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MOUNTI NG COVPONENT 5 TECHNICAL FI ELD OF THE INVENT%EhhThE‘ﬁTé§éﬁF’TﬁVent|on
relates to an apparatus and nethod for nounting co n&m

el ectric devices on a substrate or circyit board. m@m Ewﬂm OF THE

| NVENTI ON CGeneral |y, a conponent nounting apparatus h een, used wi dely

for a sequential positioning or nounting of electric conﬁbnents on a
substrate such as printed circuit board. Fig. 12 s iona

conponent 15 nounting system The $dammeengsal ly indi l%mww mf erence

numer al 100 i ncl udes a conponent supply 110 for supply
transport head 120 for picking up one of the conponent e conponent
supply 110 and ‘then turning the conponent upside down to off¥fH the 20

component i n a pr edaiIrA AR B IFAC b Ay RIARSIRAN, head 130 f or

recei ving the conponent fromthe transport . N placing the
conponent onto the substrate or printed circuit board in place; an inmaging
canera 140 for capturing an inmage of the conponent received 25 by the

placement herdnRQr, #ieifer 13 HefvEM 9 and

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 sequential 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 components; 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



2 then positioning the circuit board in place in the system 100; another
i magi ng canera 160 for capturing an indication marked on the circuit
board; a controller 170 for controlling the whole operation of the system
100. The 5 placenent head 130, which is supported to nove horizontally in
the X-direction in Fig. 12, is equipped aMmth a vacuum nozzle or quil
capabl e of rotating about a vertical Z-axis. Referring to Figs. 13 and 14
operations of the systemw || be described hereinafter. In the draw ng,
the 10 conponent supply 110 is provided with a nunber of conponents il

support ed ahdnsgpariatiethifionalenot hecuod adardexpansesed! ahe thi2 sydien
conponents 111 are each recognized by an inmagi ng device or canera 113.

Based uponibbe anecaegmi tinagingheatertr alsloer ok7 @ apNas dd @t arReneit ssuppl y
15 110 so that one conponent ilia to be nounted in the subsequent nounting

IS positionagked adi edaier nknedupt CkwarRosi td Oncodbeol 18psPakly heagd 120
travels to a position right above the conponent ilia, noves downward to

contact theneespenast did awnand tdprsuicdks bRe QPeDeRtni lidgh for B
unl oadi ng. After unloading, the transport head 120 noves upward and then

traveks inphheeNedtr 86hH0A 360 %hﬁ&ﬁn%%e%uﬁ§d¥6éa1thmdd¥3deﬂ%?ﬂﬁ?fi tion,
the transport head 120 together with the Conponent turns upside do as
indicated jhy tafd o d2decdhbs th@%@IfEbPOEEo@HHiﬁﬁgbf%9ﬂﬁaQ vacuum
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 1is 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 wupon 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 predetermined pickup
position. The transport head 120 travels to a position
right above the component 1lla, moves downward to contact
the component 1lla, and then sucks the component 1lla for

20 unloading. 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 one



25 upsi de-down position into an upright position so that one 3 surface
(i.e., bottomsurface with solder bunps or electrical connections) to be
opposed the circuit board is faced downward. The placenent head 130
approaches the conponent 11la in the upright position fromabove to 5
receive the conponent fromthe transportazhead 120. Then, the placement
head 130 noves upward and then travels in the X-direction toward a

pl acenent station. The transport head 120, after being deprived of the
conponent, noves back to the pickup station for the subsequent pickup

operation #QrBarieng tihe operBbtedmdesserishied ahpme, asgiggyit bﬁ@ rd Jpl is
transported to and then held in position by the holder 150. I magl ng

device or eaeetailtBl RRIHQAGIIE ) NS Che CbboBear dnl5L 4R GaPIYE-d fag%

indication defined on the circuit board, Thdicative of a reference

position feracehe aowang. of trhe cOIREBRBLE Eﬂﬁufaegé{ggpaggggﬁegstﬂﬁ?n

transmtted to the controller 170." As best shown in : € i magi ng

devi ce 160cchpaather Wikh apgt hehei nBgi-ngndevise; 140, i s munted on an ,
% e YHe S rcuit

optical head 180. After the recognition Irndication 20 on

boar ds1ol, rkbeiogtiedl eathddt TeYeR ALK Jdhddie X dligelhan taard the

pl acenent head 130 that Is running in p rect

ggﬁgg ed, n@heOBIl)ﬁcePn@?lto REhaah aheqd 180 u%%tar% 3Qd rt]:%e%l %%%r\rr%r].ts hlei\'ladthleso

X-direction toward a placement station. The transport head
120, after being deprived of the component, moves 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 holder 150. The imaging device or camera 160
approaches the circuit board 151 to capture the indication
defined on the circuit board, indicative of a reference

15 position for the mounting of the component . The captured
image is then transmitted to the controller 170.

As best shown in Fig. 13, the imaging device 160
together with another imaging device 140 is mounted on an
optical head 180. After the 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 180 but also the placement head 130 comes
to a halt. In this state, the component 11la held by the

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



to a halt. Inthis state, the conponent 1l1la held by the 25 pl acenent head
130 is recogni zed by the imaging device 140. 4 The image captured by the
i magi ng device 140 is transnmitted to the controller 170. At this nonent,
the sucking nozzle of the placenent head 130 for sucking and hol ding the
conmponent 11la is maintained in an elevated position. This 5 prevents the
nozzle frommaking a conflict with the imaging device 140. Also, the
sucked conponent 130 is held within a field of the inmaging device 140.
After the conpletion of the recognition, the placement head 130 with the
conponent Théaimeslkeachptuid bavelhd Nthaglddh@ieX-idd aald o adaidkdtawad g the
nmounting station. During the travel, the recognition results of the

conponent tdlahanddrte-livestitydoar sl 164161 RoRdhtl, c¥har sudigd efssence
i ndi cation) are used for calculations performed in the controller 170. The

control | er o(70t16 GalLaddnaties haadi spbacesentsydk e Xndi resth PRy of e
pl acenment head 130 for the nounting of the conponent 11la onto the

predet er mi pegdppasinti a0 16l 1kNaGintedne DAY Gl 3hevAlesP £ligulaf ed 4y 4 he

controller 70 are the rotational angle of the nozzle about the zZ-axi's and

the displ apeepaht20tal 1Bl ¢ich R%ri%glél-cg%%%rc@ Q&tltho tt}{éﬁ jt%ﬂa'egci%lgati on

made by the controller 170, the placenent hea travels
X-directiopet/9cd H@%Lti@ﬂé@ﬁ”éﬁéts&%ﬁ@@eéoﬁﬁgnent 130 is held within
a field of the imaging device 140.
After the completion of the recognition, the
placement head 130 with the component 1lla restarts
10 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 11lla
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 placement 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 head 130 causes the nozzle



circuit board 151. At this nonent, the corrections for the nozzle and the
circuit board 151 have already been 25 conpleted. Then the placenment head
130 causes the nozzle 5 to nove downward, so that the conponent iliais
mounted in position on the circuit board 151. After nounting, the

pl acenent head 130 releases the conponent 11la and then pulls up the
nozzle in the Z- 5 direction to a certain |evel. Then, the inagi ng head 180
noves in between the circuit board 151 and the placenment head 130 so that
the imaging device 160 determ nes whether the conponent 1lla takes the

predet er m ned mees tdoWhwird heso Ctigtli EndoabflpdadntARather J nRaifEdey] ce
140, on the 10 other hand, recogni zes whet her the placenent head 130, in

particul ar pbettiop ond tdk theRQzzhRareanses any debris. Once the
recogni tion has been conpleted, the placenment head 130 noves back in the

X-direction for recen¥iRg truMeXlg, COARORAM enfhd NELEPELT I,QN Ofd £d

series of operations 15 descri bed above the conponents on the expan

panel 112 raee JBMp¥RGSEAUaNt 4! ¥nen bﬁ@lreigﬁcéﬁé/em%éfé” t,0QgLds, with

a cycle tine of about, for exanple, 1.9 secon However, the conve i onal
conpogent ERYALkAGH %&t@n&@@éa%v%e%ldr awaack Eﬁaéi%ﬁ a0
onent

operations. 20 For exanple, for the recognltlon o

placement hegds130, aflefels Rag recelygd ngraoqgﬁn%ﬂ&il%%e placement

head 130 so that the imaging device 160 determines whether
the component 1lla takes the predetermined position on the
circuit board 151. Another imaging device 140, on the
10 other hand, recognizes whether the placement head 130, in
particular the tip end of the nozzlé, 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 operations
15 described above, the components on the expanded panel 112
are mounted sequentially on the respective circuit boards

with a cycle time of about, for example, 1.9 seconds.
However, the conventional component mounting
system has several drawbacks in the recognition operations.
20 For example, for the recognition of the component, the
placement head 130 after it has received the component 1lla
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 1lla by

25 the imaging device 160. This requires further acceleration



is accelerated to a certain velocity. Imediately after the acceleration,
the placement head 130 conmes to a tenporal halt for the recognition of the
conponent ilia by 25 the imagi ng device 160. This requires further
acceleration 6 and deceleration of the placenent head 130 before the
actual mounting of the conponent 1lla. Ayso, the placement head 130 after
it has come to a halt continues to vibrate for a certain period, which
requires the imaging camera 160 5 to wait until the term nation of the
vibration in order to attain the precise recognition of the conponent

11la. Thisand GUEB1E@HUSES tHE OPRE atdnaly &l i ?‘xe%'acylgf) thee ”t'rgﬁg
Further, as shown in Fig. 14, in the operatlon or the recognition t he

circuit boardubalmddd@ iReZZe t1kd c%%g%ﬁex{é“ pl.acensnt, hé:éhe”,}')eoa B ed

upward to the el evated position as cate y arf ow 13

i ndi cat ed Q%d@”ﬂyﬁ]égkefhﬁtoﬂhbc%?mﬁﬁQQ>¥§0h§9¥3885@%ﬁb3t en tﬁe elevated

nozzle 131 and the circuit board 1 for 1 maging

140 and 16 d Qkye ithe & d nozzle and the C|rcu
boar d, ingfggﬁeg%%$%§%p ggt H, %%' eS|§E€?€% S abs R b GRS ?%HlGO

exanplse, | RORAGT thANEVaM wﬁniﬁg@{&%@cgﬁgf v‘% rgﬁégt&'t Gl eRg Fo with

the nozzle 131 and also to ensure a proper o1 econd
optical he %@ £18Q- fhe P78 AVl Y R 142 12073 e c]é:i))n]p one %lil:l "2 " this

even by t

in turn reduces the operational efficiency 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 130 is moved upward to the
elevated position as indicated by arrow 135. Then, as
indicated by arrow 145, the optical head 180 moves 1in
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 interference of the

optical head 180 with the placement head 130 during the

25 recognition operations by the optical head 180 before and



use of a high-speed voice coil notor. Furthernmore, the conventional

nmounting systemis equipped with an interlock to avoid the interference of
the optical head 180 with the placenent head 130 during the 25 recognition
operations by the optical head 180 before and 7 after the nmounting. This
conplicates the structure of the nounting system 100 and makes the system
| ess econom cal. Moreover, the conventional recognition procedure requires
the placement head 130 and the optical head 180 to 5 travel along
conplicated passes, respectively. This in turn requires the nmounting system

to have a sd@ternwheemaintidid.ve Bhadt Sodpdiageeleraki erideceler ald q.
operations, which further reduces the positional precision of the noving

part and t heuakyngheyistesi N@oduald akelO tBIVMAORY GF 10 IMENH:QY I n a

first aspect, the invention provides a conponent nounting apparatus of the

present invention hagogecseRpOnant é&ﬁ@éﬂt?&ﬂgidggc_ﬁthﬁb Sg@%éﬁé&¥éfor
supplying 15 a conponent; a transport head for picking up t conponent at

the first skatieasf tam LhecequpenerbSyYRR wNdfhen  tr.anspors ing the
I%ea&fo gt%e

conponent to a second station; a placenent receivin

conpoment EEQ%@.heaiéﬁﬁ'sMngplq%%Qe@ pgggeé?c%ﬁé@éi&&?nd theds i
transporting the conpohent to a
turn requires the mounting system to have a more 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
In a first aspect, the invention provides a
component mounting apparatus of the present invention has a
component supply provided at a first station for supplying
15 a component; a transport head for picking up the component
at the first station from the component supply and then
transporting the component to a second station; a placement
head for receiving the component from the transport head at
the second station and then transporting the component to a
20 third station; a substrate holder for holding a substrate,
the substrate holder being movable between the third
station and a fourth station spaced a certain distance away
from the third station; a first imaging unit for
recognizing the component held by the placement head; and a

25 second imaging unit positioned at the fourth station for



20 third station; a substrate holder for holding a substrate, the
substrate hol der being novable between the third station and a fourth
station spaced a certain distance away fromthe third station; a first
imaging unit for recognizing the conponent held by the placenment head,
a 25 second inmaging unit positioned at tée fourth station for 8

recogni zi ng the substrate. In a second aspect, the invention provides a

conponent

supply provided at a first station for supplying 5 a conponent;

nount i ng apparatus of the present invention has a conponent

and

a transport

head for prekbagizingheheorpdaeitateat the first station fromthe conponent
supply and then transporting the conponent to a second station; a

pl acenent

second station and then transporting the conponent to a 10
substrate kehgeheptovicded ialy bipalitid X atHObIYedtoldivigh & silistd af e,

head for meceavidgedhe cuymanent thieomihbentiafspordvhgad af

t he

hird station; a

the substrate being provided with the conponent fromthe placenent head at

the thirdcshpbneht &ubgiSt drmeidel Ut taf ef rkecegnicziohg ddie ‘E@@pj t
hel d by thg pP P! o *i nagi o r ogni Z1 ng

acenent head; and a second imaging 15 unit for r

t he sdbstrat e, =jtn t i c LERgi i r d not
8 at @o Rith ahQ:IfalrEs%ofﬂ‘tf‘dh?éé end b%Q&HQB‘%?E?’SE @W o

tointerfere wwth a passage of the placenent head.
THE DRAWNES the first station from the component supply and then

10

15

20

25

transporting the component to a 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 holder provided at the third
station for holding a substrate, the substrate being
provided with the component from the placement head at the
third station; a first imaging unit for recognizing the
component held by the placement head; and a second imaging
unit for recognizing the substrate; wherein the first and
second imaging units are arranged not to interfere with a

passage of the placement head.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 1is a perspective view of a component
mounting apparatus according to a preferred embodiment of
the present invention;
Fig. 2 is an exploded perspective view of various
elements of the component mounting apparatus in Fig. 1;

I

Fig. 3 1is a side elevational view showing the



20 Fig. 1 is a perspective view of a conponent nounting apparatus

according to a preferred enbodi nent of the present inventio

n, Fig. 2 is an

expl oded perspective view of various elenents of the conponent nounting

apparatus in Fig. 1; 25 Fig. 3 is a side elevational view sh
novenment of elenments in the conponent moginting apparatus sh
Figs. 4A through 41 are side el evational views each show ng
of elenments in the conponent 5 nounting apparatus shown in

5A and 5B are graphs showi ng tinme versus noving velocity re
pl acenent heedmentt hef eoamentsonal syst eBmhdiie S¥Shehac
present invention; 10 Fig. 6 are graphs showing tine versus
vel ocity rehawhonas @figt.he.transport and pl acenent heads and

owing the 9
own in Fig. 1
t he nmovenent
Fig. 1; Figs.
| ati ons of the

Ca%ﬁf}zg:ﬁso t he
vi ng

t he substrate

hol der together with the transport pass of the conmponent; Fig. 7 is a

bl ock di agram of themg@portﬁ@t th%éu?ﬂunﬁ NgaPRafrat Uéé%geﬁghﬁﬂ R&et%e

preferred enbodi nent o the present invention; Fig. is a

view of a eg@RONSHGwiABUMHNImBRRARAEUS,ACCANidIE 4 0 1@notjer

5 mounting apparatus shown in Fig. 1;

’

perspecti ve

&&ﬁ&ﬁkﬁﬁg

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;

10 Fig. 6 are graphs showing time versus moving

velocity relations of the transport and placement

heads and

the substrate holder together with the transport pass of

the component;

Fig. 7 1is a block diagram of the component
15 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;

20 Figs. 9A through 9K are side elevational views
each showing the movement of elements in the component

mounting apparatus shown in Fig. 8;

Figs. 10A and 10B are side elevational

views of

the imaging device and the component in the conventional

25 system and the system according to the present invention;



enbodi ment of the present invention; 20 Figs. 9A through 9K are side

el evational views each showi ng the novenent of elenents in the conponent
nounting apparatus shown in Fig. 8 Figs. 10A and 10B are side el evational
views of the inmaging device and the conponent in the conventional 25
system and the systemaccording to the present invention; 10 Figs. 11A
through 11F are side elevational views of the component recognizing device
according to another preferred enbodinents of the present invention; Fig.
12 is a schematic perspective view of the 5 conventional conponent

nounting apparatus; Figs.1312s @Hr&igd oded peespeabi wa NiaWoRl1 MAIdQus
el ements of the conventional conponent nounting apparatus in Fig. 12; and

Fig. 14 isog silte ebmpaheanalradsam iofiddeqapyabl e cdd-&lRments Jdb s
conventional conponent nounting apparatus in Fig. 12. PREFERRED

EVMBODI MENTEreEeTiEdl MMENEL InVkt bfr eher greadh? tibgHawgs, a variety of
15 enbodi nents of a conponent nounting Systemand its nethod according to

the present inventiomiyi|l1besdesoribehdscdgkabbehensinalisy ot should
be noted that although a vacuum nozzle is used r hol ding a conponent and
a cireuit conventional component mounting apparatus;

Fig. 13 1s an exploded perspective view of
various elements of the conventional component mounting
apparatus in Fig. 12; and

Fig. 14 is a side elevational view of the movable

10 elements in the conventional component mounting apparatus

in Fig. 12.

PREFERRED EMBODIMENTS OF THE INVENTION
With reference to the drawings, a variety of
15 embodiments of a component mounting system and its method
according to the present invention will be described in
detail hereinafter. It should be noted that although a
vacuum nozzle is used for holding a component and a circuit
board is employed for a substrate to which the component is
20 mounted, the present invention is not limited thereto. For
example, the vacuum nozzle may be replaced by another
mechanical holder or chuck for holding the component by a
mechanical engagement with the component. Also, the
substrate may be another device or housing to which the

25 component is mounted.



board is enployed for a substrate to which the conponent is 20 nounted, the
present invention is not limted thereto. For exanple, the vacuum nozzle
may be replaced by anot her mechanical hol der or chuck for hol ding the
conmponent by a nechanical engagenent with the conponent. Al so, the _
substrate nay be another device or housing to which the 25 conponent is
mounted. 11 Referring to Fig. 1, there is shown an enbodi nent of the
conponent nounting system generally indicated by reference nuneral 1,
according to the present invention. Cenerally, the system1 has a

conponent supply 10 Referriugpltd HdLonponeRh® tig tdiRudY HrfMrbod dd@nspor t
head 20 for picking up each conponent fromthe conponent supply 10 and

then turni ag upisé decapwneh® Gid@Middesgarppneterddy-s 1.4l E8GEEQRAl
whi ch t he conponent ig nount ed ontos?he9 subst?gte; a Bﬁacenent heagﬂgo for

receiving theeeempenanindfafram the-dransport hepd 20capft Z_%R/]'Céﬁfpé’ﬁmﬂ ng the

conponent onto the substrate; an inmagi ng device or canera or 1 maging

Lo b | d i I at
a posi tiongehetrig 160MPERENt Rl &h DY t HesP @C%aé;%gngﬁgp%gggg%g’%aﬁl

after the conponent has been transferred to

subst sat e bobger 19§ %%ﬂﬁﬁhéﬁ%é“@@ apd %g%@eﬁoﬁhtHQ”EPQngggrﬁugggﬁﬂjﬁin
place in the systém 1; "another | nmaging device or canera or Imaging a
posi tion OEth%f%ﬂ¥ﬂ§7ﬂﬁxeéﬁﬂiébﬁﬁ%%éﬁ%lffogothe component supply 10
and then turning upside down to orient the component in a
direction along which the component is mounted onto the
substrate; a placement head 30 for receiving the component
10 from the transport head 20 and then mounting the 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 been
transferred to the placement head 30; a substrate holder 50
15 for holding and then positioning the substrate 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
20 is supported by a horizontal guide (not shown) extending in
the X-direction and is connected with a motor 22 so that by
the driving of the motor 22 the head 20 moves back and
forth in the X-direction. The placement head 30 is also
supported by a horizontal guide (not shown) extending in

25 the X-direction and is connected with a motor 32 so that by



for controlling the whole operation of the system1l. Referring to Figs. 1
and 2, the transport head 20 20 is supported by a horizontal guide (not
shown) extending in the X-direction and is connected with a motor 22 so
that by the driving of the notor 22 the head 20 noves back and forth in
the X-direction. The placement head 30 is2al so supported by a horizontal
gui de (not shown) extending in 25 the X-direction and is connected with a
nmotor 32 so that by 12 the driving of the motor 32 the head 30 noves back
and forth in the X-direction. As can be seen clearly by the conparison of
Figs. 2 amttelddrivirddieogonponenbrBRUni ngnhsy st 110f ddhpadregent amy
invention, the inaging cameras 40 and 60 are located in different

posi tions. fbethexanphe, xthe ret®giRag canera 40 is nounted adj acent a
transfer station where the transport head 20 transfers the conponent to

the placenment head 3@s chhepenagend cqIENY 69 B (e, Qﬁ?@u

nmounted on the 10 rear side of and outsidé a’region ere acement
head 30 tpayeks 1l tlhetﬁedt:b%bh%tsQloh%%ﬁnbh%ys@%q{ oy esegi es not
interfere with the placenment head 30. Referri'ng-again to |gs t he

conpogent isyRRkYoh0 Nas almiB Qﬁéotcaé?ﬁé?n @O a?ﬂci agbta?b ot %8?&%‘“& 15 for

supporting the conponents and-a Fower tab $6-not"
shown) , fog;iseRpehti BYstihgoXst ablkgy z&gmple, the imaging camera 40 is

mounted adjacent a transfer station where the transport
head 20 transfers the component to the placement head 30.
The imaging camera 60, on the other hand, is mounted on the
10 rear side of and outside a region where the placement head
30 travels in the X-direction so that the imaging camera 60

does not interfere with the placement head 30.
Referring again to Figs. 1 and 2, the component
supply 10 has an upper table, i.e., X-table (not shown),
15 for supporting the components and a lower table, i.e., Y-
table (also not shown), for supporting the X-table. The
tables are mounted so that the lower table moves back and
forth in Y-direction relative to the system and the upper
table moves back and forth in X-direction relative to the
20 lower table. For this purpose, the tables are drivingly
connected with respective motors 13 and 14, so that by the
driving of the motors 13 and 14 the tables move back and
forth in X- and Y-directions independently, allowing a
designated component to take a predetermined pickup

25 position.



tabl es are nounted so that the | ower table noves back and forth in
Y-direction relative to the systemand the upper table noves back and
forth in X-direction relative to the 20 | ower table. For this purpose, the
tables are drivingly connected with respective motors 13 and 14, so that
by the driving of the notors 13 and 14 ihe tables nove back and forth in
X- and Y-directions independently, allowing a designated conponent to take
a predeternmined pickup 25 position. 13 The transport head 20 is supported
by a horizontal guide (not shown) extending in the X-direction and is

connected with a not ghe?2 sgahdigdbrdy theadriyhng ;Qf g@gbgg%éﬁ tgg.he d 20
noves back and forth in the X direction. A notor 21 | nount ed on the

transport headz2Btaflorgdiddi pdot h%h@ﬁke%wt ]"iin?h\%g EQ—OMe&jl.o?ﬁ\i ingn

the conponent to be transported for the placenen ea Ina c¢on

uhere the Gamna@! idGRRIIDN. fn thenGOIPOBENL ! Enalaged dann,. 10 The o
pl acenment head 30 is slidably supported by a horizontal guide (n Shown)

. . . . . , ' by
ext endi ng ichet heo?ofi rard i gRagansl i shpnnested Wt & mtor ;32 so t hat
t he driv?ng gf t he notor 32athe head 30 noves back an or ¢ |ﬁ The %

di r eChi on. drEREabn33 iz BN ofh O RS, BEBGeBENLR1CRY L3R AR AL L LA 1 N
t he conponent about the vertica -axl s an
for turning the picked component upside down, allowing the
component to be transported for the placement head 30 in a
condition where the connecting portion of the component is
faced down.

10 The placement head 30 is slidably supported by a
horizontal guide (not shown) extending in the X-direction
and is connected with a motor 32 so that by the driving of
the motor 32 the head 30 moves back and forth in the X-
direction. A motor 33 is mounted on the placement head 30

15 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.

20 The substrate holder 50, which 1is slidably
supported by a guide rail (not shown) extending in the Y-
direction, includes a motor 52 for its movement in the Y-
directions along the guide rail. The imaging device 60,
which 1is also slidably supported by a guide rail 60a

25 extending in the X-direction, has a motor 62 for its



thereby orienting the conponent in a predeterm ned direction. Another
notor 34 is provided in the placenent head 30 for the vertical novenent of
a conponent holding part of the placenent head 30. 20 The substrate hol der
50, which is slidably supported by a guide rail (not shown) extending in
the Y- direction, includes a notor 52 faraits novenent in the Y- directions
along the guide rail. The imaging device 60, which is also slidably
supported by a guide rail 60a 25 extending in the X-direction, has a notor
62 for its 14 novement in the X-direction along the guide rail (not
shown) . Asmdesmenhbedimbate thelicemanent aildag nghdevicede 40-ds) fipgd in
the system 1l at a position where it can oppose the placenent head 30. 5

Fig. 3 shoshoanposi tionatsceibédonsbive, oftnearShiSondaf t smagdngt adare
(i.e., pickup station A transfer station B, and nount station C) in the

system As4oandoerigeen il ophé heydraw ng, aeach geBRensAt «wymorted gy, the
conponent supply 10 is picked up by the transport head 20 10 at the pickup

station A oppestranspplhcheadt2fecgaves.in phe X—direct!on (fron1|eft to
right in the drawing) to the transfer station B where it turns upside down

to overturn the conpggent kRb@saashaketiBnhi ¢R1GRS CRMYPYH L3N R
mounted on the substrate fromits above. The overturned

parts and stations (i.e., pickup station A, transfer

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

10 at the pickup station A. The transport head 20 moves in

the X-direction (from left to right in the drawing) to the

transfer station B where it turns upside down to overturn

the component into a state in which the component can be

mounted on the substrate from its above. The overturned

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

The placement head 30 with the component 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

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

arranged at the pickup station A. The imaging devices 40

and 60 are arranged at the transfer and placement stations

B and C, respectively. Also, the imaging devices 12, 40,

and 60 are connected to the controller 70 (see Fig. 1) so

25 that the images captured by the imaging devices are



15 conponent 11 is then transferred to the placenent head 30. The

pl acenent head 30 with the conponent 11 noves to the placenent station C
to mount the conponent 11 onto the predeterm ned position of the substrate
51. In order to control the sequential operations 20 w thout any trouble,
an imagi ng device or canera 12 is arrangsed at the pickup station A The

i magi ng devices 40 and 60 are arranged at the transfer and pl acenment
stations B and C, respectively. Also, the imaging devices 12, 40, and 60
are connected to the controller 70 (see Fig. 1) so 25 that the inages
captured byrthemiirkeidngcdetieceomti®ller H@NEddRd e lhe santIold &, 70,
respectively. As already described above, the imaging device 60 is

posi ti oneddeBcthided adbvel, deref e iplacrmBe head SQ 40 @vRidd tdhe «

e
interference between the imging device 60 and the placenent head 30.
Referring pext taiigs. ofA theAH poREIRAONSHEREN fofgTed- 8t LEIAGCiMe
stations will be described in detail hereinafter. The drawmngs illustrate

the operat ijgRerreeeheemdalvddie StRLI ONRafihg Cahall Vi gyed iy the Y 10

direction. As can be seen fromthe drawi ngsS, tThe operations perforned at

the pisckuppstatinentAnake depicted in Figs. 4A and 4B, operations at the
transfer station B are in Figs. 4C to 4E, and operations at the placenent

Referring next 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 to C, when viewed in the Y-

10 direction. As can be seen from the drawings, the
operations performed at the pickup station A are depicted
in Figs. 4A and 4B, operations at the transfer station B
are in Figs. 4C to 4E, and operations at the placement
station C are in Figs. 4F to 4H.

15 At the pickup station A, as best shown in Fig. 4A,
each of the components 11 supported by the component supply
10 is recognized by the imaging device 12 from above. By
the use of the information transmitted from the imaging
device 12, the controller 70 moves the component supply 10

20 so that the component 11 to be picked up and then mounted
on the substrate 51 takes the pickup position. Then, as
shown in Fig. 4B, the transport head 20 reaches above the
pickup position and then moves downward to pick up the
component at the pickup position. Thereafter, the

25 transport head 20 moves upward and then travels toward the



station Care in Figs. 4F to 4H 15 At the pickup station A as best shown
in Fig. 4A, each of the conponents 11 supported by the conponent supply
10 is recognized by the i mgi ng device 12 from above. By the use of the
information transmtted fromthe imaging device 12, the controller 70
noves the conponent supply 10 20 so thati¢he conponent 11 to be picked up
and then mounted on the substrate 51 takes the pickup position. Then, as
shown in Fig. 4B, the transport head 20 reaches above the pickup position
and then noves downward to pick up the conponent at the pickup p03|t|on

Thereaf ter trhe ra% tarsper B, haad 20 sRyes dvald ARt d hep dHAvEl S, Lyperd
the 16 transfer station B, i.e., fromleft to right” in the draw ng. = At

this nomente tdhad Mé?ﬁ:,deéﬂéeirﬂ%i%@é@i@é’ @ong tllagateaS%b%fvet NSe
transport head 20 so that no interterence woul e between them 5

Referring pask 6f 4Ge atabl@driansher 5t ad Qma% not %tter&%% £0
% erren

turns upside down so that t conmponent is oriented into
condi ti on. pEhisgeabkeWechhathelne el ectric connections suph as solder bunps
provi ded at a bottom surface of the conponent to be 10 directed downward

for tRe nounting ontg@cthe Syl %Z WAl g éhogghﬁﬂget§ghggr buH%%l%&F mndely

used for the electrical confections between the conponent and wires ‘on
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
10 directed downward for the mounting onto the substrate.
Although the solder bumps are 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 performed by
15 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
20 head 20 is performed at the transfer station B in this
embodiment, it can be done as the transport head 20 moves
from the pickup station A to the transfer station B.
Also, although the transfer of the component is
performed vertically from the transport head 20 to the

25 placement head 30, it can be done in any direction such as



the circuit board for the nounting of, for exanple, an oscillator, the

el ectrical connections can be perfornmed by 15 the use of a conductive
adhesive. Al'so in this placement condition, a top surface of the
conmponent, typically wthout any bunp, is easy to be received or sucked by
the vacuum nozzle of the placenment head;30. Al though the turning operation
of the transport 20 head 20 is perforned at the transfer station Bin this
enbodi ment, it can be done as the transport head 20 noves fromthe pickup
station A to the transfer station B. Al so, although the transfer of the

conponent hsripemnitan oteiddiGatder yf.rom the transport head 20 to the 25
pl acenent head 30, i?Egan be dgLe ?L any direction such as 17 horizontally

or obliquely. At thepkransd efrshatiPnsBartiBe ACULR NPZ2],6m0f o LHE o
pl acenent head 30 noves down toward the transport head 20 positioned bel ow

the placemnle heade3dto KO asd MbHds Sadhe tBRAr UGkt R anenfed-

Simul taneously with this, the transport head 20 rel eases t conponent 11,

causing  1be Gormianeiod lod DoperheaRIbebhet.l qdie pbacement, fead vgi pAter

the transfer of the conponent 11, the transport noves awa

the tsansf aheStaldon By 1G,d Mg hdie: i ekuposhahian A Ch 2., I QR ght to
left in the drawing) for the subsequent pickup operation of “the

the transport head 20 releases the component 11, causing

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

After the transfer of the component 11, the

transport head 20 moves away from the transfer station B

10 toward the pickup station A (i.e., from right to left in

the drawing) for the subsequent pickup operation of the

component 11. As shown in Fig. 4E, the movement of the

transport head 20 away from the transfer station B allows

the component 11 held by the placement head 30 to fall

15 within the field of the imaging device 40 located 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-

20 lateral positions of its center, angular orientation, 1is
determined.

During the above operations performed at the

pickup and transfer stations A and B, the substrate 51 1is

transported from a substrate supply not shown into the

25 placement station C and then held by the substrate holder



conponent 11. As shown in Fig. 4E, the novenent of the transport head 20
away fromthe transfer station B allows the conponent 11 held by the

pl acenent head 30 to fall 15 within the field of the imaging device 40

| ocated under the transfer station B. The inmaging device 40 recognizes the
conmponent 11 held by the placenment head 8§. The inmge of the conponent is
then transmtted to the controller 70 by which the position of the
conponent 11, including X- and Y 20 lateral positions of its center, .
angul ar orientation, is determ ned. During the above operatlons per f or med

at the pickup amd bh@ﬂﬁfahfﬁiﬁloﬁﬁ Atﬁadé%bééﬁéééﬁ§ir %%oé% &9 ot
transported froma substrate supply not shown into the 2 enent station

C and thenthel dilygihg sabsisat esholdsyr 18504 EBQWnﬂnQ Ei go% Rnd he
substrate 51 is opposed to the imaging device 60 for captu I'ng The inmage

of the subsbeatatko ﬂcdeﬂaéﬁylfﬁsE%%&Je‘é%l'v%cai&?@é l@?' Cﬂ{ﬂf St—hlorkasr ked
on the substrate. For this purpose, as best sh

substrate hirasqwed Eﬁétéﬁb§gp§ﬁéateFoﬁohﬁﬁf i@u%ﬁoggvegsf&%n]th%Fgﬁ*the

pl acement station Cto an offset position, reaf ward awa

statign C. inMownyg ed gboventhesaidisel posipti %ﬁel"?elt hea%ga%nélg&d%w ce 60 for

pi cking up i mage of the indications. After | hage

substrate hghder Qﬂ)tqgﬁtﬂgﬁe&‘tg}éﬁnat%%bsﬁigégment station C to an

offset position, spaced rearward away from the station C.
Mounted above the offset position is the imaging device 60
for picking up image of the indications. After the image

10 pickup, the substrate holder 50 together with the substrate
51 is carried back to the placement station C, as shown by
the dotted lines in Fig. 4I.

It should be noted that the imaging device in the

conventional system is designed to move in two directions,
15 i.e., X- gnd Y-directions, which requires two feed

mechanisms. However, the imaging device 60 of the present

invention moves back and forth only in the X-direction.

This means that one of the two feed mechanisms can be

eliminated from the system, which is more economical and
20 improves the quality of the recognition.

Also, according to the conventional system the
imaging device is designed to move into the operational
position in which it opposes the substrate. At this moment,
in order to avoid the possible interference between the

25 imaging device and the placement head, the placement head



51 is carried back to the placenment station C, as shown by the dotted
lines in Fig. 41. It should be noted that the imaging device in the
conventional systemis designed to nove in two directions, 15i.e., X and
Y-directions, which requires two feed nechani snms. However, the inaging
device 60 of the present invention novessback and forth only in the
X-direction. This means that one of the two feed nmechanisms can be
elimnated fromthe system which is nore economical and 20 inproves the
quality of the recognition. A so, according to the conventional systemthe
i magi ng desbceveld desi ghed viaeutiyendd e t BRoQPE! Bl GRled PEST hhAN dyihi ch
it opposes the substrate. At this nonent, in order to avoid the possible

i nterferenceohettyreninbgidy id@giay. deviiges ardfNe Rl agBeRL-head . ithe
pl acenent head 19 as well as the vacuum nozzl e shoul d be noved up and away

fromthe i mpgengogderheeplibiemen@quicbes ¥PAREL-MIHNY n HHEE £HQledd®n
pl acenment head, which results in the extension of the overall nounting

time. 5 AceerdhBgoberhilie pb@seAhg RYGALIOn, the placement head 30 occupies
a certain region spaced away fromthat of the imaging device 60, which

ensurgs that no intepterensay WOULHOGG UL RR! ‘&%%nttfi%'ﬂl, E*P:ies q.lat%%tngelnlt ows

the imaging device 60 to picCk up inages at any tine, irrelevan

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, irrelevant to the

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

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

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

20 transmitted from the imaging device 60. Taking account of
these deviations, the controller 70 calculates a travelling
distance to the placement station, a rotating angle of the
nozzle 31 about the vertical Z-axis, and a displacement of
the substrate 51 with respect to the Y-direction. Based

25 upon the calculation, operations of the motors for moving



10 position of the placenent head 30, reducing the nmounting
controller 70 determ nes a positional deviation between a pr
sucki ng point and an actual sucking point by the nozzle and

time. The
edet er m ned
an angul ar 15

orientation of the component, by the use of the image or signals

transmtted fromthe imaging device 40. Aso, the controller
a positional deviation between the predeterm ned and the act

70 determ nes
ual positions

of the indications on the substrate 51, by the use of the inmge or signals

20 transmitted fromthe i magi ng devi ce 60. Taki ng account of

t hese

devi at i onsthehg el aiedd gl aukaliese aalpsvelid g dhst angh Ao the
pl acenent station, a rotating angle of the nozzle 31 about the vertical

Z-axis, angyatdespbagesent, 0f;o the substrate 51 with respect

to the

Y-direction. Based 25 upon the cal cul ati on, operations of the notors for

noving 20 the pl acegertrhegge 3Q andiddie gHBStNHA er%%o%%tﬁ%?{ chlfl &4,e by

the controller 70. After the transfer and the recognition o

conponent

at the trapghgbnehat 4@N tBe the Al Aacenent N6adp 30,12 Bﬁ%%@@s%&ﬁﬁg%%.kﬁggrd

the placenent station C (i.e., fromleft to right rn°t

aftersthe ggggggt it mAfe t PEVRPSI Eh@ﬂ?lal%%\ﬁie% Ogifg'g%”g

orientation the controller 70, t pl acenent

h ngul ar
0T noes o T

left to right in the drawing). Also, after the correction

of the positional deviation and the angular orientation by

the controller 70, the placement head 30 moves

to the

placement station C, as shown in Fig. 4G. Thereafter, as

10 shown in Fig. 4H the placement head 30 places the component

11 in place on the substrate 51.

In this operation, the nozzle 31 sucking and

holding the component moves down with the placement head 30

toward the substrate 51. Once the solder bumps provided on

15 the bottom surface contact with the substrates

51, the

placement head 30 forces the component 11 against the

substrate 51. Simultaneously, the placement

head 230

20

25

applies a high frequency vibration to the component 11,

causing the solder bumps to be connected with the substrate.
The vibration may be an ultrasonic wave generated by a
piezoelectric device. For example, the ultrasonic wave has

an amplitude of about 1 micron and a frequency of about
63,000 per minute. After the completion of the component
mounting, the placement head 30 moves back to the transfer

station B for the subsequent mounting of the component.



pl acenent station C, as shown in Fig. 4G Thereafter, as 10 shown in Fig.
4H the placenment head 30 places the conponent 11 in place on the substrate
51. In this operation, the nozzle 31 sucking and hol ding the conmponent
noves down with the placement head 30 toward the substrate 51. Once the
sol der bunps provided on 15 the bottom spiface contact with the substrates
51, the placenent head 30 forces the conponent 11 against the substrate
51. Sinmultaneously, the placenent head 30 applies a high frequency
vibration to the conponent 11, causing the solder bunps to be connected

with the substrate. 2feThenadiHAt§OR FBY 18€ AR tdﬁseﬂéciﬁggg ggnenat ed by

a piezoelectric device. For exanple, the ultrasonic wave an anplitude

of about 1pTheceRnandndadr eqyieney ofe abpiila 03 QA0 Pty Ml ee & LEL L he
conpl etion of the conmponent nounting, the placenent ad 30 noves back to

the transferan2Fest abhoh B &9r tbhedéé@ﬁﬁﬂﬁ“{tﬁgm{%}&ﬂt%& e the ¢ roigse,t”}]é 21

The i magi ng device 40 picks up the 1mage o pl'acenent head a

head i s wairli ngH0r éggifgxtistr@@géggegpergﬁgonﬁ&%tg%ter@%ﬁ%£%98 k%;ﬁgﬁf

of debris. If the debris is detected, the systemsuspends

i f IS, Lch uld otherwi se cause any
ggﬁ;3§|?gsfﬁgggg%%gﬁggg%%%Igfuﬁ gkgﬁggg ergﬁégﬁ%iégoﬁgFapfgﬁléan“’ ly be

applied towﬁﬂ@d otherwise cause any damage to the component 11 or the

nozzle 31. This operation can equally be applied to the
transport head 20. 1In this instance, the imaging device 40

picks up the image of the nozzle of the transport head 20

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

15 it opposes the imaging device 60 for picking up 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

20 the placement head 30 begins to move toward the placement
station C, which ensures the placement head 30 to move
continuously without any halt. The position of the imaging
device 40 is not limited thereto. For example, the imaging
device 40 may be positioned in the vicinity of the transfer

25 station B or in another position spaced slightly away from



transport head 20. In this instance, the imaging device 40 picks up the

i mage of the nozzle of the transport head 20 10 to detect any debris on the
nozzle. Preferably, this is perforned as the placement head 30 is noving
toward the placenent station C. Further, at the placenent station C

after the placement operation by the plaggnent head 30, the substrate-51
may nove rearward to a shifted position where 15 it opposes the inmaging
device 60 for picking up an imge of the substrate 51 and thereby
determ ni ng whet her the conponent 11 has been nounted in place on the

substrate She Hesitmed ngneeyi ahelOopRsbhbAnCd ale dditsd4ARSE O rof ablon B
all ows the cgnponent 11 to be recodﬁ?@id beforg 20 the %ﬁicen@ﬁt head 30

begi ns to pRueshHowar tehblie 2pl 2eemBRt SIthalhmChady Gy ensyles.d ! Akl
ofr t

head 30 to nove continuously w thout any halt. The position e 1‘magi ng
h

devi ce 40 kfheNQmalgifot bR &d@- 1 £0p18X8HPLE. LG riIBging 1 devi ce 4Q may
5 rn ot her

be positioned in the vicinity of the transfer station an

posi tion spaced rshisght! Lawawf ramg22 a&@ﬁipﬁg§;ﬁ835m@%r%i&gevéggggnent s

1lS
transferred fromthe transport head 20 to t acenent head he

reasos whycallBeal Mgl nhdleviee AR ot oAl aged. at i an | ppedi alely adiacent  the

transfer station is to avoid any | oss I'ch™i's ca

convent i ongh,0BREAL ORLHALJRANI £ES Ahg. BIASEIEN, hgad needs to hald
after it hgs reac&ed the
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
10 vibration caused by the halt will come to an end. In this
regard, the time loss can be reduced to some extent even
when the placement head makes a halt before it reaches the
maximum speed. Therefore, the terms "vicinity" and "spaced
slightly" means a certain range in which the placement head
15 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

20 the placement station for the recognition of the component
by the imaging device, a certain time of about 0.1 second
is required for damping the vibration of the placement head
caused by the inertial force of the placement head with a

weight of about 10 kilograms, for example. After

25 recognition, the placement head moves to the placement



maxi mum speed in the course of noving fromthe transfer station to the

pl acenent station for the recognition of the conponent and also the

i mgi ng device to wait until the 10 vibration caused by the halt will cone
to an end. In this regard, the tine |oss can be reduced to sone extent
even when.the placenent head nakes a hapt before it reaches t he maxi num
speed. Therefore, the terns "vicinity" and "spaced slightly" neans a
certain range in which the placenment head 15 is accelerated up to the
maxi mum speed. Referring to Figs. 5A and 5B, descriptions will be nmade to

this in dek@altSonAs s@@mngn FKircrPA iaccofdi ng-dq Hhg LPNVERLT oNdle,System
in which the placenent head halts in the course of nmoving fromthe

t ransfer sagbgqgrhgeaoabggnplacenent station for t he recognition of the
conponent by the imging device, a certain tinme of about 0.1 second is

required for danpingcbg%rgggragbpntgﬁsghed@éggq%%ﬁ i d 16 uiﬁgﬁﬁﬁj§he

inertial force of the placenment head with a we abou ogt ans,

for exampl gysfthieh 28 nEeeonliion nyh sPACAPR eAd Jraes 1, ¢

h
pl acement 2 station, during which it is accelerate helr ' decei%r at ed
agal s, CONEHAr¥rbdds o AGGH Aol fehle FRUNLLAR-SYS! STLOM Jhe b ssent
i nvention, as shown in ﬁ g%ﬁgé,(gﬂ%er t e t ranster-of FRe &8 ert, the
transport Bgad 20 GPVefe field of the imaging device. Immediately
after that, the component held by the placement head 30 is
recognized. Then, the placement head 30 accelerates to the
maximum speed, moves with the speed, and then decelerates
10 to reach the placement station. This eliminates the
additional acceleration and deceleration required in the
conventional system, which decreases the cycle time by
about 0.2 seconds.
Fig. 6 shows a relationship of movements and
15 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
moves back from the placement station C to the transfer
station B. In synchronism with this, the transportlhead 20
20 which has already picked up the subsequent component moves
from the pickup station A toward the transfer station B.
The heads 20 and 30 halt to oppose each other at the
transfer station B and then approach each other for the
transfer of the component from the transport head to the

25 placement head, which is illustrated by a hollow arrow



away fromthe field of the imaging device. Imediately after that, the
conponent held by the placenent head 30 is recognized. Then, the pl acenent
head 30 accel erates to the maxi mum speed, noves with the speed, and then
decel erates 10 to reach the placenment station. This eliminates the

addi tional acceleration and deceleratiom4equired in the conventional
system which decreases the cycle tine by about 0.2 seconds. Fig. 6 shows
a relationship of novenments and 15 operations for the placenent head 30,
transport head 20, and substrate hol der 50. As can be seen fromthe

drawing, afirertthe PhaoedEnt Dinédes €OTPORSHler t PR PlAGEIBNL hgad é%.
noves back fromthe placenent station Cto the transfer station B. In

synchroniSﬁbmbbhethSththnkﬁﬁﬁ&@%ThéEﬁmhg@egobﬁ@kcEoQ@%dak%%ag%fﬁ%ﬁked up

t he subsequent conponent noves fromthe pickup station A towar

transfer Sb@hEQBnB-alI@@i%%aQ§u¥QEéﬁEbﬁgEf@ﬁtofOFHQDQ%ngﬁggtO$%§E%?£}Lge

transfer station B and then approach each other tor t trans

conponent themgihe-dueatsPRELahead L9 the 23l age head, yhigh s
[ %e y

illustrated by a hollow arrow 24 directed upward. [mre atter 't he

t ransger O@héh%eda§ﬁgyﬁaﬁ’oééféﬁI%QS?E;EhQ§@§m§%¥%%gPaEE Hﬂﬁﬁégﬁ%&% i ckup

station, allow ng the recognition . conpon d“on nt
head 30 byathg W%%dﬂeérﬁbinagWBgnd%ﬂéx§ecognition is completed, the

placement head 30 moves toward the placement station C.
During the movement of the placement head 30, the
recognition operation for the substrate 51 is performed,
10 which is illustrated as another hatched box. Then, the
substrate holder 50 moves to the placement station C where
the placement head 30 places the component on the substrate
51, which is illustrated by a hollow arrow directed
downward. During this, the transport head 20 picks up the
15 subsequent component from the component supply. The above-
described operations are repeated for each component .

Provided below is a comparative table showing

movement axes and mechanisms (i.e., feed mechanisms for X-,
Y-, and/or Z-direction) for the transfer and placement
20 heads, the imaging devices, and the substrate holder,

required for the conventional system and the system of the
present invention. It should be noted that the increase of
the number of the feed mechanisms complicates the structure
of the system and also decreases the positional precision

25 of the component and the devices such as head and substrate.



5 The recognition operation of the conmponent is illustrated as a hatched
box. When the recognition is conpleted, the placenent head 30 noves toward
the placenent station C. During the novenent of the placenment head 30, the
recognition operation for the substrate 51 is perfornmed, 10 which is
illustrated as anot her hatched box. Themgsthe substrate hol der 50 noves to
the placenent station C where the placenent head 30 places the conponent
on the substrate 51, which is illustrated by a holl ow arrow directed
downward. During this, the transport head 20 picks up the 15 subsequent
conponent fRe8mMEt he conponent supply. The above- described operations are
r epeat ed f oe—each conponent Provided below is a copparative table show ng
noverment axB3SBABtnechani Bagd (Yeeh. Reedinedhani sAspfroveXent Y-, and/ or
Z-direction) for the tranSystemnd pl atgseain 120 heads, the imagi ng devices,
and the substrate holder, required for the conventLohghbisyskhem-and the
system of theadpresent ingengion. |t ghogld be nokedyutBat the increase of
t he nunber of the feed nmechani snms conplicates the structure of the system
and al so décreéases the positional precision-25 ofztggsgggggﬁgg-~aﬁd~the
fcEge

devi ces such bgad and substrate. 2 ABLE El e Requi r ed
| npr ovenent e%gstenll Sys éggloo R, 2 Reduce
Ty No X,Y-Feed Mech.
Device 40
___________________________________________________ [Y or z]  [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

5 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, the imaging device 40

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

10 described below. Even in this embodiment, one of the two
mechanisms is eliminated. This is illustrated in the table

by bracketing.

For the imaging device 60, only one (i.e., X-
feed) mechanism is needed. This means that one mechanism
15 can be eliminated from the conventional system which needs

two (X- and Y-) feed mechanisms. This 1is because the



Z-Di spl acenent Head 20 X, Z X, Z Reduced

another- positior for "tts ~re®9gii EE6H MoChye Qﬁgdﬁﬁ(ﬁéé§iéé X

X-Di spl acenment Reduced As can be seen fTomthe table, the system

accordi ng

60 .t henpr egenk-tiiBYe Rl @Rhe tthed inteddiRe Nd s iql%\ge%%egofﬁl%gs

need X- and Y-feed nechani sns needed for the conventional system

kbbegntiReonSt prebyseonl Lhe systemibut. ol 0 ingrgases the,
%%, th evite nay

only sinpl

positioning and imaging precision. Meanwhi

e 1| magi ng

not
not

be_desi gned L0DYE Yo MlgrZldOCiA oD, chbl ShAALL beylQ deseriped hetow

Even in thi§ enbodi nent, one of t

WO necnani snse | i'm nated.

il1lustratednin ghechablg HyyAcKesd Ng; ¢ may be moved in another

10

15

20

25

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
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 conventional system the
vacuum nozzle 31 of the placement head 30 is required to
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 the present invention, the
imaging devices 40 and 60 are located at difference
positions and outside the passage of the placement head 30
in the movements in the X-direction. This minimizes the
vertical movements of the nozzle 31 in the placement head
30 at the transfer and placement stations down to about lmm,
for example, which is required for the prevention of the
interference with the component.

Further, according to the conventional system,



For the inaging device 60, only one (i.e., X- feed) nechanismis needed.
Thi s means that one nechanism 15 can be elimnated fromthe conventi onal
system whi ch needs two (X- and Y-) feed nechanisms. This is because the 26
substrate 51 is shifted away fromthe placenment station to another
position for its recognition by the imaging device 60. The reduction of
the feed nmechanism al so increases the recognition precision of the
substrate. Although the 5 systemis designed so that the substrate hol der
noves back and forth in Y-direction, it may be noved in another direction

rovi ded t hak t Hen radey Lod beor econai zgdpby rathe IMRQIGIG ey ce dn a
gertain position gﬁggﬁ%ronlthe pl acenent station and the ﬁﬁ%glng devi ce 60

does not nakeembd c@nywEeRf |4t Ht hihaﬁéa acghPete head 3QheFLH&rJgt§6néﬂe
S

system of the present invention can rten the noving passes
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systemthe vacuum nozzle 31 of the placenent a IS require

move abOUt16@@“‘aﬂsﬁgﬁc¥eQﬁfC%bo@kreﬁgbﬂﬂ,iQkﬁidggahg%?¥0igetaggn t

interference with the imaging devices. Contrar ( A agcor ;Pg ;%chgd
t em of nt L8V i e : ev . an
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at difference positions and outside the~passage 0

20 in the gpvergRhs iEoth@th(gJ§¥éﬂ‘3%f Tbi.g nﬁPégéﬁgs ££$%ntion, the

substrate recognition device is separated from the other

component recognition device so that it is served only for

the recognition of the substrate. Therefore, the substrate

10 recognition device is required to move only a limited

distance of about 10mm, for example, which might differ

depending upon the size or the purpose of the component.

The reduction of the moving distance results in the

reduction of the inertial force of the movement mechanism

15 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. Among other things,

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

between the transfer and placement stations B and C. The

movement of each element should be controlled precisely in

order to attain the precise alignment of the components on

the substrate. For this purpose, the system employs

25 servomotors, pulse-motors, and/or voice-coil motors for



vertical movements of the nozzle 31 in the placement head 30 at the _
transfer and placement stations down to about 1nm for exanple, which is
required for the prevention of the interference with the component. 25
Further, according to the conventional system 27 the inmaging device for
the substrate recognition is assenbled wgth another imaging device for the
conponent recognition. This requires both inmaging devices to nove a |ong
di stance of about 250mm for exanple, between the 5 conponent and substrate
recognition stations. However, according to the system of the present

i nvention, ddmroiulisiy at@er eqegANG oRidexhee i srseparated.fLapyt he opher
conponent recognition device so that it is served only for the recognition

of the subsiddiraonlhes etarge MRﬁxﬁﬂbséﬁét%140c6£89ﬂ£££$8nfﬁg@é%i€

S
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required to nove only a limted distance of about 10mm for exan&le, whi ch
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reduction of the noving distance results in the uction o e inertial
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supporting structure and also in the increase of the précrsion o he ]
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a nunber of noving parts. Anong other th

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
10 into account, the linear scale 1is 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
incorporated in respective devices described above. As can
15 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, placement head 30,
component recognition device 40, substrate holder 50, and
substrate recognition device 60. The software section
20 includes various processing units for controlling necessary
operations for supplying component, sucking component,
calculating an amount for position correction, calculating
an amount for angular correction, recognizing component,
recognizing reference-indication, and correcting position.

25 The hardware and software elements are integrated with the



20 the placement head 30 noves about 500mmin the X-direction between the
transfer and placement stations B and C. The novenment of each el ement
shoul d be controlled precisely in order to attain the precise alignnment of
the conponents on the substrate. For this purpose, the system enploys 25
servonotors, pul se-notors, and/or voice-goil notors for 28 controlling the
novi ng distance of the elenents. In addition to those notors and in

combi nation therewith, a linear scale may be used for each noving
mechanismin order to attain a nore precise control of the noving

di stance. bohkeolileear th&sl ecodShs i e PYEE-a8NCOLEE L EPE HBASYE | ”cﬁhﬁa
| i ner displacenent, has a reference scale with indices mnarked optically or

magneti cal kyeme@te.detector nounted for novenent on and relative to the
reference scale, which ensures a precise novenent control. Taking such

feature 10 into accowgth the khkeahas§RhLe %ﬂn@rﬁrsab%%ogge%ﬂeq:rattigﬁbs
t e “cause Yy

conpensati on of the change of noving distance that mg

heat. Fig. afel 13-eddifUidsel AGEQMSRYW N VaLl P &Qaﬁgﬁyegrgc%o%q{ aled; in
respective devices descri bed above. As can 15 be seen from thé draw ng,
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head 30, @ngqmﬁﬂréf¥éwnEEEQQV@E“é%%ﬁg&sngg&r%%%ﬂg¥é¥¥eSthggdof
the software section and, based on which, controls
respective drivers. Among other things, the component
supply processing unit controls the movement of the
10 component supply 10 so that the component to be picked up
is placed at the pickup position. The component sucking
processing unit controls timing and vacuum for the
component sucking by nozzles mounted on the transfer and
placement heads. The units for calculating positional and
15 angular corrections calculates, from signals transmitted
from the recognition device 40, a moving distance of the

placement head 30 in the X-direction for the mounting and

the amount of angular correction for the nozzle 31 about

the wvertical Z-axis. The component recognition unit
20 controls the recognition timing by the recognition device
40 and the field of the device. The reference-indication

recognition unit controls the recognition timing and the
field of the substrate recognition device 60 and, based
upon the recognition by the device 60, the position

25 correction unit controls the moving distance of substrate



substrate recognition device 60. The software section 20 includes various
processing units for controlling necessary operations for supplying
conponent, sucking conponent, calculating an anount for position
correction, calculating an amount for angular correction, recognizing
conmponent, recogni zing reference-indicajpon, and correcting position. 25
The hardware and software elenents are integrated with the 29 controller
that controls the overall operations of the elements. Each of the hardware
el enents whose operations are already described above has various drivers

connect ed hB1HBROUGN {ESRAEGt IWeid+das; &Xt engiing, %?fEQE‘ahggpgk%”e@ﬁé The
controller receives signals fromrespective units o the software section

and, basedrebowhi€honCeRtsieks 4be%B%P%bV%r%Hégﬂé%aﬂggﬁgﬁﬁg?%%ﬂi%k%%? the

conmponent  supply processing unit controls the novenen onmgonent
supply 10 48:ithak1168sC oMM e A8 Pl Una! BoPLBCGL Al e, Bl ckup

position. The conponent sucking processing unit controlstimn acuum

for the c gkl NG zzl punted.on the tr fer  and
ol acement  hoade Tre oA | S Pa AP el AET D Gdrh: GBI TG Ry e
corregtiongegaleul ates, fromsignals transmtted fromthe recognition

devi ce 40, a noving distance of the placenent head 30 in the X-direction
for the nounting andReferring 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
10 reference numeral 2, is similar to that of the first
embodiment except that the system 2 has a second placement
head 80. Therefore, 1like parts bears like reference
-numerals throughout the drawings.
Meanwhile, according to the system of the first
15 embodiment, the placement head 30 receives the component at
the transfer station B and then moves to the placement
station C for the mounting of the component. The mounting
of the component at the placement station C is completed by
the wultrasonic connection, which needs a relatively
20 extended period of time of about 0.5 seconds. This
increases a waiting time of associated element or elements,
which results in an unwanted extension of the overall time
for mounting.
Contrary to this, in the system 2 of this

25 embodiment, the first and second placement heads bear



the anount of angul ar correction for the nozzle 31 about the vertical
Z-axis. The conponent recognition unit 20 controls the recognition timng
by the recognition device 40 and the field of the device. The o
reference-indication recognition unit controls the recognition timng and
the field of the substrate recognition gevice 60 and, based upon the
recognition by the device 60, the position 25 correction unit controls the
novi ng di stance of substrate 30 holder 50 in the Y-direction. Wth the
arrangenent, the recognition devices 40 and 60 are separated from each
other, whirelspaldrawe respeeidng dau Gﬁ%lﬂ&)}angnﬁgn&ﬁ *E%é?é@i%@ﬂzi%y
i ndependent|y, w thout any restriction inposed by the other device.
Referring toe Rirgs whudfioidler FOHNLLAGoSYS! eRLARY R HOd Acgarding, Lo, the
second enbodi ment of the present invention wi be descrLFe _ relPa tgr.
The conponemfatr MeHat ight Sred: M ekalihi §o enadident . geperal |y indicated by
10 rengence nuner al %%his sinila? to that of theoflrst feﬁ%bdfn%ﬁt(% fept
- - , e parts
that the syglemiaghasna saeeRd @l Cecrg?lﬂ;ong}?ﬁgl 0. llih%guﬁlégﬁ m!Pﬁle,&e

bears like reference .nunerals throughout raw ngs.
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recei ves the conponent at the transfer ation B
placement yjtrasonic vibration. The temporal connection requires
only a limited time of about 0.1 second. After the

temporal connection, the placement head 30 moves back from
the placement station C to the transfer station B where it
10 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

15 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,
20 respectively. Therefore, the total connection time appears
to be identical to that required by the system 1 of the
first embodiment. However, according to the system 2,
after the temporal connection, i.e., during the permanent

connection, the placement head 30 can proceed to receive

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



station C for the mounting of the conponent. The nounting of the conponent
at the placenent station Cis conpleted by the ultrasonic connection,
which needs a relatively 20 extended period of time of about 0.5 seconds.
This increases a waiting tinme of associated el ement or elenments, which
results in an unwanted extension of the gyerall time for mounting.
Contrary to this, in the system2 of this 25 enbodinment, the first and
second pl acenent heads bear 31 respective functions and thereby enhance
the productivity of the nmounting. For exanple, the system?2 is designed so

that the phacemanlg hgad IbmgnEs f ok asdbssSinsieh r%?ﬁggd nEgLPe&n!Ch

f
the conponent 11 is nounted on the 5 substrate 51 éﬁd then conn

tenporal |y elwmphe, w6l tar aserin@gvi bration. The tenporal connection requires
onrg a Iinited&%ine of about 0.1 second. After the tenporal connection,

the pl acenent head SQh@Q\ég%Ilgacktflépr@uﬁg}ﬁicﬂ{ﬁeggggrgtgtoitnop}l%ﬁ{tlgh;th&o

transfer station B where it 10 receives the next nponen

I t 0 for _a second step of
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mounting in which it applies the ul

. canngction of the

component Fo Phe Ebst 1Al oo The THRE mmaShe CRRBLYi of FoquRrEe  aridtiher

time of ab9¥5dgc%ivity of the system to be increased significantly.
Besides, the two-step connection provides a drastic
increase of the connecting force of the component than the
one-step connection.

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

Also, in the two-step connection, the position

15 and/or orientation of component mounted 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

20 placement head 30, the substrate 51 is transported rearward
to oppose the fixed &recognition device 60 for the
recognition of the component mounted temporally on the
substrate. Then, based on the positional information
transmitted from the recognition device 60, the controller

25 70 calculates the amount for X-, Y-, and/or angular



seconds. Wth the two-step connection enbodi nent, the first (tenporal) and
second (pernmanent) connections by the placenent heads 30 and 80 require
about 0.1 and 0.4 seconds, 20 respectively. Therefore, the total connection
time appears to be identical to that required by the system 1l of the

first enbodi ment. However, according to the system 2, after the tenporal
connection, i.e., during the permanent connection, the placenent head 30
can proceed to receive 25 the next conponent, which neans that the overal
time for 32 nounting per conponent is substantially reduced by, for

exanpl e, Océrsecanids. Jherefrdre, coherburct tRsalnsenm@t | @F UShAY dWer

pl acenment heads causes the overall tine for nmounting of the 5 conponent to
be reducedpuersn@ertablendand .al so the productivity of the systemto be
increased significantly. Besides, the two-step connection provides a

drastic increase of Ptr@eci&mﬂg@titﬂgsf@ééégﬂiticbﬂ aeipesent thabddezes
one-step connection. 10 In order to provide the ultrasonic vibration to

the conponeme etbmpbhity nanptder daelcden i 8t hend opMaphmebirackehg0rs dox
cover may be used for holding the conponent and then forcing it to the
substrsat €. ifMeQialtR14Ne f¥0r SEER CAUMESEd PNmoliR@ 1RSI d# OBhe component
and the component holding portion of another placement head
80 before the permanent mounting of the component. This
allows the controller 70 to prevent any possible accidents,
which may be caused by the existence of debris at the
10 component holding portions of the placement heads. Also,
this allows the placement head 80 to hold the temporally
mounted component positively.
Figs. 9A to 9J schematically shows a series of
operations performed at the pickup, transfer, and placement
15 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
20 particular, the component 11 is temporally mounted on and
connected with the 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

25 component. After the disengagement with the placement head



15 and/or orientation of conponent nounted tenporally on the substrate may
be recogni zed by the recognition device and, if necessary, corrected at

t he permanent connection base upon the recognition result. In this

i nstance, imediately after the tenporal connection of the conponent by
the 20 placenent head 30, the substrate &4 is transported rearward 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 fromthe recognition device 60, the

control | er 385 thecabundmiese the ABOWRt fRfrwinrd Yin 8RE/ 9T gaRgekabn33 o
correction and then controls the novenent of the other placenent head 80

Pref erabl yoppbeer enegietbghidevinCeedq cee®@uni 285 sHRG GYMARENty thold{ng
portion of the placenent head 30 5 imediately after the téenporal nounting

of the conmpeneghighént R EQIE0HENElRIEHiDG PO OBoRbLRRAL N&er ACAMRNL
head 80 before the permanent nounting of the conponent. This "allo t he

control | er cd@nbotBBEVEAt BRY PoSBEPLEraccifdeniss which i@hé}@@”%@% by
t he existence of debris at the 10 conponent hol ding portions of the

pl acesent headsniAb80, imkbles ailpws tf\f‘om@g@rfee&nb?a%%Q tgghol d the
tenporally nounted conponent positively. Figs. 9A to schematically
shows a sepb8$t9bnal relationship 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
10 second placement head 80. As shown 1in Fig. 9J, the
placement head 80 moves downward to hold the temporally
connected component 11. Also, the placement head 80 forces
the component 11 to the substrate and then provides the
component with the ultrasonic vibration for the permanent

15 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

20 and the application of the ultrasonic vibrations to the
component.

It should be noted that when any misalignment
such as improper mounting or connection of the component is
detected by the recognition device 60 (see Fig. 9I), the

25 controller 70 suspends the mounting operation to make a



operations performed at the pickup, transfer, and placenment 15 stations by
the system 2. As can be seen fromthe draw ngs, the operations illustrated
in Figs. 9A to 9G are the same as those illustrated in and described wth
reference to Figs. 4A to 4G According to the system2 of this enbodi nent,
in 20 particular, the conponent 11 is tegporally nmounted on and connected
with the substrate 51 as shown in Fig. 9H After the conpletion of the
tenporal connection of the conponent, the placenment head 30 noves back in
the X-direction to the transfer station B for the transfer operation of

the next 2%aeadpgnentin AfHis ddwe di sengagessatyw thet RepRlkacerent; 34
30, the substrate 51 noves rearward in the Y-direction to oppose t

recogni ti opedavkear@d Antoh@wd can ikl @r Fhnybhay .recognition device 60
recogni zes the conponent tenporally” connected on the substrate 51 and then

transmts the 5 recoggkéggihgagetgigmﬂggp)tq@Aponggglle{ng. EHFther
positional relationship between the substrate 51 and the Tecognition

devi ce 60 kfpSHAMkat bHe that QWh, R EhG; ter recogni ti.on, the
substrate Elbﬁnves Eack Fn@tﬁgg Y-dF?gcgggﬁ%fgciﬁ%epﬁg%%%%h %ﬁ%ﬁﬁ%ﬁ?WWWwe
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pl acenment head 80 noves downward to the tenpora

conmponent ﬁésiehéﬁaltQ%ﬂgéﬁaﬂgﬂypgm%@tﬁgeﬁo%ggscomponent 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),

10 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 fails
15 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 mounted only for the
20 recognition of the component and therefore fixed in the
system, which does not need additional space to avoid the
interference with the neighboring members. This in turn
defines a larger space between the recognition device 40
and the component than the conventional system, which

25 increases the field and/or resolution of the recognition



t he conponent 11 to the substrate and then provides the conponent with the
ultrasonic vibration for the permanent 15 connection of the conponent to
the substrate. As best shown in Fig. 9J, the conponent holding portion of
t he placenment head 80 is defined in the formof bracket. Alternatively,

t he pl acenent head takes another configigation suitable for the _
positioning of the conponent 20 and the application of the ultrasonic
vibrations to the conponent. It should be noted that when any m salignment
such as inproper nmounting or connection of the conponent is detected by

the recogngeivopedend.ce Gle(SeRrdage 934, thBe 22 1e0MA@! keEoTArsHaPdS the
nmounti ng operation to make a 35 warning. In this case, if necessary, the

substrate 3liuByrabeddisgandedeautoiradd cal lanhor 1888ualdy . sReter ddig &P
Figs. 10A and 10B, another enbodi nent of the system according to the

present inveAtsoR ih Wikl hepdescribed hereinafter. The drawings illustrate
positional relationships between the conponent sucked and held by the

nozzle 31 of the pl aggpebichead 3@ and theid %@g@iﬂ QB ARMICES den diHae
conventional system (Fig. 10A) and the system of the present invention
gﬁhg-SloB)recé@nﬁgﬁgﬁCHéﬁﬂdé #$n dgacrithed ralkove, W hAhetergher it figs. 13
illustrated in Figs. 1llA 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
10 arrangement, first the recognition device 40 occupies a
first position where it recognizes a part of the component.
Then, the recognition device 40 moves to a second position
where it recognizes the remaining part of the component.
Partial images of the component are then combined and
15 processed at the controller for the subsequent processes
such as position and/or angular correction of the component.

This process allows the recognition device to capture the

entire image of the component with a necessary resolution

even within a limited space. This in turn means that the
20 moving range of the recognition device for the component
recognition can be minimized. In addition, the horizontal

movement of the recognition device 40 may reduce the
likelihood that it suffers from any damage by the possible
drop of the component or other members.

25 Although the whole image of the component is



14, according to the conventional systemthe space between the conponent
ilia held by the nozzle 131 of the placenent head 130 and the substance
151 is so limted. This fails 15 to ensure a distance, between the
recogni tion device 140 and the conponent, necessary for the proper
recognition of the conponent, which redices the resolution of the inage
of, in particular, the large size conponent. Contrary to this, the
recogni tion device 40 is mounted only for the 20 recognition of the
conponent and therefore fixed in the system which does not need

addi ti onal capaaeetio aupbdghhetwbntei flelignceradddsddie nedGhbefinieremzer s.
This in turn defines a |arger space between the recognition device 40 and

the conpongntktpaprbbeseesveani Beaknpysien rehi ¢he?3 ardeheasapdhe fiel d
and/or resolution of the recognition 36 device 40. Thé increase of the

field and resol utionrare ahbtHetratedobyidehted {ihnespa; and 11,gng ang short
dotted lines 9 in Fig. 10B Inprovenent on the field and/or resol ution of

the 5 recegBbyheBidavieeicansbeiat bakAgneby taNALREr veHQdiABRtS 4 o
illustrated in"Figs. 11A to 11F. For exanple, according to tHhe enbodi ment

in Fig. 11An the recagiddion Cf?éﬂvfé’erfmai§owgfééig?@QiE?oﬁhHﬁiiicattegebe/ .
he X- of Y- ertain

direction indicated by arrow 45, 1i.e., t -direction, to a

extent. WiB1the L& rangensnte1dideda t Besh8¢8AN LA AR C6, 4 RGapI es a
lines. This embodiment allows the recognition device 40 to
shift its focus vertically so that the components with
different heights or at different levels can be recognized

10 without any defocus. For example, as shown in the drawing
the larger component 11 is moved down from the elevated to
the lowered position to extend its field, so that the
entire image of the larger component can be captured by one
shot. The recognition device 40, due to its movability in

15 the vertical direction, is also available for the 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

20 shown so that it rotates as indicated by arrow 47. This
arrangement allows the recognition device 40 to take
between a first position (indicated by solid lines) where
it recognizes a part of the component and a second position
(indicated by dotted 1lines) where it recognizes the

25 remaining part of the component. For this purpose, the



first position where it recognizes a part of the conponent. Then, the
recogni tion device 40 noves to a second position where it recognizes the
remai ni ng part of the conponent. Partial images of the conponent are then
combi ned and 15 processed at the controller for the subsequent processes
such as position and/or angular correcti»g of the conmponent. This process
allows the recognition device to capture the entire image of the conponent
with a necessary resolution even within a limted space. This in turn
means that the 20 novi ng range of the recognition device for the conponent

recogni ti orecagriie idmidewved 19 asthééosa whenhariszqrtaly Jmueend,af the
recogni tion device 40 may reduce the Ilikelihood that it suffers from any

damage by tRe fossd bhecoflr epaef ikhesRmana 19 ehberoperBens, 25 #Ald hough
t he whol e i mage of the component is 37 captured through two pickup

processes, siRitemuEebe0lie sRiHIP SoF QFRTS 85, A %y EMRIAY &l f1¥e thadar ger

L ,
conponent. I n another enbodinent in Fig. 11B, the ™ recognition device 40 is

desi gned t@niRYe YRIGRNSY . wheBe thd N AR LridifSLt i, het @, quer ed
gﬁg ate y

position indicated by solid lines and an el evated position I ndi

dotted |iRRepethiiscePRdisMH rald QWi idediecognition device 40 to shift
its focus verff%aﬁl? g%'tﬁat theeconpgﬁghgg with different heights or at

different levels canthe rgeegfized empodiment  in Fig. 11D, the

recognition unit has two fixed recognition devices 40a and
40b in order to enlarge the field of the recognition unit.
This arrangement allows the larger component to be

10 recognized by two recognition devices with a high
resolution. Also, this arrangement may be used so that
either one of the recognition devices works for a small
component, and both for a large component. Of course, the
number of the recognition is not limited to two.

15 In another embodiment 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

20 reflected and then moved across the component. With this
arrangement, the mirror rotates between a first position
where the reflected field of the recognition device covers
a part of the component and a second position where the
reflected field covers the remaining part of the component.

25 For this purpose, the mirror is drivingly connected to a



10 without any defocus. For exanple, as shown in the drawing the Iarger
conponent 11 is noved down fromthe elevated to the |owered position to
extend its field, so that the entire image of the |larger conponent can be
captured by one shot. The recognition device 40, due to its novability in
15 the vertical direction, is also available for the detection of debris
carried by the conponent holding portion of the transfer and placement
heads 20 and 30. In another enbodiment in Fig. 11C, the recognition device
40 is supported by a horizontal axis not 20 shown so that it rotates as

i ndi cat ed bytatr,0nuéh aBhipslaer aRgGeFRNsAlHHMWS the JHaNItd onJlause 40 to
take between a first position (indicated by solid lines) where It

recogni zes taepaidrf the rormanerheanth ArSeCONdrROSHE e (i pat egh.py
dotted lines) where it recognizes the 25 remaining part of the conporient.

For this pueppse, chpap38 ofee®@Rigtiingn davige | s%Qn%‘%FctrP%éf‘ﬁ?Q!s%.d” ving
source such as pulge not or thatb?sggontrgﬁﬁé by the controller. The

system may be designed sozhBghet-he £Re88MLELEN de¥i cepiakes 1£§feetq£
positions where the recognition device captures 5 respettive parts of the

conpoment . rkbognothen embodi mRRt LA Rtk LMD nbhge r €£900i 1 Ona%?ie]{e&hsgfs :\f,]\g

fixed recognition devices 40a and 40b 1 n order to enlarge the
recogniti ogodRklioned between the recognition 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

10 recognition device 40 and the component 11. Two or more
optical members may be prepared so that a suitable one of
which is selected depending upon the size of the component
and/or the required resolution. Also, the optical member
42 may be used in combination with other optical elements

15 such as mirror and prism. Further, the recognition device
40 may be supported for movement not only in this
embodiment but also in the previous embodiment in Fig. 11E,
which enlarges the field of the recognition device while
keeping the required resolution.

20 While this invention has been described in
conjunction with a specific embodiment thereof, it is
evident that many alternatives, modifications, and
variations will be apparent to those skilled in the art.

Accordingly, it is intended to embrace all such

25 alternatives, modifications, and variations that fall



This arrangenent allows the | arger conponent to be 10 recogni zed by two
recognition devices with a high resolution. Al so, this arrangenent may be
used so that either one of the recognition devices works for a small
conponent, and both for a |arge conponent. O course, the nunber of the
recognition is not limted to two. 15 Ig@not her enbodiment in Fig. 11E,
the recognition device 40 is oriented horizontally. Also, the recognition
unit has a mrror 41. The mrror 41 is located in front of the recognition
device 40 and supported for rotation so that the field of the recognition
device i s 28thehl epkedpandtt hem MARE 2TRLS Je HO RS \éflta!msh' s
arrangenent, the mrror rotates between a first position where the
reflected field of the recognition device covers a part of the conponent
and a second position where the reflected field covers the remaining part
of the component. 25 For this purpose, the mrror is drivingly connected to
a 39 notor, such as pulse notor, so that the controller controls the
notor to rotate the mrror. The mrror nmay be any nenber capabl e of
changing a light pass, such as prism In another enbodinent in Fig. 11F,
the 5 recognition unit has an optical nenber 42 such as |lens positioned
bet ween the recognition device 40 and the conponent 11, allow ng the
recognition device 40 to pick up



the image of |arger conponent. The optical nenber 42 may be supported to
nmove ou? of the gpace ggtmeen the 10 recognition device 40 and thelLLOYD WISE
conponent 11. Two or nore optical nmembers may be prepared so that a

sui tabl e one of which is selected depending upon the size of the conponent
and/or the required resolution. Also, thgjoptical member 42 may be used in
conbination with other optical elenments 15 such as mrror and prism
Further, the recognition device 40 may be supported for novenent not only
in this enbodiment but also in the previous enbodinment in Fig. Il E  which
enlarges the field of the recognitioncggyirge while keeping the required
resolution. 20 Wile this invention has been described in conjunction with
a specific enbodinment thereof, it is evident that nmany alternatives,

nodi fications, and variations will be apparent to those skilled in the

2t 1 Accondi Nghy copok Sk heREd o ppAREA! oG A9l L ernat i ves,

nodi fi cati ons, and vari ati ons that w't hi n-the rit and broad

scope of the apRendsebehShTS s QWD WSFadd QA NS <L A corponent, .
nount i ng apparatus, conprising: a’‘conponent supply provided at a firs
stati@n fokupplying a component ;

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

a placement head for receiving the component from the

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

a substrate holder for holding a substrate, the
substrate holder being movable between the third station
and a fourth station spaced a certain distance away from

15 the third station;

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

a second imaging unit positioned at the fourth station
for recognizing the substrate.

20
2. The component mounting apparatus in accordance with
claim 1, wherein the second imaging unit is movable in a
first direction along which the placement head moves
between the second and third stations, and the substrate

25 holder is movable in a second direction perpendicular to



S supplying a conponent; a transport head for picking up the conponent at
the first station fromthe conponent supply and then transportingLOYe WISE
conponent to a second station; a placenent head for receiving the conponent
fromthe 10 transport head at the second station and then transporting
the conponent to a third station; a subsipate hol der for hold!ng a
substrate, the substrate hol der being nmovable between the third station
and a fourth station spaced a certain distance away from 15 the third
station; a first imaging unit for recognizing the conponent held by the

pl acenent headfiakt @iseeendd.muging unit positioned at the fourth station
for recognizing the substrate. 20 2. The conponent nounting apparatus in
accordance with claim1l, wherein the second imaging unit is novable in a
first direction along which the placenment head noves between the second

and third stations, edfbdhensubshiatio?S.pohder ks Pvable 50,8, S§aqnd
direction perpendicular to ?LCND MV§E§?4%B?hg ?Prsf’dlrectron? %.%%he
conponent g@OWAk NG, apRA NS meﬁE?QEH@an %H&Hng head, so that the

5 placement head makes a temporal connection of the component

to the substrate and then the fixing head makes a permanent

connection of the component to the substrate.

4. The component mounting apparatus in accordance with
10 claim 3, wherein the second imaging unit recognizes the
component on the substrate after the temporal connection

and before the permanent connection of the component .

5. The component mounting apparatus in accordance with
15 claim 3, wherein the second imaging unit recognizes
portions of the placement head and the fixing head for

holding the component.

6. The component mounting apparatus in accordance with
20 claim 5, further comprising a linear scale mounted on a
shaft for guiding the placement head between the second and

third stations.

7. The component mounting apparatus in accordance with

25 claim 1,



claim?2, further conprising a fixing head, so that the 5 placenent head
makes a tenporal connection of the conponent to the substrate and theypiWhes
fixing head nakes a pernmanent connection of the conmponent to the

substrate. 4. The conmponent nounting apparatus in accordance with 10 claim
3, wherein the second inmaging unit recogss zes the conponent on the
substrate after the tenporal connection and before the permnent
connection of the conmponent. 5. The conponent nounting apparatus in
accordance with 15 claim 3, wherein the second inmagi ng unit recognizes
portions of theupleaearenthdead ard dhe ftind ngebsad fidagiR) diAgcthe e
conponent. 6. The conponent nounting apparatus in accordarice wth 20 claim
5, further agetPbiesl NHtA tbneatescale MRYAL ed hatt har gudi he

pl acement head EStmeen the second and third %ﬁ%ﬁé%ﬁsag7Fk%hég%g%%§%3%t
nounting appagatus in accordance with 25 claim1l, LLOYD WSE 43 wherein
the first and the second inaging units are arranged not to interfere with
a passage of the placenent head.



