements of the conventional component mounting
apparatus in Fig. 12; and |

Fig. 14 is a side elevational view cf the movable

15 elements in the conventional component mounting apparatus

in Fig. 12,

PREFERRED EMBODIMENTS OF THE INVENTION
With reference to the drawings, a variety of
20 embodiments of a component mounting system and its method
according to the present invention will be described in
detail hereinafter. It should be noted i:hat although a
vacuum nozzle is used for holding a component and a circuit
board is employed for a substrate to which fhe component 1s

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



arranged at the pickup station A The imagi ng devices 40 and 60 are
arranged at the transfer and placenent stations B and C, respectively.

**Also, the inmaging devices 12, 40, and 60 are connected to the controller 70

(see Fig. 1) so 5 that the images captured by the inagirig2 d&¥i ¥W% are
transm ttegqglepsdote controller 70, respectively. As alreagyrs@ssisoded above,
the imaging device 60 is positioned on thgorear side of the placenent head
30 to avoid the interference between the. i1 naging device 60 and the 10

pl acenent head 30. Referring next to Figs. 4A to 4H, operations perforned
at respective stations will be described in detail hereinafter. The

drawi ngs il | uséxatre &,hetbperaiduans pezile nRdyatbd heeflaéeé®NHyA dohehen
viewed in the Y 15 direction. As can be seen fromthe draw ngs, the

oper ati ons pertheghrnical theddgircleup chtiaki 60r Ahat@inkepticd econmporangs . bytA and
4B; - operations at the transfer station B are in Figs. 4C to 4E, and
operations at P¥EisEdneRPIsvaneh @idhe FheFiegnpornte 4H. ARgoAt thee

pi ckup station A, .as best shown in Fig. 4A, each of the conponents 11
supported by tHPTITATENHRY SBppPPoiReT sAPEEIRYnPE eBOBY 1Rfie tPnatiisy ddd ce 12
from abov%. Byctnpe use of theﬂ%n%or mation transmtted fromthe imging
device 12, the TETYOH &7 PBURDYSs the conponent supply 10 25 so that the

conponent 11 to be pick nd th nount gd WO 011 72097 17,z 2 204
PCT/ JP01102308 on t he sﬁgggpra?%%tf ?g%ﬁeﬁt hgh'ffﬁ%klusp GLP PBn ST RRdH e

shown in Fig. $98, tggecgﬁ?gﬁgggtmggﬁgﬁggocéﬁ%c%s &é}pevﬁ]lgr&gi%}(ﬁ@&egps&;i on

and then noves downward to pick up t onent” at up posi tion.

Thereafter, theesfeddnaRspfine Read 20, MRS ndPWay el dp L bedh i 1 aNeLst favar d
the transfer station B, i.e., fromleft toright in ?he drawi ng. At this

morrent, the i negiqmqldeyi cend 2 siystbncat eflasibavecddiieass ofpphe tbansfport
head 20 so that no interference woul d be nmade between them 10 Referring to
Fig. 4C, 18t thsuppladsiercogpatieohs Biot hiket s patsgorl; heatrsgartnshagesiaile down
so that the conponent is oriented into a placenent condition. This allows
that the el ect¥i% Rigkiagt vensashchomsoneritddiropurghs gropodent asuwplyotilm
surface of the conponent to be 15 directed downward for the' nounting onto
t he substrat e.208 tHRGGH WHd ngolu@si dpudpsn ake oftenly thedcdmponsnd directri cal

connections between the conponent and wires on the circuit board for the
nmounting of, f r%ﬁﬁl eazlo&xrg which the component is mounted onto the

substrate; a placement head 30 for.receiving the component
15 from the transport head 20 and then mounting ;he component
onto the substrate; an imaging device or camera 40 for
imaging a position‘of the component held by the placement
head 30 immediately after the component has Dbeen
transferred to the placement head 30; a substrate holder 50
20 for holding and then pésitioning the substraté 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) aextcnding in



oscillator, the electrical connections can be perfornmed by 20 the use of a
conductive adhesive. Also in this placenent condition, a top surface of the

**conponent, typically w thout any bunp, is easy to be regeﬂ't éﬁﬂ sucked by
t he vacuum nozzl e of the placenent head 30. Although th izﬁg operation

of the tramapmrt925 head 20 is perfornmed at the transfer pstrapdi®eso8 in this
WO 01172097 18 Z 2 OCT 200 PCT1JP01/ 02308 ®3rbodi nent, it can be done as the
transport head 20 noves fromthe pickup station Ato the transfer station
B. Also, although the transfer of the conponent is performed vertically
fromthe transport head 20 to the 5 placenent head 30, it can be done in
any direction $heh¥adireptizsnean §sorommqtgdemythag noeor rihsfoethatabyon B,

t he vacuum nozzl e of the placenent head 30 noves down toward the transport
head 20 positi Gh&d GeVdiet RE pihc MR headthe §adorthctovit hPask a@dt hen

suck the component. 11. Sinultagneously with this, the transport head. 20
rel eases the c%ﬁﬁ%ﬂeﬁ?.ﬁh? ZaGiFRGEIHY comPBnBRECTReRy Rea r%&sf%r?éﬁoto

t he placenent h 30, ter the.trapsfer of the conpaonent 1 t.he .
{raneport hoad SBEReved Shag rRSHPRERr miter (Crk rBRNE 18 ESuaHE e

pi ckup stadionihe(k-&iredti 0 %EghﬁstébAﬁgétédnf%@ﬁAgrﬁ%%@Q)Bf‘Eb khg e by

subsequent pi ckup operation o he conponent own in Fig. 4

movement of thener ansRehy headed syeyr fsomhbe Hda@nSiernstdd | pacB ahlows
t he conponent 11 held by the placenent head 30 to fall 20 within the field

of the i magi ngrdevhcen 4he IxoGatredtrupger the transfer station B. The inmaging
devi ce 40 recogni zes the _
As can be seen clearly by the comparison of Figs.
2 and 14, in the component mounting system 1 of the present
10 invention, the imaging cameras 40 and. 60 are located in
different positions. For example, the imaging camera 40 is
mounted adjacent a transfer station where the transport
head 20 transfers the combonent to the placément 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 compdnent
supply 10 has an upper table, i.e., X-table (not shown),
20 for supporting the compon.erité and a lower table, i.e., Y-
table (also not shown), for supporting the X-table. The
tables are mounted so thét the lower table ﬁoves 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



component 11 held by the placenent head 30. The inmage of the conponent is
then transmtted to the controller 70 by which the position of the
‘conponent 11, including X- and Y 25 lateral positions of,its nter,

angul ar orientation, is WO 011 72097 determi ned. 19 2 22

PCT/ JPO1/ OR80B72Bmr i Ng t he above operations perfornmed at ed®Ipoi/aRe and
transfer stations A and B, the substrate Gig is transported froma substrate
supply not shown into she 5 placenent station C and then held by the
substrate hol der 50. As shown in Fig. 9F, the substrate 51 is opposed to
the imagi ng device 60 for capturing the inmage of the substrate to identify
respective | octRreeseg=withdrespeorisyammokedson 3t hadslbst s@t thatFdry tiies

pur pose, Gs best shown 10 in Fig. 4F, the substrate 51 as well as the

substrate hol d&1EEY Lidihed BateHst He pnsedfenthstialles @ave Rps fansd
position, spacgd rearward amaé fromthe station C. Munted above the of fset

position is theihgtAg "TeviRe 60 ERCHIRRS nd PGSPEREGRELY t RéLPHAPEarE ons.
After the im 5 pi.ckup, the substrate _holder 50 tqggether with the
substrate 51 ?(ges(]:i nraL|1:ee§ ba@ﬁ‘p%e?ﬁe E?acgﬁg‘ﬁt &t aPFSagEfr%’s“e\é%]ovW.c t he

dotted liges ifn K94l It should be noted that the imaging device in the

conventional systemis designed to nove in two directions, 20 i.e.; X- and

Y-directi ons, which req@héestgggsﬁgﬁp nggﬂﬁniggs.iggrﬁﬁﬁgﬁfggg i?%giqg

device 60 of the present invention noves ck and _ y In
X-direction. ThisiJoe2as Ghateongoef shbanf Wextesdidechant 885 cai-b&tion

elimnated fromthe system which is nore econom cal and 25 inproves the
qual ity of theandciegricnnented with a motor 22 so that by the driving of
the motor the head 20 moves back and forth in the X-

10 direction. A motor 21 is mounted on the trangport head 20
for turning the picked component upside dowﬁ, allowing the
component to be transported for the placement head 30 in a
condition where the connecting portion of the component is
faced down.

15 The placement head 30 is slidably supported by a
horizontal guide (not shown) extending in the X-direction
and i1s 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 mounted on the placément head 30

20 for rotating the component about the 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



WD 01/ 72097 20 2 2 OCT 2004 PCTIJPOL/ 02308 Al so, according to the
conventional systemthe inmaging device is designed to nove into the
**operational position in which it opposes the substrate. At thpsg, nonent, in
order to avoid the possible interference between the 5 ZgraQﬁTngﬁﬁevi ce and
t he pl acenwobifrerrd, the placenment head as well as the vasumreotiee e shoul d
be nmoved up and away fromthe inmagi ng devise. This requires another waiting
time for the placenent head, which results in the extension of the overall
mounting tinme. 10 According to the present invention, the placenent head 30
occupies a certain region spaced away fromthat of the inaging device 60,
whi ch ensur es aupppriedi hverf gnédeerabll thaot cahrowrndt xdiendiham iThitdealso
allows the imaging device 60 to pick up inmages at any tine, irrelevant to
the 15 positi cH¥6Ftine, piackifat HaBRESID,5% dRiciitd misvemsnst iRg tPPnE" The
controller 70 determ nes g Bosi, tional deviation between a predet er%i ned
sucki ng poi nt CLAOREt BAPNEUERENGUBBEnEaDY t héPRo P3G 18Ad eVaftakdul ar 20
orientation of .t.he conpanent, by.the use of the jnmage ox.signals
transmtted frmthe T rraagisﬁg %I{e)%llcll%blelﬁo.sua?%rotfeOFhéyco%t ¥ l?igr 7 deff mi nes
a_positiopal deyi.apigp et W‘EEQ PIUSE! %@?Eﬁfmﬁ%‘j Q”deéélﬁf agbual,,pogkki ons
of the indications on"the substrate f y the use of the imge or signals

25 transm tt edyfifQBht heid ”%HE“Q-:—CEELV:‘&%L@Q- _a-J_lflJﬂ'gngtlfi‘QCQ;thchieO‘c rai VMO @4k 72097
21 2 2 OCT 200 PCTIJP01/ 02308 these devi ations,” the controller 70

cal cul ates a tdrmawehl i NgsdiclsaRe8eH0 abBee Pl BRENMBHhpSidit Ofla AngOlRiiiag angl e
of the nozzle 31 about the vertical Z-axis, and a. displacenent of the

substrate 51 wad hig espesed i9 the ¥diteactl ot Bapedibisponhehe cal edhation,
operations of the nmotors for noving the placenent head 30 and the substrate
51 are contr oldpeebsky théep ardmenit] éqread030After the transfer and the
recognition of the :

10 Fig. 3 shows a positional relationship of various
parts. and stations (i.e., pickup station A, treansfer
station B, and mount station C) in the system. As can be
seen from the drawing, each component supported on the
component supply 10 is picked up by the transport head 20

15 at the pickup station A. The transﬁort head 20 moves in
the X-direction (from left to right in the dréwing) to the.
transfer station B  where it turns upside down to overturn
the component.into a state in which the component can be
mounted on the substrate from its above. The overturned

20 component 11 is then transferred to the placement head 30.

The placement héad 30 with the componeﬁt 11 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 1is



conmponent 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
*drawi ng). Also, after the correction of the positional deviati and the
angul ar orientation by the controller 70, the pIacenentQHb&&T noves to

t he pl acenpobigbdti on C, as shown in Fig. 4G Thereafter pCEHPOLRIBhown in
Fig. 4H the placenment head 30 pl aces theggonponent 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 bunps provided on 20 the bottom surface contact with the
substrat es 5S5arrameedlacerentpidag 3@atdooses.t hdheodpegény ddviages s t he
substrate. 51. Sinultaneously, the placenent head 30 applies a high
frequency vi brat fonatre atwergedpatetihe 1iransisi mpd elaswngst bboapsonr® be
connected with the substrate. 25 The vibration nay.be an ultrasoni c wave
gener at ed byBaandwp 0I£7Reo7ivedp 2 AASP.2(b4 POFLIPG14LTLSEB hiez®@ ectric
devi ce. For exangéeéﬁthe ul trasoni ¢ wave has an an?litude of about 1 m cron

and a frequefRy BUECHEHFS & thengeatratter {Re (88%pFEti oh ot he
conponent nountin t he pl acenent. he 0 ves back to the.transfer 5
station fogg?%e sédgént nﬁﬂ%??ﬁgpo%ytthﬁonbﬁﬁﬁﬁﬂq ’ﬁ%glfﬁﬁgiﬁﬁedevice
40 picks up L mage, of ot p t _head ad ;i_s itkng for
t he next traﬁg %$ %pefgﬁfoEEFoéggﬁgg%fﬁe%?heggisé?%ﬂ%g'df égb??g%£?¥ t he

debris i s dehectethed Hpo%st ek SURRRRGS dbligc0ssubSAANt ARRN 8hT oRS for

t he renoval the debris, which ot herwi se cause any danage to the

conponent 11,p5rthg;882zbe 3ine ThpsaOnRIAL | LN sflUatdy Recappl ted to the
transport head 20. In this instance, the inmagi ng device 40 picks up the

i mage of thejnegzierdaicd hardtivaaspotheheafdadbndS bevdes eckoanyndebehe on the
nozzle. Preferably, this is perfornmed as the placenent head 30 is noving
towar d ithe pphsesmarit Healdi a0.C. Further, at the placement station C, after
t he pl acenent operation by the placenment head 30, the substrate 51 nmay nove
rearward to a shiftedRedsirriiog wlerte to Figs. 4A to 4H, operations '

performed at respective stations will be described in
detail hereinafter. The drawings illustrate the operations
performed at the stations A toc 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 tfansfer station B
are in Figs. 4C to 4E, and operations at the placement
station C are in Figs. 4F to 4H.

20 At the pickup station A, as best shown in Fig. 4A,
each of the coﬁponents 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 control.ler 70 moves the component supply 10

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



20 it opposes the imagi ng device 60 for picking up an i mage of the
substrate 51 and thereby determ ni ng whet her the conponent 11 has been
*“nmounted in place on the 'substrate 51. The i nagi ng devi ?ez 4eTPR® ti oned at
the transfer station B allows the conponent 11 to be recogni zed before 25
t he pl acemmotoilmad 30 begins to nove toward the pl acenenpcTai/@s@CT 200 WO
0l /72097 PCT/JP01/ 02308 23 station C, whilch ensures the placenent head 30
to rove continuously without any halt. The position of the inmaging device
40 is not limted thereto. For exanple, the inmaging device 40 may be
positioned in the vicinity of the transfer 5 station B or in another

posi ti on spacBd SPPgREPHTENRS P} oRfkee PR PiTfHRMRYE ttied -cofatentas s

transferred fromthe tgansp t head 20 to the placenent head 30. The reason
why the i magi ﬁgo‘ﬁrév}r&e 19 i%g’pl dEENSEPTErhEaf at Bl Jeadh et etROthe RS anst er
stationis to ' : tine which is,10 caused in.the conventional
operation tha?fl(\r'lg%i Egél%}ggeép?’g%e%ﬁp ﬂ‘é’é’&sne%od?“fag%haiﬁ REEEr Pt s

reached the ”@51'65'8&@ e i e .G e qf _opyipg fro sfer, station
to the pl acenent starfcr)o(r%ckf oPt}H:e Fflg'g%%ni i°8§9¥wt he cg}lrr%g%é% ear'g{nd %eso t he

gl ng g cechaspnid i a3 Yhbial 0 sauscd Bl el core
when the pl acesmmérdeadakakassp had t, kebar eckt E&&Ci@@& tiR€the drawing.

At this moment, the imagiﬁg device 12 is located above the

pass of the transport head 20 so that no interference would

be made between them.

10 Referring to Fig; 4C, at the transfef station B,
the transport head 20 turns upside down so that the
component is oriented into a placement condition. This
allows that the electric connections such as solder bumps
provided at a bottom surface of the component to be

15 directed downward for the mounting onto the substrate.
Although the solder -bumps afé widely - used for the
electrical connections between the component and wires on
the circuit board for the mounting of, for example, an
oscillator, the electrical connections can be berformed by

20 the use of a conductive adhesive. Also in this placement
condition, a top surface of the component, typically
without any bump, is easy to be received or sucked by the
vacuum nozzle of the placement head 30.

Although the turning operation of the transport

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



maxi mum speed. Therefore, the terns "vicinity" and "spaced slightly" neans
a certain range in which the placenent head 20 is accelerated up to the
“maxi mum speed. Referring to Figs. 5A and 5B, descripti O{:IerTl ?mpe made to
this in details. As shown in Fig. 5A according to the entl onal system
in which wweapt@cenent head halts in the course of novi rrgTPOMRIOBe transfer
station to 25 the placenent station for tbhe recognition of the conponent
WO 01/72097 24 2 2 OCT 2004 PCT/JP01/ 02308 by the imagi ng device, a certain
time of about 0.1 second is required for danping the vibration of the

pl acement head caused by the inertial force of the placenment head with a
wei ght of abembotiimehtpgitineanfbe déxaepie. thét eramsspadodead @, moves

pl acement head noves to the placenment station, during which it is

accel erat ed dfirpm s Heedtersiaddoaghi ko theodrtangfgrt tehien Bccording to
the nounting systemof _the present invention, as shown in Fig. 5B, after 10

the transfer of the cofpdfrent:thavegh riHifs franstésd 220 Wik &L Bt g t he

field of the i i devi ce. j at el f t hat h t..held b

the. pl acenonPHERITag [ AaealnT s GEOTTHE ERER PP At brRechay B e ¢ P
| to th I i 3 '

decel or apes FodsnelB  ROHHLIGr ot (BN B Mebl WHTARDCGR: oS0t Wp o

additional a er atl : tion required in the conventi onal
E?oﬁ!ﬁo%ft!aﬁ?ﬂytaﬁld SRGeheh gt

system whic ecreases e cycle tinme by about 0.2 seconds. Fig. 6 shows a

rel ati onship of noveneptstradt2noRer adt oo &, iR plagrieHodaad 630,
transport head 20, and substrate hol der 50. As can be seen fromthe

drawi ng, aftefhd A apkacsieRéad®f 30 o RIGNtowhbe phacerEmépdieacthedd noves
back fromthe placenent station Cto the transfer station B. In synchronism
with this, th tparigpenhtdhbato?0tRd whacémdras ledadadly i ckedcagr tWidgh
subsequent conponent noves 2 2 OC-T 200 WD 01/72097 PCT/JP01/02308 25
from t h&Opi clkaryl sthemi smch tbeacdmpdreent disf erSigudtroroBsl THel Headdsisno and
30 halt to oppose each other at the transfer station B and then approach
each ot her fdihe heranspesterhegd t3fe rOMRAGRENttHS opptRRR e anslpor $2UHE¥d to

t he
the component 11 to be transferred to the placement head 30.

After the transfer. of the éomponent 11, the

transport head 20 moves away from the transfer statioﬁ B

15 toward the pickup station A (i.e., from right to left in
the drawing) for the subsequent pickup opera\tion of the
component 11, As ‘shown in Fig. 4E, the movement of the
transport head 20 away from the transfer station B allows

the component 11 held by the .placement head 30 to f£fall

20 within the.field.of the imaging device 4Q.loca§ed under the
| transfer station B. The imaging device 40 recognizes the
component 11 held by the_placement head:30. The image of

the component is then transmitted to the controller 70 by
which the position of the component 11, including X- and Y-

25 lateral positions of its cehter, angular orientation, is



5 .pl acement head, which is illustrated by a hollow arrow directed upward.

| medi ately after the transfer of the conponent, the transport head nopves
*back toward the pickup station, allow ng the recognition g{/ éﬂ%@onponent
hel d on the placement head 30 by the use of the imaging 4 p 0 The
recogni ti owm@pee@ti on of the conponent is illustrated as paTiatioR®e box.
When the recognition is conpl eted, the pliacenent head 30 noves toward the
pl acenent station C. During the novenent of the placenent head 30, the
recognition operation for the substrate 51 is perfornmed, 15 which is
illustrated as anot her hatched box. Then, the substrate hol der 50 noves to
the pl acenent 98EHRBIEIC where the pl acenent head 30 pl aces the conponent on
the substrate 51, whi C&BI s illustrated by a hollow arrow directed downward.

During this, the transpdFtPRedd ®02PP¥Rs Q&Frtaﬁé°29 RAFSQFRSS  8bnpdifent

f th T b d d t ted f

each coﬁpgggﬁgg et Bo BraR & égéﬁﬁ%réﬁwggt agﬁ“lfeogﬁ%arr??gtr o anﬁﬁn axes
d h f X- Z-di t f

the tranafer CEh p[foacer?ge%%gc% za8%: Ramely bl cShofndERe Mot race

hol der, 5 WO Qild 721 ¢ %Qa%lgn%-ra%go tﬁ@ﬁ/ '1159&/ 9§3Q§er§88‘s{:? % #%d be

conventl onal system and the system of prese I nvent1on

noted that thgoj ncneasrowd thernynbef, ofnd hgug%daﬁgeqhamss |t£‘dat es
the structure of the systemand al so decr eases the positiona preC| sion 5
of the conponeid dmdgihe drwiices eocltcas besthmAnd suhst raifre TABLEhe
El enent Feed Mech. Requi r edl nprovenent Syst em 1Syst em 100Z- Di spl acenent Head
20X, ZX, substrate to identify respective locations cf‘ indications

ZReduced o= in P X,
Y in _F_J.g 4E“ tTp_Q) s_l;(st;/g@Ee 51 as well as the 2 | substrateed
I\/bch DeV| ce 40§Y or gg[l\lo X- Feed Mech. ] Hol der- 50YY-

1older S50° 1s moved from the placement statlon .C to an  No

Y- d~ 60 X, Y X X- th d As
can be sggn fror#ith_eb A5L8D Pﬁgcgégfaﬁ‘ééc’%doradfaﬁ’g%’ﬁjpmt "?%?g%qu’qur%ientl on,

the fixed i maging L0 aﬂSVéCFhéoof'%ét ésﬁ%%ﬂ OnI si rrp??%n%s Chiacne S

needed for the conventional systeée Ve StTuct ure

oL e st matislans gt Lo ion ol MmO SRALT,
whi ch witkl bepickup, the substrate holder 50 together with the substrate
51 is carried back to the placement station C, as showr by
the dotted lines in’ Fig. 4I.
It should be nofed that the imaging device in the
conventional system is designed to move in two directions,

20 i.e., X- and Y-directions, which requires two feed
mechanisms. However, the imaging device 60 of the présent
invention movés 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.



15 .descri bed below. Even in this enbodi nent, one of the two nmechanisns is
elimnated. This is illustrated in the table WO 011 72097 by bracketi ng.
" 27 2 2 OCT 2004 PCTIJPA /02308 For the inmaging device (522 ‘@il pne (i.e.,
X feed) nechanismis needed. This neans that one nmechani“sm Can be

el i m nat edy§gpfpd7he conventi onal system which needs 5 twecTIRo/#38 Y-) feed
mechani snms. This is because the substratedl is shifted away fromthe

pl acenent station to another position for its recognition by the inmaging
device 60. The reduction of the feed nmechani smal so increases the
recognition precision of the substrate. Although the 10 systemis designed
so that the substrate Hdlsder amneadibgaclecarthe opemvent iprgilr ettSteéR, §he may be
moved in another direction provided that the substrate can be [eco i zed by

the imaging dé0#%Ed ndavEes t 4Fn I584PPPBN CANRPVEr offt the P aCBREAT i on
e T e R kNS LR P Ll Shob Bl
T P SEARPRS Ry SBe ST  FRfefiBm e i e
rEQUired!§O imaginq device and the placement head, the placement head

as well as the wvacuum nozzle should be moved up and away

from the imaging device. This fequires another waiting

time for the placement head, which results in the extension

of the overall mounting time.

10 According to the present invention, the placement
head 30 occupies a certain region.spaced away from that of
the imaging device 60, which ensures that no interference
would occur between them. This also allows the imaging
device 60 to pick up images at any time, irre;evant to the

15 position of the placement head 30, reducing the mounting
time.

The controller 70 detefmines a positional
deviation between a predetermined sucking point and an
actual sucking point by the nozzle and an angular

20 orientation of the component, by the.use of the image or
signals transmitted from the imaging device 40; Also, the
controller 70 determines a positional deviation between the
predetermined and the actual positions of thg indications

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

25 transmitted from the imaging device 60. Taking account of



20 -nove about 40mmin the vertical direction in order to avoid the
interference with the imging devices. . Contrary to this, according to the
' system of the present invention, the inaging devices 40 §n§.ﬁ§ re | ocated
at difference positions and outside the passage of the 6Ia 8 head 30 25
in the rmvgg%}tnég; n the X-direction. This mnimzes the pc¥)§pe?ddsd2097 28 2
Z OCT 200 JPO 1 /02308 vertical nove ts of the nozzle 31 in the
pl acenent head 30 at the transfer and placenent stations down to about 1mm
for exanple, which is required for the prevention of the interference with
t he conponent. 5 Further, according to the conventional system the inmaging
device for thehssestieali et {@HINHd @BntSoBESEMY @4 1wyl Btagok heFavdMdinkg
device for the conponent recognition. This requires both inaging devices to
nove a | ong diditstaaeeotoabbat pPofenmntf artagtanpl e, rbeivesn dma 1O fcaneonent
and substrate recognition stations. However, according to the system of the
present inventianzlet Ré shbutrbbe vecuigrilt iZoaxdevi sedi s sepplatekrtr of t he
ot her conponent recognition device so that it is served only for the
recogniti on ofththessuRisetst 1 PHehet@sPecthdosuthst riatd rEStiepegniRdsed
device is_required to nove only a |imted distance of about | Onm for
exanpl e, Whi cH‘Hﬂngt’Fthediq‘afléPlaég%di ARCIAOIP S &si 2 drORAFS PRt dRY 18K t he
conmponent. The.reduction of th vin jstance results in the reductjon of
the inertial ?c ecé’li(?fcef"ﬁggnﬁ%gre ﬁ‘ﬁghg Fsﬁ?%ﬁt%%t‘?/\eﬂ 2E® t R ry
rigidity of t p ' ture and also in the increase of the
preci sion of t e%ggsgébggg%égg ‘descri bed above, the system 1l of the

present invention has aApggpeEhgftgg KRG, PALLS . ¢ F1D 301 S¢S the
pl acenent head 30 noves about 500nn1¥n tﬁe ﬁ%ﬁi?ect?gﬁ85#6§§%%3§g05§%29 2 2

OCT 2004 -PCT/ H¥aboh@R808t bethyeerardda i rsdnsfigh 8NdrRL ageiEiteit aldRNS0B and
C. The novenent of each el enent should be controlled precisely in order to

attain the pregigiesalkbgmaest tolvakthethoOnpoacsisntonstd caulist ratee., Fafont hi s
pur pose, the system enploys 5 servonotors, pul se-notors, and/or voice-coi
not ors for cortefdl ltbngight movilhg dfstianne ofAlsbe eFeeentise ¢dowwetdtiitonon to
those notors and in conbination therewith, a linear scale may be used for
each novi ng mecdhdmhies poishtdeniel devimttiann aadntohe pngglse cohntdtioh tiye
novi ng di stance. 10 The linear scale, which is a pul se encoder for
neasuring a |ither eprpraderent: hadea placenense ke e3Qi thovasdi tes ther ked
optically or magnetically and a detector nmounted for novement on and

rel ative to t RE3FERERENEELERR €/ iF CRP NS uFESFHY préfi seThRRRAERE /c@st r ol .

Taki ng spuch feature, 15 into, account, the |inear scale is preferably' used
for the g%npeﬁ QVPoﬁnoFl?hé“@ﬁ%ﬁbéhBFeHBQFrﬁf%ﬂ:ipaﬁéécﬁﬁaghﬁ1iﬁﬁp "taused

by heat. ° 11 in place on the substrate 51.
In this ’operatioﬁ, the nozzle 31 sucking and
holding the component moves down with the placement head 30
toward the substrate 51. Once the sblder burﬁps provided on
20 the bottom surface contact with the substrates 51, the
placement head 30 forces the component 11 against the
substrate 51. Simultaneously, the placement head 30
applieé a high frequency vibrati.on to the component 11,

causing the solder bumps to be connected with the substrate.

25 The vibration may be an ultrasonic wave gerierated by a



Fi.g. 7 is a circuit diagramshow ng various parts incorporated in
respective devices descri bed above. As can 20 be seen fromthe drawi ng, the

- system has a hardware section and a software section. The hardware section

i ncl udes the conponent supply 10, transport head 20, pl 2def€ht20ead 30,
conponent @639%;7ti on device 40, substrate hol der 50, angcgsrasbried e
recogni tion device 60. The software sectigf 25 includes various processing
units for controlling necessary WO 01/72097 30 2 2 OCT 2004

PCT/ JP01102308 operations for supplying conponent, sucking conponent,

cal cul ating an anmobunt for position correction, calculating an anount for
angul ar corr egtileaneleetoinidavigeconponesitampglecoghezuhgrasonic wave has

ref erence-indication, and correcting position. 5 The hardware and software
el enents are iant egrdtidddei of tdudont roidmm tdrad godtreghsnthe odvaablt
operations of the elenments. Each of the hardware el enents whose operations
are already dé&seM0Be@eab®ipubas vAEfteusti i vammlatdvmetfed®0 adRORgHt

respective |ines extending out fromthe el ements. The controller receives
si gnal s from MYBELRTy et R 2 cAmate hedelt RBr BOERT tRAfFK S b ddddsdftwhi ch,

b1 0cessi i uniAE5APr Bl £5% R VEREALSer T 85O EHEr BB 10 20 ¢ hat
t he conponent to be picked up i.s placed at the pickup,pasiition. Th
conponent sucki ng proceﬁ%?rﬁﬁ%ﬁﬁqéié%%ﬁf8léotP%F%a 5ﬁdt§§cdﬁﬁpfop¥t%ge

component - suckiag e D032l,8S fipugLedyan fhe transher ;agd placegent deads.

The units for "cal culating positional an angul ar corrections cal cul ates,

from signal s tiangiett @dekhOIdL heor @eRERhIAONtHEVie&es#8nca BBYVidpdisst ance
of the placenent head 30 in the X-direction for the nmounting and the anount

of angul ar corrfectdhen bebrifie N9zzde&retteabouthbhesyetdm catuspoandss. thee
conponent recognition unit 25 controls the recognition timng by the
recogni tion dewbsequel O3 iDAhs3Eoz2 2hOCTerdOPa PG JR0L / O30T ,4vhatt t he
field of the device. The reference-indication recognition unit controls the
recognition tiwoulg ahbetwisd iceludeohnyhdamsadesthoattber eongonéntonl ded dde60
and, based upon the recognition by the device 60, the position 5 correction
unit control s & lepvilng ditstsamperatisnbserataundldebe5@rPaiedeto the
Y-direction. Wth the arrangenent, the recognition devices 40 and 60 are
separ at ed frorkr@8€RO6E heead wifi-ch 18l EBhg Inspadevéhgeiressroraitifsd o be

controlled ind ndent | wi thout any restriction i osed by the other 10
devi ce. pﬁ%is up t%é image of the nozzle of thén%ransp&ét head g%

15 to detect any debris on the nozzle. Preferably, this is
performed as the placement head 30 is moving toward the
placement statién C. Further, at the placemept station C,
after the placement operation by the placement head 30, the
substrate 51 may move rearward to a shifted position where

20 it opposes tﬁe imaging device 60 for_picking ﬁp an image of
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



Ref-erring to Fig. 8, another nounting system and nethod according to the
second enbodi nent of the present invention will be described hereinafter.
** The conmponent nounting system of this enbodi nent, gene:Tglzl yct nojscated by 15
reference nuneral 2, is simlar to that of the first enbodi nent except that
t he syst emwd ovamea second pl acenent head 80. Therefore, Pckaropea3es bears
| i ke reference nuneral s throughout the drawi ngs. Meanwhile, according to
the systemof the first 20 enbodi nment, the placenent head 30 receives the
conponent at the transfer station B and then noves to the placenent station
C fox the nmounting of the conponent. The nounting of the conmponent at the
pl acement st atstatiGni ,cowplat eénbyrede tbkt rdsormentomeecdt | ¥h, tehmoeneeds
a relatively 25 extended period of tinme of about 0.5 seconds. This WO
01/ 72097 32 2 contdnuppsl POl ROl G2a08alher edsePosifaPrni af theeingiring
associ ated el enent or elenents, which results in an unwanted extension of
the overal | tiHVicsr 4RotimtFdly. L idfedacPerate ni £o4 #*eRRICy st 1™t his 5
enbodi nent, the first and second .pl.acement heads hear respgctiyve functions
and ¢ her eby erftE AREPY RRAIVITYER the RoURGIRG CYFOF BYGnH S Fhe
system 2 s desi o th C t. he Sefv r id step
of nounti tr51g in&vﬁ%qgﬁ PthCgﬁp%%ﬁ?&?f?ﬁ%gﬁn?gaggﬁ ﬁ]%a Bigu vgati); zitréRSl and

then connect e eparabibn thdie U4 T asRant! AL ke (EhE heTROEalne

connection requir Imt time of about secon ter the

tenporal conn aing?,ori:hﬁegaaé?@@ﬁtth%&ggaégmé%’%a@a%.fV@Hétf@aéﬂrﬁ%ﬁﬁnt

station Cto the transfer station B ere It Z5 receives the next conponent
fromthe transportinlgady &beisecondipl gep@Ntathead i8Re8€EVESY f £ emeCcONd
step of nmounting in which it applies the ultrasonic. vibration again to the
tenporal | y comtecttednedaposeatidd fortd eroper aapenbssoonecim®whfct e
conponent to the substrate. The 20 pernmanent connection requires another
time of about daubesecbmdsheW convdretitone-lst egerdrioact toat eriequii reat thehe
first (tenporal) and second (pernmanent) connections by the . placenent
heads 30 and g@-acefghfe hessutneeds akg Ohalltseadhes, X5 haspaeprhedy. the

Therefore, the total connectjon tinme appears WO 011 72097 33
maximum speed in the course of moving from the transfer

station to the placement station for the recognition of the

component and also the imaging device to wait until.the
15 vibratioﬁ caused by the halt will come to an end. In this

regard, the time loss can be feduced to some extent even

when the placement ‘head makes a halt before it reaches the

maximum speed. Therefore, the terms "yicinity" and "spaced

slightly" means a certain range.ih which the placement head
20 is accelerated up to the maximum speed.

Referring to Figs. 5A 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



2.2 OCT 2004 PCTIJP01102308 to be identical to that required by the system
1 of the first enbodi nent. However, according to the system?2, after the

*~ tenporal connection, i.e., during the permanent connection, the placenent

head 30 can proceed to receive 5 the next conponent, whi Q2 0€ErM0A hat t he

overal |l ti Jﬁmwpnunting per conmponent is substantiallyprpgpiRssedy. for
exanpl e, 0.4 'seconds. Therefore, the functjpnal separation using two

pl acenent heads causes the overall time for nounting of the 10 conponent to
be reduced consi derably and al so the productivity of the systemto be
i ncreased significantly. Besides, the two-step connection provides a

drastic increagg ehet hRagORHE8EV IR f O CcRr@faibhe iceNpENaBouthanit Becene- step
connection. 15 In order to provide the ultrasonic vibration to the

conponent effedsi veqyivebtter daabday the thidrh@iBnobf btlae kelamebax header
may be used for holding the conponent and then forcing it to the substrate.
Al so, in the tweuséépbgohhectnentidlhefqas taforth20 pdadeoendr heatlawi b of
conponent nounted tenporally on the substrate may be recogni zed by the
recognition deveéeghtindofif apedesshfy, kcmamosed Fort hexpaprdanent &dGAECti on
base upon the recognition result. In this instance, inmmediately after the

t emporal coOnnedErBEnbEidhe EBRpoNERETEYLt Hieash BPY¥eendi®t hRBad P3GCepRBt

substrate 5113 Lransported,fearyand, 0 0/ 72097 34 2 2 O, 300 G/ 7P

decelerated again.
Contrary to this, according to the mounting
system of the present invention, as shown in Fig. 5B, after
10 the transfer of the component, the.transport head 20 moves
away from the field of the imaging device. Immediateiy
after that, the component held by the placemént head 30 is
recognized. Then, the placement head 30 accelerates to the
maximum speed, moves wiﬁh the speed, and then decelerates
15 to reach the placement station. This eliminates the
additional acceleration .and deéeleration' required in the
conventional system, which decreases the cycle time by

about 0.2 seconds.
Fig. 6 shows a relationship of movements and
20 operations for the placement head 30, transport head 20,
and substrate holder 50. As can be seen from the drawing,
after the placement of the component, the placement head 30
movés back from the placement station C to the transfer
station B. 1In synchronism with this, the transport head 20

25 which has already picked up the subsequent component moves



to-oppose. the fixed recognition device 60 for the recognition of the
conponent nounted tenporally on the substrate. Then, based on the
*positional information transmtted from-the recognition device 60, the
controller 5 70 cal cul ates the amount for X-, Y-, and/oR 2a0gui2gs correction
and then gay§@des t he novenent of the other placenent heggk, f1088sef er ably,
the recognition device 40 recogni zes the ggnmponent hol ding portion of the
pl acenent head 30 10 imedi ately after the tenporal nounting of the
conponent and t he conmponent hol di ng portion of another placenent head 80
before the permanent nounting of the conponent. This allows the controller
70 to prevent fapp pbssiphkdupceitdends, Awltoehrdayhke teansedr by thbeoexBst ence
of debris at the 15 conmponent hol di ng portions of the placenent heads.

Al so, this al Fbfs haselspl 2Cenndt IeabaBd tto hopmbdcheetehpatalklry atunhed
conmponent positively. Figs, 9A to 9J schematically shows a series of
operations petFBRrfAEer aftehEopi Bk@pd themsfampraasd pragtenethen0fer athens by
the system 2. be_seen fromthe draw the operations illustrated

As can ngs,
in Figs..9A t6r§’é;$§‘?’é Phe tBEMECRECR RS LT ugbﬁaﬁéanwp%dh%%cw b&Bewi t h
reference. to Figs. 4A to 4 According to.the system 2 of this enbodi nent,
in 25 pafsti cuEzhigf%e?%@: cglﬁﬁgher‘f@lf%‘ is°té B?H?%C&m?ﬁtéd BRL i arrgih

01/ 72097 35 2 ' 20 JPO d th th bstrate, 51
shown in Fig. déﬂ%?%egpggé' co#p%%ggrtl%g?nte_ 1;e‘:% e\%‘oer a'_fr e S_ erit?r%‘n%B? tﬁz
conponent, theopbaceneNtciiead 3R aRYesehackod bs tg];%}?('éjdhra?%g't%% chcﬂtg

transfer station B for the transfer operation of the nex onen

After the di sepgagenenil Vg heeplraesgRitifieadk 3the tdpaHRsk! 8keq5dn MOVes
rearward in the Y-direction to oppose the recognition dévice 60. As shown
in Fig. 91, theeredageinthonnhdedi ge &Y recognigesst hBeCcanpanagt deemperal |y
connected on the substrate 51 and then transmts the 10 recogni zed i mage
si gnal tl® t heTbentreobbeitidh diwerginsint ichalhe etdigcersiti @ sbetmesr rbbed
substrate 51 and the recognition device 60 is simlar to that shown in Fig.
OK. After theafeéognitched, bohe sWhsnrbhe Bdcowvigsidpadls icomptleéed; dihect i on
to the placenent station where it opposes the 15 second pl acenent head 80.
As shown in FP§acement hkepd ad8nemmvefeatryerdhoves Hberswment t stablah t fe
tenporal |y connected conponent 11. Al so, the placenent head 80 forces the
conponent 11 PBTERE shBet rBREERERT t i pitévi ddscementonpaadnt 34t hthae

ul trasonic vibration for the Eipe,r manent 20 connection of the conponent to

the substrat ef®A3BesICEhORFF 31 9B gt°0Ithe hauRehNfent ! hdFdiReS IREPEFon of
th | t i i in_the f f.b ket. At tively, th
ol acemer hea  oed SareREFBERR 1 i Aot PesghEsr S ne. BST 1SRN of
the conponent sgBsapgtd heo BRI 153241,98s0k ot PRe ULT LASAINC JaRGRL @NgnERet he

the placement head 30 places the component on the substrate

51, which 1is illustrated by a hollow arrow directed

downward. During this, the transport head 20 picks up the

20 subsequent component from the component supply. The above-
described operations are repeated for each component.

Provided below is a c.omparative 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,



WD.01/ 72097 36 conponent. 2 2 OCT 2004 PCTI JP01/02308 It should be noted

t hat when any m salignnment such as inproper nounting or connection of the

-+ conmponent is detected by the recognition device 60 (see Fi 9I) the 5
controller 70 suspends the nounting operation to nake a w&gdl 04n this

case, if qﬁ?? y, the substrate 51 may be di scarded aq&gqﬁhu@g&ﬂy or
errln

manual | y. g to Figs. 10A and 10B, ,gnot her enbodi nent of the system
according to the present invention 10 mﬁIF be described hereinafter. The
drawings illustrate positional relationships between the conponent sucked

and held by the nozzle 31 of the placenent head 30 and the recognition

devi ces in thergfiiveat ifepakheysderedtiichall@hstandahderisysiwimad dheaner esent
invention (Fig. 10B), 15 respectively. As described above with reference to
Figs. 13 and Ipkessacodidiveagtidani hatcehvedtioanalotsyssttamtt bre' Spaceadretofeen

t he conponent 111a held by the nozzle 131 of the placenent head 130 and the
subst ance 151 tile sumbem cédthadhiesd aecbaOsnd emplicasedi shanskeyudiaingeen
the recognition device 140 and the conponent, necessary for the proper
recogni tion ofof Heé & onffdirEntanduilete Kﬁﬁﬁ@é§e§héhﬁeseﬁhti@mabfP¥¢@%¢M§ge of ,
in partlcularﬁﬁ%ﬁﬁﬁlar e size component. Contrary to this, the reco n|t|on
devi ce 40°is d CRPYRERY 3Tk & F@Eb@?ﬁt?qﬁ? Vi PﬁédcéﬁﬁoﬁﬁPﬁ

t herefore flxgggi the WD 01/72097 37 2 z OC f ZO~~ PCT/JP01102308
system which %€ not need additional space to avoid the interference with
t he nei ghboringienehers. ThiFsedNMéUR N KRJUIRRE a | argpfovdase: bet ween the
recogni tion device 40 and tRegsgeRponenisfdram ©he conventional system which
S increases tHe Tierd and/or resorution of the recgdpiipDEcaRd<e 40. The

i ncrease of thegehijepd and rgsokution arg ig Iustratggdgyegotted | ines a and
|l ong and short dotted lines a in Fig. 10B

Z-Displacement

Head 30 X, Z X, 2 . Reduced
"""""""""""""" X, Yy TUUTTTTLUTTTTTTTT"No X, Y-Feed Mech.
Device 40

................................................... (Y or 2] _[No X-Feed Mech.] _
Holder 50 Y Y -

No Y-Feed Mech.
Device 60 X, Y. X - 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 mechanisms needed for
the conventional system. This not only simplifies the
structure of the system but also increases the positioning

and imaging.precision. Meanwhile,jthe imaging device 40

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

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

mechahisms is eliminated. This is illustrated in the table



| nprovenent on the field and/or resolution of the 10 recognition device can
be attai ned by another enbodi nents illustrated in Figs. 11Ato 11F. For

+ exanpl e, according to the enbodinent in Fig. 11A, the r\e:fggm-rt bdap devi ce 40
is designed to.shift in the direction indicated by arro , 1.€e., the X
or Y-direcwbanoso a certain extent. Wth the 15 arrangerariP01423#st t he
recogni tion device 40 occupies a first position where it recognizes a part
of the conmponent. Then, the recognition device 40 noves to a second
position where it recognizes the remai ning part of the conponent. Parti al

i mges of the conmponent are then conmbined and 20 processed at the

control | er folYt REask®sEflrent processes such as position and/ or angul ar

correction of the conponent. This process allows the recognition deyice to
capture the entire i magthf thfe 1RBHPBHeALVIFR h08 nOBddsBRL r ésofuti Bh even

within alimted space, This jn tur ansg that the 25 noving range of the
recogni tion déf\fieéz FSFh?ﬂ%s%oﬁoﬂ%ﬁ$e£EV\gﬁﬁﬁ TSP 5%‘35 ?”&I%ef%@%lsm

PCT/ JP01/ 02308, _recaognition_can be mnimzed. In addit.i or’i t al
moverent of o K8 Seoght PLanEab i idiemeeh Ykl 1/ i R e RER

suffers fgom agy dﬁ{tﬁggn94'y-t)h¢f&%§5}n$éﬁﬂs%.0f whescorpopeni o8 ehber

menbers. 5 Al thoug he whol e i mage o e conponent is captured through

two ' pickup prsee@ssese HPrEs KA OfawliyCkYbn PFIQS BsER% et e a@iphoyed for
the | arger conponent. In another enbodinent in Ficr. 11B, the recognition

device 40 is d@stgsedpbdoitimverareridsCalekygnitfon WP the tivagdndl Ideeticen
between a | owered position indicated by o -
60. The reduction of the feed mechanism also increases thg
recognition precision of the substrate. Although the
10 system is designed so that the substrate holder moves back
and forth in Y-direction, it may be moved 1in another
direction provided that the substrate can be recognized by
the imaging device in a certain position away from the
placement station and the imaging device 60 does not make
15 any conflict with the placement head 30.
Further the system of the present invention can
shorten the moving’passes of respective moving.elements.
For example, according to the conventionai system the
vacuum nozzle 31 of the placement head 30 is required to
20 move about 40mm in the vertical direction in order to avoid
the interference with the_ imaging devices. . Contrary to
this, according to the system of thé present invention, the
imaging devices 40 and 60 are located at difference

positions and outside the passage of the placement head 30

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



selid lines and an el evated position indicated by dotted lines. This

enbodi nent allows the recognition. device 40 to shift its focus vertically

*~ so that the conponents with different heights or at di‘ffe;grq TI@@@IS can be
recogni zed 15 wi thout any defocus. For exanple, as shown %e rawi ng the

| arger conporemos7ll is noved down fromthe el evated to tReTARIWERR] position

to extend its field, so that the entire ipmge of the | arger conponent can

be captured by one shot. The recognition device 40, due to its novability

in 20 the vertical direction, is also available for the detection of debris

carried by the conponent holdlng portion of the transfer and pl acenent

heads 20 and 3Je@rtieahnbevemrenifoothi ndvet riqzziieg31l11@ thiee pleceyanti beadevi ce

40 is supported by a horizontal axis not 25 shown so that it rotates as

i ndi cated by aPr 6%:/ Ge Ytans fernyend1p¥aemendg sapieoxsy davrp-topeppyPOlD2308

ar r angenent a%loms thelrecognltlon device 40_to take between a first

posi tion (|nd|85t§5a8§ 8ol FE FPnd8) TREPETSY FREoGRE ZBECEEREIAN A1 ¢ He

conponent and 03|t|on indicateq by dotted |ines) where it

recogni zes thegggfg%E nlnwﬁﬂﬁﬁl f CPTROY onent. For this purpose t he

recogni tion device is ed dr|V|n source s e not or
that is égntrolled by t c%%fro%%ég}d%?ﬁe sys %ﬁ\ﬁgﬁvﬁe %%?%ngasgo t hat

the recogniti e d%g@m} ak@e%utéy €goROSihLONg MhEr £ d hererc%gggegahonlg.ev' ce

captures 10 respective parts of the conponent. In another Iment in

Fig. 11D, theaseemgnéd i @RtHNidntasrt ihalgiixgd deRGRENI £dONtHEViceRBoALAR: and
90b in order to enlarge the field of the recognition unit. This

,arrangenent aktboysitimn .| armiars cerpanest bbth bimadi e clegiiczedtbymbwo a
recognltlon devices with a high resolution. Al so, this arrangenent may be
used so that éphdedichenck tdfe reoogni2blom, déwircesxamples. - Parweersnmohé
conmponent, and both for a large conponent. O course, the nunber of the
recogni tibn | SOMBeNentyi pad tviStEateo Terammathen etsddiomsnt i Homeyerd 1k,
the recognition device 40 is oriented horizontally. A so, the recognition
unit has a m RFEPTHENT THE n¥he osVALeRs Qfochhed REFSENSnt TrertionecByfi ti on

device 40 and supported for rotation so that the field, of the recognition
device is 25 Fg?ggateed ﬁﬁﬂoﬂfetr?'% e oS ??\%aﬁﬁ?ﬁjon@?ﬂm e hothfs

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 upen the "size or the purpose of the component.
The reduction of the moving distance results in the
reduction 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 precision of the
positioning.
As described above, the system 1 of the present
invention has a number of moving parts. BAmong other things,

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



WD.01/ 72097 40 2 2 OCT 20C PCT/JP01/ 02308 arrangenment, the mrror rotates
between a first position where the reflected field of the recognition

+ devi ce covers a part of the conponent and a second position where the
reflected field covers the remaining part of the conponert2 05TF2004 t his
purpose, t{e diddgPr is drivingly connected to a notor, sgefymsoidsse notor,
so that the controller controls the notor .to rotate the mrror. The mrror
may be any nenber capabl e of changing a |li"ght pass, such as prism In

anot her enmbodi ment in Fig. 11F, the 10 recognition unit has an optical

. menmber 42 such as |l ens positioned between the recognition device 40 and

the conponent ddtwedd MG RErE@CAAAI bl OBekloW C&AQhQ B GhdUR .t herdage
of | arger conponent. The' optical nenber 42 nay be supported to nove out of

the space betweerertdit BF raechgalénont davd el 42 apettbels@nppeeindelll.infTWo or
"nmore optical nenbers may be prepared so that a suitable one of which is
sel ect ed dependrdey uporatithénsikze pfetiwe canpoment afidibe tbepdespnts eth
resolution. Also, the optical nmenber 42 nay be used in conbination with

ot her optical Stenstbstzateuch &orni thby andppsesm thaur tslystemt hemploys
recognition device 90 may be supported for novenent not only in this

enbodi nenf but SYEFIRTEhe R SEA-BQEOERDORNRINT | HOFFg; CAilE, nahPER efftfar ges
the field of the re q.nition devi ce whi |l e keeping the required resolution.
25 Whi l e thi s SIRRIGAThaE bedvaBgc I IRERIGE O3 ILILT SEARPESWD 012007

PCT/ JP01/ 02308 conjunction wth a specjfic enbodi nent thereof, it is
evi dent t hat n%cgcg/itéopde&noatT}boess3 I?ﬁ)%ﬂrfsi cHtT ofi3, C%ﬁt&l%r?ﬁoé_’t !%‘Tf‘srﬁmﬁtlh’bea
apparent to t h%%'s'c'a%@ tkr'ee 1.16.L>ret ) é%coggﬁ r!‘%\yi’n 1i'nelclslal Qg%nﬂ?do té) by
enbrace all suc alternatives, I’m&ffl catrons, and variations that” Tal l

within the spigd ta @ Proaflo 56 0Peellsd NEoARANASH CAET Bying VL OUAZOTT 42

10 The linear scale, which is a pulse encoder fo; measuring a
liner displacement, has a reference scale with indices
marked optically or magnetically and a detector mounted for
movement on and relative to the reference scale, which
ensures a precise movement control. Taking such feature

15 into account, the linear 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 respective devices described above. As can

20 be seen from the drawing, the system has a hardware section
and a software section. 'The hardware section includes the
component supply 10, transport head 20, piacement 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



2.2 OCT 2pp4 PCTIJPO 1 /02308 1. A conmponent nounting appar at us,
conprising: a conponent supply provided at a first station for 5 supplying

~+~ a conponent; a transport head for picking up the conmponent at t first

station fromthe conponent supply and then transporting t R 86 ent to a

second statian. pl acement head for receiving the conpogenipe{s8ee t he 10
transportaﬁbggng? the second station and ggen transporting the conponent to

athird station; a substrate- hol der provided at the third station for
hol ding a substrate, the substrate being provided with the conponent from
t he placenent head at the third station; and 15 an inmaging unit for

recogni zi ng t hpesampenent tdiel duy1yh8gP! d6REmRNh theaducwhes ei dbrididenRgi Ng
unit is positioned in or in the vicinity of the second station. 20 2. The
conponent nountalieglappag aknSanduretc CHrdated tWohh cekaé dt ilon Whetdleiul athag
imaging unit is fixed in or in the vicinity of the second station. , 3. The
conponent nourn ngpapdar fewsanguiscordaneet Wit h 2dcairdizing, adrgromientt he
imaging unit is novable in a direction WO 01 /72097 43 2 2 OCT Z' W04

PCTI JP01/ 02308 eseppéhiing ur aferencadindécatiormct dmh @b ey tiltic tpashie iomagi ng
unit opposes the placenent head for the recognition of the conponent. 5 4.
The conpofent ThsuRerAy2appardt ST twpec &deaante aFe hirtedunted wHdheithet he
imaging unit is novigle in a direction al ong which the imgi ng unit opposes
the pl acement FEAGCFOFT t H&atecoyYnTEIch bRt RyeEBhporfiifatigns. ohe the
conponent nnunt%gg @gparatus in accordance with claim1l1, wherein the
vicinity is de cned y a range in which the placenent head is accel erated

to th [ it t
B o

apparat us in age0r:daReayWaklceiBld dvovbiengl vibdd alshAts NeathdieRs the

conmponent .
10 through respective lines extending out from the elements.

The controller receives signals from respective units of
the software section and, based on which, controls
respective drivers. Among other things, the component
supply processing unit controls 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 cdontrols timing and vacuﬁm for the
component sucking by nozzles mounted on the transfer and
piacement heads. The units for calculating positional and
20 angular corrections calculates, from signals transmitted
from the recognition device 40, a moving distance of the
placement head 30 in the deirection for the mounting and
the amount of angular correction for the noizle 31 about
the vertical Z-axis, The component recognition unit

25 controls the recognition timing by the recognition device



upsi de down after receiving the conponent at the first station arid before
transferring the conponent at the second 20 station. 7. The conponen
- mounting apparatus in accordance with claim 1, wherein the hfpgpg U
supported so that it recognizes different portions of the conponent.
WO 011 7208¥0 2897z ocT zoos PCTIJPO | 102308 8. The conpecrarrp1/epdesnt i
apparatus in accordance with claiml, wmrein the imging unit has a
plurality of imaging devices. 5 9. The conponent nounting apparatus
accordance with claiml, wherein the imaging unit has an optical nenber for
changing an optical feature of the first imaging unit. 10. The conpo
mount i ng app&t aans the abcokHantethve tdeviGres] aiThed, rafdemenice-théioptival

menber

is amrror,

conponent m{ﬁﬂqgrﬁ'b‘téﬁﬁaﬁ%‘tlt}s G tRedSr dife & SRR LELaPm tLN Like rAdich 'ftl'rﬁs
i maging unit_r gn a rtion of 15 the transport head and/or
of '?hegpl aceﬁ’e%[do %%dgﬁ?orsp“ﬁ’ It5Fﬁ§ trﬁ§°88ﬁjbb%nfjeglc9\0681/aﬂb97 él%eob
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correction unit controls the moving distance of substrate
holder 50 in the Y-direction. With the arrangement, the
recodnition devices 40 and 60 are.séparated from each other,
which allows respective devices 40 and 60 to be controlled
independently,:without any restriction imposed by the other
device. |

Referring to Fig. 8, another mounting system and
method according to the second embodiment of the present
invention will be described hereinafter. The component
mounting system of this embodiment, generally indicated by
reference numeral 2, is similar to that of the first
embodiment except that the system 2 has a second placement
head 80. Therefére, like parts bears like reference
numerals throughout the drawings.

Meanwhile, according to the system of the first
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 ultrasonic connection, which needs a relatively

extended period of time of about 0.5 seconds. This



conponent supply at a first station;. ' . transporting the conponent from
the first station to a . second station by the transport head;

. transferring the conponent fromthe transport head to a placenent head at
the second station; ., recognizing the conponent received byBCTh&k p| acenent
head. at o{ggirdghe vicinity of the second station; transpefipoigzzede
conmponent fromthe second station to a thjgd station by the placenment head
pl aci ng the conponent onto a substrate at the third station by the

pl acenent head; and controlling the step of placing the conponent onto the
15 substrate based upon information obtained by the recognition of the

conponent . 13indreasgroremtainmiugt tivge reft RedotNa 864 O Xhae: Wirt Blemhahts J WO
01/72097 46 2 2 O C T 200; PCT/JP01102308 12 wherein the vicinity is

defined by a wahge résulss cin tame upao e ndx teed oins odic tekeebatedl Lptith® t he
maxi mum speed in the course of the novenent. thereof fromthe second
station towar §°F HeoWHiing.station. 5 14,. A conponent nounting nmethod .in
accordance with claim,, 12, further conprising a step of making a .

per manent connection ofCREEEpENerithito t A8 stBRt rafsEe® ©heofhi FALSt ati on

o5 1108 e BT UURstep 1, phaciad he 10, carpener!, 20t o Le
respective functions 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 temporally by the
ultrasonic vibration. The temporal connection requires
only a ‘limited time of about 0.1 second. After the
temporal connection, the placemént 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 component 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
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connection, the placement head 30 can proceed to receive

5 the next component, which means that the overall time for

mounting per component is substantially reduced by, for

example, 0.4 seconds.

Therefore, the functional separation using two

placement heads causes the overall time for mounting of the

10 component to be reduced considerably and also the
productivity of the system to be increasad significantly.
Besides, the two-step connection providea a drastic
increase of fhe connecting force of the component than the
one—stap connection.

15 In order to.provide the ultrasonic vibratioﬁ to
the compcnent effectively, another holder in the form of
bracket or box covér may be used for holding the component
and then forcing it to the substrate.

Also, in the two-step connection, the position

.20 and/or orientation of component hounted temporally on the
substrate may be recognized by the recognition device and,

if necessary, corrected at the permanent connection base

upon the recognition result. In 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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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 be 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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11" 10985& () --!x"109%85& ()--!"10%5& ()--35 @O0%& ()-9 10%& () -
f3109%6& ()-9% : vwyzodY: " !'F 10% & ()- 105 105
105" 10%& ()--!"109%B5& ()--!"109%B5& ()--!"10%5& ()--zX6dY:! &
"1098"&:()__!8Eo;§é§§éggwg%h-£§é substrate 51 as shown in Fig. 9H. After
.the completion of the temporal connection of the component,
the placement head 30 moves back in the X-direction to the
transfer station B for the transfer operation of the next
5 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 recoénizes the component temporally
connected on the substrate 51 and then transmits the
10 recognized image signal to the controller 70. The
positional relafionship between the substrate 51 and the
recognition device 60 is similar to that shown in Fig. 9K.
After the recognition, the substrate 51 moves back in the
Y-direction to the placement station where it opposes the
15 second placement head 80. As shown in .Fig. 9J, the
placement head 80 moves downward to hold the temporally
connected component 11. Aléo, the placement head 80 forces
the component 11 to the substrate and then provides the
component with the ultrasonic vibration for.the permanent
20 connection 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

25 and the application of the ultrasonic vibrations to the
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ecogni 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, ancther
emquiment 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. and the
recognition devices in the conventional system (Fig. 10A)
and the system of the present invention (Fig. 10B),
15 respectively.
As described 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
head 130 and the substance 151 is so limited. This faiis
20 to ensure.a distance,_betWeen the recognition 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 ﬁounted only for the

25 recognition of the component and therefore fixed in the
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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 f in Fig. 10B |
Improvement én'the field and/or resolution of the
10 recognition device can bé attained by anOthér embodiments
illustrated in Figs. 11A to 11F. For example, according to
the embodiment in Fig. 11A, the recognition device 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 reéognizes a part of the component.
Then;_the recognition device 40 moves to a second position
where it recognizes the remaining part of the compongnt.
Partial images of the component are then ‘combined and
20 processed at the controller for the subsequent processes
such as position and/or angular éorreétion of the component.
This process allows the recognition device to capture thé
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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5 Although the whole image of the component is
captured throﬁgh two pickup preceSSes, more number of

pickup processes can be employed for the larger component.
In another embodiment in Fig. 11B, the

recognition device 40 is deeigned to move vertically, i.e,,
10 in the Z-direction between a lowered position indicated by
solid lines and an elevated position indicated by dotted
lines. This embodiment allows the recognition deﬁice 40 to
shift its focus vertically so that the components with
different heights or at different levels can be recognized
15 without any defocus. For example, as shown in the drawing
the larger component ll_is moved down from the elevated to
the lowered positibn to extend its field, so that the
entire image of the larger component can be captured by one
shot. The recognition device 40, dﬁe to its movability in
20 the vertical direction, is also available forlthe detection
of debris carried by the component holding portion of the

transfer and placement heads 20 and 30.

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

25 shown so that it rotates as indicated by arrow 47. This
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1L10% & ()3 F31&@a@n@xg :b%r't of the component. For this purpose, the
recognition deviée 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
recognition unit has two fixed recognitiori devices 40a and
40b in order to enlarge the field of the reco;gnition unit.
This | arrangenient allows the largelr component to Dbe

15 recognized by two recognition devices with a aigh
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
number of the recognition is not limited to two.

20 In another emnbodiment in Fig. 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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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 éuch as lens

positioned between the fecbgnition device 40 and the

component 11, allowing the recognition device 40 to pick up

the image 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 ll.. Two or ‘more

optical members may be prepared so that a suitable one of

which is selected dépending upon the size of the component

and/or the required resolution. Also, the odptical member

42 may be used in combination with other optibal_elements

20 such as mirror and prism. Further, the recogﬁition device

40 may be sﬁpported for movement not only in this

embodiment but also in the previous embodiment in Fig. 1l1lE,

which enlarges the field qf the recognition device while

keeping the required resolution.

25 While this invention has been described in
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conjunction with a specific émbodiment thereof, it 1is
evident that many alternatives, modifications, and
variations 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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first station from the component supply and then
transporting the component to a second station;
a placement head for receiving the compoﬂent from the
10 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
component from the placément head at the third station; and
15 an imaging unit for recognizing the component held.by
the placement head;
wherein the imaging unit.is positidned 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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10 5. The component mounting apparatus in accordance with
claim 1, wherein the vicihity is defined by a range in
which the placement head is accelerated up to the maximum
speed in the course of thé movement thereof from the second

station towafd 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 first
station and before transferring the compdnent at the second
20 station.

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

25
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15 the transport head and/or a portion of the placement head,

for holding the component._
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° second statlon by the transport head; -
transferrlng the .component - from the. transport head to
a placement head at the second statlon,

' recognl21ng the component received by the placement

head at or in the vicinity of the second station;

o . transporting the component from the second staticn to
a third station by the placement head;
pla01ng the component onto a substrate at the third
statlon by the placement head; and. |
15 contrclling the step of placing the coinponent cnto'the’

i substrate -based upon information obtained by the

recognition of the component.

13. A component mounting method in accordance with claim
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12; 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 station

toward the third station.

}4, A cgmﬁoﬁgnt MOunting method in aﬁcofdance with claim
12, further comprising a Step of making a 'permanent
conﬁection of the component to the substfate'at_thé third
sﬁation b§ a fixiné head, after ﬁhe step of placing the

.10 component onto the substrate by the placement head.



