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relateﬂwmmmﬂ& ent recogni zi ng net hod and apparatus for executing
posi ti l'on or quality check (good or no good) of connection

portions su®¥s | eads and el ectrodes existing on the 10 nmounting surface
of electronic conponents to be nmounted ih el ectronic conponent nounting for
automatically nounting the el ectronic conponent on a printed board or a

liquid cr ma di spl ay panel board, relates to an electronic
conponent \“ﬁ\hm \\\M\\“\“ hod for mountpErLRIweredhectroni c 15 conponent on a
board on the k¢ of positional information of the connection portions
such as the | eads and el ectrodes existing on the nounting surface of the

el ectroni c conponent detected by the above conponent recognizing nethod and
rel ates toCaMPONBNTr BRCOGCE DAPNAEEME THODNANDgARPRRAETEIS for 20 nounting the
el ectroni c conponent on the board on the basis of the positional

i nformation of the connection portions such as the | eads and el ectrodes

exi sting on_the nounting surface of the electronic conponent detected by

t he®above EBRPYAEAL Fé@ggnizing apparat us. 25 BACKGROUND ART

Conventionally, with_regard to the,co nent recogni zing method of this
type, there have beeﬁkﬁnoﬁﬁeseﬁ AbﬁﬁnggE@62 Eefages £ "% "Component

recognizing method and apparatus for executing positional
detection or quality check (good or no good) of connection
portions such as 1leads and electrodes existing on the

10 mounting surface of electronic components to be mounted in
electronic component mounting for automatically mounting the
electronic component on a printed board or a liquid crystal
or plasma display panel board, relates to an electronic
component mounting method for mounting the electronic

15 component on a board on the basis of positional information
of the connection portions such as the leads and electrodeg
existing on the mounting surface of the electronic component
detected by the above component recognizing method and
relates to an electronic component mounting apparatus for

20 mounting the electronic component on the board on the basis
of the positional information of the connection portions
such as the leads and electrodes existing on the mounting
surface of the electronic component detected by the above
component recognizing apparatus.

25 BACKGROUND ART

Conventionally, with regard to the component

recognizing method of this type, there have been known



various structures. For exanple, there has been consi dered the one that
applies a visible light to an electronic conponent, receives A gus€s6020n
light reflected on the object by neans of a CCD canera and executes the
positional 5 detection of the connection portions such as the | eads and

el ectrodes existing on the nounting surface of the electronic conponent.
However, the above-nentioned structure hds had the issue as follows. If a
projection or the |ike exists near 10 the | eads and el ectrodes existing on
the nounting surface of the el ectronic conponent and the visible light is
reflected gn_t.he praqjectiqn, th the light refl ec oj.ection or
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conponent without recognizing a projection or the ocat ed hear

connect i OnePeEtFBASsSUEX ias iirRAdSoANd teleect hoghes: £ i St11pg,RR t N mopgLi ng
surface of the electronic conmponent as well as an el ectronic conmponent

mounti ng nelbedrenticappmpehsst. 23 August 2002 3 capable of correctly
nmounti ng the el ectronic conponent on the basis of positional infornmation of

t he connection porti @insevbtai hed eboveenkytibhgd 4iristarschesuhig the
perspective view of a prior 5 art el ectronic conponent nounting appar at us.
In Fig. 4liaseeshewfod lonisn bddy d pfoheceient ponithec dnpeneanti suxintédg

appar atus, electronic conponents (occasionally abbreviated to "conponents”
he @inafteF?e21@@d@eaﬁ@ugf@@tbyd@ﬁeebieéémg oo ubhé ngo Wt appasat fsce o f r ay
4a on which the_conponents 2 are placed, a tray supply section 4 that
serves as Eh%oﬁb@ﬁ%ﬁ@négpEPVP§§éﬂEoﬁnﬁoﬁhﬁuﬂﬁﬁﬂhhﬁﬂﬂ%ghiuﬁﬂ)ﬁeﬁﬂe¢ﬁed
conponents 2 placed on the tray 4a, a head section 7 (nozzle 7a) for

sucki ng on%noftgﬁe EFEECEAPR conPtiient Bhe i highkousefAgcsedge ora rdt 15
5 on the X-axis éide éabgﬁevhaged tg an X—axi% robot hereinafter) that
moves the ReAC Sttt ot 750 LAESXERYREStPEC GO GG Coridt iadfids Parto of an
X-Y robot, b a n the.Y-axls.side.(apbbreviated to Y-axis

robot s her%%%a %§F€ F%§?e§§$§ f%%gﬁg% %%%Tﬁoﬁl%CFEOSﬁE hES xﬁgeZ&Jéﬁ?ection
angs const i e . the X2 Y ot swi.t.h i s_robaot 5, CCD.canera
32?5 and a ﬁg%g B&s%%gélrérgA. &%hewgf erlgsrﬁ%e %E?rg%%? 9ade%§tt'L§§ aafﬁrri nttéc? board

to be nount@eho bt hsocoIPReehsh2 asFitghe 2 é&?“@n@nefééﬁ?bﬁagf tEh%reoni c

el ectronic 25 conponent 2 to be nounted by the above-nentioned el ec
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recognized as a lead or an electrode.

Accordingly, it is an object of the present

20 invention to solve the above-mentioned issue and provide a

component recognizing method and apparatus capable of

correctly obtaining the positional information of the

connection portions of an electronic component without

recognizing a projection or the like located near the

25 connection portions such as leads and electrodes existing on

the mounting surface of the electronic component as well as

an electronic component mounting method and apparatus



si des of a conponent body 2b, and the lead tips 2c of the |eads 2a are
mounted on the board 9. In the prior art electronic conponestajguentoay
apparatus, the CCD canera 3A is used for two-di nensional 5 positional
detection of the electronic conmponent 2 that is the object, and the height
sensor 8A is used for inspecting the floating of the |eads of the

el ectroni c conponent 2. As shown in Fig. 342, this height sensor 8Ais to
neasure the height of the object at one specified point. 10 The hei ght
sensor 8A shown in Fig. 42 is provided with a |aser |light source 8a, a

focusing lens 8c for focusi ngcthe refl ection Iiglht (scattered light) of the
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15 and a .

i npi nges on.the el ectronic conponent. 2 that is .the objec

Soht Conduotidte Pt tion Mondidt e Gtle e L1 (ARG ol (P NS et o
8d t hat serve%&as a posi.tion det eggcilg(g device on which the reflection Iight
of the |as LN %ﬁdpﬁa'SﬁrFﬁé éad tip 2c of the el ectronic conponent

2 is focused through the focusing |en G,. the PSD.8d hawvin 20 function
for generating an el eEE:JtQH cﬁsiligsna sccg’reineq%aj’[ce SR e epé@iet‘“?(?% of R

focused |ight. e-ﬁr?e%t?froitnﬁ;c ?P%n\?%&g%?ngﬁg%gﬁﬁggké%gggﬂgg hod wi Il be described

next on the basi's 0 Seauentially from Step

S71 to Step S79. 25 S4ep Sil: The el.ect rpig CQMPanent 248, syckeg byt he
nozzle 7a. Step S72: The Iéﬁinance% mage of the e?%btronf?® 3 Augué% 2002

The posi {1 an oSt T re el at T ariE EoMpaAet S o AT oot Saehy pr oeseer e i s

| um nance idsa@@nents (occasionally  abbreviated to  "components"
hereinafter) 2 to be mounted by the present mounting
10 apparatus, a tray 4a on which the components 2 are placed, a
tray supply section 4 that serves as a component supply
section for automatically supplying the components 2 placed
on the tray 4a, a head section 7 (nozzle 7a) for sucking one
of the electronic components 2 in a mounting stage, a robot
15 5 on the X-axis side (abbreviated to an X-axis robot
hereinafter) that moves the head section 7 in the X-axis
direction and constitutes part of an X-Y robot, robots 6a
and 6b on the Y-axis side (abbreviated to Y-axis robots
hereinafter) that move the head section 7 in the Y-axis
20 direction and constitute part of the X-Y robot with the X-
axis robot 5, a CCD camera 3A, and a height sensor 8A. The
reference numeral 9 denotes a printed board to be mounted

with the components 2.
Fig. 25 shows an example of the electronic
25 component 2 to be mounted by the above-mentioned electronic
component mounting apparatus. This electronic component 2

has a plurality of leads 2a on the left-hand and right-hand



Step S74: The programflow junps to Step S78 when 5 no inspection is
executed on the floating of the leads 2a of the el ectroni c2gquRasEIT022.
Step S75: The el ectronic conponent 2 is noved so that the tips 2c of the

| eads 2a of the el ectronic conponent 2 each consistently come into the
measur enent position of 10 the hei ght sensor 8A, and then, height data of
the lead tips 2c are neasured. In the cage of the electronic conponent 2
shown in Fig. 25, the two lines P, and P2 shown in Fig. 25 are the height
measurenent lines of the lead tips 2c, and these neasurenent lines Pl and
P2 are determ ned by the 15 p05|t|onal detection executed by the CCD canera
3A. First, Sﬁﬁésh@ifgtﬂ GRBROReREnPosY tihe |3 Ehpsleadoftigife a¢defj ghe
executed along the first line PL b ving the nozzle 7a in the X-axis

di rection, 18# Sa?Pe?r?o?aFPﬁSdtﬁB %B%zpeagg By 180, the hei ght nmeasurenent

of the lead tips 2c hg 20 ot her side js executed al ong the second |ine
P2 by noving the noz F‘e e PRIRF xaLki s° L??EE?W)‘H qq{“ﬁ%%sé‘%@ﬂ’é@t he

o etCLreo?ioﬁ?nggg B8t o ik oD Gy et 419 y SaRBc U Vg HOTRIBEP AR
f hi he_ gl by 90
R R i e G S i e R
el ?& tB%ﬁSc‘ceagnﬁ' R%e? Gl g;%tt e sor’® Uﬂé'swasggo%o? 959 gpLshato

contact w goretical imaginary su ace en the el ec ronl compaonent
2 is mount @Heof‘l&g@lﬁ?e@feﬁhéaieéﬁg%fafﬂe Séliéé’ffoﬁ{@ e&hﬁ&h@%@dzfrom

t hr eedi nensi onal positions (X, Y, Z) of all the lead tips 2c,
As shown in Fig. 42, this height sensor 8A is to

measure the height of the object at one specified point.

10 The height sensor B8A shown in Fig. 42 1is provided with a
laser light source 8a, a focusing lens 8c for focusing the
reflection light (scattered light) of the laser beam that
has been emitted from this laser 1light source 8a and
impinges on the electronic component 2 that is the object

15 and a semiconductor position sensitive detector (abbreviated
to PSD hereinafter) 8d that serves as a position detecting
device on which the reflection light of the laser beam
impinging on the lead tip 2c of the electronic component 2
is focused through the focusing lens 8¢, the PSD 8d having a

20 function for generating an electric signal correlated with
the position of the focused light.

The prior art component recognizing method will be

described next on the basis of the flowchart shown in Fig.
43 sequentially from Step S71 to Step S79.

25 Step S71: The electronic component 2 is sucked by
the nozzle 7a.

Step S72: The luminance image of the electronic



5 the imagi nary surface is expressed by an expression. Then, distances of
the three-di nensional positions (X, Y, Z) of all the |ead tz'aoﬁlfﬁg@t by t he
imaginary surface, i . e. , the lead floating anbunts are calculated. Step
S77: It is decided whether or not each of 10 these |ead floating anobunts is
exceeding a predeterm ned reference value. Wen the |lead floating anount is
exceedi ng the predeterm ned reference valkue, the program fl ow proceeds to
Step S79. When all of the lead floating amounts are not exceeding the
predeterm ned reference val ue, the program 15 fl ow proceeds to Step S 78.
Step S78: In the case of an electronic conponent that is not required to be
i nspect ed fagmpomenite@d ifs| campitvg eshndintther pdstidiniined &bet REDnormaka 3A.
conmponent through the |ead floating anpunt inspection, the electronic
component is 20 nountEER P the Bre®Tsidd Positt ithe & atewdar ¢ogpomedtt hen,
the processing ends. Step S79: An el ectroni¢c conponent 2, the lead floating
amount of whitéh ded et BvnHrORESSiedetBi i ABALPERELeABRIGal ue, is di sposed
of as an abnornal conponent, 25 and then thg $rocessin ends. However, the
above- menti oned prior &Rt S hoth hakt HERT hEl W sidRhatot REePedd®f FE&R ng
i nspection_cannaot be., 23 August 2002 7 executed by the height sensor 8A
Ut Rt he FOMASREE S ARG FagE 1t etoR8L hiisa L aHBYceD Cafer 23R Por Ofhe
posi ti onal geteitign of the_electrongic component 2 and t he neasurenent
lines P1 ahd®P51SFELGBEEr iPREE S8 efy time the I ead floating 5 i nspection
is executed, resulti i.n h 4 i far ungin e
%%epFu%.er'&hQEeﬁggg%S?c %omgﬁg punt :tsg Rhvid 5% i

el ectroni ¢ conponent nor e, conventl Rhei"ght™ sensor

to measurethhe laﬁlegfatipéf 2khg releel neals 5aMeneRt ¢108+kBR{EPEEhELAENLT NE,
and this has lead to the issue that the 10 range of inspection IS very

smal |, | acki naadiel bgRbist¥nt Addidonenaldte €REV RGNt Igbortdem tor
i nspect the dropout or the like of a plurality of hem spherical bunp

(hew spheritkal hgighej sehedy ehechhadeneh?0neahangetai fratnat Lexdf piprat
the bottom portion of an electronic conponent 15 120 to be nounted on a
printed bodcrdazs ste@smred.Fi dn 4he tdwree diastibeenl esethniorcexaomee; 2an
i nspection nethod by nmeans of a CCD canera. This prior art inspection
met hod, asskhewninn Hig. 214, has rtequildewst &, hamidzdht ahlownt himowiag f | 8bd of
20 illum nation to the hem spherical bunp el ectrodes 120a of
are the height measurement lines of the lead tips 2¢, and
these measurement lines P, and P, are determined by the
15 positional detection executed by the CCD camera 3A. First, -
the height measurement of the lead tips 2c of one side is
executed along the first line P, by moving the nozzle 7a in
the X-axis direction, and after rotating the nozzle 7a by
180°, the height measurement of the lead tips 2c of the
20 other side 1s executed along the second line P, by moving
the nozzle 7a in the X-axis direction. In the case where
the electronic component 2 is a QFP component, the heights
of the lead tips 2c¢c of the four sides are taken in by
segmentally executing a linear movement four times. In this
25 case, the electronic component 2 are rotated by 90 degrees

three times around the nozzle 7a for suction use.

Step S76: Positions of three lead tips 2c that are



the el ectronic conponent 120 by neans of a CCD canera 100. The reason is as
follows. Even though there is a dropout hem spherical bunpglgeusCsR2120a,
then it is highly possible that the el ectrode or solder constituting part
of 25 the hem spherical bunp el ectrode may exi st underneath the dropout

hem spheri cal bunp el ectrode 120a. Therefore, if light is applied

per pendi cul ar to the hem spherical bunp 6 23 August 2002 8 el ectrodes 120a
fromthe front surface side of the CCD canera 100, then the el ectrode or

sol der reflects Iight even when there is a dropout hem spherical bunp

el ectrode 120a, leading to a difficulty in checking whether or not there is
5 a dr opouRreeRindphErte acoptds tel Bkl ode R eicahohRapAnNErY. SBA2%R
applying light in the horizontal detection to the projecting bunp el ectrode
120a, the & | I§R&xi §LPR§TRBAFS pHEIROACRunp? el &6t r JoRMRF c8R bdhe
recogni zed ,as shown in Fig. . 45B. Fig._46A and Fi 46B_1Q show an exanpl e
in which |itGROLE l&&&néfag%D?EX h%‘%%ap‘h%riaéa Sgﬂrﬁugﬁéegr |2 FAT SR | e
Fig. 47A and Fig.. 47B show_an_ex le i which.light i.s appl.ied.to a
oughly hoMTERSACEAT g "aPee rote 11204 Rivitlg T hPodanty HFR Z50r &F6h i n
itsbotto rtian,. ver ccor di thi,s_ Il umnati.on method, no
| gﬁ:’t r ef r]écglt%i on ér?]agré}_%\g\‘%‘rofae 5 ?a%l %/)g%ggsa%%%dgkr 8?111 tehgrle%vs\@roﬁdst tI{:l)lloe(r%t’i on
of the hem i~cal I de;: . t.hi s. adiffjculdy in
recogniziggigﬁghfg%efﬂgg?h%oﬁﬁﬁg% ?ﬁ*%ﬁ%lﬁﬁﬁﬁs e€%%§%g%ukg’epgct%%d§f120a,
that is, 2Q18h@yIDSteddPOILaNDPELEORHO At SOMNSEL £dr BY -S89 9?&.50«:&1 e
printed board. Depending on the state of discolordtion due to the oxidation
of the surfiage efiohhenBerinsphesi 2k buMpugkeekrode 120a or depending on the
state of dent in the surface of the hem spherical bunp el ectrode 120a, the
25 quantity of |ight stefd es1ed g tihe Heatidpbenimalhdiunpr eheet regen 136a
varies. Therefore, the shape of the hem spherical bunp el ectrode 120a has
beén al | owtdete bkead 2F1Aaglisiy 2802udts edagnexededhhy quabirbdeiteemynedhat
is, it has been only allowed to nake a rel ative eval uati on by expressing
the state obfkeushee wklindi Vilbeal thenisphiefilicakibagnpmelintt fedext@6diby an
eval uation value such as the sumtotal of 5 |um nance val ues belonging to

t he heni sphBei paedbtiapménedt rederenroq, vaxuar nthg Pheddpst Elbyt boacerdshe
eval uati on val ue of the hem spherical bunp electrode 120a, and naking a
deci si on of°t REeBcSUPr-enlEedf adlopdutthd 197 hekralphed | aBPuBkspaEe eBPEOde
120a. For this reason, the conventional 10 _nethod has been used for

checki ng t RESBRELBACE-RFT é"ﬁseé%é@ré‘\‘l REAFEBRERT cif L Himp tBfecPFBEEE™120a
at .the bottom portion.of _thg elegctronic component 120. There has been a
fu}%her is%g8wtREPCFﬁd§hEOC§E§pm§2ée the height of the henispherical bunp
electrode 120a is 155lgW Jfig PAITLRD LA ¥ | §F181 Ll OIS, PECQIRSRERE!

even
that is not required to be inspected for the lead floating

amount or determined as the normal component through the
lead floating amount inspection, the electronic component is

20 mounted in the specified position on the board 9, and then,
the processing ends.

Step S79: An electronic component 2, the lead
floating amount of which 1is exceeding the predetermined
reference value, 1is disposed of as an abnormal component,

25 and then the processing ends.
However, the above-mentioned prior art method has

had the issue that the lead floating inspection cannot be



though light is applied in the horizontal direction. Consequently, no
sufficient quantity of light for the detection of the hem j np
el ectrode 120a can be obtained, and this has reduced the r??f@[guﬁ?%%@n
checki ng 20 whet her the hem spherical bunp el ectrode 120a is present or
absent. In recent years, there has been generalized a conponent package of
BGA (Ball Gid Array) as shown in Fig. 49 due to the | arge-scale
integration of 1Cs . In the case 25 of the BGA conponent, whose connection
surface on a printed board becones invisible once the conponent is nounted
on the printed board, the inspection of the hem spherical bunp 23 August
2002 10 el e¥eFpied Prodhemhri @il §eBePsr 82t M@ hidurih gl Waknange edmage

i nportance, Under the present circunstances in which the |IC packages are

conpact ed aRBUEhE Si BIGIHRE BY the Rt Fomet? PhsPedt i Hee t Resitional
hem spheri gal bu el ectrodes 120a i.s 5 i ncrease t he | nportance of
QuanCT At HOEPOLHBR GRE | FGSL o SErI O Cof WG tor? +He | B RAAgREREnt

hem spherical b I de 120a" or " titatiyvel i t h

of |t he | i PRTar: 1] St die DA GorT (i 19050 7 | 19 tabbact tBdover
ith f.1h ti [ t hods_.has, b bl k

onl § Che HAPPPArTOS SUaFURLE SR DFGLCSIRE P INVENTT B THESBHEREnfOE

onl ¥ the g ve evaltatte | o Thespresent "

15Tt 1 o anisoraa oY 1P B R S e "B or ement oned

| ssues and provi de arGOERORRBLe! CEARNIHIIANTELARY Bd FAMANEN: AT S NG

nmet hod capabl e of rationally selecting and executing two-di nensi onal ~ or

t hreedi mengh onahspeei thendle idgitecd £ othof edBcelk681 EOBLRpEABRENSNtE201aé hi gh
speed and with high reliability. Al so, the present invention has the object

of provi di sige@d £EDAPONERAE, I ELOYNILHIRY HEE hadadndt s orheneid sudspaeti ngheret hod
capabl e of totally nmeasuring a plurality of bunp el ectrodes arranged on a
bol® om portamme of £ ain&re et ot rimi ve xpnguoaEnt |, 1 aaokirectrel iddtiddtdyng t he
vol ume or shape of each individual bunp electrode, quantitatively
eval uati ng the anmbunkdaditstmapelyf sohdentionsliyutingotder t23 iAmgpestt 2002
11 bunp el ectrode, executing inspection of the bunp electrodes, or the
connect i ontipordiepsut medike el Vkdedbra pbum iy tde dreiciptenicadbiponent on
a printed board, and inproving the reliability of electronic conponent
assenbl i ng{hemi PRl 1% hPREIERESE) arfil @t H&das pedfs, adEmdfihgifo &
first aspect, of égf resent invention, there |s provided a conponent
r ecogni 21 M HEChokP Fora appt§i Ak 19 RROT A Corftet Gl Foriabis THROTRY | cads
ory§lectrogley 0d,exi 3Rl SPUDt bRdnRUh! 308,80 A SLGH T OpT gsgomment
there has been used, for example, an inspection method by
means of a CCD camera.
This prior art inspection method, as shown in Fig.
44, has required to  Thorizontally throw a flood of
20 illumination to the hemispherical bump electrodes 120a of
the electronic component 120 by means of a CCD camera 100.
The reason is as follows. Even though there is a dropout
hemispherical bump electrode 120a, then it is highly
possible that the electrode or solder constituting part of
25 the hemispherical bump electrode may exist underneath the

dropout hemispherical bump electrode 120a. Therefore, if

light is applied perpendicular to the hemispherical bump



10 and executing positional detection of the connection portions by a

hei ght detecting section on the basis of a reflection IigngAﬁgkfﬂﬁm
connection portions, the nethod conprising: limting a heié%t asur enent
regi on of the height detecting section so that a noise object that exists
15 behind or near the connection portion and reflects the light is excluded
fromthe hei ght neasurenent region of thg reflection Iight to be detected
by the hei ght detecting section, and thereby renoving the noi se object.
According to a second aspect of the present 20 invention, there is provided
a conponent recogni zi ng nmethod according to the first aspect, wherein the
hei ght det etechgodest i 20 aletfacirs the pbHsont ormumfadene sdiarnesfti orhgoddons
by neans of a sem conductor position sensitive device that serves as a

hei ght det esmeor $E€Asothensthecedgichgode art isioldeaspedtl eaft st He ghrte somn
invention, there is provided a conponent recogni zing nmethod according to
the first vheseddsdeasiectd, dnpepaitn hams spdiesd calo P ymugusi e2002d¢2 128%pval
is executed by presetting the height neasurenent region capable of

det ecting hBREARIPESI & GRS TCUfY ddhrdtG o porhe Y apoukoh KBFERt 18

measur enent reference plane within a hei ght neasurabl e region and executing
hei ght 5 d@t@E?PBHtobeghﬁphﬁﬁﬁgé iBHmBoFg?SE§°§ﬁ|§29Pthin t he hei ght

measur enent regi on. épcordin to .fouraSAasgﬁpt of _ the present jnvE tion,
there is provided a €8 rBcdgifl zi Agt e o PRREBHHE nd 2658 TarP o8 of
the first fhrough.third, aspects, 1Q.,wherein the naise renoval is cut ed
by pr eset { PGS ERAERDT GHECHEAGHr SRerttia dtf GHF it 0 SLEREEPRE hePont
positions t ct.l rti . hej, ght n f nce
Dane. w t heneathsiant s meseaanee Tan At A na N AR cia fet

handl i ng h@&g%lcea}@zéé ERAlSIRGIONGS FOgheigRt datg ofyhhey fPNReST i 2B

portion and is | oCated outside the hel ght nmeasurenént region as tnvalid

hej ght dat@h@ﬁCO@ﬁingﬁahﬁﬂgeh@hghmhﬁbanﬁxﬂdﬂﬁlt@@!eaﬁbaaéwrmk&eighé data
| ocated within the height neasurenent region as valid height data according

to the heightigbhérbrsl ablmp tedlctroaed KaecUt WwhldeFght deteciddnrog.t he
connection portions on the basis of the valid height data. According to a
fifth aspe¢tBoEhbhe apr esemniplienviantwlohcht hégeti dspappilded aocapooeghl y
recogni zi ng nmet hod according to any one of the first through fourth
aspects, 2Bembsphert ozl cdywp siedgctdeter nldbag fapiroressi ngughég attatdi ng
to a size of the electronic conponent on the basis of an inmage of the

el ectroni cPevhpomnein et derleommgriwiamin - 23 August 2002 13 the height
measur enent region; roughly detecting a center and an inclination of the
el®2troni ¢ conponent HpyeLahpl REOTAsRdeta WhhSoht bEminat e dpafledy no
processing. area in i.mage of the electronjic conpopent to obtm|1€%rough

posi ti on 5to¥Rthe ]gscttrl&’ﬁ c CBBnpRRentRe ek eGd g poStAisRe of *eR1 WSt he
connect on BELLLOLP LNclfe,! 1308, JLIS Sleslan ¢ smnEIL of, (e beot
component MIGRELSELRAN, PaoH A ARILY 99 Yed DRSS AN S AHIRIET "
ConneCt'OrbcPPHéx‘Pnéf the hemispherical bump electrode 120a, that 1is,
20 the most important portion to be connected by solder to the
printed board. Depending on the state of discoloration due
to the oxidation of the surface of the hemispherical bump
electrode 120a or depending on the state of dent in the
surface of the hemispherical bump electrode 120a, the
25 quantity of 1light reflected on the hemispherical bump
electrode 120a varies. Therefore, the shape of the

hemispherical bump electrode 120a has been allowed to be



According to a sixth aspect of the present invention, there is provided an
el ectroni ¢ conponent nounting nmethod for nounting the elecbégnhﬁm onent
on a 15 board on the basis of positional information of the coffinection
portions of the el ectronic conponent detected by the conponent recognizing
met hod according to any one of the first through fifth aspects. According
to a seventh aspect of the present 20 ingention, there is provided an

el ectroni c conponent nounting nmethod according to the sixth aspect,
conprising: holding the el ectronic conponent by a conponent hol di ng nenber
of a head section; deciding whether or not adjustnment of the height

measur ementeceghdraeds ordgui @eal ahativieny. 25 Thditusis ngithddseilggen only
measur enment regi on when the adjustnent of the height nmeasurenent region is
needed: adpudevAg athelghe of t¥Rlzbhponanelwgitdiong REnPrRsIing baBRs of
t he 23 August 2002 14 hei ght neasurenent region; capturing the height
data of th&tebapefentusts eefi Agdid dyedi thon Fhamicad erpneéeebrpefent
by the hei ght detecting section; and unting the electronic co nent in a
speci fi ed gagﬁti%ﬁ Gn t RSBy F nsSH hth%sc&ﬂﬁ%néﬂP‘h5nggg mber

by rivinglthg head sec Lpn ogbtﬂe basi s E t2§ hei ht.%giitio inéornation
rﬁctﬁgizfgngtFﬁECﬁﬁia &é{e § %P%%%?L? ° ACCST di ?F%t ?i}ﬁ ht h 5§Bgct

O pee, PrERERL NN 00, cORIRihS RhAVLIE SugpUBAnER! Lheoen 2L Pdor
connect i on,popL| 8@5tﬁQaﬁeﬁE§Bh899éa9r bﬁ#gﬁé%@%@?oé@dl gyLst ?8& :ﬂ?g@wt 4ng

surface of an el ectroni ¢ conponent; a et ecting section

executing ﬁg@héieﬂabpd%h%ct&@&péeﬁﬁfus@n@%&»io% RO 14100Sh @R bR PASAS Of

l'ight 15 t Is applied fromthe 1 mnation unit and reflected on the

connect i onpRApt i ONSG LML 2 12Qase I evi REi§eCtd &b 304hef Okohi8htidgaR
nmeasur enent region of the height detecting section so that a noi se object

thap exi stgebebiindaorboearusbe cennentrrRingothé oprasencefbeciissémee loght is
excluded 20 fromthe neasurenent region of the reflection |ight detected by
t he hei ght tHetkehi sghserta bnhuhpheetbytredeyi hyld het nohs ebobi@ctporAcim: di ng
to a ninth aspect of the present invention, there is provided a conponent
recogni zi ngf 2Ehappaeat yxenhccormppogerd 1. ei ght h aspect, wherein the hei ght
detecting section detects the positions of the connection portions by neans
of a seniconductor pdBfreomagereenve fwihgrgustsyophab devitde tFrge
serves as a height detection sensor. According to a tenth aspect of the
present i nyepreokbetheteht sopr bhe dREMASERRPERRht PWBR oS IRF APt

accordin o the eighth or ninth aspect, wherein
fg d Eow, the gport?on that eflects Eght becomes small even

though 1light 1is applied in the horizontal direction.
Consequently, no sufficient quantity of 1light for the
detection of the hemispherical bump electrode 120a can be
obtained, and this has reduced the reliability in checking
20 whether the hemispherical bump electrode 120a is present or

absent.
In recent years, there has been generalized a

component package of BGA (Ball Grid Array) as shown in Fig.
40 due to the large-scale integration of ICs. 1In the case
25 of the BGA component, whose connection surface on a printed
board becomes invisible once the component is mounted on the

printed board, the inspection of the hemispherical bump



5 the noi se renoving section presets a hei ght nmeasurenent region capabl e of
detecting a height positions of the connection portions abogtagubeiapt
measur enent reference plane within a hei ght neasurabl e region and executes
hei ght detection of the connection portions only within the height 10
measur enent region. According to an eleventh aspect of the present
invention, there is provided a conponent 10ecogni zi ng apparatus according to
any one of the eighth through tenth aspects, wherein the noise renoving
section presets the 15 hei ght neasurenent region capable of detecting the
hei ght posilikersogk st he oeonneedd Qit dI0F thofsr @bewé hbanhehﬁhhage@swx@wt
reference plane within the hei ght neasurable region as a height translation
tabl e, handhmesrhiangbt dahdetrhahebelesgatt eitthemberghtesdahawdfichhehe IC
connection portion 20 and is | ocated outside the hei ght neasurenent region
as inval i dphekghtesdata acopediteg Bad Héehdinglor temaes ot ithre tfabictiomarwd es
the height data | ocated within the hei ght neasurenent region as valid

hei ght dat anapeectdnag ttda hehewvighheriaas| abuap t sblectradbexetdbes Ha ght
detection of 25 the connection portions on the basis of the valid height
dat 2 Accof8rugagsda tihd f%fﬁp%g@é@e ot helppserttively pdghset P92 the

i nvention, there is provhged a %ong nent, recogngﬁin appatatuys according to
any one of a8PRENE| gREh FRLBEGh SfevéRfh afFedidualhe PEPFSPREILCEInpPFEPNg: a
processi ng_area_det er.mni,ng. reans _f ot L nin r.ocessi ng_are 5
the basis 8?e5%59§8 & Ot eq%ﬁecﬁﬁéﬂ?étg§%§8n nFV%%%gﬁlgﬁaééu%fsﬁﬁ%g &%

el ect roni ¢fEMPAReRly 1LACt ML ML DL t BEnBCl Al JEAMY CNPRYai COhQN: 8
center and I nclination detecting ans for roughly é%tectlng a center and
an inclinathepegbeline BhReTELN Ge CORPANEAL tAY 82BPEMBAtEBAEEEpRiBANEOW Of
the 10 determ ned processing area in the inmage of the el ectroni c conponent
t 010bt ai N Aethugb pbiatsi obedn t hebké ectbonina keonpaiient ; the conpadtiicaniperti on
position detecting nmeans for detecting the positions of all of the
connect i onepatuabhsenin the i nage of the el ectronic conponent on the basis
of the 15 size of the conponent and the rough position of the electronic

conponent;D@ggLﬁsgﬁgnggttp@Eﬁ@ﬁ@Non center and inclination detecting neans
for detecting the correct position of the el ectronic conponent in the inmage

of the el ectronic compenepiebent titerdiosidd ong Ohaadl ihe wBQucopmecthen
portions. According to a thirteenth aspect of the present invention, there

i's provi dedfapefbREl 608H CconpRbeshaloaht ttgs eppesss us for nounting the
el ectroni c conponent on a board on the basis of positional information of

t h£e525 connection potti ass aof ddjecd ecf ridre coresgoneitvetet swt etb byoive
conponent recogni zi ng apparatus according to any one of the eighth through
twel fth aspeets.aforanenigiere@00Z ssuefccorddichg PEFOFifleur t @ent GomppreRt of
the present invention, there is provided an el ectroni c conponent nounting
appar at us Beeegdi agng ome hROEh e SO CRSHECMOWSHRY dtaidioh FaraPlec?fon
for holding the electronic 5 conponent by, a conponent hol di ng nmenber and
adj usting 5aﬁéP©ﬁilbfs?h%CEb%ﬁoﬁ%ﬁte%%FH%h@gn%%%é?l%%P§H%n%%s?% Pt edie

hei ght neasurenent region; . and ? control, sec%ion for nounting the

ol ect 1 oni cCOUBRBOHEREL | RORLEpRERL| G TE6SHPROR Tofah Hel B 1y SRERPHAE t he

herBnt posTTi Bh T TGTRA TN T Jod By THE HEl ght det ecting section.
According to a fi fteﬁ?é@, aspeet quester}ﬁ: PEESERLion has the object of
providing a component recognizing method and component
inspecting method capable of totally measuring a plurality
of bump electrodes arranged on a bottom portion of an
25 electronic component, correctly detecting the volume or
shape of each individual bump electrode, quantitatively

evaluating the amount or shape of solder constituting the



invention, there is provided a conponent recogni zing nethod enpl oying a

| um nance image capturing neans for obtaining 15 | um nanceyh gstjo2 of a
surface of an el ectronic conponent viewed froma specified direction and a
hei ght image capturing neans for obtaining height i mage data of a surface
of the electronic conmponent viewed froma specified direction, for
executing positional detection of the 20lkl ectronic conponent by

i ndependently sel ectively using twodi mensi onal positional detection by the
| um nance i mage capturing neans and three-di nensional positional detection
by the height i e _capturin ans. ,According t si xteenth aspegt of the
present ZSg?%Qe%f$%BF°$%Er%XgEU +0%i HREPECED oﬂgngh?eéBﬁﬁiEEﬁﬁigﬁgﬁﬁd
according to e fi~teent.h aspect, wherein.th um nance image capturing
reans and Phe e GPTTRISTE AT 1S meanec A g K SR S0t S50 the

i ndependen lecti cor dj 0.a,shape feafure of the
eIectronicé%%%%ﬁﬁgﬂ%.¥§%§8§%$gg%%hE% %gg%%?%e%?ﬁrgép@&&fﬁmqﬁﬁykﬁ%sg%?

i nvention, 4 r oyi o) SO 2] hod 5 according to
t he fif;eeﬁ% f%@%%%&f'ﬁ%é?@%%€%ﬁ§£$dﬁl éﬁge |%%%éhgg%?? ing neans and t he
hei ght i mage capturifg means@se: sidependeidy sehecti yehyrusedsgecosdi ng
to an inspection itemto be executed on the electronic conponent. According
to an ei ghieentdidspest aotirbe Bispaent o0 dHy eivd ht tHdFehi oy omheed a
conmponent recogni zi ng nmethod according to any one of the fifteenth through
sevent eent fis agpeBliBedVnar ebdmpbgeh tiM redieh i IIBGe Gritdocabt abpedappyiide

| um nance i nmage capturing nmeans and the height 1 nage data obtained fromthe
hei ght | magegleaptur icegnearisrargopt Deessetats dve abebdenbircad 1 éddgedes
processi ng nmeans by setting a height coordinate system of the height inmage
data so thmtd aexlisecbhorm dicwedtiod fsonfade efeeatr eliertvompienatmpavertd t he
hei ght image capturing neans becones positive. According to a nineteenth
as}a&ct of amd peweenting i wesitilomalt hedetéctimmovi déd &heonpumremction
recogni zing net hod according to any one of the fifteenth through ei ghteenth
aspects, WRIFEiaRs heYelfechebiie E6¥p6Hene iseiciyt roet ddesdPasbs gf 2
plurality of _ |eads are, projecting fromsides of a body of the conpqgnent and
tips of tHeEiees At efig{lﬁe O hhe e FOTR S5 THORY cPOIAfc{‘?ﬂ%i ngPEo BETRRhti et h

scpect of IS BSSEl WS o E0£ol S HGUIRL 8, ComBDEH IPUILD
t I ti.,0 t . b d d ti, t I i G . t
componerl ALY SSELLEE0L 8P RELS S0l munLng LS oL e camponer
i t Ul NO; f t a3l J ym e .5 ] t f f
| TE9C, P06, WA LEr D U0 LTINS, 4 PORANA R s o

i mage captiy i RGJTRRRS f%ogﬂbt 2hBi Nngehghghtind sBgeAala e ST iPCe t9fe the

el ectroni c conponent viewed froma specified direction in a transport path

of the el ecdf QUG FPOMPOYRAL ;tEXeeUt HRHedPefOL Y | @hal Klei@et | R tfctihg
el ectroni c conponent by the selected one of the |um nance inmage capturing
means and ddut iei,ghind mRge B3P trdiodd ndeahe hvikkanppecting the el ectronic

conponent fromthe conponent s |y sectiaon, ontg the bagard,and_nounting the
el ectroni ¢ conponent %§?5 gboggg Sh tyReond “aspect” © 29 TR,

20 invention, there is provided a component recognizing method
according to the first aspect, wherein the height detecting
section detects the positions of the connection portions by
means of a semiconductor position sensitive device that
serves as a height detection sensor.

25 According to a third aspect of the present
invention, there is provided a component recognizing method

according to the first or second aspect, wherein the noise



15 basis of information obtained through the positional detection.
According to a twenty first aspect of the present inventi OFEBA'H?J'S?ZIBCQ

provi ded a conmponent nounting nmethod according to the tmentlet% aspect,
wherein the positional 20 detection of the electronic conponent is executed
by selecting either the |um nance image capturing nmeans or the height inmage
capturing neans according to a shape featjyre of the el ectronic conponent.
According to a twenty second aspect of the present 25 invention, there is
provi ded a conmponent nounting according to the twentieth aspect, wherein

the positi %ox%%t egL Oé}%é’éuﬁél? %%8%%&?5%9%2%@? h%igﬁ’éecr{x’éfgulbéfment

sel ecting er the August nce i mage capturing neans or

the hei ght JJpge Capigdi 1y MBANS RGERAING 110 Al nslass&'t@angte@cffo 6%

executed on t'he el ectronic conponent. According to a twenty third aspect of

the presentcoprdaRti OBorthehs | SodEeVidleded (6eNPABLshr ERERENI Zd NG diRidiod
conprising: capturing a height inmage of a bottomportion of an electronic

conponent kawineg Wi thlity &l iHed Oft biegs gl aaes d and e iiord iri it t he
conponent as twodi mensi onal ' hei ght i nage data by neans of a hei ght

det écti on tetsernson wi |thobtanmeagi dhepbetjbhsi oage ddtaiaf thhe Hainght

el ectrodes on surfaces parallel to a reference surface (for exanple, a

bot t om sur figgésugemehd &egpoRent) and imaginarily located in a direction
per pendi cular to the reference surface; extracting individual bunp

el ectrodes fromthe PSFIREGRS i keye AdatiPVtdiy dSREAN n@ivoltdifes RieSSRe

tracted i,ndividual | ectrodes. According to a twenty fourth t
of e pr eSBMEARIBA (LS et T € 19501 ol P LB RRbNERE CREL B4R, RS AW hod

e O 0, SRR BTN BV P R B IR 0 £° kA,
10 wherein the noise removal 1is executed by presetting the
height measurement region capable of detecting height
positions of the connection portions about a height
measurement reference plane within a height measurable

region as a height translation table, handling height data

15 that belongs to height data of the connection portion and is
located outside the height measurement region as invalid

height data according to the height translation table,
handling height data located within the height measurement

region as valid height data according to the height

20 translation table, and executing height detection of the

connection portions on the basis of the valid height data.

According to a fifth aspect of the present
invention, there is provided a component recognizing method
according to any one of the first through fourth aspects,

25 the method comprising: determining a processing area
according to a size of the electronic component on the basis

of an image of the electronic component detected only within



conponent is executed within an interval from when the el ectronic conponent
is sucked froma conponent supply section by a nozzle of aa3ghﬁggggmbc
conponent nounting apparatus to when the el ectronic conponent s nounted on
a 25 board. According to a twenty fifth aspect of the present invention,
there is provided a conponent recognizing nethod 23 August 2002 21
according to the twenty third or twenty fgurth aspect, wherein the height
detection sensor captures the twodi mensional hei ght inage data by noving
the el ectronic conponent in a direction perpendicular to a scanning 5
direction of a |laser beam or noving the height detection sensor in the
direction pbepdradighil anegpurewestamedigprdi r eetgbhy ofdettiestiiagera beamtetsi | e
linearly scanning the |aser beamon a straight line. According to a twenty
si xt h aspeéndofnt Haxqridwditors 0o f nFbst iedrgclinesrie | compenentedoy Sompdanat
i nspecting nethod for evaluating the electronic conponent as abnornmal when
t he vol umeiBfidfy aupndPecafodehdetdedesdimed Hereerpoiirht areeogt zthg
nmet hod according to any one of the twenty third through twenty fifth
aspects doéB2@gt of afPewptRFATGRN15 FPBREPEPRI REdOPARGE 8f TPBEBr BRSEtiON
resent invention,_there

A di h f th

or 091 ded- aCE oo EHHE ARt o SRTRART br CRUGRFLRG B4 563°d S B koP foni o
t t i t | uat ed b | by th t i ti 20

et hod accbPal i TECHET whRey "SR hBapblr. HRLET dily choa EhERESRIGhth

aspect of Lhg Df&ReNbn! PHENELAR b&e%%é‘%ﬂyé“%fkﬁy 88%%?%%%% afg Oghle 2! N

nmet hod conprlglng. capturing a ﬁelght I'mage of ‘a bottom-poriion Of an

el ectroni ¢ 6ROREEL £ hayi BY 3l Widlddsbutlc LSRR el dgs: Lok fhdog t om

portion of t conponent as twodi nensi onal hel ght 1 nage data by neanhs of a

hei ght det g6t} 08t SEHSOFi ¥R be @QéaéDEBBréﬁfch@&ﬂ?&néﬂﬁgfndﬁﬁé Shaddreo punp
23 August 2002 22 ‘el ectrodes on surfaces parallel to a reference surface

andoi magi naké| Yel@waicad d N cangionRelti Ofirpar PEnEi G st iohd he fr ehel engge
surfaces extracting individual bunp electrodes fromthe height imge data;
and det ect tognebiapes pdrtiend. extracted i ndi vi dual bunp el ectrodes.

According to a sixth aspect of the present
invention, there is provided an -electronic component
mounting method for mounting the electronic component on a

15 board on the basis of positional information of the
connection portions of the electronic component detected by
the component recognizing method according to any one of the

first through fifth aspects.

According to a seventh aspect of the present

20 invention, there 1s provided an electronic component
mounting method according to the sixth aspect, comprising:

holding the electronic component by a component holding

member of a head section; deciding whether or not adjustment

of the height measurement region 1is required and then,

25 adjusting the height measurement region when the adjustment
of the height measurement region 1is needed; adjusting a

height of the component holding member on the basis of the



According to a twenty ninth aspect of the present invention, there is
provi ded a conponent recognizing nmethod according to the tggg&@ gﬁ&b?h
aspect, wherein the detection of the shapes of the bunp electr ges of the
el ectronic 10 conponent is executed within an interval from when the

el ectroni ¢ conponent is sucked froma conponent supply section by a nozzle
of an el ectroni c conponent nounting apparatus froma conponent supply
section to when the el ectronic conponent is nmounted on a board. 15
According to a thirtieth aspect of the present invention, there is provided
a conponent recogni zi ng nethod according to the twenty eighth or twenty

ni nt h aspelelobheR8pAuEfBERE] RO 108 e GERINISEG Jhe Aptighls daka of the

t wodi mensi onal hei ght inmage data by noving the el ectronic 20 conponent in a
di recti on PEFBERHER blaﬂQP?Q¥%&%wm¥h@ diRETLG IO of 04 | 48 bEARFEFORSE ng
t he height detection sensor in the direction perpendicular to the scanning
direction BPTRRERHSRY Egﬁmhﬂﬁq I9HEFI Y S HRP 4 neRe aBern bERdh 5Rea
straight linpe. 25 According to a thirty first aspect of the present

Tnventi on, SHREFEREE TR DRERE LRrBoRBEE  FhepeRt PhGL ARt AGALRBr DRYERURYI ng
thecelectronic c ent I n the 23, August .2002 .23 shape ef
anysburrp erﬁ %I'?“? Ogg‘p &g}eec?glﬁp@gggﬁggg&#&iﬁerﬁelﬁbbeecrogm’z| dvﬁﬁ*tgho eaCE“S? i ng
to any one n ei t u thirtieth ts f jde a
predeterni%%%téﬂipg»%f£¥gfé%%%g%. Ag§8r2¢%%5f% 5Q%ﬁ$§P§ sgégﬁﬁﬂgé%%gt of
the prese i i t i L ded: qﬂggg&ﬂg nounting net hod for
nount i ng %e%&%%%@%ye%ﬁ%ﬁglgf g%érrpone%%&t at 1s not eval uated as
abnormal by the compgagstqaiAgPecs i Nth MeihpdraceRdichd be tBRet hhfdyehtr st
aspect. 10 According to a thirty third aspect of "'the present invention,
there is pimvérdecbrs, coapepent irsecoghbidgd "ekhoddmoraitl Vi Aecbdrhiihg
connection portions that are | eads or el ectrodes and exist on a nounting
surd ace ofappedtacd r @une ionpanentarand 1&xedukitignposht k ongbr dei®sl ¥ Dig of
the 15 connection portions by a height detecting section on the basis of a
refl ectionligighttd rancoheecbhorcpponipost ithias, artee Irestdwodcaedtsiodes
limting a height neasurenent region of the height detecting section so
that a noidwd objfest ehad BRUBtinpelivadase wdaran el eimetid oremrantéory and
reflects 20 the Ijght is excluded fromthe hei ght neasurenent region of the
reflectiorf|i §BE9hd bLHRATIH byefhéCRei Y deEBEELRENTectROH Dlanpl

t hereby repoving the poi se object, wherein in executing the positional

det ect i on,3&]%RE t?%nEPedéF%E@Fﬁﬁoﬁf39ﬁ¥%9Q§39%nFEecBﬁﬁéﬁeﬁ¢i%?qg&muted
by S el Dol el

i nance THags i T h o TeER it BFl Bo PPimen 2eRe S Rlys SR of T Bur f ace
"ge captiA Ny REaTREoR e Slhod OB 3BAC Y the' BEIEh) Atgcrind'e! O
el ectroni eGP NEnYtewed 1 sm @b?@@ﬁ! fthed dyeGld ofen fNd 8rheight

i mge of a bottom portion of the elecironic conmponent having a plurality of

bunp el ectirdesonme @ b t BL-RABHI AhPf réhteg08PRRRNT] i fhiCapt UgE 18%ed
t wo- di nensi onal hei ght i mage data by neans of a hei ght” detection sensor;

i 2di vi dualf o ht0 nRleoireates aeyio TRk fednddid dreilghhti dRgectais; and
vol unes or shapes of the extracted individual bunp el ectrodes are detected.
by the height detecting section, thereby removing the noise

object.
According to a ninth aspect of the present

invention, there 1is provided a component recognizing
25 apparatus according to the eighth aspect, wherein the height
detecting section detects the positions of the connection

portions by means of a semiconductor position sensitive



BRI EF DESCRI PTI ON OF DRAW NGS These and ot her aspects and features of the
15 present invention will becone clear fromthe follow ng gasGijuet20v2 t aken
in conjunction with the preferred enbodi nents thereof with reférence to the
acconpanyi ng drawi ngs, wherein Fig. 1 is an external view of an electronic
20 conponent mounting apparatus capable of inplenmenting an electronic
conponent recogni zi ng nethod according tpsa first enbodi nent of the present
invention; Fig. 2 is a side view of a height detection sensor to be used
for the electronic conponent recognizing nethod 25 of the first enbodi nent,

viewed in gRvYeaxtBadi 686VEONasFhOned3ght 8etbdeidheentothe hei ght
detection sensor of Flg. 2, viewed inan X-axis direction; 23 August 2002

25 Fig. 4 is an expl agabesynyi ewof @an wiput sigeet feem ahdD gersent n
the first enbodinent; Fig. 5 is an explanatory view showi ng an exanpl e of

t he hei ght ineastiibng nehlked ofid hepkbritiednbedi netwpoekt 9. récogndzing
perspective view of an el ectroni c conponent, for which positional detection
execut ed bgpparhtes- dicrendiiogaltsetisor eaghdhdiong nintheagpect y onherein
conponent recogni zing nethod of the first enbodinment is effective; 10 Fig.
7 19 a vieheorn@lkge aileMey & d es&ctéAnbePneBAL § hed pdsilghdnsmetsthemea&ds of
the el ectroni¢ conponent of Fig. 6 and the positions of projections that

becone noi $8818Rd @RrhHht NeadREENRS ed ofedESr dPR§ittE OnFe BFectPEni c

conponent recog(r:l'tzi n hod of the first,_enmhodi ment; A_and 8B

g et 15 Figs.
are a schefétf PP af PR e (S’fltanéi MyeThy Wés@lrg&%ni Ee%_SHﬁB(ﬁ&t of
Fig. 6 cap 95{?9 By+8: &0 @V%ggm "?rfé%c%u@a d c}etcﬂ]eorpréﬁé.&écﬁ@&?nhgﬂg?ﬁgi‘jga

schematic €xplanatory vie an i mage of the €l ectTonic conponent
6 capt ur edgge&ef dbMdo £ 0rhbe cBhaeihaRhC 33 ta@RRORSNLy NEGaMH Z¢ g ABtHRE Of

the first enbodi nent, respectively; Fig. 9 is a flow chart show ng a
progedure h@isurement region.

According to an eleventh aspect of the present
invention, there 1is ©provided a component recognizing
apparatus according to any one of the eighth through tenth
aspects, wherein the noise removing section presets the

15 height measurement region capable of detecting the height
positions of the connection portions about the height
measurement reference plane within the height measurable
region as a height translation table, handles height data
that belongs to the height data of the connection portion

20 and is located outside the height measurement region as
invalid height data according to the height translation
table, handles the height data located within the height
measurement region as valid height data according to the
height translation table, and executes height detection of

25 the connection portions on the basis of the wvalid height

data.

According to a twelfth aspect of the present



nounting an el ectroni c conponent by using the el ectronic conponent

recogni zi ng nethod of the first enbodinent; 25 Fig. 10 is 323fA|5§’Mst'@62t
showing in detail a procedure for detecting the position of the conmponent
fromheight data in Step S6 of Fig. 9; 23 August 2002 26 Figs. 11A and
11B are a schematic explanatory view showi ng a wi ndow of a processing area
determ ned by the conponent size in the pggsition detecting procedure of

Fig. 10 and a schematic explanatory view showi ng the obtainment 5 of the
rough center and inclination of the conmponent by sanpling the inside of the
processing area, respectively; Figs. 12A and 12B are a schematic

expl anat or yinvieaw ishowi ngreret atte i rpathiigted heacemoapronentt her ¢ caglsi airg
detected by estimating the positions where individual |eads 10 exist,
setting smaEPPagidews aceeirddingy thee 1adads orsanl ng-heae ¢ghitde ofhngiegh

w ndows, by neans_of the rough center and inclination of the conponent, and
conponent SHEYENLRf oRHREFBA/ t rEAMS nidRRST FHUdn SORRIA SeHAtr of FRIQAGDTSING t he
position detecting procedure of Fig. 1Q, and, a schematic 15 expl anatory

vi ew showi /g <&~ RN T &The g‘?ﬁ r et CERKR &PTaRd PEREESTARCoR 6R tHe
con@pnent %ée alculated fromth Posiéﬁong of ,all the Iegds, respectively;
Fig> 13 i s ‘B Ofetst io éxptrfat ¥f y-iF efl SAGRPRICarOBRIRERE 4 &R CdiZHS on
results of the correct center_ and 20 incljination of the _conponent i.n.the
posi tion d8fedins ST EOHh% %?mﬁf?lb?n‘io‘?e{%?a‘ge‘%of‘iy awﬁltg&f% 3?’595%%9% a
conponent Lzl tus f i.npl i t 0 t..r 1Zing
wethod of [ReoPrrople SERELEN 2 SBh ety e R S A st P onel
means of s i u LR aLprog of .t c j Zi ng
appar at Us oF TF o Y 185 kR g S 0RO RN Ohnl IREEIRANR BEPIIL

showi ng a gektkRenexarnmbpHerdt d@}?%hﬁ%l&ﬁageiﬁéi@e hel gt nhbANSS AL itk
section of Fig. 15; Fig. 17 is a view showing a processing area to be 5 an

objiect of HetswhiABdOhrdddsditaNCer8hstiogrene Fnggel®f StRe karitebntike
| um nance histogranlof)the processing area of Fig. 17,
component to obtain a rough portion of the -electronic
component; a connection portion position detecting means for
detecting the positions of all of the connection portions in
the image of the electronic component on the basis of the
15 size of the component -and the rough position of the
electronic component; and a connection portion center and
inclination detecting means for detecting the correct
position of the electronic component in the image of the
electronic component from the ©positions of all the
20 connection portions.

According to a thirteenth aspect of the present
invention, there is provided an electronic component
mounting apparatus for mounting the electronic component on
a board on the basis of positional information of the

25 connection portions of the electronic component detected by

the component recognizing apparatus according to any one of

the eighth through twelfth aspects.



.Fig. 19 is a perspective view showi ng the appearance of a conponent

nmount i ng apparatus to~be used for 10 a conponent recogni zi
according to a third enbodi nent of the present invention; %?éus%ggﬁgza flow

chart show ng an operating procedure of the conmponent recognizing method
and a conponent nounting nethod of the third enbodinent; 15 Fig. 21 is a

bl ock di agram show ng the construction qf; a hei ght image capturing neans of
the third enbodinment; Fig. 22 is a bl ock diagram showi ng the construction
of a lum nance inage capturing nmeans of the 20 third enbodinent; Fig. 23A
is a perspective view of an el ectronic conponent of the third enbodi nent;
Fig. 23B is an expl &#RrYing efosowfagraceuh n@seedtmage ¢het Heredasth roni c
conponent; 25 Fig. 29A is an explanatory view showi ng a height image

coor di nat e-TiEtdof t Hee B¢ ectloniRE R enéNof eliestepnig erpitharant 23

August 2002 26 Fig. 24H is an explanatory view show ng a hei ght ineg; of
the el ect MM IEGhpEmdR-aHYy. arqrdingertshediae Bhioi et n@ e Exanpl e
of the electronic conmponent; 5 Fig. 26 is_an expl anatory view showi ng an
mmge capliIig SSPde o (Had UfSHHER | e dsbdimthg Manse SRAGHIHy o
th% third enmbodi nent. of the present iHvigtion; Fig. 27 s an. ex | anat ory
vi 8w showiSHPRR S ragRY cabt GRS '8 éﬂ%tﬁ%?ﬁg?énﬁpg'o? {H2 1% fance
i mge 10 (Al s;. Fi i I ory. vie how_ng -a ut put
si gnal fr%%ﬁ te?%%ﬁ§%£t885 gﬂeégnéég%gg o&ﬁ%ﬁ%&ié%h c%%%%ﬁgﬁ% %gcgﬁﬁﬁzing

et hod of iyt e%% Fedln Preaeat LnveBhioBy 13Edon29 doy 2

secti onal f a tect1on 'sensor a conponent recogni zi ng

met hod of e tfiour thLemedivrRilic HaponiPh and 3B 3NaW 4 $li® 1lh WH ch

t he hem spherical” bunp el ectrode of an el ectronic conponent is 20 detected

by a hei ghtheseBsard vvs?r enddls A itheaNceXPbABAE O No Vi £ S s t by | nput
and output state of a laser beamto and fromthe hem spherical bunmp

elléct r ode dzoRdaNithe hleadheledtti chersotheahd shis) of3GBd hedyhexX ploziationy Vi ew
showi ng the i mage of the hem spherical bunp el ectrode 25 obtained fromthe
out put si dmndlormeitgon3teicogaizedt bgnahevheivght tibeebeight sdetéohli on sensor

according to the CO?EQQﬁQﬁJﬁfcegnufi@gfteenth. aspect of the present

invention, there is provided a component recognizing method
employing a luminance image capturing means for obtaining
15 luminance image data of a surface of an electronic component
viewed from a specified direction and a height image
capturing means for obtaining height image data of a surface
of the electronic component viewed from a specified
direction, for executing positional detection of the
20 electronic component by independently selectively using two-
dimensional positional detection by the luminance image
capturing means and three-dimensional positional detection

by the height image capturing means.
According to a sixteenth aspect of the present
25 invention, there is provided a component recognizing method
according to the fifteenth aspect, wherein the Iluminance

image capturing means and the height image capturing means



23 August 2002 29 nethod of the fourth enbodiment; Fig. 32 is an

expl anatory view showi ng an exanpl e of a hei ght neasuring Rt s®o

hem spheri cal bunp el ectrode according to the conponent recogni¥Zi ng net hod
of 5 the fourth enbodinent; Fig. 33 is a bl ock diagram show ng the internal
construction of a main control section of an el ectronic conmponent nounting
apparatus to be used for the conmponent regogni zing nmethod of the fourth
enbodi ment; 10 Fig. 34 is a flow chart showi ng a conponent nounti ng
procedure; Fig. 35 is a flow chart showi ng a position detecting procedure

of the hem e ec e o] ei ght
15 Figs. 36%&D3GE%@gﬁgH§gE$greé%ggeggg?%gy153235 (ﬁgém) heQboglt?%

detecting praedy @ fOft Hehe 1RRHSRRY IcGp e . electrodes of the electronic
conponent; Fig. 37 is an expl anatory V|eM/shomnng a hei ght measur enent
region of the el ectr e mhimpnedt 3 2eWwrgeerdfA aofeS8Boshaen yod suvet
detecting procedure of the hem spherical bunp el ectrode of the electronic
conponent, imvendiling. t38Ad sis tsrévbdetant coapdnEndg. r38Mgrsi zam e xpdtanad or y
vi ew of volume detection of the hem spherical bunp el ectrode of the

el edironi c oot by 231&re£ﬁ1§téﬁnttﬁe aepedl, dethesteion sbhascrumifiagsce 39A
and 39B show a shape eval uating procedure of the hem spherical bunp

el ectrode dfadie capzcaeraghsmemﬁzaed éqbeectwrﬁrét colpefeFEP LHFENS MSRENBIA

isits flowhart, nd Fi 9B i s | anat ory vi ew of shape eval uation
of the hem3§ﬁher?e Fp%ﬁﬂ%nEfﬁctr% %%yeléf%¥%nlécESEﬁéﬁgnt v neédhs of
t he hei ght de |on @030 S rs ctlve vi ew of an
electronlclgg onen gaV|nébag6Iu%§ F%ed Pnhgﬁlsgﬁ FFE&PlEUﬁSmEPQSPFOdeS

According to an eighteenth aspect of the present
10 invention, there is provided a component recognizing method
according to any one of the fifteenth through seventeenth
aspects, wherein the luminance image data obtained from the
luminance image capturing means and the height image data
obtained from the height image capturing means are processed
15 by an identical image processing means by setting a height
coordinate system of tﬁe height image data so that a
direction directed from the electronic component toward the

height image capturing means becomes positive.
According to a nineteenth aspect of the present
20 invention, there is provided a component recognizing method
according to any one of the fifteenth through eighteenth
aspects, wherein the electronic component is constructed so
that a plurality of leads are projecting from sides of a
body of the component and tips of the leads are to be

25 mounted on a board.

According to a twentieth aspect of the present

invention, there is provided a component mounting method for



Fig. 41 is a perspective view of an electronic conponent nounting apparatus
to be used for the prior art 10 conponent recognizing method;a fdgodhd IS a
sectional view of a height sensor nounted on the electronic coﬁ%onen
nounting apparatus to be used for the prior art conponent recogni zing
method; Fig. 43 is a flow chart show ng an operating 15 procedure of the
prior art conponent recognizing nethod an@ conponent nounting nethod; Fig.
44 is an explanatory view showi ng the prior art nethod for detecting the
hem spheri cal bunp el ectrode of an el ectronic conponent; 20 Fig. 45A is an
expl anatory view showi ng the input and output state of light to and from

t he heni spHé@ENERCHEMY eNe @lresde AlHeéh qampnens dsn e FIRAREICCFERIPkY a t o
the hemi spherical bunmp el ectrode of the el ectronic conponent accordlng to
the prior &CHESFHATM ?e@@éﬁﬁm4ﬁ9rﬁﬁmﬁ%ﬂnQSth?gel@E?ﬁQ?%91QQ@QQR&R ry
V|em15homnn an |na e of he hem spherical bunp el ectrode obtained t ugh
t he detect % ga }‘?Ijolﬁioénprﬁl&qgs ér?:'@@ﬁ:lla’r%tedr SA éWesrﬂfan

t he i nput and out put state of ight to and fro F m,spheri caI

el ectrode &f ﬁ%ﬁ??oﬁ?@gfoﬁﬁﬁkﬁﬁl%%eﬁe?ﬂéI%?ﬁn ﬁaé pPPed qg by a
CCD t t net
4685?2ngaaé§%lang%ory €|e€f5ﬁbmﬁngaan | ggggnggﬁgﬁﬁéo gg%égggalqéé%EJq

el ectrode obigl ned Lyauohd hadeteshion Kl g AIAchs A EXp! BRI o

showi ng the inpu sta e of Tigh

appr oxi mat %e&n%e@&phfﬁtgfﬁl&%”ﬂeﬁ figt rl‘i’ﬂ%ﬁ; Pl a2 eLeCLT oL Cr é’éTPBQE
having an approximately flat portion in e bottom portion en t |ght
i's appliedchiBetebdiby RnpeRen@Mef i@ Of iM% specified direction in a

transport path of the electronic component; executing
10 positional detection of the electronic component by the
selected one of the luminance image capturing means and the
height image capturing means in transporting the electronic
component from the component supply section onto the board;
and mounting the electronic component on the board on the
15 basis of information obtained through the positional

detection.
According to a twenty first aspect of the present

invention, there 1is provided a component mounting method
according to the twentieth aspect, wherein the positional
20 detection of the electronic component is executed by
selecting either the luminance image capturing means or the
height image capturing means according to a shape feature of

the electronic component.

According to a twenty second aspect of the present
25 invention, there is provided a component mounting according
to the twentieth aspect, wherein the positional detection of

the electronic component is executed by selecting either the



to the prior art conponent recognizing nethod; and 15 Fig. 47B is an

expl anatory view showi ng an i mage of the approximately henpsphgusteab2bunp
el ectrode having the approximtely flat portion in the bottom portion
obt ai ned through the detection. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON 20
Before the description of the present invention proceeds, it is to be noted
that like parts are designated by |like r&ference nuneral s throughout the
acconpanyi ng drawi ngs. Enbodi ments of the present invention will be 25
described in detail below with reference to the drawi ngs. A conponent
recognizing met hod according to a first enbodi nent of the gresent,invention

limts a hePBhRaNCce3 ANGES: FGELW2Nfeadlf@h®nt Ofeqitdit capabfBlof 1H& Sy
detected by a height detection sepsor so that qnly the connection poctions
are det ect EBPERELBY hehe3T séaciftﬁ’é&@ ar® nét® d LR or&&m t &%oPfect | y
obtain the gosi%ignal {nfor t%gn of the 5 connection portions such as the
| eads or ePFBEEFBEEsORXTAE | Tt O O HotR MY Sur f ace of the el ectronic

t. That is, i the first i t.. wWh h i.red
reacur enent 1 ogi on 1 SRCRERGNE H6t BctPEh ol THE Lot O phPEs BRESELT
ur errent _ I det ot e B
Cr arslat ent PEh s 1T 20 SaP S ThSt 15 TP T aabon Soc Ae Py BEE R ght

data by TeghgpPlstndel dhbehi 80s! 8t heRohRDlfaR &6l AU apb BRUbA! B

stage. Spe , for exanplre, this ne is applied to ? e case where

an obj ect phat heeeNBsid NAigipdrfertiCl HEGINEN & 15phakaht +ffreasdy enBikp
regi on expressed by eight bits. It is preferable to previously calculate a

hei ght posikiéeprs@atiion angdtudrd pbethehghdf neasuresmpdndegi &s Fwg- 1 is
a schematic view of the whol e body of an el ectronic conmponent nounting
appar at us gimynsbshal theight image data by means of a height detection
10 sensor while obtaining the height image data of the bump
electrodes on surfaces parallel to a reference surface (for
example, a bottom surface of the component) and imaginarily
located in a direction perpendicular to the reference
surface; extracting individual bump electrodes from the
15 height image data; and detecting volumes of the extracted
individual bump electrodes.

According to a twenty fourth aspect of the present
invention, there is provided a component recognizing method
according to the twenty third aspect, wherein the detection

20 of the volumes of the bump electrodes of the electronic
component 1is executed within an interval from when the
electronic component is sucked from a component supply
section by a nozzle of an electronic component mounting
apparatus to when the electronic component is mounted on a

25 board.

According to a twenty fifth aspect of the present

invention, there is provided a component recognizing method



20 conponent recogni zi ng apparatus capabl e of inplenenting the conponent
recogni zi ng nethod of the first enbodi nent of the present b@%ﬁ@ﬁ&(&boz
showing a state in which a head section 7 that has sucked an electronic
conponent 2 as an exanple of the object by a nozzle 7a, which corresponds
to one exanple 25 oT a conmponent hol di ng nenber, obtains height data of the
el ectroni c conponent 2 while noving withygons~ant velocity in an ~-axis

di rection above a hei ght detection sensor 8 of 23 August 2002 33 a hei ght
detecting section 602 for detecting the heights of the connection portions
such as | eads 2a or el ectrodes extracting en the nounting surface of the

el ectroni cacoapOhegt 20 Tet itwenity Fthsrdl and twerre dtowrtla %speatt,i ng
apparatus main body 1 of the electronic conponent nounting apparatus, an

el ect roni cwbenpbnenth¢abbe éghtt edetechionnpsseavrhecephiateesr) thet o tho-
mount ed by the present apparatus, a tray 3 on which the conponents 2 are

pl aced, a EifB§NSLPPRY JiThh 4nmamge <HtAes s addmsondhe sepgicfrepic
section for automatically supplying one of the conponents 2 placed on the
tray 3, theoReadeRkctiBn ? t@r%@t@%&@ﬁa? bYOt he nSEEPBIPG in
t he nnuntiagﬁsta e and thereafter vertically noves a nozzle el evation shaft

> St nG#zI2 FAS6Y MSAR 6F ISEIRDnblSr HRATRE €5T6FEPRal Iy

f or “suppor
nmovi ng the _nozzl e el evati on_ shaf t hereb unting the sucked conponent 2
T el gty i o Bhpor ol et i e et B PP, T ERES s eoHRRED 2
robot herej t es, the head _section 7,1n t X-axi s .direction
and constiétjg?éést’e%%rﬁt%%; gﬁgX-Jf?% o%%,w%‘%ggt slllztbe%]éhf%n(fc)ékm&ﬁ{gt hghl? axi s
i d bb i Y- axi i naf t t hat t he head ti
S he s el o A et the Xy robot 600 with the

X-axis robot 5, and g-tbhreendi EBNai enAn(ARDLaY atgek 410 c?P_'ﬁ?éei:PéEéﬁE]Z

sensor 8 that serves as an eXanple of thé 25 height detection sensor t he
height detegetémgigect tREr803 sofprhdgiddd an@doe@iRinenes idwprdei iy hE8BHEdOf

t he conponent 2. The reference nuneral 9 denotes the printed board to be
for evaluating the electronic component as abnormal when the
volume of any bump electrode detected by the component
recognizing method according to any one of the twenty third
through twenty fifth aspects does not fall within a

15 predetermined range of reference.
| According to a twenty seventh aspect of the
present invention, there is provided a component mounting
method for mounting on a board an electronic component that
is not evaluated as abnormal by the component inspecting
20 method according to the twenty sixth aspect.

According to a twenty eighth aspect of the present
invention, there is provided a component recognizing method
comprising: capturing a height image of a bottom portion of
an electronic component having a plurality of bump

25 electrodes in a bottom portion of the component as two-
dimensional height image data by means of a height detection

sensor while obtaining the height image data of the bump



23 August 2002 34 nounted with the conmponent 2. When one of the conponents
2 placed on the tray 3 is sucked by the head section 7 and t he
X-axi s robot 5 above the 3D sensor 8, the 3D (height) inagéﬁ%¥ﬁgﬁgb§ﬁg
conponent 2 is captured by the 3D sensor 8. The (height) inage obtained by
the 3D sensor 8 is subj ected to software processing to inspect the heights
(positions) of the leads or the |ike of bhe conponent 2, and the conponent
2 is nounted in' a specified position on the printed board 9 10 according
to positioning information. IJext, the construction and operation of the 3D
sensor 8, based on the principle of operation of triangulation, will be
descri bed ialatdtraideshedrowsuffgceg psraldehermt ixc véberéseet sondkcei and of
the 15 3D sensor 8 viewed in the Y-axis direction, show ng an arrangenent
in which tvmagyisieeris Yof leeatedndirt ¢r BdgectoanSepeipéenadl @etact dres the
(abbreviated to PSDs hereinafter) 17a and 17b that serve as a detection
devi ce of tuefegBngensérrgagee pestrdeding gindivigdualsclhame | ¢leicdwodes
(sectional view) 20 of the 3D sensor 8 viewed in the X-axis direction,

showi ng a dtt&fe thewdicdiwhy | aBepebctihant apd fateitineceherag deli &&e19

every tinme the reflecting.surface of olygon mrror 12 for reflecting the
Iasé¥ bean@§ﬁ£ﬁ§§§g &Bﬁ%gﬁgéﬁél%u@Bn@iSEFﬁégﬁspolygon surface origin signal

7 the sucked compondfCerSiThER conduvt or TANeT AGPRGH Enbhat PRGSERE
| aser beanﬁn%ehkggk,c%wé?gingﬁ?g%sﬁggﬂggcomponent recognizing method
according to the twenty eighth aspect, wherein the detection
of the shapes of the bump electrodes of the electronic

10 component is executed within an interval from when the
electronic component is sucked from a component supply
section by a nozzle of an electronic component mounting
apparatus from a component supply section to when the
electronic component is mounted on a board.

15 According to a thirtieth aspect of the present
invention, there is provided a component recognizing method
according to the twenty eighth or twenty ninth aspect,
wherein the height detection sensor captures the two-
dimensional height image data by moving the electronic

20 component in a direction perpendicular to a scanning
direction of a laser beam or moving the height detection
sensor in the direction perpendicular to the scanning
direction of the laser beam while linearly scanning the
laser beam on a straight line.

25 According to a thirty first aspect of the present
invention, there is provided a component inspecting method

for evaluating the electronic component as abnormal when the



23 August 2002 35 lens 11 for collecting and shaping this | aser beam the
polygon mrror 12 for scanning the |aser beam i npi ngi ng Onzme@uE?ider
surface by mechanical rotation, a half mrror 13 for partially transmtting
and partially reflecting the 5 | aser beam and a mrror 19 for reflecting
light. There are further shown an FA |l ens 15 that changes the optical path
so that the |aser beam nechanically swingiby the polygon mrror 12 is
applied perpendicularly to the conmponent S that is the subject, focusing

| enses 16a and 16b 10 that focus the reflection light (scattered |light) of
the | aser beam i npi ngi ng on the conponent 2, and PSDs 17a and 17b that
serve as a ympd | @f dehect bngpdevileetondehi dhteéhtedefbygcttba | cghpsnehtt he
| aser beans inpinging on the conponent 2 are focused via the focusing

| enses 16a mubgrélzing aedhedk kdeorsiad drectannh dre gensrat fwentn eiebthic
signal correlated with the gositi on of the focused |ight. The reference
nuneral s 18hrovghl 8thdetsdeshousppectegnifslef elbshRSDs d7apaedetigbninadt hi s
case, the laser beamemtted fromthe 20 sem conductor |aser 10 has its
beam shape Sféideefeded®d esisgped by the |ight collecting and shaping |ens
11. Thereafter, the | aser beamis transmtted through the half mrror 13
and Then reflected ofdIRERNT &° B9 thd Gtipisesersh aghe Golfgdih i Present.
The polygon mrrqr 12 is rotating 25 wth constant velocity, so.that_the

| aser beam THSIGRg GReERe 1M FFOYLSGH & ST MRS M e o5eF
beam whose optical path_is._changed by.the F9.lens 15 is apphkied , 23 gust
2002 36 poP LI 2oty % 0P PRE e dboRaRE L50mARd RIS oarion oMot

ol oot e, B, SATEReRl Ryl oEyTed o1 B ESRE 1055000 HE Yt
SLTELY, BRIl eaPRie Lo TRsgutlaiplbe el ON of the | ase

10 According tec a thirty third aspect of the present

invention, there is provided a component recognizing method

for applying light to connection portions that are leads or

electrodes and exist on a mounting surface of an electronic

component and executing ©positional detection of the

15 conne&tion portions by a height detecting section on the

basis of a reflection light from the connection portions,

the method comprising: limiting a height measurement region

of the height detecting section so that a noise object that

exists behind or near the connection portion and reflects

20 the light is excluded from the height measurement region of

the reflectioﬂ light to be detected by the height detecting

section, and thereby removing the noise object, wherein in

executing the positional detection, the positional detection

of the electronic component is executed independently

25 selectively using two-dimensional positional detection by a

luminance 1image <capturing means and three-dimensional

positional detection by a height image capturing means, the



In this case, the laser beamis reflected on the polygon mrror 12 and
thereafter applied to the conponent 2 that is the object. F89ayhast@ookeamis
applied consistently 10 perpendicularly to the conponent 2 that is the
object by the F8 lens 15 constructed of three el enents existing between the
polygon mrror 12 and the conponent 2. The reference nuneral 19 denotes a

| i ght-receiving device (photosensor) fob sensing the input of |ight

thereto, 15 while the reference nuneral fb denotes a signal for informng
the outside of the input of light into the photosensor 19. This signal
changes when each mrror surface of the polygon mrror 12 cones into a
speci fi ed angirsnodhi chaige tdepiswr rad | edaasi gibtsigned (anihaneeoringiqy 20
of each surface of the polygon mrror 12. Further, in the case of a polygon
mrror 12 detvd ngf &osueface ef 18n setlestranst gnahposetd béeaatipdtrioad &8
times per rotation every time the mrror surfaces rotate at regular

i nterval s sfecnfied (dtiranfliesn oin@0 tdegrkeesohn timageaseaptuifngi dessins Thi s
is 25 called the rotation anount signal of the polygon mrror 12. The 3D
sensor 8 oibtdHaimig shekgbbdinaae kasat W syssenrtaot PSDtHEr AUiachrorhics
arrangenent is provided 23 August 2002 37 principally for_conpensating
for>no reteApPTenthevievedctirem |13 gipecdiind PImechivar neest andied ghthi ch
possi bly occurs in the case where the | aser beamis applied to the

conmponent IR dHe B RAUEAT PIPIFYKRE Ghe i&l e dmiife SRR et iV 5 t o
ide th , technically. havi th i , d
ccor di ngldy PHESEITEY 1 85 WTE bl o7 GRAGRRY B Fhedicers 11 F1 1 0 S7 ens.
Ref ill h inb de t | f. t.hod for. i th
o068 e e o 0 A o, B e ot g

f ti i copdugt ar..nesit i it ' P 17 d 17b,
o orcrent L ADeRe3fE COECLE! Ol R LABSeRSit| ey LRSI Teugpt,

r efeerence él%d%r%de%t LPe Fidet Yot EASRT t%%a@%i@atigné%@nn&yté,wwdhe 15

FA lens 15 in the direction (Y-axis direction erpendicular to the sheet

pl ane wherg iR i gbiFe ishahean @nd apBl i adittrxadthy boi A @ Said RCepinpt he
conponent 2 is irregularly reflected on the bottom surface of the conponent
2. In thi £1case 0SS @Hangidthaiteldhe projected point is a point Al at a 20
hei ght 0 onponent 2 and a point Bl at a

hei ght H %ﬁgﬁﬂfﬂgﬂ%%ﬁﬁ%ﬁﬁéiﬁﬁ c@gA@ﬂgﬁgthe irregularly reflected | aser
beans are collected by the focusing | ens 16a and each focused on a point AZ
and a point B~ on tH&hewmn cobuctitdreposispestsseasdt | featlovese ¢7a. tRB
Consequently, an electronotive force is generated at the point A~ and the
pdint Bz, KEeemdt 4DVEBHELSON 1WAARY | beepmet MidgRrutirem athsi nfotlandng

currents I3 and |'S are taken oyt . . ,
description taken 1n conjunction with the preferred

embodiments thereof with reference to the accompanying
drawings, wherein
Fig. 1 1is an external view of an electronic
20 component mounting apparatus capable of implementing an
electronic component recognizing method according to a first
embodiment of the present invention;
Fig. 2 is a side view of a height detection sensor
to be used for the electronic component recognizing method
25 of the first embodiment, viewed in an Y-axis direction;
Fig. 3 1is a side view of the height detection

sensor of Fig. 2, viewed in an X-axis direction:;



23 August 2002 38 of a point D. The currents 11 and |3 depend on resistance
conponents proportional to a distance xA between the point 28Augnst 2002 poi nt
C and a distance between the point AZ and the point D, while the currents

| Z and |~ depend on resistance 5 conponents proportional to a distance xH
between the point Bz and the point C and a distance between the point B~
and the point D. Therefore, assum ng thagsthe | ength of the sem conduct or
position sensitive device 17a is L, then xA and xHin Fig. 5 are determ ned
according to the followi ng 10 expression. xA = LI,/ (11 + 13) xH= LIS (I~
+ 19) Therefore, a distance H between the point A2 and the point Bz on the
seni conduct or positi di%erfsi§ v@Rde¥PeBRERarynVERY. ofsas jostgeite Sigted by
the foll ow?ng expression. H1 - XA - XH Ba eg,on t he t hus-obtai ned hei ght

H on the PSBM ehélafEreREntfond® ﬁéF&ﬁteW%P 18&r&r mi ned. A nechani sm for
capturing a 3D image i.n the 20 el ectrani c conponent recogni zi ng appar.at us

of the first enbodi nertd wiT | *Be et Vi §'h FPROGIRACERN: SXERLiey.
Fig. 4 i | t i f th t,put. si l, t 3D 8 of
The of ebtr o SO RRLETY nbaSlinihal REcBEP B od02izat’ SbLRTERREA oo ) )
Fig. 4 25 h t Lt 2 - i , t , X i
55 ¢ 25 are shown th coparent, 2, De.dearis Jalpt 8 L Jiged el on'
si gnal (rotc%;ngg)plf‘%@un%o i 9n@d dn, 2 osit%%ré‘igu%t%ggﬁgr?g. - od %ngSS| ng

control sectl a reference position sensor Informng the I mge

processi ng +oRkLLElingRsibAB121 9éndbe I IRIBRERPOSEL ORHOr eaRLYLRY Ct he
3D image on the X-axis robot 5, a reference position signal 23 for 5

i nform ng thepbrade PreEsssi Pon§odtlosedi 0andl pirdthe pasdineraf the
head section ? at the side of t%ls ref erence position sensor 22, a
servonot or e24ck@rvaBPVi Ng the X-axis robot 5, an encoder 244 of the
servonotor 24, a servo controller 601 for controlling the servonotor 24,
andoan 10 encoder sigrdal. 25 iguigputitead fororxlaieiagdar redatibn begween
the positions of the leads of the electronic component of
Fig. 6 and the positions of projections that become noises
and a height measurement region according to the electronic
component recognizing method of the first embodiment;
15 Figs. 8A and 8B are a schematic explanatory view
of an image of the electronic component of Fig. 6 captured
by a CCD camera according to the prior art technique and a
schematic explanatory view of an image of the electronic
component of Fig. 6 captured according to the electronic
20 component recognizing method of the first embodiment,
respectively;

Fig. 9 is a flow chart showing a procedure for
mounting an electronic component by using the electronic
component recognizing method of the first embodiment;

25 Fig. 10 is a flow chart showing in detail a

procedure for detecting the position cf the component from

height data in Step S6 of Fig. 9;



14, the reference nuneral 200 denotes the main control section of the

el ectroni c conponent recognizing apparatus. Each of the Y-2xAagusil2008 6a
and 6b basically has a construction, simlar to that of the X-axis robot 5,
15 wherein a servonotor for driving the Y-axis robots is driven to nove the
X-axis robot 5 instead of the head section 7, and the operation of this
servonotor is controlled by the servo copgroller 601. As is well known,
when turning the nozzle 7a of the head section 7 in a 8-direction around
its 20 center axis, the operation of a 8-direction rotation use servonotor

is also controlled b%,the servo controller 601, As is well known, when
vertically noving a Reg8leléPedati dhBsRaFt 2f §FPSTRPOFt BHELBRETREYZ VS f or

t he purpose of  adjusting .the height of the nozzle 7a . of the head section 7,
05 the bpef BOVHIG oft a IEHPRCAE iy HENESTSH G s PTGt PO Eod) G Ere

controll ed by the servo cantraller 60l. Wen the.component,?2 picked.up from
the tray 3°PEPONSRL AG4EE: P00 %0PREY HOBn%Fﬁgci}&%:§§9ﬁﬁﬂu - ¢ egéﬁgoder

. | - - d H " | f , _ -

caui val ant 21 o20H @ AT TR PHEOG AF8Eds SN CHRUHRIS SeRt | BR 2T BAL 1t o
qui val ent’ fBGE"Br BEessT iy (ol _

br c2easi ng Lot ol FSAE: GrE ST anBRCt P SRl 5 Toaeies SR G801
rodes: N , onetit £

ol at fve (o TRE bl Erenie oti 11 o P R X ] ST ool Socar B £l cul at ed

by the image processgRgsConpfobn8etbiofrdlalfchbhbic Dot Bxpnenatepgl §iefn the
ot her hand, the anount "of rotation of the polygon mrror 12 | ocated inside

the 3D senggywthd S £0B%EEENIhY WHMED ahe heepokygorosurdrace 1@dgI Nagegnal
(rotation amobunt signal) 20 to the image processing control 15 section 21
whi | e thi sdésedtdditbigesantlathaganbentposfi trienat ivirerad imeiwodiygbnleadsor 12
after the passing of the mrror 12 through the reference position can be
caleul at edestim t hetpdhygemadur fvaledors ginclugdinag 20eanikddw reimpbing
position signal 23. 20 In this case, the anount of rotation of the pol ygon
mrror 12 theriaskdei of ptbpowthndawse bysmeansciotly, thendraugh seemtahi agdcan
be said for the anount of novenent of the X-axis robot 5. On the other

hand, in thecBDaemyor ®bf the fi comperpeddinentndi t FemppeebposedaPhat
the polygon 25 mrror 12 rotates and the X-axis robot_5 linearly nobves when
capt uri ng YHESB iR etraRshi tFeR E6RTE &nt™IE} 0EPRFYO1 1 SERELETC oI HiBns

are disor dered,, then the tesol Wion (RIXel p29 AYgUt, 2002

schematic

15 explanatory view showing a 'state in which the correct center
and inclination of the component are calculated from the
positions of all the leads, respectively;

Fig. 13 is a schematic explanatory view showing an
example of calculation results of the correct center and

20 inclination of the component in the position detecting
procedure of Fig. 10;

Fig. 14 1is a block diagram of a component
recognizing apparatus for implementing the component
recognizing method of the first embodiment:;

25 Fig. 15 is a block diagram of functional means of

software included in a program memory of the component

recognizing apparatus of Fig. 14;



41 size) per pixel in the horizontal and vertical directions of the 3D
image to be captured is to vary according to the fluctuati @g Augustedonei ty.
This is an error factor in terns of measurenent accuracy. Therefore, in the
el ectronic 5 conponent recogni zi ng apparatus of the first enbodi nent, the
3D image is captured into an image nenory (see Figs. 14 and 21) |ocated
inside the image processing control secthbgn 21 by the 3D sensor 8 having
t he af orementioned construction. Further, in order to watch and control the
consi stency of 10 the operation of the polygon mrror 12 that is rotating
basically with constant velocity with the operation of the head section 7
driven by a notor suc¢higas 1heiseravogmdmh 24, at healpld yghowsngf acesertinag
signal (rotation anmount signal) 20 of the polygon mrror 12 and the encoder
si gnal 25 eikambéelbfnet detacd lvsed.an@ey.ofb a died gigr dpeats hat i vg &ft iaan
el ectroni c conponent, for which the positional detection executed by the
t hr ee- di neréi 6agl. $8&nsor 8 according to the el ectronic conponent
recogni zing method of the first enbodinment is 20 effective. This electronic
conponent 2 has four Fi€add Rd HradvyHed shovked| af PrRgRESINde 2dRE ff6UPS eads
2a provided on_the right-hand side, which are projecting sideways fromits
body 2p asaﬁeﬁpjéﬁﬁnﬁgré?rmﬁtﬂépnﬁfoﬁ UPBLRANGReWl SLREFEMAr e si deways
proj ecting projections 2c between the %%rs nd ﬁS second heads 2a_and
between the second aRd9hi¥l teads 94PN dhi e JEMLIRBRGSt R SFEGF e s 2a
| ocat ed ontéhe right-hand si de agd a hznge projection 2b is sideways
proj ect i ng "B60PECCE 58I AHBEE2882F49 t hé hi ndnost | ead 2a in a vertically
over | appi ng nanner. '{.hlgs ki1 o{sel gctr%ry' G nen&iéﬂcthQQiBSnSit‘?ﬁr ed
as a speci al conponen% that"1s very sc rcéiy nmounted Th the

appearance of a component mounting apparatus to be used for

i0 a component recognizing method according to a third
embodiment of the present invention;

Fig. 20 is a flow chart showing an operating
procedure of the component recognizing method and a
component mounting method of the third embodiment;

15 Fig. 21 is a block diagram showing the
construction of a height image capturing means of the third
embodiment;

Fig. 22 is a block diagram showing the
construction of a luminance image capturing means of the

20 third embodiment;

Fig. 23A is a perspective view of an electronic
component of the third embodiment;

Fig. 23B 1is an explanatory view showing a
luminance image of the electronic component;

25 Fig. 24A is an explanatory view showing a height
image coordinate system of the electronic component of the

third embodiment;



general el ectronic conponent assenbling processes. However, 5 if such an

el ectroni c conponent 2 nust be nounted, then there is arispngugwieeon about
how fast the nounting can be achi eved. For exanple, with regard to a board
for use in a product having a short |ife of about three to six nonths, as
represented by a portable tel ephone or a personal conputer, 10 it is
generally not permtted to consune tinme s@re than one week in coping with

t he special conmponent, for exanple, by newy form ng an i mage processing
program and using the same. Accordingly, it is currently required to
correctly detect the position of the | eads 2a of even the conponent 2 shown
15 in Fig. 6. Fig. 7Fi9.a2fBews o eRPPARRARGT H Valeat iBiPvbigtadweenhepght
positions of the |l eads 2a and the positions of the projections 2b and 2c
that becoméMAgPses bRethbeetERRIONFARORPOhent 2 shown in Fig. 6 and the
hei ght neasurenment 20 regiaon according to the el ectronic conponent
recogni zi ng met hod oFlghez%I%ﬁ BnBBEFRBARELIVEhVL o (O Bbb i Prefit 2B t he
8-bit inmage p£oce3fin§, and therefore, 256 nuneric values ranging fromO up
to 255 can®betRandt 8t E  Hei PR L’ According to the first enbodi ment,

t he_.reference 25 pIaEe ofé%pi ht _neasur.enent , beam di_anet er of

where th
5 T8z 885 (Rl 36 108 ¥ hi* Pds Fﬁ%’ﬁngf Fhe'HafEric

the~l aser beamis m

val ue of 128uciPIaghe ake ofs COMCNIENGEanTRl | (flaoe23cAH0H1 12007 4R I o

nuneric va he Tref é&rence, the ordinate axi's is

taken in tQ!‘:‘cé{P&{ﬁga&o déﬂﬁgﬁﬂﬂhfém&j]%ﬁ%”&% &%Zeﬁss%?{ %ﬁ%%‘%ﬁ?”sor

8. Then there are given t numeri ¢ values of up t 5 ranging fromthe

hureric 5 value of Opihat 2mepl£Sent exiphendRRe, O e Ndn¥lidnkh@nnuiRELE
val ue of 128 that represents the reference plane of hei ght neasurenent to

the nurf?riéa%@ﬂ:#ﬂ}@f s28bet Rt fPrIRSENERatbeel QT RS 187d nahler ebiage
expressing the hei ght neasurable region by the positions of 256 nuneric

valoes rangapguf gtk to 255, with the hei ght nmeasurenent center
position represented by 128. The values of 0 and 255 are used as hei ght
data for expressing BigerR8r ishan "degp Dintatdata v$ewoshoetinegctany abtmnned”
or the like. It is to be noted that the height neasurable region and its
center possigmal offrde 3D IeisEnsordefrectplysi cnsonetaranmbidiglegandiag on
t he optical systemdesign of the 3D sensor. In general, when recaognizing an
el ect r oni cComRRRRIEht TeEP@n boihd i BALRGD 1t e Bewekh| embedimenghefi sthe
performed so that the nounting surface of the electronic conponent cones
into the NRTYPRNDOTHEL U Eent center position of the 3D sensor and the

hej ght 1 mage of the gl ectronic conponent is captured. .In e present

enbSdi ment - i the rikB (FonSi A CRECAPPALT ORMOPINE LIRS SRS P ~. un,

then the height nmeasur abl e r%gion hecones _about %BZ mm Thq&;fgéﬁg%if a
r egi

noi se | ead® ot the 25 &l e%?l}l%%i%n%orﬁ)eocr?&ntlzélﬂgst ge Pgi dgft htr t,h t hen

there is n . adjusting the range of the hei ght neasurenent region.
On the ot@%ﬁ§§¥hé§qhe range of the height

Figs. 30A and 30B show a state in which the
hemispherical bump electrode of an electronic component is
20 detected by a height sensor, where Fig. 30A 1is an
explanatory view showing the input and output state of a
laser beam to and from the hemispherical bump electrode
concerning the height sensor, and Fig. 30B is an explanatory
view showing the image of the hemispherical bump electrode

25 obtained from the output signal;
Fig. 31 1is a sectional wview of the height

detection sensor according to the component recognizing



23 August 2002 44 neasurenent region is required to be adjusted when a

noi se object enters this range of about 1.2 nmm and has a hgiaglgustdiooRer ent
fromthat of the connection portion, as described later. 5 Fig. 9 is a

fl omchart showi ng a procedure for nmounting an el ectronic conponent by neans
of the electronic conmponent recogni zing nmethod of the first enbodi nent.
First, in Step S1, the conponent 2 is sugked to the nozzle 7a of the head
section 7 fromthe tray 3 under 10 the control of the main control section
200. PJext, in Step S2, the operator deci des whether or not the height

measur enent region ragﬁgres adj ustment by visually checking the shape of
t he conponefRthRf &b Wit fFunthe sfhighimeiEddsur enent regi on that is desired
to be 15 subjected to heig@% detecti on_has beenygrevi usly known and the

adj ust ment of the heilgH- sUF eRBNE*PEGRERCOTY Ve§li SE@V IR HXFFRYF am
flow proceeds to Step.S3. If the adjustnent of,the height .nmeasur.enent
region is n%f r qﬁ??@%tﬁ%ﬁ?ﬁ%rﬁo&%ﬁ? oW or Gte Prgras, Byt ep
S3, the 20 j ust nent_of the hejght ,neasurenent, region is.executed on

when the- net TS 7 SRt L oFn ot SR ok eopb L fE S BB Y
hei ght detegﬁécgb lﬁﬁ%&d%ﬂ% i,qusly known. The adjustnent of the height
measurenent region 1s execute tby narrow ng the hei ght neasurenent region

e e 22 Phe) SPneSh A 26,008 ISR S ADechE Bernat

Step S2 thaloddie Rt beNs: 2Ra8d &oftrol section of an electronic
component mounting apparatus to be used for the component
recognizing method of the fourth embodiment;

10 Fig. 34 1is a flow chart showing a component
mounting procedure;

Fig. 35 1is a flow chart showing a position
detecting procedure of the hemispherical bump electrode of
the component from a height image;

15 Figs. 36A, 36B, and 36C are explanatory views
showing the position detecting procedure of the
hemispherical bump electrodes of the electronic component;

Fig. 37 is an explanatory view showing a height
measurement region of the electronic component;

20 Figs. 38A and 38B show a volume detecting
procedure of the hemispherical bump electrode of the
electronic component, where Fig. 38A is its flowchart, and
Fig. 38B is an explanatory view of volume detection of the
hemispherical bump electrode of the electronic component by

25 means of the height detection sensor;

Figs. 3%A and 39B show a shape evaluating

procedure of the hemispherical bump electrode of the



23 August 2002 45 fall within the hei ght neasurenent region of the | eads 2a
by visually checking the distance between the |eads 2a of bheglL&gioooni ¢
conponent 2 and the projections 2b and 2c that possibly becone™noi se
objects. 5 Next, in Step S4, the servo controller 601 is controlled by the
mai n control section 200 on the basis of the height measurenent region,

t hereby adjusting the height of the nozzkg 7a. It is proper that how high
the nozzle 7a is to be adjusted should be decided by the operator 10
according to the shape of the el ectronic conponent 2 and then, the operator
may preparatorily incorporate the decision into the conponent shape

i nf or mat i orlectrbeisowempegantf,ormeeieonFibat 3% recestar Y1bwrchalé, maut i ng
program (refer to the description of Fig. 14 with regard to 15 the
conponent £hape 3i%Bf draveanh oaxPwARshoEBnyarento fsrelpare névahwat bonhag Héden
stored in a conponent shape information storage section 620 of the nain
control seBeméaPhepicph PHEPcS&edrodee dibrireg ebdapbrenic2compopsnt by
preferable to execute the, hei ght measurenent by driving the servonotor 7m
for 20 ver PPERF| 9falpashrhghtnech8s i eneF8U8PFON shaft under the control of
the _servo controller 601 via the main contrqgl section 200 so that zero

adj Gst ment anount i sFa8hi eVdi6r # hESREPGRE 1NEas(t et rdt efEREETBPARe of

the hei ght t_ regi ingides with th ti f f 25 th
conponent SOFBOLRAr eby VT call y RAPGSE tHe rbbzl ¢ BHeVRTd Shat PPRat

supports the_n 7/a for the adjustnent of the height of the |lower end of
t he nozzleeigfggéhgs’

Fig. 41 is a perspective view of an electronic
component mounting apparatus to be used for the prior art

10 component recognizing method;

Fig. 42 is a sectional view of a height sensor
mounted on the electronic component mounting apparatus to be
used for the prior art component recognizing method;

Fig. 43 1is a flow chart showing an operating

15 procedure of the prior art component recognizing method and
component mounting method;

Fig. 44 is an explanatory view showing the prior
art method for detecting the hemispherical bump electrode of
an electronic component;

20 Fig. 45A is an explanatory view showing the input
and output state of light to and from the hemispherical bump
electrode when light is applied from a CCD camera to the
hemispherical bump electrode of the electronic component
according to the prior art component recognizing method;

25 Fig. 4583 is an explanatory view showing an image
of the hemispherical bump electrode obtained through the

detection;



23 August 2002 46 consequently positioning the conponent nmounting surface
in the height neasurement reference plane of the hei ght meagugusiioozegi on.
In general, the conponent that requires the height adjustnent I's consi dered
to be only the special 5 conmponent as shown in Fig. 6. Next, in Step S5,
under the control of the main control section 200, the height data of the
conponent 2 is taken into an inmage nmenory;305 as shown in Fig. 14 fromthe
conponent shape information of the nmounting information 10 necessary for
t he mounting program This image nenory 305 stores the 8-bit height data,
and by separately designating the address on the X-axis side and the
address on the Y-axi Fisi.ded6heighendexalaehatbeyspeeinf isdobwios) ttilen Ttamube
read fromthe image nenory 305. 15 Next, in Step S6, the position of the
conmponent &nds cygiaidt sFake fe Jd@hderigorargl fan detailenispiomicd h [Siep S6A
through Step S6E of Fig. 10 as follows. Next, in Step S7, the conponent 2
i s nount ed §leatH@dspeeifial et gragenientedwbear dtbeonl ¢t baki s 20
of the height posjtion information recognized by the 3D sensor 8 under the
control of akd el FhegifttivIPedt FER Zolens @cor st nthet giniogheart
posi tion detectin% procedure of the conponent 2 fromthe height data in
Step S6 of GFFONGNLIECEPABEZ1ng BEEROSEA a processing area is deterni ned
stored .in the coq&gnent shape _i nf.or nati on.

f th i f th t.2

For exampl e, the sizdedn 10k 15230 FRRAARIIGE Va7 bt BORNRT ya Ry 1A 08

di ti f i i | t.h i f
Che ctman gt HRE RISl AP EhE Hedibdd TER AT peA H Rl a3 C ©

t aken as a@e%égggéﬁ;of the processing area determned fromthe size of 5
t he conponent 2. Fig. 11A shows the fact that images 202a of the | eads 2a

of the conponent 2 falily Wia7 i d Neh W doun 200- W Lo SHELE RLERheMBRGhR DY

setting the size of the rectangular wi'ndow 500" that is the processing area
toibe roughhy tewrgitrestasel agge 1agHthetrsi zmof riba i tmge 2202 o¢fink@ lihe

conponent 2.
hemispherical bump electrode of an electronic component
having an approximately flat portion in the bottom portion

when the light is applied thereto by a CCD camera according

to the prior art component recognizing method; and
15 Fig. 47B is an explanatory view showing an image

of the approximately hemispherical bump electrode having the
approximately flat portion in the bottom portion obtained
through the detection.

BEST MODE FOR CARRYING OUT THE INVENTION

20 Before the description of the present invention
proceeds, it is to be noted that like parts are designated
by 1like reference numerals throughout the accompanying
drawings.

Embodiments of the present invention will be

25 described in detail below with reference to the drawings.

A component recognizing method according to a

first embodiment of the present invention limits a height



Next, in Step 56B, the processing area as shown in Fig. 17 is internally
sanpled to forma | um nance hi stogramas shown in Fig. 18 Q@p@?ggb@gﬁs of
the | um nance representing the height data in each position. Thereafter, 15
a threshold value is calculated and set by the histogramnethod in order to
separate the height data of the connection portion that is the object to be
subj ected to height detection, or, for exanple, the |eads 2a and the height
data of the noise object fromeach other 1n this 20 | um nance histogram 1In
this case, a ratio between the area of the bar graph portion on the

| eft-hand side of the threshold value of the histogramand the area of the
bar graph peesioaRmentt heegight chpathlsi def ofoetimg t debsbbed ol ue dfeitdhe

hi st ogr am beconmes equal to a ratio between the area 25 of the background
regi on of th&epkberssianpart eacartdhatheontratbe tdmnrodfeian i poFtjong7.are
Therefore, the calculation of the threshold val ue by the histogram nethod
is executede§§0teg3%mﬁyﬁﬁh@moaonsef@bD@@@S Rirestnota degeehed nehudiridgt he
object is determned inside the image nenory. Next, image data is read

t hr ough saﬁﬁl|ﬁ@r5?cFé§uI8Pt?ﬁPer$§ﬁs @&éﬁtﬂﬁnﬁﬁe XﬁéﬂrﬁaGFP@ctpén &5¢ t he
Y-axis direction, . and th hlstogﬁ§n1of ta.is forned P.n

i nciPdence SPnPﬁ@tFﬂﬁgBOH t8"Rav gsr & #ég%g ﬁFgﬁ tredss 6rifkdng
100+ B &) CoPPL feecIIBELh BRTERSR. pen ?@*%éﬁ%@%&?ﬁ%ﬁ@a%& (6 Batan
fo be an S%aapbﬁcdce&ﬁfé ﬁggsa SR o DA R L e
toget her fﬁQQEé?Sm%h?E ea Ofon %?%hﬁ”%@@@&fhen %99“%%%2§9n5Q8t§9ﬂed

val ue reaches t he hi“st ogram he regron

represent Sﬁéb‘é‘lbﬁggelgatﬁr€9568§@9”dkﬂewho theibgadsgata TheesfgLe, th@e
val ue of the Image data representing S~ is assuned to be the threshold

valoge. Nexheabiir Sheptr SBEgibheiw ndawsd00eaf ihhe BrepessirngdargadubSthat
internally sanpled to roughly detect the center and the inclination (an

angl e of ip¢limali eacbghatiede 29 t@rrethohezghtaldad sbef méwns<- @6 saand
the vertical axis of the Y-axis of the wi ndow inside the processing area)
of the conpeibegint 2ransfbéibasitekdfe tiyve wahied ghei gldtadatmplet ocd edtaasi de

t he hei ght neasurenent region using the above threshold val ue. For exanple,
accordi ng fpethti@slipl | dwimgesapréssi diisl g Exptksdi drs 13pphied Expr efkeon 2)
for calculation, the center and the inclination of the conponent 2 can be
obt ai ned. Fage wher psaa wiee adhoviialy aecopes ati o91se23 sAugustudEgD2is 40 15

20 49
height measurement region expressed by eight bits. It is

preferable to previously calculate a‘ height position
relation and limit the height measurement region.

Fig. 1 is a schematic view of the whole body of an

electronic component mounting apparatus provided with a

20 component recognizing apparatus capable of implementing the

component recognizing method of the first embodiment of the

present invention, showing a state in which a head section 7

that has sucked an electronic component 2 as an example of

the object by a nozzle 7a, which corresponds to one example

25 of a component holding member, obtains height data of the

electronic component 2 while moving with constant velocity

in an X-axis direction above a height detection sensor 8 of



for obtaining the rough center and inclination of the conponent 2 by
internally sanpling the processing area 500. As an exanpl e2gfaugbst 8ep! i ng,
it is executed to sanple the height data every other pixel in the X-axis
direction until the obtainment of the height data of the last pixel in the
X-axis direction, proceed to the second pixel by skipping one pixel in the
Y-axis direction, sanple the height datasgvery other pixel in the X-axis
direction until the obtainment of the height data of the last pixel in the
X axis direction, simlarly to the aforenenti oned manner, for the whol e
area inside the window 500. In this case, first, in order to roughly obtain
t he cent eraohethetcdaspending?,saddicdon v 54 dsteatemoathy badpheéd tod read
hei ght data H (x, y) fromthe i nage nenory 305. As descri bed above, the
8-bit hei ghtedat@nnacstian edpdnt tdres | magd nesorye805, Zmd dhy sdpartabeles
designating the X and Y addresses, the height data in the specified
position caxntbacténd feom tthe | mymbisypr ys\B0Ecdhenf atber dedgctoonlie
following (Expression 1), is calculated. the center position (Xc, Yc) p-~x,
y~ X x X =Comgonent - Za-x~ That x I, =inp-kigsxy } mnd-pldx'gfey shown a
----- Expression 1 23 Au%qst 2002 50 It is assunmed that p(x, y) - 1 when
H(x® y) > FRRNTIRY| 8PRREGTESs Bifed tPRAY pix Ofy)the pedperr ¢pXC FPmeonepnt | n
this case, THL represents the threshold value to be set 5 .in a,threshold
val Ue cal CBPSTFHEY nERRETABEST of ™t IR TGS (OBt | FEPPHEY LBHARCEPon
portions, or, for _ex rrp%e t he keags %a to .be subjected to height detection
fromthe ndi é:éan%ng&% i egefﬂﬁf Shte igPogk?%nﬂm%eﬁagb%eetﬁmf oPﬁ§5e8§ t he
apparatus, a tray 3 on which the components 2 are placed, a
tray supply section 4 that serves as a component supply
10 section for automatically supplying one of the components 2
placed on the tray 3, the head section 7 that sucks the
component 2 by the nozzle 7a in the mounting stage and
thereafter vertically moves a nozzle elevation shaft for
supporting the nozzle 7a by means of a servomotor 7m for
"15 vertically moving the nozzle elevation shaft, thereby
mounting the sucked component 2 on a printed board, a robot
5 on the X-axis side (abbreviated to an X-axis robot
hereinafter) that moves the head section 7 in the X-axis
direction and constitutes part of an X-Y robot 600, robots
20 6a and 6b on the Y-axis side (abbreviated to Y-axis robots
hereinafter) that move the head section 7 in the Y-axis
direction and constitute part of the X-Y robot 600 with the
X-axis robot 5, and a three-dimensional (abbreviated to 3D
hereinafter) sensor 8 that serves as an example of the
25 height detection sensor of the height detecting section 602
of Fig. 14 and captures the height image of the component 2.

The reference numeral 9 denotes the printed board to be



t hreshol d val ue cal cul ati ng neans 908 stored in a program 10 nenory 301 of
Fig. 15 on the basis of the |um nance representing the hei gBtaudasteedon each
position. The threshold value is set to a value slightly | ower than an
estimated hei ght of the |eads 2a that seens to be the object to be
recogni zed by internally sanpling the wi ndow 500 that 15 is the processing
area. O herwise, a fixed value nmay be seg4 For exanple, according to the
first enbodi nent, the nuneric value of 128 of the reference plane of hei ght
measur enent corresponds to the nounting surface of the conponent 2, and
therefcre, the threshold value THL is_set to a nuneric value 20 of 80 (in a
posi ti on 0M@FNkRCaleve the FBUREPRGLsdrface). The inclination 61 is
detected according to_ the foll ofgi g (Expression 2). 23 August 2002 51 8,
_ ~—tan-' CS S2 S, ¥hennese o xtr]?%yw%%o&@?&%l-B%acedwsyih-esi,rfm3: ~ ~
Pp~X~ Yy Yy X ,SX =~=P~-X=y~ Sy =—~ ix~y Xy X SXX =~=~P~X~Y=XXZ, Yy X Svy
- ~~P~x~Y~x3"z %P%%‘eéﬁé’?/y _ﬁg~}>§%§§, Sﬁgg O§3y)7y %{}/d- MOVes nadQRAoADE LS
assuned t hat (%, é)o - wh H (X ), > THL. L1 s so_assuned .that p
(x, y) - Or\ﬁ?gﬁ é (‘:1 1v§) th_e %_se(ns’ory 8, the 3]§ (lt'xelgh%g image g% tthe
5 component 2 is captured by the 3D sensor 8. The (height)
image obtained by the 3D sensor 8 is subjected to software
processing to inspect the heights (positions) of the leads
or the like of the component 2, and the component 2 1is
mounted in’' a specified position on the printed board 9
10 according to positioning information.

Next, the construction and operation of the 3D
sensor 8, based on the ©principle of operation of
triangulation, will be described in detail below.

Fig. 2 is a schematic view (sectional view) of the

15 3D sensor 8 viewed in the Y-axis direction, showing an
arrangement in which two systems of semiéonductor Position
Sensitive Detectors (zbbreviated to PSDs hereinafter) 17a
and 17b that serve as a detection device of the 3D sensor 8
are provided. Fig. 3 is a schematic view (sectional view)

20 of the 3D senscr 8 viewed in the X-axis direction, showing a
state in which a laser beam enters a light-receiving device
19 every time the reflecting surface of a polygon mirror 12
for reflecting the laser beam changes, consequently
generating a polygon surface origin signal 20. In Fig. 2

25 and Fig. 3 are shown the X-axis robot 5, the head section 7,

the sucked component 2, a semiconductor laser 10 for

generating the laser beam, a 1light collecting and shaping



Next, in Step S6D, the positions of the |eads 2a are detected on the basis
of the conponent shape information and the rough position @f Auaastapmronent
2. That is, as shown in Fig. 12A, the position in which each | ead 2a exists
10 is estimated by using the rough center and inclination of the conponent
2 obtained in Step S6C and the wi dth and depth of the body 2p in the
conponent shape information transmtted ggom the main control section 200,
and a small w ndow 501 including each lead 2a is set. This snmall w ndow 15
501 is set, for exanple, approximately two tines as large as the size of
the i mage 202a of the lead 2a. This small 23 August 2002 52 wi ndow 501 is
i nternal | ylsaspl BH, fiolrerebylelet érgi rpd hehepangr Posst ilers502betmeacthé¢ ead
2a. As an exanple of the sanpling, it is executed to sanple the height data
every ot hepopiygen imirved Xaxfer dsFasniog (e | laser obeanniowingfing tdre

hei ght data_of the |last pixel in the X-axis direction, proceed to the
second pi x&hipyMikirppi 6YréREepPYeMechanieaYaXios adilodet icoma ldamsl i athel 3

hei ght data every other pixel in the X-axis direction until_ the obtainnent

of the hei Rt dBEALHELLNe FERRSHIKeindn 2B RaBG LMY ectslECEing 1 418 to

t he 10 af orenentjoned manner, .for t ol e ea i nside the small w ndow
501 2 For tHh@SEBNPEABNt 28 aﬁemilﬁFBFrrg?i %?i,r Fﬁgﬁ@cﬁéi}g gé@htprepar atorily

stored the | f orIat ol 408 SLER-SL, Lie BOdk 29, 9Lt cammunet 2 Lo
20 Lo S0, bR Sl 08 20Ty ACOS el B BELRULSLLO UlGrng,
oI o SPILEAE S U UL s olhAes {SaRALEilE ) gadhaty Lons
expl ai ni ngcbRgoskat €21 Prybi €8 tHE QQB?]@EE,C%BEGEiﬁBd1%5%%”%50%%“ 1t6e
conponent 2 are calculated fromall the |ead positions. For exanple, the
cempteir OﬁgSitthn ficouedt ghaed-dm dde oy | L hgBti c(dmantHedlliithe)l esfl the
Pos! 1laser beam impinging on the component 2, and PSDs 17a and
17b that serve as a position detecting device on which the
reflection 1lights of the laser beams impinging on the
component 2 are focused via the focusing lenses 16a and 16b
15 and eﬁch have a function for generating an electric signal
correlated with the position of the focused light. The
reference numerals 18a and 18b denote output signals of the
PSDs 17a and 17b.
In this case, the laser beam emitted from the
20 semiconductor laser 10 has its beam shape collected and
shaped by the 1light collecting and shaping lens 11.
Thereafter, the laser beam is transmitted through the half
mirror 13 and then reflected on the mirror 14 to impinge on
the polygon mirror 12. The polygon mirror 12 is rotating
25 with constant velocity, so that the laser beam impinging on

the mirror surface is swung. Further, the laser beam whose

optical path is changed by the F8 1lens 15 1is applied



while the inclination can be expressed by a cross-shaped 25 |ines 503
obt ai ned by cal culating the respective mddle points betweeg augesti2ead
center positions of the leads 2a that are | ocated opposite from each ot her
across the body 2p 23 August 2002 53 and approximating four mddle
points. Fig. 13 shows an exanple of the results of calculation of the

t hus- obt ai ned correct center and inclinajdon of the conponent 2. In Fig.

13, the straight line 504 represents the inclination of the 5 conponent 2,
and intersection points 506 of four straight |ines 505 perpendicular to the
straight line 504 and the center lines of the inages 202a of the four |eads
2a | ocat edpenpehditeiarhdndcsi ddeandorpenentr 2 eadnathdsat eelf bect hen

ri ght-hand side becone the center position coordinates of 10 the |eads 2a.
In this caséghtnrefdected duhphre EREPPNERE @nbictli FeeEsedt ANt KEerPePsart ,
an inmage 102 obtai ned by capturing the el ectronic conponent 2 of Fig. 6 by
the prior &ré &rd ddRerdd stkehépeistny| yesreanlia png 1@R. sifhee HEPfoi ses
102c corresgonding to the projections 2c are existing between the inages
102a of twh/#ed@d 24P penpgateqihcePutpidxsderels "Ifs fad b r

process" for renoving the nqises 102¢c so as to prevent the influence of the
noi Ses 1028T wREASHEL StFﬁﬁt ﬁﬂhdﬁg E@?aiﬁﬁefhéeﬁgﬁﬁ§l§3.sﬂﬁg%ﬁ?i ge

102a of thg | ead 2a |0Cﬁ%ed at the hindnost end is conpletely included in
the noise 102b-FBP o ng to the projection 2b, and therefore, it is

required to execute fn"kgg%gg%%kgs%ﬂéfi%%gggé%&ggigrggﬁﬁgéggbn%%p hasi s

process) in order to exe € 'posi n ection’o 5 Tea a

located atyfne, i ndpst - end. Bapendiag-pp,t Be ¢apabIl, thes QhJhenno se
| ead renn??ngy%rocess ang t he "l ow contrast Peag detecting process”, there
is anticipgiged 1528nAUgHIEc2002The laser beam is applied consistently

10 perpendicularly to the component 2 that is the object by the
FO lens 15 constructed of three elements existing between
the polygon mirror 12 and the component 2.

The reference numeral 19 denotes a light-receiving
device (photosensor) for sensing the input of light thereto,

15 while the reference numeral 20 denotes a signal for
informing the outside of the input of. light into the
photosensor 19. This signal changes when each mirror
surface of the polygon mirror 12 comes into a specified
angle, which is the so-called origin signal (surface origin)

20 of each surface of the polygon mirror 12. Further, in the
case of a polygon mirror 12 having, for example, 18 sides, a
signal is to be outputted 18 times per rotation every time
the mirror surfaces rotate at regular intervals of angle (at
angles of 20 degrees in the case of 18 sides). This 1is

25 called the rotation amount signal of the polygon mirror 12.

The 3D sensor 8 of the first embodiment has two

systems of PSD circuits. This arrangement 1is provided



54 a state of recognized position displacenment and nonrecognition, |eading
to the issue that the reliability reduces. It is to be heregmuyubezbghat

t he noi ses 102c and the noi se 102b are supposed to be the objects of
brightness 5 approximately equal to that of the inmages 102a of the | eads
2a. In contrast to this, according to the first enbodinent, it is executed
to preset the hei ght neasurenent region fgpable of detecting the height
positions of the 10 | eads 2a about the nuneric value of 128, that is, the
reference plane of height nmeasurenment in the hei ght neasurabl e region, and
t he hei ght measurement is executed only within the range of this height
measur enenpriegipallyhesef oofpensbyihferbei ght sevhrhherl endsréalkbeeabed

i nside 15 the hei ght neasurenent region can be detected, while the heights
of the projéghions 2heaRfD2¢tn| beanhsdobutsylle, t hieitiei gbssi®aguceoent tLegi on
are not detected. Therefore, as shown in Fig. 8B, the inmge 202 of the

el ectroni cthenpeasentwiertevimg dakgrt hheamepgesa@PRaedf tbhetHeademBanean be
20 captured. That is, the noises 102c and the noise 102b that have been

di sadvant agkensbypedeyeterndibyerhéopefior Ertiarsohetines worsi défebeifei ght
measur enent region of the 3D sensor 8 according to the conponent

recégni zi nfonmnesHdsf theeei ot Bapedisvstensthetetoricalhy 3BwWakoths
detects 25 neither the noises 102c nor the noise 102b. That is, this
enbodi nent SpBedEeABLRHer 2PAe 2CrOTSANCeNd CERSVIiRG iphotdds hprrrpaeided

"l ow cont r ast Iegg detec%iggéprocess", whi ch have 23 August 2002 55 been
needed forCPhERprPaFls ¢t refQreYSt§Tonpari son with the prior art

nmet hod, the first engoginent has o% onl, he effect of reduci t he i mage
processing tinme but af SI?ﬂgeeWF%Et Sfeﬁé eﬂﬂ%ﬁiﬁ$r89iﬁéaﬁﬁgg%é?'aﬁility
f 5 L1i0R. : di t WA t hod
of the 11 roeth8d Ao hoREeChE R R e T eErBRb e Pe B el Bt i ng

t heghei ght . pgsi ti e(HPT the | eads ﬁgagggga thggheiggé rmgiﬁgééggq%éégﬁrence

pl ane withrn 10 t ei ght nmeasurabl’e region 1S preset an ei ght

detection Lsmexecslethonbys i 14 nndhe ¢ angenfs ddy S&ﬂ'ﬁsghtl"f?% efpaL

region. Wth this arrandgement, only the hei ghts of the |eads 2a | ocated

inside theahei gobrdPastd LR} raW ons&-ndetact ebswhide tdhendweighd s of
the projections 2b and 15 ~ 2c | ocated outside the height nmeasurenent

regi on aredewiceel et adh thrherfrodrene evcerritlghodgh the projections 2b and 2c
t hat becone the noi ses exist near the | eads 2a, electrodes and so on

exi sting on the nouninnBigur’acehefldider ébernt ridratc icomumrerdd X ramorilest
recognition can be achieved w thout 20 erroneously recognizing the
prbpecti onsd 2keramdl Rcirarthe i fedelas thexieadbl tidn elemeratiecwliat he

| i ke. Consequently, the fositional informati on of the connection portions
such as thec| EagsShactinglanecvhedestbri §EFRES oSt BEanBuslidngPPlifesc£f t he
el ectroni c conponent 2 can_be 25 correctly obtained. Therefore, hy
executing e mMRRMEIHg HHrEaRe eIt ridif ¢ CHRBFEH 2 or St hé HEIE 331 ¥ he

August 2007 SESTTRR PbCtire: CORTOEHCR Sart o GRS irch o Ot (0T y.
Fig. 14 iscgsg,etgiséglgix%oggagi %Hgargr%fje%t%%n%%rﬁ%t is a point A at a
20 height O on the bottom surface of the component 2 and a
point B, at a height H from the bottom surface, then the
irregularly reflected laser beams are collected by the
focusing lens 16a and each focused on a point A, and a point
B, on the semiconductor position sensitive device 17a.
25 Consequently, an electromotive force 1s generated at the

point A, and the point B,, so that currents I, and I, are

taken out of a point C and currents I, and I, are taken out



recogni zi ng apparatus for inplenenting the conponent recognizing nethod of
the first enbodinent. 5 In Fig. 14, the main control sectiog AfRlstcaprol s

t he operation of the whole el ectronic conmponent nounting apparatus shown in
Fig. 1. For exanple, the control section controls the position of the head
section 7 of the el ectronic conponent nounting apparatus via the servo 10
controller 601 and executes the suction,3éransport, and nounting of the

el ectroni c conponent 2 on the printed board 9. The conponent shape
information {the size of the conponent body 2p (body hei ght, body w dth,
body depth), the nunber of the |eads, |lead length, |ead width, |lead pitch,
15 and so on} aofpdite ebect rhei cueerpesent, 2rd he dJepHrdedonhsrbsapgahteed
fromthe conponent shape infornmation storage section 620 of the main
control sectmpon&fstprepentkonehoty 802istahbe rpoipowardn rdeoguinin@,
apparatus via a systembus 201 and a 2-port nenory 306, and the hei ght

i mge i npuéndf tRe@ phéntl €ctarghix dimfponentbeteseh t heeppsiihitoAal andt ebei on
of the electronic conmponent 2 are executed. The positional detection result
of the el epeihi &, comideenthe rcyrraptst dd Bhdmihelepeage g otessshgncentrol
section 21 to the main control section 200 via the 2-port nenory 306 and
usefl for 26CPRERENH RIPPREE] ppEafeud s DFERGe the Detwern thed Podinte®: i ons
when nmounting the el ectronic conponent 2 on the printed board 9 b

control | i ngPEhER8pRPAREOR G e QRdiagice ﬁmttbﬁwoéqte?ec@ﬁ%nﬂ%

conmponent nounti apparatus by the main confrol section 200. Then, on the

basi s of tRe*Pests o&kFﬁg%BSéVtiBHSP?}nQ, gganrFEEtiﬂﬁnSBPcu?gtiBm? t he

mai n control_ sect tes the nqgzzle 7Za_ in tg% 8-dir ctiégggoxas 5
A

s C %ilont_[OZOO rOOt' i ens ve
to correct STRE-FHETt GnaP oSt PPor B tHe %1 8e¥ P 6fi ¢ ‘Conpdndit
i ncor por at t pe reecti C i S [N e ung | (tion
of the el e%rt?? o%i‘ c%goﬁgghe% %Iaél n&%ﬁ%£W%i géégfggégsy&as{%o %i\;'gon?ﬁié head
seggion 7 é£?£ 5. directions and mounts the el ectronic component 2 in
the 10 specitied position of the printed board 9. On the other hand, in the
X-axis robot 5 as degckd hed,/above,r yhe head section 7 that is sucking the
el ectroni c component 2 is roved on’the X-axis 5 by the rotation of the
servonotor 24. The hej ghtudata, i+npyy of the 15 ~ el ectronic conponent 2 is
executed by the head section 7 that is sucking the electronic conponent 2
and novi ngrhétdf comstantiyebncet ' abetaecthe tle serisar A fanemthike daifiit hand
side toward the right-hand side of the reference position sensor 22. \Wen
t he head sBcbnothé pamsesnducthe podétdbn2B6enbetieéedenteepdsatimnFsgnsor
22, the reference position signal 23 is outputted to informthe imge
prbZessi ngd contdedlegmigiadbp Ithsf fiddd aplitsutexpnessienX- Y robot 600 i ncl udi ng
this X-axis robot 5, the servo controller 601 executes the positional
control of the X-axi® =-%xi"sX:9 25 axis, and nozzle elevation axis. In
particular, a potor encoder signal of the X-axis, which carries the

i nf or mat i Eﬁﬁ%ﬁdtﬁ’é‘ p&Siet i SAVSTOPREHEGd S8EEPEN H'onmf‘h_et})@ afiPandt® 23
the. i nf or TG GTE TR B AHac! it RESd"SaRA on 7 has come s
A mechanism for capturing a 3D image in the
20 electronic component recognizing apparatus of the first
embodiment will be described next with reference to Fig. 4.

Fig. 4 1is an explanatory view of the output
signals from the 3D sensor 8 of the electronic component
recognizing apparatus of the first embodiment. In Fig. 4

25 are shown the component 2, the X-axis robot 5, the head
section 7, the 3D sensor 8, the PSD outputs 18a and 18b, the

polygon surface origin signal (rotation amount signal) 20,



into a height neasurenent start position, are inputted to a timng control
section 307 of the inmage processing control 5 section 21 s@3auglst 20020r m
the control section of the information and used for neasuring the start
timng of taking in the height data into the imge nenory 305 at the timng
control section 307. As described above, according to the height 10
detection sensor 8 of the height detectifg section 602, the |light-receiving
system for measuring the | aser beamreflected on the object includes two
systens (a channel A arid a channel B) taking a variation in reflection of
the | aser beaminto consideration, thereby ensuring reliability. 15 The

| i ght -recebui hgaggsproseasphif gohteblessthhahs2tiet acrefiebgnchepPSbDEida and
17b by means of preanplifiers 310a and 310b, convert the signals into
12-bit di gbeaborata {on brdermibdehbar émpgpghrocarsilinat Fontuetusaeyionhe
conversion into the 12-bit digital data is effected in this case) by neans
20 of A-D 8bn¢éritdes (e e U1 EB8RvERPERSING1TRcan® 3uMaAH e afd

i nput the data into height calculatin% sections 312a and 312b of the i mage
processi ngtBBnty@XisectPBRT210: THe PEILPIERCRI rPOF1Eadon s s lst At | §0T

rotating and_in uttin% a olg on surface origin sjgnal to a cloc§
gengratin919§? %??oﬁ_ﬁo By %E§H§Q§§SHW@ ne 5ﬁ?Lnﬁ§ﬁ5ﬁﬁnin2¥i§. SFh%he
w1 ting {FBAREFORT S Gk e REBOT RECHARBr 7. o° ZFAS 002 55 LEFErdtes a
hor | tal . . . | . . :  aht
dat & on { HEBaEr TP Rbena/00h SEETaRE BH G n ST hnarvany SHE IRBOESt he

si gnal s i nfgethe 41 nLng gpathol Seeli gt 30 ofsdhudmge piocessing: d,

control section signals that are obtalined fromthe 3D sensor 8

of the height:defacti Bg1SeEds 0RBR2ZNNEARINRdie spreapBLbL 654, 3188 angd 310b
and digitized by the A-D converters 31lla"and 311b are converted into 8-bit

height 10 getaqdy sb%néﬁﬁi gt Ralitald Ngrsecthonsndddaranda3l2iyn &“ﬁ*}annel
C

sel ecting section 303 conpares the height data of the two systens (channel
A and channg] Bhav trefeaehcet hgtimépaleat0od i nancied sehectsaifme dwitghdl dat a
that seens to have the higher certainty in accordance with each timng. For
15 exanpl esedctien b ¥itHeore e tzesmi ocompsorientt hre deeing i ngalapplaatitng . st age of
t he channel A, the nuneric value of 255 representing the abnormality is
given to the hei ght Eiatla of the thammel raboTherfef ang, 6ln basdlcad lyad@s t he
val ue of the channel B is selected. If both the channels exhibit the 20
abnor mal val eRs¢rugsgony hefiPhéahurkd | $hedl uef of ths5Xrgxd 6t pieReE as t he
hej ght data. If the height data of both the channels have nornal val ues,

the° ari t hidigEeeah SRIVRINGHEOE NP heighil vt oo fY 1ot P W farifelF jven

tputted. The height data .outputted_fr, th | | ecti . i 303
25 13 stortRl FAYS PHE Mg Srebingf 985 SARCEACt ARcl | NG n et Nt ot a
oxampl ©) B4 KPQRPeEPaeratt gt 93 SRIgaep tabos s Confrsfadd by ent

servo controller 601. As 1is well known, when turning the
nozzle 7a of the head section 7 in a 6-direction around its

20 center axis, the operation of a 6-direction rotation use
servomotor 1s also controlled by the servo controller 601.
As is well known, when vertically moving a nozzle elevation
shaft for supporting the nozzle 7a for the purpose of
adjusting the height of the nozzle 7a of the head section 7,

25 the operation of a vertical movement use servomotor 7m is
also controlled by the servo controller 601.

When the component 2 picked up from the tray 3 is



60 section 304. The storing of the height data into the inmage nmenory 305 is
controlled by the timng control section 307. The tim ng coaALgLstPBOORI ON
307 receives the reference position signal fromthe X-Y robot 600,
thereafter counts 5 the encoder signal 25 as a predeterm ned head section
novenent distance, thereafter generates a vertical synchronization signal
(VCLR) and inputs the signal as a heightggata taking-in start signal into
the i mage nenory 305. The reason why the predeterm ned head section
novenent 10 distance is counted by the encoder signal after the reception
of the reference position signal in generating the vertical synchronization
si gnal (VCuRyefls arhatthiet Xsayéserzidot i Aposthidl enawde=or r 8éal yi sroadtvatyise

ref erence position sensor 22 in a height data taking-in start position. 15
The hei ght 9dEiagsesr @éndatahesigivge nensignsds i Aiphesed ZuPhasgeor
processi ng operation by a CPU 300 that ogerates according to a progran1and
subj ect ed €8UpBaLERBNatO dethdct)i o ~an8Csotld dMadh ArEQSSSing c6RPEHEAt 2
that is the ob%ect to be_recaognized. The programis stored in the,g{ogram
20 menory 88%Fi19Re ZdonpoHBRt ShapBei FRGtmethidh (e TOTPOMIR BBaYytirRe
(bogy hei ght, b£d¥ wi.dt h,, body deghh)“ t he nunber of |eads Igad Iength,

| ead wi dt hSaBBa5023n1tS PHYRP chbRpoRent"a¥En £ 1T ] 0Pkt hg8eSEL P on
620 t hat i§ stﬁring t he gFonetri al_features qf the congogent 2.1s 25

previ ousl y*tr 8RER £P8d SPFEWERE bt 6t TLTUIE 200 vPe FRECEEPGR
menory 306 k o] ehLght _§ ] . i {lopal i f the
obj ect to BackELahnrsaior s s Ane g1 obh re T RaR bEatER PRESEAERE Br tne
conponent sbapes L7 06 TBAL Obe 88- LRSET p0et 8hVEn the! $-Lesbe,aOLEds thak the
wor k nmenory IS used as the place for storing the internmediate result in

executing phe paghlizera lggt QG{d OMm@&et R RRIsBGING OcOBt Pol €GRAHiZed. 2 S
descri bed above, when the height translation tabl'e is used in the height

trapsl ati ngisechobom S04 shahaBerves as an exanple of the noise renoving
section, the translation velocity is fast and the conponent recogni zing

vel ocity can be inpronethel®thier Handhowse f ametihonalf st iionclaflethén t he
program nmenory 301 of Fig. 14, conprising a processing area determ ning
nmeans 401, palyggom ermridfrgravil2y detated ngimesds 4612 adDi nednswmt i oh  is
detecting neans 403, a | ead position detecting neans 409 that functions as
one exanpl ecm$imtdstly caringot i @8 pbhei e omin | snrdetcect bRy heansi greal

obj ect center and inclination detectin% means 405 that functions as one
exanpl e of (Botahieet 2BeUper 6L gRasene8r Tandhiendimats iRIPCRITAT ePHEEMS, a
height data cl|pping neans 406, a height translation table setting nmeans
40%, and aSERFER ol \uﬂhﬁ§e this 1is” rotating, and the amount of

rotation of the polygon mirror 12 after the passing of the
mirror 12 through the reference position can be calculated
from the polygon surface origin signal 20 and the reference
position signal 23.

20 In this case, the amount of rotation of the
polygon mirror 12 increases in proportion to its velocity,
and the same thing can be said for the amount of movement of
the X-axis robot 5. On the other hand, in the 3D sensor 8
of the first embodiment, it is presupposed that the polygon

25 mirror 12 rotates and the X-axis robot 5 linearly moves when
capturing the 3D image, each with constant wvelocity. If

these conditions are disordered, then the resolution (pixel



20 cal cul ati ng nmeans 408. These are each constructed of software as

exanpl es. The center-of-gravity detecting neans 402 and thegi Agusngddon
detecting neans 403 serving as one exanple of center and inclination
detecting neans. The processing area determ ni ng neans 401 executes 25 the
operation of Step S6A of Fig. 10 for determning the processing area in the
i mage menmory 305 according to the size of,the conponent 2. 23 August 2002
62 The center-of-gravity detecting nmeans 402 executes the center
calculation of Step S6C of Fig. 10. The inclination detecting neans 403
executes the inclination calculation of Step S6C of Fig. 10. 5 The | ead
position deteeli pgrnparsld@s ekechbed zbheadpendt velrtotadt e r8eRiohsFiof. 10
for calculating the positions in which the | eads 2a exist fromthe given
center andtheclimaimegearcb the capmmed shape | wioy macicordihat heo olthect
and detecting the center positions of the |eads 2a. 10 The object center
and i ncl i ndiluchudétent iing veelansi 405 eXetsit s the coperatfartaf ShepeS6E of
Fig. 10 for calculating the correct center and inclination of the object
fromall tRé | madspbenenbnsacTurane ght Tdergfcitieppi 4§ méhes s0ectsoaigeans
for 15 searching a specified region and cal cul ating a clipping height

| evel . For CEXRAPEBL HeePEphrhBIvarnarasupr epakhofiFytoBRaPALBERY, t KBS

hei ght data_cl i ppi ng neans 406 before detecting the |lead 2a inside the

smal | wi ndd® Sﬁigﬁngﬁuéiaﬁ@utrﬁ@ ‘&4® 2D SHARE TPy 199¢ Fheh: b§ PBRovi ng

be corroct Py GELEEEE, Y X crRbeinaPRe PESFREEAr o BT Ao £¥E BT Thel ght
varied val B8 FOE GRPTERE Snirurdite, Mihes co Thei Toree ePgRt Sob PBroval
| DoroooLiasaELLD saclan 25 can e suecutatooTne el g Lianslahen,
Qggnggtn o ¢ 2EnbUdR A0, B3r! "afs! 8bhhgonechi Hb30420r enihe Rast§totiAg
basically with constant velocity with the operation of the
head section 7 driven by a motor such as the servomotor 24,
the polygon surface origin signal (rotation amount signal)
20 of the polygon mirror 12 and the encoder signal 25 of the
15 motor are used.

Fig. 6 1s &a perspective view of an electronic
component, for which the positional detection executed by
the three-dimensional sensor 8 according to the electronic
component recognizing method of the first embodiment is

20 effective. This electronic component 2 has four leads 2a
provided on the left-hand side and four leads 2a provided on
the right-hand side, which are projecting sideways from its
body 2p as bent downward. In terms of a plan view, there
are sideways projecting projections 2c between the first and

25 second leads 2a and between the second and third leads 2a on

this side among the four leads 2a located on the right-hand

side, and a large projection 2b is sideways projecting above



operator. The threshold val ue cal cul ati ng means 408 fornms a | um nance

hi stogram on the basis of the |umnance 5 representing theJ3ei gkt Zbka in
each position as descri bed above and thereafter sets a threshold val ue for
separating the connection portions to be subjected to height detection, or,
for exanple, the |eads 2a fromthe noise object in this |um nance
histogram 10 Fig. 16 is a height translgtion table showing a setting
exanpl e of the detection range of the height translating section 304 of
Fig. 14. In this case, the conponent shape information stores therein the
detection height data relevant to the adjustnent of the height 15 ~
detecti on tkegi dmindmaen t head edspoiimt af vidre iAW 1300o0t7bal appingewadrireest he
hei ght translation table on the basis of the information, the height

transl at i ofihttablkéndam fhee kegardeitic asomparanty 2f arart hee CPbh808erdtie aBPld 300
wites the 8-bit data while designating addresses, thereby allow ng the
hei ght 20 spafsbatiovmpeibdett otlbet sets Viesvef scarcehy hedghtedr dirs| dteng
section 304 can preset the height nmeasurenent region capable of detecting
t he hei ght 988t oAleftrABiFe &PMPRNEDGU  SSIFELHLINGh tP raeAfasrentiowevig@ance
pl ane wthin the height nmeasurable region. Only the height data that falls
25 Wi thin the F4iyeaBf LRI YRt CoERoMeESent rEHitonPes RRMpiRded HHET he
subsequent  process, thereby executinq%§he hei ght detection only within the

range of thBeR&i ¢Rt 3r1S3NEGRACETH EROM i Mr Breht EhegPeHR L ERTIt RRE Ofse,
due to the_8-bit iima ﬁrocesshng, 22% nuneric vaIu%f r§$g$n$ fromQO up to
255 can be2hBhGY Y- as’t PheSHEFGhE’ d¥EE" AGEEEG 1 tBo RIRFF Tt BRBodPnént |

t he hei ght rdi . axi s | ken-in _the 5 di pop fr h j ect
ovard eSO eehent St 1 RCRESE TS 51 GBOBF FRGCRerghe MelSarene>
reference 0,128, £ nie up) t the
resolutionp%ﬁpgﬁéﬁg?ég%%i%np%%ragpghﬁﬁﬁgﬂﬁ%nﬁﬁg¥Pt%eﬁg?ﬁgﬁﬁgaggﬁgg%géfegion
beggmes about islggnmlfygnoqz@p%&%@&tte@e tH) S ©imd hRoPEi 8Rhn one
transl ating section 304 that limts the height nmeasurenent region to, for
exanpl e, {eSkNMhoRkbAng GAN t 8. spBatals conpdnicht , 16or feRampn®) i pyval ue
(digital value) of 78 to 178 is inputted as height data to the hei ght

transl ati ngewegt fOMB0H, at hemasbepyateesing orégaoas| atedus e the sane.

val ue as the input value, so that the nuneric value (digital value) of 78
to 178 i s cutqgurdiedylHowever,s idumarenunkey i cegalived( diogidatreatlye) debatti s
not smaller than zero and not greater than 78 and a nuneric value (digital
val ue) thathexpesdtid78oindheotlepdmter oharved 5% ageEmanmnit e2l akowri ght
data to the height translating section 304, then the values are transl ated
sol?hat thitnvBidie ©f zero is outputted in each case. Therefore, in

executing the adjustnent of the height neasurenent regi on when the hei ght
measur enent region tha¥-i ¢ H8shrBdCVolpe SBPLabateed FBlhbightPEEYERRI on

i i | Kk n i St i Fig. 9, it i to ch t hj

5, 0LE Ol KNG ARSI SE SANIELR Srol Ll RLEPYLe Chehoed s,

deci d 23 A t 2002 65 .t hat i bj ect .ent t hej ght .
oot Ses o B IR R B0 SEcRRleR LY e el Bl

dj t t f i hej . t L.Qn t i
S R Y T e

thhe reasofpqyidni $RMEht Nab e ORSIANILHTRY PHABBHRAKP! | FHcS4R1 £ By
C ? an ue of

comand for angi ng the output value corresponding to the input v
the hei ghtpd¢ans| & | PRet #bhati ReiR kR thel il st riansiratdmit SO 04 from

an operation panel 650 into the conponent shape
the 8-bit image processing, and therefore, 256 numeric
values ranging from O up to 255 can be handled as height
data. According to the first embodiment, the reference
25 plane of height measurement, where the beam diameter of the

laser beam is minimized, is assumed to be the position of

the numeric value of 128, for the sake of convenience. With



10 informati on storage section 620 so as to narrow the hei ght neasurenent
region, and the height translation table setting means 40723 Aggukt 2002
program nmenory 301 of Fig. 15 may rewite the height translation table

i nside the height translating section 304 on the basis of the above

adj ustment 15 conmmand i nside the conponent shape information storage
section 620 via the main control section 200 and the 2-port nenory 306.
Therefore, according to the component r#&8ogni zi ng apparatus of the first
enbodi ment, the height neasurenent 20 region capable of detecting the

hei ght positions of the |eads 2a about the height measurenment reference

pl ane within_t L gh syrable, region_Ls e e i.ght .

transl ati Eéggegﬁggagok,a@%dﬁﬁgﬁei]’g%é)dae% eEgléo?lg?gpéI%égUt ggeoﬁle§g\}/l\/itt hi n

t he range i eLgk asunegent egiPn; Wt hs L bl aLr , only
t he heighfgggpg?agg!éggé g% Ipcate&th §r1%%EF?%%gﬁ%£%%g§€$e%g%§n?§éion
can be deE%ﬁ%@HenﬁhQ!%ﬁdEk@etﬂQt%UﬁséﬁgbﬁrQIeC@hQHSﬁ%%fﬂ“%f@ igdnAugust
2002 66 | ocated outside the height nmeasurenent region are not de?ected.

Ther ef or ethgVethndiaedhvd hee Hr @jfecih ons 24y Andargihdat rbac o t HamBek ses
exi st near the | eads 2a, electrodes.and so on existing on the nounting

subf ace ofjalle eFeotthatcrépeenpanenthad, ubpernosteehdr e€agbhei Ameanche
achi eved wi thout erroneously recognizing the projections 2b and 2c as the

| eads 2a, vhbeeebéctio@dectnit t heptekent €onkequefelrgncehelposd téDNREight
information of the connection portions such as the | eads 2a and el ectrodes
exi sti ng measheemenint togther haceri@ ofaltilee off &35 orhat coepoeassnt? thae be
correctly obtained. Therefore, by executing the nmounting of the electronic
conponent 1gwenmose batsds dfhersbyposixrnimessinonf theat hehgbt theasonalelei on
portions obtained correctly, the electronic conponent 2 can be nounted nore
correct | yregkorrnay pkee cp@sihi@nfi 0f £36nBEMETrHE t 61 ¥es t Fengingt feemodi nent
afg is able to_he igg} nmented ip a vgriety of nobdes. For, exanple, jn the
f1Pst enbblli méRe; t i ghe t r BRLPBEI NG ESSELEBIF304 GRBF e PPt iR%Red of
acircuit_of, for exapple,,two es,_qf _co rators, i ead of_ bejing 20

i mpl enent’éﬁpjﬁ?/sg%??é/agg. %1%#1 hi @(ga gfiqe[s irggtaa@c@ﬂi’tdab:iﬂ‘iz§ t Sr?ralkléea]eags
conpar at h p t j i e ej dat a
on the ngllt“%gé%%j %ac%g\gﬁd% ee(;’?p f%segfwgés o?%tsc\)/%%%% g%%le%é# a‘ﬁﬁagrst%grrgntoi se

ﬁg% Sﬁ: T oo EoeL | fadist £ Q84 SRKERL Nes RLDErTCaPY AL NANY Sl £

height measurable region and its center position of the 3D
15 sensor are physically determined depending on the optical
system design of the 3D sensor. In general, when
recognizing an electronic component, the positioning in the
direction of height is performed so that the mounting
surface of the electronic component comes into the height
20 measurement center position of the 3D sensor and the height
image of the electronic component 1is captured. In the
present embodiment, if the resolution in the direction of
height is set to 10 pm, then the height measurable region
becomes about + 1.2 mm. Therefore, if a noise lead of the
25 electronic component exists outside this region, then there
is no need for adjusting the range of the height measurement

region. On the other hand, the range of the height



25 data on the |l ead side below or equal to the threshold value as valid,

t hereby producing a simlar function. Instead of the first2g8mpgdstreooR,
according to a 23 August 2002 67 second enbodi nent of the present
invention, there is a nethod for once storing the height data into an i mage
menory, setting the hei ght neasurenent region through analysis of the

hei ght data, and replacing the height daja outside the 5 nmeasurenent region
with a specified value when the nmeasurenent region that is desired to be
subj ected to height detection cannot be predeterm ned. Specifically, this
method is applied, for exanple, to the case where the first enbodinent is
not appl i edebevaasentinrebjient itshatecheicmresta 16 moijsestiesl iwidrudednon skehe
hei ght neasurenment regi on expressed by the 8-bit data and the noi se hei ght
is not stapbgechcenteragthdsarapdef pfarbontot the presend haveat hedght
instead of the provision of the height translating section 304, the

magni fi cat fohfeaend 6FomhEhpéEndds thea canherdl @f Oor tiend | ght desesibedy
system for _focusing on the PSDs 17a and 17b so that no object that becones
a noi se ent@k8rthe neasurable range i s changed to narrow t he hei ght

measur enent region, thereby focusing only the reflection |ight fromthe

| eads 2a thereon and®h8t focdSi gy tHEWERITdct PBAVERGht® f PERCEGYRe TOT

jecti 2b_and 2¢ that b ' h -, der to. flexibly set
Phe. hel gt TRGRE R rent SR BGFDRAER EORPARRPEy Ao MRS DI bothe s LpeRraR e °°

ad ust rent _geehary s 15 feeded. 1 Ll e S CALLAN Accardlng to the

conponent TFecogni zi ng ne e presenti |on,uvﬂ% hei ght

measur enent region C?gg%%?tgk detecting he qugqn%%Piéiggségcféf

. . O
connection portions a € height™ Teasurenen ef erence plane mntﬁln t he

23 August 200268, hei ot Jreasuy ahledr egkenchs Pressh, (ROl el ghtor

detection Is executed only in the range of this height asur enent

regpon. W ihe t&bist 28T a9 i tna 190 dorith® theittisrpfoddie connection portions
| ocat ed i nside the hei ght neasurenent 5 regi on can be detected, and the

hei ght of the noise wbkectisusbepssa, ptbjeeidedia tloac aierrl du sitkerHdie dei ght
measurenment region is not detected. Therefore, even though a projection or
the |like that kéeonesighhonkasetiesiehtneaegide cemMeatdsonafgdusitmastsusih as
the | eads and el ectrodes existing on the 10 nounting surface of the

el ect r oni cviawpbhienthedoin@cthe esbhgpée t 06ntban dompaclendv ehdrigdhoort. If
erroneously recogni zing the projection or the |ike as a connection portion,
so that thEh®osheidgnal reddunensndh ofeghencohhetti 46 poesiigrd o héde
nmounting surface of the electronic conponent can be 15 correctly obtai ned.

The? ef or e, SBRI ¥Rt i hPeheh FodrteREI &F PRE BREB( PERIVECESANoRETIorR tthe
basts of {05, OBl anal. | aruon, of e commest on por L ons, obtal ged
then the program flow proceeds to Step S3. If the
adjustment of the height measurement region is not required,
then the program flow proceeds to Step S4. In Step S3, the
20 adjustment of the height measurement region is executed only
when the height measurement region that is desired to be
subjected to height detection has been previously known.
The adjustment of the height measurement region is executed
by narrowing the height measurement region so that the
25 projections 2b and 2c are excluded from the height

measurement region in, for example, the case where the

operator decides at Step S2 that the projections 2b and 2c¢



According to the conponent recognizing apparatus 20 of the present
invention, the height nmeasurenent region capable of detectpgaughst Zoeeght
positions of the connection portions about the hei ght nmeasurenent reference
pl ane within the height measurable region is preset by the noise renoving
section, and the height detection of the connection portions 25 is executed
only within the range of this height meagyrenment region. Wth this
arrangenent, only the heights of the connection portions |ocated inside the
hei ght neasur enent 23 August 2002 69 region can be detected, while the
hei ght of the noise object such as a projection |ocated outside the height
measur enenfal égvbdthis tioé deiglot edeadbeerénteregven bliough aeadsseaobjyect
or the like exists near the connection portions such 5 as the | eads and
el ect r odesviegiat ingchackhegnmibilnet idig teundeaclee tfie¢hetbkedicrais 2 aonponéet
correct recognition can be achieved w thout erroneously recognizing the
noi se obj eeteotromic| ckupraseatc@nnardi thep@udimytisms hadb temel pdsi thefal
information of the connection portions such as the |eads and 10 el ectrodes
exi sting oRCERELhY PRGNS SRtk OlifectR. el ectroni ¢ conponent can be
correctly obtained. Therefore, by executing the nounting of the electronic
conponent on the basiexbf tife §68PtiDhal tHE oFREVPorCOItEMEl@BN Pt | 68

t he el ectroni c copponent can bhe 15 npunt ed

ti bt aj d 1 ,
e corr cRor o e HECthE: alal% Gitiachi ceSonBongAD SBurAebar 8Eus o
b df t i zi et h d.th [ ] t ti.
method of &% ni HoenyBar TRETBR L Eggg‘ﬁssé’%eﬂa#ﬁ?gn%%ﬁe 20E §he 16°5RBks a
o a0 BEALAL WS IELD OO ohs BrBREE, AL RO RN P Ul L 28 72

1 i f tiq

Shomn in F?_ﬁ.re*z@? 48] Jad fubfedDihSin by A BLepst 24675 I Bced Ok tray
SUPP! y Sect i@ gk dd1at oSAINELSsREpE CRTPORENT 1NN 1SECLEMBROht 2 and

automatical ly supplying the conponent 2 placed on the tray 9a, a head

section 7 #igan Ny 8h80zzberbhalr sy AUBHEHaZB808r DySuGksdrit® GamongRt 2 in
the nounting stage, a robot 5 on the X-axis side (abbreviated to an X-axis

robot her ederefdiaim tihado novies t Bempeadnsecihape’ iimfidigaX-iad s idi r eghéon
and constitutes part of an X-Y robot, robots 6a and 6b on the Y
mounting information that is necessary for the mounting
program (refer to the description of Fig. 14 with regard to
15 the éomponent shape information) which component shape
information has been stored in a component shape information
storage section 620 of the main control section 200. In the
case of the normal component 2, it is preferable to execute
the height measurement by driving the servomotor 7m for
20 vertically adjusting the nozzle elevation shaft under the
control of the servo controller 601 via the main control
section 200 so that zero adjustment amount is achieved or
the height measurement reference plane of the height
measurement region coincides with the mounting surface of
25 the component 2 to thereby vertically adjust the nozzle

elevation shaft that supports the nozzle 7a for the

adjustment of the height of the lower end of the nozzle 7a,



5 axis side (abbreviated to Y-axis robots hereinafter) that nove the head
section 7 in the Y-axis direction together with the X-axispohpustrcard
constitute part of the X-Y robot, a |um nance i nage sensor (one exanpl e of

| um nance i mage capturing neans) 3, a height inmage sensor (one exanple of
10 height image capturing neans) 8 which corresponds to the above

t hr ee-di nensional (3D) sensor 8 or heigh56detection sensor 8, and a printed
board 9 on which the conponent 2 is to bé nounted. The |um nance inage
sensor 3 and the height inage sensor 8 are provided bel ow the transport
pat h through 15 which the head section 7 (nozzle 7a) passes to transport

t he conponebhs2ghennlyhedsiayi@ano tihe pompvadnboaotntink Gurflades anbl ock
di agram showi ng an i mage processing systemfor the height imge sensor 8.
The i nage pheceseiigytconteneurseenton ifdrend@® coisrnaictefl ofhé wohsephtat e
bl ocks of a height image interface 30A and an i mage processing section 30B.
The reasonmehgurbhBentragegponcessnngenendt pl tsectonpoRdnt stsaparageilreat o
two bl ocks is that the i mge processing section 30Bis reauired to be

shar ed wi t kheh&e2ghitursidiasdenantages seaspidgretiotn be Ringy 2he asplecial
therefore, the control section 21 is separated into two units of the
secPi on (i AEYEOPEBEEES| AlgoWRciNoh}g30B- t hat can be shared by 23 August

2002 71 the two sensgrs and the section (height inage interface) 30A that
cannot be shared. A N&Xh’comt rofeRecPr oML ICOMtd of SRERRL WA &1Ey SRR of

exanpl o {REPEES A BEACIB Sd0vi o Heldht "aSte"0s the Cofponient ¥ is
taken into an image memory 305 as shown in Fig. 14 from the
component shape information of the mounting information
10 necessary for the mounting program. This image memory 305
stores the 8-bit height data, and by separately designating
the address on the X-axis side and the address on the Y-axis
side, height data of the specified position can be read from
the image memory 305.
15 Next, in Step S6, the position of the component 2
is detected by the 3D sensor 8. The detail is shown in Step
S6A through Step S6E of Fig. 10 as follows.
Next, in Step S7, the component 2 is mounted in
the specified position of the printed board 9 on the basis
20 of the height position information recognized by the 3D
sensor 8 under the control of the main control section 200.
Fig. 10 shows in detail the position detecting
procedure of the component 2 from the height data in Step S6
of Fig. 9.
25 First, in Step S6A, a Dprocessing area 1is
determined from the size of the component 2 stored in the

component shape information. For example, the sizes in the



controls the position of the head section 7 of the electronic conponent
nmounting apparatus via, for exanple, a servo controller 322apdgesteookes the
suction of the electronic conponent 2, transport of the electronic 10
conponent 2, and nmounting of the electronic conponent 2 on the printed
board 9. The conponent shape information of the el ectronic conponent 2
(body height, body width, body depth, thgynunber of |eads 2a, the pitch of
the | eads 2a, and so on) stored in a conponent shape infcrmation storage
section 15 ~ 3l1la of the main control section 31 is transmtted via a 2 port
menory 45 to a work nenory 44 of the imge processing section 30B, and

t hr ee- di nedsiesnal apdsivt-aaikaldidetcddonen of the ptectsoing spapoaert st s
executed. The results are received fromthe i nage processing section 30B
via the 2 2@opdrimeseras yldsgandsusse f sk zehe foothreccomgovehtulZat oon tdfe t he
position (X Y, 8) in nounting the electronic conponent 2 on the printed
boa=d 9. | ACTRENX- Akis. rbbbtsipwmd t hecangitar opordoadSahdtekent B§ & vo
control l er 32 executes positional control of 25 the X-axis, Y-axis, A-axis,
and nozzl eC¥RBRALI O/ Ahies PUGr§REMT A2 dAaterboded dirgraltizs eizehefnot or

of the X-axis robot 5, which carries the information of the position of
23 August 2b82CPIPPRENRedd sédFi-ont A ofheWe XD8xif@cAndhEt ofTaPRSsrRal 23

f t he X-axis, i i he i nf ti f.the fact that the head
Secti on 7 As s S5 28 1GF gl MeE Rt 2t 2Ll podicion The BaTHAR o
to the hei i i nterf 30A . to inf t he height i
igterfacglggh L%ﬁ?ﬁeé? ngﬁ%eF%ﬁ éﬁ%gﬁﬁgzh?grégﬁgéﬁ%iﬁgm%ﬁégg?akggggﬂfng of
Curi . . I Coht i . ¢
f?gh?f?22e?eﬁﬁgﬁéggé%Hgﬁgﬁbﬁeggﬁ??EggFﬂg' ;ggge ean1%%?$§%;gge8n1¥%ebfo

el ect roni cr60RREPCRo 2cifigt b Whadbl£etchackudesorne sy shanm, (foghganel A

and a channe taking a variatio aser beamreflecti

copgi der at Q8. cbhssedyy: ensuring the reliability. The light-receiving
systens anplify feeble signals detected by PSDs 17a and 17b by neans of 15
preanplifiers 33, conygff ihességnews, | the gobbisth@i doda dag ashbinoider to

ensure hei ght cal cul ati on accuracy, the conversion into the 12-bit digital
data is effegtetl7i hst hhseensk) ybganpasad ab AdDncenvamiatandad, hastoouanput
the signals 18a and 18b to the height inmage interface 30A. The pol ygon
as shown 1in Fig. 18 on the basis of the luminance
representing the height data in each position. Thereafter,
15 a thfeshold value is calculated and set by the histogram
method in order to separate the height data of the
connection portion that is the object to be subjected to
height detection, or, for example, the leads 2a and the
height data of the noise object from each other in this
20 luminance histogram. In this case, a ratio between the area
of the bar graph portion on the left-hand side of the
threshold value of the histogram and the area of the bar
graph portion on the right-hand side of the threshold value
of the histogram becomes equal to a ratio between the area
25 of the background region of the processing area and the area

of the object in Fig. 17. Therefore, the calculation of the

threshold value by the histogram method is executed as



20 mrror 12 is consistently rotating and inputs a polygon surface origin
signal 20 to a clock generating section 35 by means of the oneglyast ogp2shown
in Fig. 3. The clock generating section 35 generates a reference cl ock
(CLK) required for witing the height data into a nenory, 25 generates a
hori zontal synchronization signal (HCLR) required for taking in the height
data on the basis of the polygon surface4 rigin signal, and inputs the
signals into 23 August 2002 73 the height image interface section 30A In
t he height imge interface 30A, the 12-bit data of the two systens inputted
fromthe height image sensor 8 are converted into 8-bit height data in a
hei ght cal cdldtowsg S5Fsesti on 3egidnchannelingl eaki BYiseet ien A3 EecarIPRIES

t he hei ght inmage data of the two systens (channel A and channel B) wth
each ot her insidealthd ninagel meheeys tNexhei dhizgedatdetishats seead thrbavgd t he
hi gher certainty in accordance with each timng. For exanple, if a division
by zero oceampliinglGt heednel gght ivheruddsi rgcht dge e t ReaxhandelreArithe
nuneric value of 255 representing the abnormality is given to the height
data of th@nchafel YAaxTherdifrgatidm saodl dheaskelstderaml o dfhe hémelgannel
Bis selected. If both the channels exhibit the abnormal values of 255,
ther t he 15af@ners cIoBREd. of Ar55ineidrngrit PEd e t Headei gataddtaving ehe
hei ght data of both the channels have nornmal values, the arithnetic nean
val ue of tKELRELYRLYdAGTofvEHbi® BEe AdhaHiR| §ONBe6hLiplt POFLIANL i9H n§he

I I, 38 he i ' ' 30B | ock
(CLi1). & 38IR6F 2onEaRody FenPORREAPI Bh Eﬁé’ﬁ%?g%ﬁ%ﬁ%e? OhgperLat e
h i zatli I | CLR), ich t tim tori t
el gt dat QOPRES T4, A A b 56 6 CPnc: 5 mRGE BP0y oLty SESt i Ste.
hei ght A g e _ : (6
or 1 gin si GRAFE2% 25 Py am PRASSE SR ed bRt I AR, Tnf R b

preget erm ped hgad, oDYROEN Ji st@ncg, by, tdie encoder pfLgpaby2>- if  the

frequencies are successively added together from the right-

hand end of the luminance histogram and the added value

reaches S&% of the area of the histogram, then the added

region represents the image data corresponding to the leads.

15 Therefore, the value of the image data representing S% is
assumed to be the threshold value.

Next, in Step S6C, the window 500 of the
processing area is internally sampled to roughly detect the
center and the inclination (an angle of inclination relative

20 to the horizontal axis of the X-axis and the vertical axis
of the Y-axis of the window inside the processing area) of
the component 2 on the basis of the valid height data
detected inside the height measurement region using the
above threshold wvalue. For example, according to the

25 following expressions (Expression 1) and (Expression 2) for
calculation, the center and the inclination of the component

2 can be obtained. Fig. 11B is a view showing an operation



23 August 2002 74 In the image processing section 30B, the height data
outputted fromthe channel selecting section 37 is stored b@?ﬁbhgﬁwd@age
menmory 39. The height data stored in the inage menory 39 is subjected to

i mge processing by a 5 CPU 40 that operates according to a program

t her eby executing the three-di nensional positional detection of the

el ectronic conponent 2 that is the object to be recogni zed. The programis
stored in a programnenory 41. The shape 4Pnf or mat i on (external height,
external wi dth, external depth, 10 the nunber of |eads 2a, the pitch of the
| eads 2a, and so on) representing the geonetrical features of the

electroni ¢ £OMPQReRlindnd! CLALOT 86ubR  RencOFPORRA! SRAPMAN] Of Tl Ok pe
storage section 3la of the main control section 31. The shape information
i's preVlowﬂdhﬁdﬁﬁﬁﬂﬂztB¥iiﬁﬁ%&ﬁ&@ﬂyﬁéﬂmﬂ§1§@n£58|p%@%%b@@n%ldﬁééfEDMDrk
menory 44 via 'the 2-port nmenory 45 prior to the input of thé height imge.
The positiong =gelgehbor eff the ekegplrenic i¢orporsicudddal isandle alect
to be recognized is executed on the basis of the shape information. 20 Fig.
26 shows a rsdiafter idutshisteran étrege wixéheihothenksuktacdickctiencamonent 2
is captured (inmage-picked) by the | um nance i mage sensor 3, and the

| umance ithegectsEnisomrent it ptiowi Hedgbhy datne-odi nensi bast =70 iar rdnged
in the Y-axis direction. 25 This |um nance i nage sensor 3 captures an inmage
of the enti¥-exict tdiweutriate pfothedcdmporient secwhil eimaii ngyt s igeigonent
2 in the X-axis direction by neans of the head 23 August 2002 75 section
7. In Fig. 28 pxshohn &he mipx¥orainget&pr, 4paapdearnche | DAighE dlrtsyst em
48 arranged near both sides of the conponent 2. Fig. 22 is a block dlagram
showi ng an §9fge PtHeSceWiXRy syidt entf theaX i nﬁhé%@hﬁ@e YBhdér Fherhe
mai n control section 31, servo controller 32, X-axis _rohot 5, Y- s .robots
6a and 6b, SRi®IMEGE B 6§§%|H§1§€Etﬁéﬁa36§fﬁay% iéﬁgtﬁﬁéﬁloh§“sgﬁﬁlgﬁ to

t hqse used far the afarenent.i oned _hei senso 10 the&gfore

they are déRgted iy THE ¢arre enc hﬁﬂ%rgfgr%mﬁnﬁ%oﬁ%gc??BPFSn|
provi ded f% Q%%heTg?ea"?Q lalg@gl & |ve§0 y t he one-di nensi onal CCD 70
ens

of the Iunlnance I'mage s or (S ou PYe 0 a lum nance i mge interface
54. The | unmi nance inmgge SeNS 15fqggkatgﬁhogrggg q}ocgoéé%f% bpaasy tted
fromthe | um nance i mage |nter ace 1d e I mage scanni imng 1s

SyNChr oni 28 i die IR RO M Ao SIBRNT DN 298 | 0118 8N8b o ( HEL Rht e The yrage

signal inputted to the |um nance image 20 interface 54 is converted into

8-bit digitsaimdiedl NG Mdntge tyhaNd4ed gonker ar Hhmnehd henagé heeaomrvyert ed
data is outputted to the image processing section 30B. The cl ock generating

seqts on 56 3gener akedefcr ehet eapeve) otke (SEK) trequsieddios Wi kEtogetihén
af orenentioned-data into a nenory 25 and outputs the clock to a timng
control sedtheoninege Thendtyr B5¢orrdlbgestpanabél puidestigntad inige tiag
processing section 30B the clock (CLK) and the horizontal
and Y addresses, the height data in the specified position
can be read from the image memory 305. Then, according to
the following (Expression 1), the center position (Xc, Yc)

20 is calculated.

————— Expression 1



23 August 2002 76 synchroni zation signal (HCLR), the clock being the timng
signal for storing the aforementioned data into the inmage pgMREYstIPof the
i mge processing section 30B. The horizontal synchronization signal (HCLR)
is generated every 5 tinme the head section 7 that is sucking the electronic
conponent 2 noves by a distance of one line of the |um nance image sensor 3
according to the anount of novenent in t?ﬁ Xaxis direction of the head
section 7, the anount being informed by e encoder signal 25 fromthe
encoder 24a, 10 thereby preventing the occurrence of an error in the
captured i mage. The vertical synchronization signal (VCLR) transmtted from
the timng control section 57 to the inage nenory 39 is generated by
receiving the origin signal 23 fromthe X-axis robot 5 and thereafter
counting alt5ipredeteed nkdthpad, npyenehtwhestanee py +heHencoder signal

25. To the image processing section 30B is inputted |um nance data fromthe
| umi nance iItrage ehter fasembd. tiihe pixi nahce davlaen sH Contyold etlby the cl ock
(CLK), the 20 horizontal synchronization signal (HCLR), and the verti cal
synchroni zani ahisi gresle,( VICLR) repdesent edthat ¢hirkeshioddgeratmieoryo 3% Fhé

| um nance data stored in the image nmenory 39 is subjected to

i ma§e- pr océbsiandg-1e Shied ACPL: Uee t fat cepetnesmgensr di08 gfaro thee pubpeam so
as to undergo positional 25 detection of the electronic conponent 2 that is
t he obj ect OgosﬁéaFéFsé@Ei £8¢. crvestderama isreddn fMe PFYEREn nERBry
41. The shape i nformatjon xtern hei.ght, external, 23 August 2002 77

wi dth, ext iﬁﬁgﬁ deptR, hé% f£q é&d&%,ée{fﬁeﬂiﬁ XM ofh§ RO+ 88d 2a,

he pitch .the | ead " d . h h ical

Foat or es. of "B RECel Betr SR TEONFoREME oS AR TV GGt R h AT CorponEhe

cat ures. _ fert e 3t _

or cvi ousl y -LF ARARTEL QA LB i ik HEroPooa0 0T (RS R0t Aot oS pr i or

to phe | U”%Q{Rﬁf? | §@ge dapubs T[‘g%o%in“ ¢l S‘éts?n%“ g Oﬁhé hel&hﬁrgézggés" ¢

conponent hat is the objec ~be Tecogni zed i's executed on't is of
the 10 Shai?épkgéé’ﬁ@ﬂéonthlhelh@i ’E?ggﬁt'a”a(i% SENSH | SodPtidd M tedrto the

af orenenti oned one-di nensi ona , and a one provided wth, for
exanpl e, arhwesHbI@nshonal A Dsét ap showaiue R Mgl yayoRer Usedn an
estimated height of the leads 2a that seems to be the object
to be recognized by internally sampling the window 500 that
15 is the processing area. Otherwise, a fixed value may be set.
For example, according to the first embodiment, the numeric
value of 128 of the reference plane of height measurement
corresponds to the mounting surface of the component 2, and
therefore, the threshold value THL is set to a numeric value

20 of 80 (in a position 0.48 mm above the mounting surface).

The inclination 0, is detected according to the

following (Expression 2).



15 ~ A lum nance image sensor 3' provided with this two-dinensional CCD 71
captures the image of the entire bottom surface of the conpanggustZaooghen
the i mage of the conponent 2, which is illumnated by the illum nation
systens 48 from both sides mhlle bei ng stopped as sucked by 20 the head
section 7, is captured on the two-dinensional CCD 71 via the inmage-formng
lens 47. Fig. 23A through Fig. 24B explagn t he coordinate system of the

hei ght i mage sensor 8, and in particul ar; Flg. 23B and Fig. 24B show t he

i mges captured by the sensors 3 25 and 8, respectively. The reason why the
i mage captured by the | um nance i mage sensor 3 or the height imge sensor 8
can be subjected to positional detection by the identical 23 August 2002
78 i mage processing iion (one exanple of imge processing neans) 30B is

t hat the hqyghl éggﬂéwgé is set with the direction fromthe conponent 2
that is the obl@Ct t t he hei ght image sensor 8 positive. The

surface- nnqu| Aﬁxgonnpnggt surely has the nmounting surface, and by
setting the hekg t cﬁor ?afe axis_ {n the directjon fromthe conponent 2

that is the?ob]téextgntﬂﬁ@rd }bel.Sg i mage sensor 8, the nounting surface
can be posh&%ﬁgfghﬁc ﬂe hi ghest position. The nounting surface of the
surface 10 ‘houai i X onent is nornally made of a metal, and if such a
conmponent is |ﬁa§§d by the | um nance i nage sensor 3, then the | um nance of

the nmountirf) = bézmnes the highest. Wth this arrangenent, the images
A or B capture the | um nance i mge sensor 3 or the height inmage sensor

8 can be 1% ﬁﬁ ZQ positional detection by the identical inmage
processi ng Hea 2§F 5 grocessing section) 30B. Fig. 23B shows the inage A

of the el e%lronit
pxyxx
S =ZZP x,y)x y?

y x
S, =23 plx,y)xxy

————— Expression 2

It is assumed that p(x, y) = 1 when H(x, y) > THL.
5 It is also assumed that p(x, y) = 0 when H(x, y) < THL.

Next, in Step S6D, the positions of the leads 2a
are detected on the basis of the component shape information
and the rough position of the component 2. That is, as
shown in Fig. 12A, the position in which each lead 2a exists

10 is estimated by using the rough center and inclination of
the component 2 obtained in Step S6C and the width and depth
of the body 2p in the component shape information
transmitted from the main control section 200, and a small
window 501 including each lead 2a is set. This small window

15 501 is set, for example, approximately two times as large as

the size of the image 202a of the lead Z2a. This small



conponent 2 of Fig. 23A captured by the | um nance inmage sensor 3. In this
image A, the whitest portions (having 20 high | um nance) al23ameguet 26d2ow t he
tips 2c and the root portions of the | eads 2a of the conponent 2, while the
gray portion (having |ow | um nance) bl shows the main body 2b of the
conponent 2. Fig. 24B shows the inmage B captured by the hei ght 25 i mage
sensor 8, and the whitest portion (having,a great heigrt) a2 in this inmage
B shows the tips 2c of the | eads 2a of the conponent 2, while the gray
portion (having a nedium 23 August 2002 79 height) b2 shows the mai n body
2b of the conponent 2. The root portions of the | eads 2a, which do not

exi st wi t hiwirtdoer r &0ge 08 dettetnainlof stimpllei,ghtherehe séasect Bhg artthenot
viewed as height image as indicated by c2 in Fig. 24B. 5 Fig. 24A shows the
hei ght nmeasendmentpassdiiom J0Q sofsekhb 8-egid damagers eghorxampdet bér efhar e,
256 nuneric values ranging fromO up to 255 can be handl ed as hei ght inmage
data. In tisempldognt Enbédi rerrcut hei grammtloor Hheathe idits dataeteviaryt he
direction fromthe el ectronic 10 conponent 2 that is the object toward the
hei ght i nagéheangdelt H@ ridieremeel pl anecetriori ghtlikesiber obtainment of
represented by 128, and its range i.s set to 8 to 248, for the sake of
conveni encéBeTHE IRt G O ahBe2558 5% Pixsdd For tBRpreaing dixecEirar t hat
"height data is not correctly 15 obtained" or the like. Assum ng that the
resolutioonHcFﬁg P 3 iéﬁ”%?“ﬁé? aliq%y1%9‘4‘\1%:1%“92’h‘é]ﬁetFiéx%aé{lr1%1}315eYr'egion
becones aboqut 2 . The elgﬁﬁr iclgo. nqgt [ eco nizigf nethodland 20
mount i ng MECASd W FC B8 de SFHéd t %%ﬁﬂén 3571 §VFF¥nPEEEhsPEEELt 4720
accordi ng the _{L ] 0. Fig, 511 The el ectronig.c nent
2 of the coBoneRt  Sugprsetaer SRt the SR hlonke Shoddcs SoLPBR FIal2 A

deci sion i §¢made qiatsrtl_erzaiitx%éeﬁ%fuﬁﬁe tﬁeaiféddzéeéw@j pgéﬁgwﬁ}gye& Phet he

el ectroni c conponent 2, 1. he | mage- capturi ng elrg I mage

Sengor 8 oLrhecR¥AEUbReENGOHRE!, ORSYF athONwnbi18: arldie SSaR UrhodshY1the
| um nance 23 August 2002 80 inmage sensor 3. |If the operator of the

equi pnent pragels sbhe i RéeraRéi eBmbeneABkkngpthisrdeshsion, | thehe BagBonent
shape information storage section 3la carrying the geonetri cal
been preparatorily stored the information of the size of the
body 2p of the component 2 (body height, body width, and
body depth), the number of the leads, lead length, lead
15 width, lead pitch, and so on, necessary for calculating the
position in which each individual lead 2a exists.

Next, in Step S6E, the correct position of the
component 2 1is obtained from all the lead positions (the
coordinates of the lead center positions). Fig. 12B is a

20 view for explaining the state in which the correct center
and inclination of the component 2 are calculated from all
the lead positions. For example, the center position is
obtained by the arithmetic mean of all the lead positions,
while the inclination can be expressed by a cross-shaped

25 lines 503 obtained by calculating the respective middle

points between the lead center positions of the leads 2a

that are located opposite from each other across the body 2p



5 informati on of the conponent 2, then the equi pnment can be automatically
operated. The program flow proceeds to Step S13 when executy d
floating inspection or proceeds to Step S14 when not execut%3%%§2d®a

i nspection. S13: The nozzle 7a that is sucked the electronic 10 conmponent 2
noves above the height inmage sensor 8, and the height inage sensor 8
captures the height inmage of the electroggc conponent 2, or the

t hree- di nensi onal position data. Subsequéntly, the programflow proceeds to
Step S15. S14: The nozzle 7a that is attracting by suction 15 the

el ectroni c conponent 2 noves above the | um nance i mage sensor 3, and the

| um nance iampeappnsRin3t tapt e t hedBus nesirerd magarief. the edlpeis orire
conponent 2, or the twodi nensional position data. Subsequently, the program
fl ow proceedsmmpd eStaep 816, r20usts: ofhecd o nics i oigeher this -héitghinhedrage
is processed by the common i mage processing section (one exanple of inmge
processi ng awaes)t 3B terharsbyinel sratiion tdf thw- domeasenhal . podnt Foy.
information of the electronic conponent, or X Y, and 8 of the electronic
conponent 23,28 @tnaight deigiaieddhheepeesemes | Hageinslinathenghf ithege or
t he | um nance i mage. The program fl ow proceeds to Step S17 in the case of

t he “hei ght SORRGESHL jAmpanfo 15iteF secksd onuResin 02081 o$20f 9w t GEraasbtof
the lum nance i mage. S17: The height image is processed by the inmage
processi ng 148EsS; oﬁo%OB?IPﬁEidéﬁyléél &R atheg streighsi 1o 8P4t At tB&ds to

AR TR L R s ek
o Cons e WAL PN 0, S el U8R,
S L T L SR e Ay
SXeS°L, 00, Whe Besdgt s v [T erence v e g o proceets 1o

15 detection point ignexegedi Ngakbe 1 er@fs valuecghpRieceeds tpiskep S20
when not. S19: If the lead floating anmount is exceeding the predeterm ned

reference vabvaimehen vith CeRRONEM ot S aditspased igbgas 2oL abpeeiRed by
conponent, and the processing is 20 conpleted. That is, the nozzle of the
head secti aaptutiagsphet eleberehéct conponenupanerft FA¢.0 & it sffosabrsdt e and
di sposes of the electronic conponent 2 there, and the processing ends. S20:
h' hen t he eohpditEht cémedat dism s&terast tdrel lpnesBéwho ime Bipj e6Bed tHince

| um nance i mage processing (one that requires no | ead floating anmount
detécti on) NPASSEepOBE6COF raprANE hed chRpbhenprosedetesi AedEe e%hes ot dml
conponent 23 August 2002 8 ? _whose |lead_floating anmount is not exceedi ng
the refer eRBEVESPUEDEN 1BEESSSER 2 IRE ne¥2 | €23fSt BRs héhd SedtgBHrRd toO
transports the gl ectroni ¢ conponent 2 onto the board I90 and nounts the

el ectroni c¥BRPORet 2NPhSEhe &85k ct FRRYL RS s PEOGRSS r removing the

noises 102c so as to prevent the influence of the noises
102c when detecting the images 102a of the leads 2a. The
20 image 102a of the lead 2a located at the hindmost end is
completely included in the noise 102b corresponding to the
projection 2b, and therefore, it is required to execute a
"low-contrast lead detecting process" (image emphasis
process) in order to execute the positional detection of the
25 lead 2a located at the hindmost end. Depending on the
capabilities of the "noise lead removing process" and the

"low-contrast lead detecting process", there is anticipated



5 on the board 9, and the processing ends. As described above, according to
the third enbodi ment, the el ectronic conponent 2 that only Jeqgukesodahe

t wo- di nensi onal positional detecticn is subjected to the two-dihensional
positional detection by nmeans of the 10 | um nance i nage sensor 3, and the
el ectronic conpor_ent 2 is nounted on the board 9 through the execution of
the positional correction of X, Y, and 8.9gn the basis of the information.
On the other hand, for the electronic coﬁ%onent 2 15 that requires the

t hree-di nensi onal ' positional detection such as the el ectronic conmponent 2
that requires the lead floating inspection, the three-di nensional

posi tional gdetpGtdeon d5 exeesvded.&Y NBasst 9bnt hailkelghbmeARIE a$RNS YHorf- ON
the entire surface of the conponent 2 viewed froma 20 specified direction,
so that noteedlgnithenposikbanal i pbormméi onsehe X, tat anthS i) s 1

hei ght information of the floating of the |ead tips 2c can be obtained. The
el ectroni c rednpesent 12 havitag ke fHasdimondeed thpt2eher nbheeki RO2a eand

di sposed of as the abnormal conponent, and only the 25 nornal conponent is
nount ed onthkee nboaed 19 2hraoieg hsudyeo sx@ci | oa bhet bdjposist iodndlr igdrtmects on
of X, Y, and 8. The reason why the two types of inage sensors 3 23 August
2002 83 andrBrarkémegkeyt evmley doedhat dif fehenimagys d82abofeths tleadsa
significant difference exists in the processing speed. That is, the head
nmovenent vé@Becity in the case of the |um nance i mage sensor 3 is, for
exanmpl e, 400 mmsec, 5 and a tine required for the imge input is 150 nsec
in the case of an el 88 r 6RPETESHpokeNnt thish aaceorfisquate. ©het hdissher
hand, the head novenent vel ocit i i

_ : in fhe case of tge BeLght nage sensor 8

is, for ex8RpPEiM8BtymisedS WG REFTFRH FOF fREIPRafE2PHpERERS 750
in the~ f t 10 t i t .2, of 60- . As

dosor | bed SEOUES BYARANY 61y SEHECE R noite Prigs s cnRor oy Shethe

el 8811 onf ¢ 6QURONEN! pANAt cheAUres, el thefud el eadal! QALINg amount,e

def'ection nor i K€, e I'magé 1 nput time can be retuced, théreb

al | owi ng t _\t_)gfé;?aREQduf)_tliaYliety.&@ ?ﬁﬁgigeova@asvl\@@aeeel y fthe Q»?é’ gphegggee

sensor 8 is use the i nmage i npu increases as conpared W
| um nance jBREAr8BNE0Nred it Cahdatt R Neslight Oﬁxe'a@ufr'eﬂ@n'ts achbguedras

conpared with the prior "art exanple), however, the |ead
only within the range of this height measurement region.
Therefore, only the heights of the leads 2a located inside
15 the height measurement region can be detected, while the
heights of the projections 2b and 2c located outside the
height measurement region are not detected. Therefore, as
shown in Fig. 8B, the image 202 of the electronic component
2 having only the images 202a of the leads 2a can be
20 captured. That is, the noises 102c and the noise 102b that
have been disadvantageously detected by the prior art are
located outside the height measurement region of the 3D
sensor 8 according to the component recognizing method of
the first embodiment. Therefore, the 3D sensor 8 detects
25 neither the noises 102c nor the noise 102b. That is, this

embodiment needs neither the "noise lead removing process"

nor the "low-contrast lead detecting process'", which have



20 floating inspection and so on can be achieved, thereby allow ng
conponent nounting to be executed with high reliability. Theg Aj4u

i mge sensor 3 and the height inage sensor 8 can be independently
selectively used in different 25 ways according to the shape feature of the
el ectroni c conponent 2. For exanple, it is proper to use the |um nance

i mge sensor 3 for the nornmal |ead-I|ess gkectronic conponent 23 August
2002 84 to which the two-di nensional posPtional detection of X, Y, and 8 is
adequate, and it is proper to execute the threedi nensional positional
detection by neans of the height inage sensor 8 for the electronic

conponent s pWh ) £4gksq th% Ot 198 eF)tr['L%@" Ca $OMPOREHRS fQfre, BGn ( BRripa J.'s‘ém

Array) haV|ng a nunber of bunp electrodes on the bottom surface, and the
like. The Lymhhamnge priBge z$eNsRinddandnehe iheitgindoBaente M@’ ndtcanike
used i ndependently selectlvely indifferent 10 ways according to the

i nspect i on thikersr f-thec exeedirdngn tHe ehegbr @iceecRIPeneiing. biier a@sanpl e,
in the case where the lead floating inspection of the el ectronic conponent
2, shape dehect cifffgpect bein ekmarkh®lhunimelrestihgdeshefl tle iebaqtiteni of
conponent of the BGA type and the |like are 15 required, it is proper to use
t he Shei ght renegaisénsor 8 for the execution of the three-dinensional
positional detection of the electronic conponent 2. By setting the height
coordi nate system of Thieeelfeirght damyelisw tthat théecdmpesendn recogniBéng

el ectronic 20 conponent 2 toward the height inmage sensor 8 becones
positive, me&hhdi ght ithge HbX t MNPt hdhiei fied ghitngaesensemestand
the | um nance i mage data obtained fromthe | um nance i nage, sensor_ 3 can be
processed B§IiRe icRPabkal ofmadetpebirgsiHie sbeliobi BB%ﬁlﬁh?%saﬁﬁhnSBﬁent
all ows the 25 controller to be ¢ommonly used and al_| ows

pr ocessi ngl88%6e 2&x 8LGHEd LHF Ee&SQﬁDWeBFBéﬁgﬁPtAEES?HFHSetBl?ﬂﬁ ﬁFEEéHt
hexgntl on, 6 hggl Un}xpﬁgxc%gﬁg le lje%[lo%oolzs 8p5rela gp%ﬁjerrll,ngtHEaﬂglgﬂg the

ht i ma
detection is executed only within the range of this height

measurement region. With this arrangement, only the heights
of the leads 2a located inside the height measurement region
can be detected, while the heights of the projections 2b and
15 2c located outside the height measurement region are not
detected. Therefore, even though the projections 2b and 2c
that become the noises exist near the leads 2a, electrodes
and so on existing on the mounting surface of the electronic
component 2, correct recognition can be achieved without
20 erroneously recognizing the projections 2b and 2c and the
like as the leads 2a, the electrocde or the like.
Consequently, the positional information of the connection
portions such as the leads 2a and electrodes existing on the
mounting surface of the electronic component 2 can be
25 correctly obtained. Therefore, by executing the mounting of
the electronic component 2 on the basis of the positional

information of the connection portions obtained correctly,



can be selectively used in different ways in accordance with the shape
features and inspection itens of electronic conponents, thesetygust2eod ng
the positional detection of the 5 el ectronicconponent to

ber ati onal | yexecut ed. Ther ecogni ti onand nounti ng

of el ectroni cconponent st hat requi re thet hree-di nensi onal posi ti onal detection
forthe detection of the lead floating a the |i ke can be executed by the
hei ght i mage capturing nmeans with rmuch higher speed 10 and hi gher
reliability than in the prior art exanple. According to the present
invention, the two dinensional positional detection is executed by neans of

the | unmi natioe é regter vaint Wromepmeans2 fedn the mhectedmeEr € aporedtl .0 whi ch
only the two-dinmensional positional detection is 15 adequate. In the case
where positional corFegtibh Ssnal detéapDletiablotktdbapramrofird exapphents
required on the basis of the information, the el ectronic conponent can be
mount ed orredwrbicaiTd t heppghratthie exfeut | dnmpofentdre: posi t itheal canpacénbn of
X, Y, and 8. 20 On the other hand, for the el ectronic conponent that
requires theeediFigvs ingtdiopon] titend ikt embashimantt.he el ectroni ¢ component
that requires |ead floating inspection, the three-dimensional positional
det®ction is execut ebh bjigeahs: ofthenmaia gontinedges acdpian i 3P neerisrohst he
entire 25 surface of the electronic conmponent viewed fromthe specified
direction,th& PRET2REPTOMY (e p¥RPLeorfleGEHBYifat FERPERERt YROWHEL BT but
al so the hei ght .information 23 ﬁyguig 2002 86 of the floating of the |ead
tFom ©

tips can & aéﬁur?ecfhoﬂ{é Et SHp SRR Sraviitfy PFH IIRFTERA tip
and Lhe | be s Rased oLogs SUOLTE EeIRONELs, cand only; L hg, o
Pg;h}igg?@fﬁ%ff%ﬁféy]égmﬁgngﬁtenﬁkéﬁyfﬁg pgﬁﬁgkg@@g C%&Eeckk%nié%rvo

10 controller 601 and executes the suction, transport, and
mounting of the electronic component 2 on the printed board
9. The component shape information {the size of the
component body 2p (body height, body width, body depth), the
number of the leads, lead length, lead width, lead pitch,

15 and so on} of the electronic component 2 to be mounted is
transmitted from the component shape information storage
section 620 of the main control section 200 to a work memory
302 of the component recognizing apparatus via a system bus
201 and a 2-port memory 306, and the height image input of

20 the electronic component 2 and the positional detection of
the electronic component 2 are executed. The positional
detection result of the electronic component 2 is inputted
from the image processing control section 21 to the main
control section 200 via the 2-port memory 306 and used for

25 position correcting calculation in the X-, Y-, and 6-

directions when mounting the electronic component 2 on the

printed board 9 by controlling the operation of the whole



According to the present invention, the electronic conponent that requires
lead floating inspection and the |ike can be subjected to tiyealisgiio2
nmeasurenent for the lead 10 floating inspection and the like, and the
positional detection required for the correction of X, Y, and 8 can be

si mul t aneously executed, as descri bed above. Therefore, the recognition and
nmounti ng of the electronic conponent th requires the three-di nensi onal
positional detection can be 15 executed th hi gher speed than in the prior
art exanple that requires the two recognition processes by neans of the CCD
canmera and the height sensor. Furthernore, the three-di nensional positional

detection kseexegHied c@iﬂ?bhénjﬁnﬁnioﬁj%tﬁﬂﬁf agpfathfie AP SheChE PRl conerBINent,
and therefore, the lead floating inspection and the 1ike can be executed

wi th hi gheseaegsha@od.han mihent, heofr itdfe abbsgxanpt e thz Wakshitbhe Jei ght
detection is executed on a specified line. If the height image data taken
in by the pes@bioR5 (Kfrayge ©aptdarineg tieRNscansh tdtel driym fiadcea i Argendaba
obtained fromthe | um nance i mage capturing nmeans are processed by the

i dentical Eeageopr A06sIongteEanthdynseile nfat e Hgghg-di 2 Augusio 2882 87
coordi nate system of the height inmage so that the direction fromthe

el ebt r oni cteonponeactt ohed trodatidioglatl | mege tdapt urdhg teansebecbrmesic
positive, then the inmage processing control section can be conmonly used
and t he i negRPEN§RbCcessiNGOERAr ke xblet edrbyct ey coatronl ptbgrarespltsurt h
enbodi ment  of the present invention wll be described in concrete bel ow
with referbhte £Bet REUBEARPNGSSiFign PIsHARs hfciredtioMURGEIheht 10
nounting 10 apgaratus to be used for a conponent_ recognizing nethod and the
conponent FRepecti AGTREFABASOFS RS furtPvenbbai Reae Sectielpriesknt the

i nvention. tgou h Fig. 1 shows the Lirs enbodi.nent, the construcfions
shown in F’ﬁ% lﬁg‘ét’rﬂ‘gs sahe BSUPHPst SUéﬁcéﬁBGdicnﬁW“Wntth[}s,“Fi e1is
Ung here éﬁgcified position of the printed board 9.

On the other hand, in the X-axis zrobot 5 as
described above, the head section 7 that is sucking the
electronic component 2 is moved on the X-axis 5 by the
rotat;on of the servomotor 24. The height data input of the

15 electronic component 2 is executed by the head section 7
that is sucking the electronic component 2 and moving with
constant velocity above the 3D sensor 8 from the left-hand
side toward the right-hand side of the reference position
sensor 22. When the head section 7 passes at the side of

20 the reference position sensor 22, the reference position
signal 23 1is outputted to inform the image processing
control section 21 of the output. In the X-Y robot 600
including this X-axis robot 5, the servo controller 601
executes the positional control of the X-axis, Y-axis, 0O-

25 axis, and nozzle elevation axis. In particular, a motor

encoder signal of the X-axis, which carries the information

of the position of the head section 7 on the X-axis and a



15 explaining the fourth enbodinment. In Fig. 1 are shown a nounting
apparatus nmain body 1 of the electronic conponent nounting Aqg%g?éo an
el ectroni c conponent (abbreviated to a conponent hereinafté?f o:%e
nounted by the present apparatus, 20 which is as shown in Fig. 40 although
denoted by the reference nuneral 2 in Fig. 1, the tray 3 on which the
conponents | 20 are placed, the tray supply section 4 that serves as a
conponent supply section for autonaticalﬁﬁ suppl yi ng the conponent 120

pl aced on the tray 3, the head 25 section 7 having the nozzle that sucks

t he conponent 120 in the nmounting stage, the robot 5 on the X-axis side

(abbrevi at ed £l cbee %S'?%?iit%orrpbﬁtgﬂhqr@ﬂ?ﬁrftﬁ{e) »®-hals JTovas; d&ar 2% Auglist

2002 88 head section in the X-axis direction and constitutes part of the

X-Y robot, ihFerkakebs G andebbraut t BRaY- M Bé4E CRRRLGW af edako i s
robots hereinafter) that nove the head section 7 in the Y-axis direction

and consti tiute RaHeiyHf ndsXromé@PoitanpdpbbhethehghtirdetaptiteRasaensy 8,
whi ch corresponds to the three-di nensional (3D) sensor 8 or height inmge
sensor 8, EQmngpkwﬁﬁKbe§%b€i@ﬁt3bUB®E(ﬁhéhﬁméggpgmé@bséaﬁg Twntrol
reference nuneral 9 denotes the printed board to be nmounted with the
component %20titA VHEN ddie azonponehhfd2 pltacedomtriohe teayidni sosuaked by
the head section 7 and transported in the X-axis direction while being
driven by tthéoxmagionrobnd Sizddve drhe megisgirindet €bei ontsensaringing het

hei ght ina%e of the conponent 120 is captured by the height detection
sensor 8. TR&ing (Reitdint )hehghie éprai ABEObYhEhd Mrdgyhmemeey e3P oatsddsor 8
is subjected to software processing_to recogni ze and i nspect the vol une or
shape of ekéRiBg SOEFEPéIP??téPnhégﬂspherical bunp el ectrodes 120a of the
conponent 120. If the inspection results are normal, then the conponent |20
is 20 nounted in a spéci e@&rﬁgﬁd{i FPVH 1 hePPrPFEEE bosPd SRheonPerebst her

h , if f the b | h i
E g ﬁ@%%&aﬁ&%ﬁ §°?.ﬂ:f§‘3r§§ee§?%?qh€?g? o5t 1R0 a%é‘sizﬁéa”ﬁsﬁé&%&;.‘ézgv of
X- i i ; i . T
&ezdth‘éL SLLIRLLrE8eyfhal PR T OBkE OO ST (Rher :%%ea% ok Wb
. | _ 2 | .
y the rotﬁ&f?@c%dt he fgrg)é/gnggat 1%3:1?&%3tt\ﬁcga§y§%eﬁé ( eﬁﬁ@% data

i nput of the conponent xecuted by the section
sucki ng t hgn&_0@poa%nnéﬁoagndtmﬁ@gaw;ﬁ%%}rﬁninv%qqlefcxie&ao\/&f thge

hei ght detection sensor 8 fromthe | eft-hand side toward the right-hand

side 5 of 1hgcPrbghn $8NE0ECRZ:id¥HERibhe hﬁa9¢59CEhgﬁanga§é@§aB&1§h?.side
of the origin sensor 22, an origin signal 23 is outputted to informihe

i MhBe procemse NDi gl rete Sethd ony2ené &hel 08y pAkeblé bsghelbeqpokedetihat
the reference nunerals 18a 10 and 18b denote output signals fromthe PSDs,
t he referedngetham®Sdls 20 ademod es7b hbypaolepgen ofurdeeenmlri fier ssi 3hed , aadd t he
reference nuneral 25 denotes the encoder signal. The construction and
oper ati on 8i0lbhecorveht teecesignalsebsbe B2wbit Otgdestribea (ihnderder
bel ow by way 15 o'f an exanple that enploys the principle of operation of
tri angul at¥@nensure height calculation accuracy, the conversion into
the 12-bit digital data is effected in this case) by means
20 of A-D converters (analog-to-digital converters) 31la and
311lb, and input the data into height calculating sections
312a and 312b of the image processing control section 21.
The polygon mirror 12 is consistently rotating and inputting
a polygon surface origin signal to a clock generating
25 section 309 by means of the mechanism shown in Fig. 5. The

clock generating section 309 generates a reference clock

{CLK) required for writing the height data into the memory,



Fig. 29 is a sectional view of the height detection sensor 8 perpendicul ar
to the Y-axis, while Fig. 31 is a sectional view of the heixghydgiet 25d2 on
sensor 8 20 perpendicular to the X-axis. In Fig. 29 and Fig. 31 are shown a
sem conductor | aser 10 for emtting a | aser beam a light collecting and
shaping lens 11 for collecting and shaping this | aser beam a pol ygon
mrror 12 for scanning the | aser beaminpinging on this mrror surface by
25 nechanical rotation, a half mrror 13>Por partially transmtting and
partially reflecting the | aser beam and a mrror 14 for reflecting light.
23 August 2002 90 There are also showmn an FA Il ens 15 that changes the
optical pa Aihat the | meghani l; g by pol

mrror 12 %%“%%ﬁﬁ#%h p%rpen |€% arly t§Y?%§9?§&%8§§§9 12%1§ g% 'sMgﬁ%U

subj ect, foeusiingd enses: 18 andn 5+48b nihahtf Qs tdie £RE! eakiian osaatd ered
light) of the |aser beaminpinging on the hem spherical bunp el ectrode 120a
of the compeneRfor] 20ur Al SYMiIGARAUSE @Rz DO, I OAngenSigutee €R¥I GBnals
(abbrevi at ed ﬁgkaDs hereinaftgg) 17a@gnd 17b t hat sefie as posit?%n
detecting demiccesheortgdcly ddontteh sdetidn | aser obeahet halageapridausigedy and
refl ected on the conmponent 120 is focused via the focusing | enses 16a and
16b 5and hawenarioungkicanohorlgenerating an electric signal correlated with
the position of the focused |light. The reference nunerals 18a and 18b
denote the output sidhal sPBD tdhisgiREDs Ihatandrdb5 dbtmirded nftrbms thse,3IX he

| aser beamemtted fromthe sem conductor |aser 10 has its beam shape

col | ect ed sethsshrapdoby the heghhtcoldtenttiing andcthapi P2 eblraugh the
Thereafter, the | aser beam passes through the half mrror 13, 20 reflects
on the nirpsearplifdergpi Ages oﬁnﬁhe3é@gyg@ﬁdnidﬁaﬁtlzedTh@YpowygonAnﬁkror
12 is rotating with constant velocity, and consequently the | aser heam

i mpi ngi ng 6ATVEE tRESr ot ur fRe FEIRWARG. FRRYMEEed t RBTrasRETP beamewidse

Pt Cham SpHEERCAY it SPSCHTodth MOOF U HeeeoRpbheAt 200 camt ihi o &
S 1 4 ) S
e ection Light AT 3002°85 778 Pas CIBSHE 170 gBarie SREA oftput
i s 18 8 I ' [ -+ h flecti
urTace of T e YRRe rcAr BONS e el RO 1208 a1 [RS caApangRroi20t 5 In

this Case,r%@?|€§ﬁ%bQ?ﬂg]Eélé@EEth%dHﬁ%ﬁﬁg?e?9£¥ggga@'Eé&n§2t@nﬁave

thereafter applie em spheri ca ectrode 120a of the

conponent 12Q tfiadndrS £8ELQbhEGt inThRedAsindeamts 2RRM adikonsl st eptly
perpendi cularly to the hem spherical bunp el ectrode 120a of 10 the

component tzAmbhat isfthe objieekiby tBY FAekBnsodduesnsinuctrd ohetbhee
el ements existing between the polygon mrror 12 and the hem spherical bunp
el ectrode t20audktthe soapenefit th20ch¥hasl nRasthengutnbeibevghticobft 85
hem spherical 15 object such as the hem spherical bunp el ectrode 120a of
t he conponerprédenttihg peei pheaoamaddtiyade ofivedre trertitspheeigtst dbfzcof
corresponds to a sheer wall for the height detection sensor 8. If the |aser
beam i s appheedheongddPar oTherefpsepoiti GHch ercase r ditectabie | ¢Hhthean be
obtai ned fromthe .
channel B is selected. If both the channels exhibit the
20 abnormal values of 255, then the numeric value of 255 is
outputted as the height data. If the height data of both
the channels have normal values, the arithmetic mean value
of the height data of both the channels is outputted. The
height data outputted from the channel selecting section 303
25 is stored into the image memory 305 while translating the
height data outside the height measurement region into an

invalid value (zero, for example) by a height translating



20 hem spherical object, and no reflection light returns to the PSDs 17a
and 17b. Therefore, it is preparatorily checked through an &xpedisiBag2 how
much degrees of surface angle the nmeasurability holds while keepling an
accuracy. The angle is 6 shown in Fig. 38B, as described later. 25
Therefore, as shown in Fig. 38B described |ater, when neasuring the vol une
of the hem spherical bunp el ectrode 120a_Qf the conponent 120 by the hei ght
detection 23 August 2002 92 sensor 8, ?ﬁe accuracy is increased by
preparatorily calculating a radius r capable of obtaining valid data on the
basis of 8 and subjecting only the nmeasurenent height H (X, Y) to

vol unet ri c seakeghatioan omhy wherihke cxargtd nge Hopei AhtX, iXteXitHleS ivaddy n
the region of the radius r fromthe center of the hem spherical bunp

el ectrode #hafarwhiB0s iist eyoraidol sy nché heimimy | coagiren. skatkog. 337 .are
shown a photosensor 19 for sensing the input of light thereto, and a signal
20 for infornengtiinde coritstale afedtherd NnEA7 ofrddeghted o ttHee pladleee@srsor
19. This signal 20 charges when each mrror surface of the polygon mrror
12 cones i pbeibispedifdned afgbre, thiei ¢hrY srobhets®0sgl | €ble vea fter siconalt s
(surface origin) of each mrror surface of the polygon mrror 12. Further,
in Bhe casthef enasdewl ygiognad rrafr 185 havi RyetRtsinagied a hsiaghalsecsitn be
outputted 18 tines per rotation every tine the mrror rotates at regular

i nterval s BPVeRgnRe (afiahanes. of pbhedegfees i ngdeRerafse of al8 ¥FegédyralThis
is called the polygon surface origin signal 20 of the polygon mrror 12. 20
The hei ght SHEFEE?PbﬁaE%oP@D&l t RECkRUr B %enbBRP FEntthtasStaBasy f%end of

o roturn BELERE SRTF CERFORGTIBHECht LHOPRD 1HCR i BFadmgRetoqn, thoe =
Component wiith 95t RV <t Bipl Byele i 1R ot hod “RaRE o PEEFTEEC: o

23 Rugust 00505 ackBr dnaRy S 2doler i (ion WITAHe prboTEd Ththe BaEIs of
moasur i ng’ bELTRE OF Thes e SORErT Cal DBURG B o7 60LFoau 108 oF 1RL cro O

conponent J2Pribat isyhberoRi £6tidQ beigRasur g¢chy)t he Af angnentjoneds
sem conductor position sensitive deviceS (PSDs) 17a and 17b, as represented

by the sengenegaTier pAsSbEsOPLEENSLL i vordevitey limund t htlief erepecethOeFi g.
32. 10 In Fig. 32, the |aser beamthat is scanned fromthe F8 lens 15 in

t he directposifdemxsenshr ex2 i an)a [des pendi datt art 4 kol f dvel rs heted v tp o tilvat e
Fig. 32 is drawn and applied to the hem spherical bunp el ectrode 120a of

t heSconponettie IR0 ghet idategd taoted rief | Bot ethage trhemdueyn 3@phet $ csthbldcbedp

el ectrode 120a. In this case, it is assuned that the projected points are a
poi nt Al ato aliheigghtr@aasaing bopesatianf aue af GHie Bedi Shiedr i epér e

el ectrode 120a and a point Bl at a height Hfromthe bottom surface, or the
| ower nost PEFETBHNDIT He PP EPheIPL af L L ke reeiel iperal detection

and so on of the electronic component 2 that is the object
to be recognized. The program is stored in the program
20 memory 301. The component shape information {the component
body size (body height, body width, body depth), the number
of leads, lead 1length, lead width and so on} in the
component shape information storage section 620 that 1is
storing the geometrical features of the component 2 1is
25 previously transmitted frém the main control section 200 via
the 2-port‘memory 306 prior to the height image input. The

positional detection of the object to be recognized 1is



20 The irregularly reflected | aser beans are collected by the focusing | ens
16a and each focused on a point Az and a point Bz on the sesi UQ@O@
position sensitive device (PSD) 17a. Consequently, electronotive forces are
generated at the point Az and the point Bz, so 25 that currents 11 and 1Z
are taken out of a point C and currents 13 and 14 are taken out of a point
D. fhe currents |1 and |13 depend on resi%ﬁance 23 August 2002 94
conponents proportional to a distance xA between the point Az and the point
C and a distance between the point Az and the point D, while the currents

| Z and 14 depend on resistance conponents proportional to a distance xH

bet ween t hexpeivttedB2rb W Bhei Hobat tﬁea'&@n%oﬂie%tta%(h%ﬁ%eti\&@ﬁikrﬁi'@id}mé‘é Bz
and the point D. Therefore, assum ng that the Iength of the sem conductor
posi tion sersidriveddeviove .17dti SsLtot ben ntheandhel ithdivbrid afiery 302
determ ned according to the follow ng expressions. 10 xA = LI3/ (I, + 13)
XxB = Ll g/ (lsz useldd)asTherefplace afdrstanecenkl thet dee riveel ipdientr 41 landih he
poi nt Bz on the semi conductor position sensitive device 17a of Fig. 32 is
det er m ned exgcufié njol thei nooekpiesal ordetldction X - the Babgdcon tde be

t hus- obt ai ned height H on the PSD, the height His determ ned. A nechanism
f or capt ur regognigeght Remdesaribebe abeveri bbgnndie wmietightefteraarsia tiorFi g.
28. 20 In Fig. 28 are shown a main control section 21 of the present

el ectroni ctégﬁfﬁonbﬁt uggdntimgthppdraitast srpasépéhte posittiagn 868AsdthaR for
informng the main control section 21 of the reference position for
capturing SREVRSi it PRage*8PtBe Of akhe rbbie 5 regovingr epeet bori t itdHe 25
signal 23 for informng the main control sectjion 21 of the passing of the
head secti GROPSIPTERR SO A hiS PEPGr Gt Hosi CPBROBERLOr SFRIMT i oder

24a of a r far Vi [ 23 JAugust 2002 95 the X-axis robot 5, and an
encoder srg%gPcggyogPBHEFeggPFSHFFhe encoder 24a. Wen the conponent 120

pi gked up fromthe ”ﬂéﬁ” is tghg{&r“soogﬁfigg%ngﬁe z&éa%éﬁéﬁ%éhﬁ%dx‘f%} $Hobot

5, the 5 encoder 24ai's always givin encoder  si srgnal™ o

AB phase. £rBBAsR REnSRY! wRher A i £, Z8oh0r ! fngggpgggetegg&nge%&ie%n 21.

Due to the that t ef erence Pposition signa rven to the main

fg]pte : glnczeatei;eemzﬁi%e&eta&% coaPONgNteekdld PASERS Al theast 86t gt Beans
402, an inclination detecting means 403, a lead position
detecting means 404 that functions as one example of a
15 connection portion position detecting means, an object
center and inclination detecting means 405 that functions as
one example of a connection portion center and inclination
detecting means, a height data clipping means 406, a height
translation table setting means 407, and a threshold value
20 calculating means 408. These are each constructed of
software as examples. The center-of-gravity detecting means
402 and the inclination detecting means 403 serving as one

example of center and inclination detecting means.
The processing area determining means 401 executes
25 the operation of Step S6A of Fig. 10 for determining the

processing area in the image memory 305 according to the

size of the component 2.



10 position sensor 22, the relative position of the conmponent 120 relative
to the reference position on the X-axis can be cal cul ated "

control section 21 with both the signals 23, 25. On the ot Eéeé'r'&@r?%%
anount of rotation of the 15 polygon mirror 12 | ocated inside the height
detection sensor 8 is consistently given as the pol ygon surface origin
signal 20 to the main control section 21 while the mrror is rotating, and
the amount of rotation of the polygon m2or 12 after its passing through
the reference position can be 20 calculated fromthis signal and the
reference position signal 23. In this polygon mrror 12 and the sanme thing
25 the X-axis robot detection sensor presupposed that c , e of
rotation of the incre sc?rﬁt rro%or?ll”a!(;‘ﬁ“ts\z Cipotze(gte o‘gimiﬁ%a%é%eegg?gg%%r

t he anmount V, t of .5 [ h eight 8 of the
fourth enbo@%'?rerrcg?r?%ﬁ{] Claglc:‘ﬁeat%%&?n%t#ﬁg]ﬁg frc')f{1 'e?d;'nd the X 23
August 2002 96 axis TeOliachiRgRibY ERYRL. SN AN LDY LhRdriant thande,
each with constant velocity. these conditions are disordered, then the
resol ution {pixelasiZe)cPRuI PN ¥ e &bz ali and overtical directions
of the height image 5 to be captured is to vary according to the
flucguation in vel oCitye WS pSsBL & AW tdAGAY ndbriLr404 ofxdmases efmeat
accuracy. Therefore, in the electronic conponent nounting apparatus of the
fourth emboshemition he theisghlp | BBPe bs CRPHUr el i NE®r ancd Yeages temdr Y134
(see Fig. 33) located 10 inside the main control section 21 by the height
det ecti on semsioridhshavi nghidie dior barts i aedxtohstfromt ithie. FHwerhergnter
order to watch and control the consistency of the operation of the polygon
mrror 12 tdrad isclinationy badi talel yconpdnesdnsitane vehbormgtipnh ofhethe
operation of the 15 head section 7 driven by a notor such as a servonotor,
t he pol ygorrkigdtagadbdegiar tsingndheogeaterheopalcygos Aiftr tHe 1gagsd 28he
encoder signal 25 of the notor are used. A block diagram of Fig. 33 show ng
thetf nternal structurBefoRRChararedht #Bf dBELLBALIPNWSRTESE 18dsATHEY 20

next. The main control section 31 controls the whol e system of t
el ect roni ¢ tohpERERPERSUNt PRy RFTFE LR Shownt §1 F%%E f.% Fg}‘gex | €°% he

RN, COnt Tl RESLISNCOY o3 IS BOSLO o LS BN SR k90, Fyglodie
cont oLl er oA L13AEd Dpsauabian of tne clectroni o sampanent 120
nounting of the el ectf@iﬁefmom glzppmd) toepriptedsbgard Qs for
15 searching a specified region and calculating a clipping
height level. For example, a clipping wvalue is
preparatorily obtained by the height data clipping means 406
before detecting the lead 2a inside the small window 501
including the lead 2a shown in Fig. 12A. Then, by removing
20 the noise height by means of this clipping value, the lead
position can be correctly detected. In this case, the
calculation of the clipping height level 1is executed for
every lead, and therefore, the clipping level has a varied
value for each lead. Therefore, the optimum noise height
25 removal in accordance with each lead 2a can be executed.

The height translation table setting means 407

rewrites the height translation table inside the height



The shape information (body hei ght, body w dth, body depth, the nunber of
hem spheri cal bunp el ectrodes 120a, 5 the dianeter of the ! hAl
bunp el ectrode 120a, the pitch of the hem spherical bunp ep%@?%§§§20@20a,
and so on) of the electronic conponent 120 to be mounted stored in a
conponent shape information storage section 3la of the main control section
3l is transmtted via a 2-port nenory 45 and 10 stored into a work nmenory
44 of the imge processing control secti &3 21, and hei ght i mage i nput of
the el ectronic conponent 120 and positional detection of the electronic
conponent 120 are executed. The results are received fromthe imge
processing.ggqg : td 2 Vi@ t Be or : y f
correcting ca éﬂ%gﬁﬁgiiﬁgﬁiﬁk;ﬁgﬁtpﬁn%F§,ﬂ?§€§ |ﬂnéog§ﬁﬁ%¥%he e egﬁ?onic
conponent 12Q..0ndyhe printed board 9. In the X-axis robot 5 and the Y-axis
robots 6a and 6b, a servo controller 32 executes positional control of the
20 X-axis, Y-axis, 6-mnd Sshd¥hdIR¥ 7y £1€: e¥al&QNa 8Xh§ . mkAnBalfosC Wdms tde
not or encoder signal 25 of the X-axis, which carries the information of the
posi tion oflunligzmerd seLst®frdmon drhe XhaXi @k t hefori ghe sigfdinzddcd rom
the X-axis, which carries the information of the fact that the head 25
secti on 7 hepresmmtintbo thehehghjhtredsuaenentesdar boposibhods adesdrindd ed
to the inage processing control section 21 so as to informthe control
section of adoweabnd thdmozabteonsetd3 aAudusdsili? 98laad foseddprrateiasuri ng
the start timng of taking in the height data into the inmage nenory 39. In
t he hei ght tdet sonnectdensporgionise tio et sebdiedteg $ysthemdhdr dagfesiriiany t he
| aser beamrefl ected on 5 the conponent 120 includes two systems (a channel
A and a ch&¥nelfoB) eXaRPA§ a bhe il@adn 4; FedMmetheonodset REIRESedinbddrhs nto
consi deration, thereby ensuring reliability. The light-receiving systens
ampl i fy fedbFéner§RalssiegEated by the PSDs 17a and 17b by neans of

lifi 33, rert 10 th [ | s into 12-bit digital data, (i d
PoT2heur e hei ght cal GifatiTh bBodt A9L0 e LEGAIGPLLGR | TG A nhgaibEr &
digital data,i ffected,in thi f _A-D t 34 d
nput t he. GO ePEed HaTRL Pt 81t hb EragE CFoeelei AG E8nt Pol 88 | BRIERE The
pol ygon m Gegh 32k 5515 SANSI! 8yl YoEOUALG N0 1qnd | BRULELRG 3P0l yoqR
surface origin S|gnaP 20 %0 a clock generating section y mears of the

mechani sm sROWAREALF Ghagd . 1H1% 610Gk 0CBEEALENG SELLI QN 3R I8RRERLESA

reference clock (CLK) required for witing the height data into the nenory,

generates achghikzophah 2Pe3¥bsREONtEat tRB ShaRakthEkER) okequheednhbaghicaki ng
in the height data on the basis of the polygon surface origin signal 20,
and5i nput sdeliecstignalreginha t herdmagRe prdessing coOht tRk et | ®O0 2thathe

i mage processing control section 21 converts 25 the digitized PSD signal
fromthe hemghtedeieettbba sehght BransbaBibnt thelghtndaha basashefghhe

cal cul ating section 36. A channel selecting section 37 conpares the height
data of 28fAugastioRP0kh&9heheght worsysi ehbofichanhel cdnand rhganeéedBpswi t h
each other in real tine, and selects the height data that seens to have the
hi gher cer eamamgrinfaccohdafEE #PPh cBed EPWI AG0 Woitexahbee8-bitaddkai sion

by zero occurs in_the height . _
while designating addresses, thereby allowing the height

20 translation table to be set. Therefore, the height
translating section 304 can preset the height measurement
region capable of detecting the height position of the lead
2a about the height measurement reference plane within the
height measurable region. Only the height data that falls

25 within the range of this height measurement region is
outputted to the subsequent process, thereby executing the

height detection only within the range of the height



5 calcul ating stage of the channel A, the nuneric value of 255 representing
the abnormality is given to the height data of the channel A ajqgfgdoxre, in
such a case, the value of the channel B is selected. If both the channels
exhi bit the abnormal val ues of 255, then the nuneric value of 255 is 10
outputted as the height data. If the height data of both the channel s have
nornmal val ues, the arithnetic nean value of the height data of both the
channel s is outputted. The hei ght data o@t‘lputted fromthe channel selecting
section 37 is stored into the image nenory 39. The storing of the 15 hei ght
data into the image nmenory 39 is controlled by the timng control section
38. The ti Mg oM S661L0N T eGeiMESs aR- 98] JhReSit@athd r @bt he iXpRyd S
robot 5, thereafter counts the encoder signal 25 as a predeterm ned hHead
Section N sHingd, ancss LONBEREs ay 81 dey erbh§ahg 28r M NOhugNiczabisen cwrgnal
(VCLR), and inputs the signal as a height data taking-in start signal into
the i mage mOREnddedThes haight hdatyatst@ded, | n Adwrdage FeNDENe 3Fiirst

subj ected to i nage processing by a CPU 40 that operates according to a

pr ogr am ancengidyietnad t ahposheiohal cededinare amckizo B ofaként her the

el ectroni c conponent 120 that is the object to be recognized. The program
is siored idindw jpmogf aomnenite yobjecthetstmpe theor3mt isenspextweitial the ght,
external w dth, 23 August 2002 100 external depth, the nunber of

heni spheri caimenim v lewt ratieshet heidghtineeesuvémeht hefiespheei pdknpuspt

el ectrode, the pitch of the hem spherical bunp el ectrodes, and so on) that
i s storing tthelgBondion chhef exalif egfofcaniersanse-oni &scumpodentha | Z0eaxe
transmtted fromthe nain control section 31 via the 2-port menory 45 prior
to the hei FfSAl¥EgEON nifut thehdIFRGtiVBhar L dérddhiton Df 1P héobj Bee? t 67Be
recogni zed i s execyted on thia basi s of. HE S a%e i nfo matig . Tt is go be
not ed t hat 8% S REP U P OGS AR G Toltade For  §18ri g £8°Vfie t8Rape

exddLt 1 ng SR P8 (8 onaag U one oo K- B oBECEbOBe e odi SeqTees. 34
shows a COTRONGI ST 1 ALAGRAUE 0 DYn B8NS (0L Ke fiaiahty detect o

sensor 8. J. X erence w na fo thé steps (S3T hrougﬁ S37)
shown in Fig; 4ot &8l Thercamponent z120 is sucked by, dhe nogzhge7a
(head sect itglr} 78 ep "2%‘2: iﬁe thl ght ~dat a%of tHe component 120 1S 26
taken in. (gigital value) of 78 to 178 is inputted as height data to

the height translating section 304, then the wvalue is
15 translated into the same value as the input value, so that
the numeric value (digital value) of 78 to 178 is outputted.
However, if a numeric value (digital wvalue) that is not
smaller than zero and not greater than 78 and a numeric
value (digital wvalue) that exceeds 178 and not greater than
20 255 are inputted as height data to the height translating
section 304, then the values are translated so that the
value of zero is outputted in each case. Therefore, in
executing the adjustment of the height measurement region
when the height measurement region that is desired to be
25 subjected to height detection is previously known in Step S3
in Fig. 9, it is proper to change this height translation

table. Specifically, for example, when the operator decides



Step 533: The positions of the hem spherical bunp el ectrodes 120a of the
conponent |20 are detected. (For the detail, see Fig. 35.) 58tgpusBsioaThe
vol unes of the hem spherical bunp 25 el ectrodes 120a of the component 120
are detected. (For the detail, see Figs. 38A and 38B.) Step S35: It is
deci ded whet her or not each vol une 23 August 2002 101 of the

hem spheri cal bunp el ectrodes 120a is noggal. Step S36: Wien all the

el ectrodes are all normal, the component 120 is nounted in the specified
position of the printed board 9. 5 Step S37: Wen the volune of at | east
one of the hem spherical bunp el ectrodes 120a is abnormal, the conponent

120 is not thRuNtecthait dspasekrfer & the 38e SHRMSMAa BRSEMEAR dRGEEH Nt
procedure of the hem spherical bunp el ectrode 120a of the conponent 120 10
accordi ng seephshaeifhtigata, Nextis nefgrienrce w | éxdeut@dent @ d5he teleens
($41 through S44) shown in Fig. 35. Step 541: The processing area is

det er m ned facconair ngwimg t tdheSi Beightt e et $2Qiok5 dbe tHaae ithd he
X- and Y-directions of the processing area is set, for exanple, two tines
as | arge asotibe sbjecsf itshexsumuementra?Otion héiglstreeasuSerpni2egion
processing area is internally sanpled to obtain the center of the conponent
1205 and alr0Spepd&st ofor nehisaramson, sktohd ppaper thatnehei aparedod t he
center of the conponent 120 are obtained for the obtainnment of the

i ncli nati oRaYTHHeRaatold Lyat $69%e oft  tasamasehofent chapgisgapProxPRaPES to
an ellipse, and the major axis thereof is determned ~as the inclination of
the conpon&AtUSs EO5TESPepdtng: fhe BoSitiBAUBf Yabtufen?Ephbhecalebahd

Sgggtrode %ggsigtggglgggfg ggs&ﬁ% %%%I%éygﬁgu% éﬁgfééghéﬂggctggnAggﬂSt

from an operation panel 650 into the compénent shape
10 information storage section 620 so as to narrow the height
measurement region, and the height translation table setting
means 407 inside the program memory 301 of Fig. 15 may
rewrite the height translation table inside the height
trans;ating section 304 on the basis of the above adjustment
15 command inside the component shape information storage
section 620 via the main control section 200 and the 2-port

memory 306,
Therefore, according to the component recognizing
apparatus of the first embodiment, the height measurement
20 region capable of detecting the height positions of the
leads 2a about the height measurement reference plane within
the height measurable region 1is preset by the height
translating section 304, and the height detection 1is
executed only within the range of this height measurement
25 region. With this arrangement, only the heights of the
leads 2a located within the height measurement region can be

detected, while the heights of the projections 2b and 2c



102 posture of the conmponent 120, and a snmall region is set. For the shape
information of the conponent 120, there are preparatorily sipKgdst bsoody
si ze of the conponent 120, the nunber of hem spherical bunp el ectrodes 5
120a, the sizes of the hem spherical bunp el ectrodes 120a, the dianeters of
t he hem spherical bunp el ectrodes 120a, and information required for

cal cul ating the position where each indi%%dual hem spheri cal bunp el ectrode
120a exists. Step S49: The positions of all the hem spherical 10 bunp

el ectrodes 120a are correctly detected. In connection with the
above-nentioned center detection and inclination detection of the conponent
120, Figs. aAstedbBouand d36C thd | Hel glescmideeshrdrerfi 9. r&3fifon t hergdr Qaassi ng
area determ ned by the 15 size of the conmponent Z20 is expressed by'a

wi ndow. | n détpctz6B, Thermfocessiawerarigeough i ther pabhgcunbher @by an@n@aed in
the X-direction and the Y-direction at predeterm ned steps, thereby

obt ai ni ng ttheitcéme@menthé nobinasi exist theerxotpenértdi2Raas slmtrddessi g.
36B by a 20 cross. In Fig. 36C, the position in which each individual

heni spheri ¢ald Isemerelexdtsitoty 204 heximen tiigige stuinfetasd dfy el regl ¢dierondint er
and inclination of the conponent 120 and the conponent shape information
tramsm tt eFOMPOmEfie 2maith &2 5 odifGlolr esediidd 01 Caindpen asifdldvadegiighout

i ncluding only one hem spherical bunp el ectrode 120a is set. This small

region i s SAFIPERUESYASTRERITHEIRENIES ROEPIFEHASt RO 223 RGguat 2H62 103
nem opher | Gl url, of gy ode L20nc P Folpreed helghl measuenent
rangi ng fr%@s(%tlﬁ!%n%? 215n5fc§:ran?atbf"ort]ag%l ecq'leascgg}lgcr:]£ig§t %ortions such as

the leads 2a and electrodes existing on the mounting surface

10 of the electronic component 2 can be correctly obtained.
Therefore, by executing the mounting of the electronic
component 2 on the basis of the positional information of
the connection portions obtained correctly, the electronic
component 2 can be mounted more correctly..

15 The present invention is not limited to the first
embodiment and is able to be implemented in a wvariety of
modes. For example, in the first embodiment, the height
translating section 304 may be constructed of a circuit of,
for example, two types of comparators instead of being

20 implemented by software. In this case, it is acceptable to
make one comparator of the two types of comparators
invalidate all the height data on the noise object side of
the threshold value for separating the noise object from the
leads 2a and make the other comparator handle all the height

25 data on the lead side below or egqual to the threshold value
as valid, thereby producing a similar function.

Instead of the first embodiment, according to a



5 According to the present enbodi nent, the height coordinate axis is set in
the direction fromthe object to the height detection senseos sgdstde2

ref erence plane of the height nmeasurenent is expressed by the nuneric val ue
of 128, for the sake of convenience. The values of 0 and 255 are used 10 as
the height data for expressing the error that "height data is not correctly
obt ai ned" or the like. Assum ng that the_resolution in the direction of

hei ght is 10 dun, the neasurabl e region Bécones about 1.2 mm A vol une
detecting procedure of the hem spherical 15 bunp'el ectrode 120a will be
descri bed next with reference to Figs. 38A and 38B. In Figs. 38A and 38B,
there are ¥ecSH Obnbieh gt Of herhephptieaht Dumpvel o6 odasela0as s20aR

radi us of hem spher bunp el ectrode 120a, 0: critical angle at which

| aser beanyeehbgcted oAcBestsphrEi €L REtgnhel 85t hoderd 20 Ladydandnese) ved
by PSD, 25 r: radius ofccircularéregion gg%e when PSD | i ght-receiving

critical apgteihg RHY €6éLghONméa¥uRleaR@t H-dgiorY) thhelght HatlaAls pefnt

(X Y), 23 August 2002 104 (X, Y): sanpling point in small region, and
(Xc, Yc): creteeightr digtal,esarad hepisphesi eak bhiwighel ertvodeitd0de obhai ned
t hrough processing of Fig. 36C. The procedure is conprised of Steps S51
thréugh 5 S58sshemant n FegicdBA wltlkep 851:speaifitess valuait wkldnzedth® Ym n
as shown in Fig. 38B, and there is set V = 0. Step Sb2: X-address is
initializedegasukanantsrehoom thati s @8Birdd Sbepe S5Ebjéctedi 5¢ omeighmde
on (Xc-X)z + (Yc-Y)z <r2. If this expression is satisfied, then the
program f | datprbterdscabnSt epbss4prrefetRryiaRpr essi WetEieallent i sfhed, the
sanpling point (X, Y) is to be |ocated _outside the region of the bunp

el ect r ode M2bBoATher 8PBLéedy héoKeiegRITPLS  d4wCa the Xasy vilreraudtha Sanpti ng

oint '"is not added to V, and the pragram fl ow proceeds to Step S55.
P embodgment gs not appliéé é%cause anpobgect t%at é%omes a

10 noise is included in the height measurement region expressed
by the 8-bit data and the noise height is not stable.
According to a modification of the present invention,
instead of the provision of the height translating section
304, the magnification ratio of the lenses 16a and 16b of

15 the light-receiving system for focusing on the PSDs 17a and
17b so that no object that becomes a noise enters the
measurable range i1s changed to narrow the height measurement
region, thereby focusing only the reflection light from the
leads 2a thereon and not focusing the reflection light from

20 the projections 2b and 2c¢ that become noises thereon. In
order to flexibly set the height measurement region in
conformity to the object, a special adjustment mechanism is
needed in this modification.

According to the component recognizing method of

25 the present invention, the height measurement region capable
of detecting the height positions of the connection portions

about the height measurement reference plane within the



Step S54: The sanpling point (X Y) exists inside the region of the radius
r about (Xc, Yc), and therefore, the height data H (X Y) Q\yr)ﬁ@ugyzdobis
sanpling point (X, Y) 20 is highly accurate. Therefore, the height data H
(X, Y) is added to V, thereby updating V. Step S55: A predeterm ned
increnent Sx is added to the X-address, thereby updating the X-address.
That is, the sanpling point is shifted qé one address Sx in the X-axis 25
direction. Step S56: The processes of St %s S53 through S55 will be
repeated while increasing the increment Sx until the 23 August 2002 105
X-address exceeds the maxi mum val ue Xmax. Step S57: If the X-address

exceeds XmBgighheRedsprepleéerayngd iscpearst, SynhstpddedibRtt het¥caddhess,
t hereby updating the Y-address. That is, the sanpling point 5 is shifted by

one addresss S¥yxéButde onByi 9ithigCcthenraSyepoB58hidhpephheecmnsasuObnSheps
S52 through S57 will be repeated while increasing the increnent Sy until

the Y-addresgiexceedhitihe tiis nuaryadeerytpX.orlfy t BReY-laglitifless @fceegns
Ymax, then the program flow proceeds to Step S59. 10 Step S59: By
mul ti pl yi ngonvhédiaion s pblre isms ofotdeedieiigisti ddat shef halihHthemsasptémgnpoi nt's
by an unit area per sanpling point, the volune of the bunp el ectrode 120a
i s bbtai nedeg¥oshape bealdedtdaigd,shepk tleeobaighhgpfprideeduwisdsobfethe
hem spherical bunp el ectrode 120a will be described with reference to Figs.
39A and 39BICh na§i gsPregAciagnidBcativer @udisd e Wirapgee k3t vacs swremgne of
hem spherical bunp el ectrode 120a 20 R radius of hem spherical bunp
el ect rode A9%en 1s not detected. Therefore, even though a projection
or the like that becomes a noise exists near the connection
portions such as the leads and electrodes existing on the
10 mounting surface of the electronic component, correct
recognition can be achieved without erroneously recognizing
the projection or the like as a connection portion, so that
the positional information of the connection portions on the
mounting surface of the electronic component can be
15 correctly obtained. Therefore, by executing the mounting of
the electronic component on the basis of the positional
information of the connection portions obtained correctly,
the electronic component can be mounted more correctly.
According to the component recognizing apparatus
20 of the present invention, the height measurement region
capable of detecting the height positions of the connection
portions about the height measurement reference plane within
the height measurable region is preset by the noise removing
section, and the height detection of the connection portions
25 is executed only within the range of this height measurement

region. With this arrangement, only the heights of the

connection portions located inside the height measurement



8: critical angle at which | aser beamreflected on hem spherical bunp

el ectrode 120a can be received by PSD, 25 r: radius of circdQiajse8ogn nade
when PSD light-receiving critical angle ~s projected on X-Y pléhe, Hpo:

t heoretical value of height at point (X 23 August 2002 106 Y) , H (X

Y): nmeasured height data at point (X Y), (X Y): sanpling point in snmall
region, and (Xc, Yc): center coordinates gof hem spherical 5 bunp el ectrode
120a obt ai ned t hrough processing of Fig. "36C. The above Hpo is the

t heoretical val ue when the bunp el ectrode 120a is assuned to be a

hem sphere. The shape cones closer to the hem sphere as the difference

bet ween thixediheoreid g deddiecand Wi dreasdinad ¢ uer apiy aaches J; &ef o.
The procedure is conprised of steps (Steps S61 through S69) shown i'n Fig.
39A. Step Shkh Yesddrpssjestiontlabhzed bat¥ide ahesmaiyH neHsurddienand
there is set E=0. 15 Step S62: X-address is initialized to Xrnin as
shown in FimpgiBB. 1St ewiS6detAcded.si ofhegefade, onetett- Xhouth( Ye- Yiserz.
If this expression is satisfied, then the program flow proceeds to Step
S64. |f thichjeqressitte i Bikotesastsfhedr 20et bensampliiong ppaititonsX,sMdh i s
to be located outside the region of the bunp el ectrode 120a. Therefore, the
hei ght dat &asH ¢ I¥adst aguklelecampldngxicting o e ecbuaritd romi suethde om

t he obj ect of the shape evaluation, and the programfl ow proceeds to Step
S65. 25 St@F Sthe Thkechmpitidig PEIRAANX, Yogxiests Faspaeithenr egpon ksf t he
radius r about, (Xc, Yc), and therefore, the height data H (X, Y) owned by
this sanpl idgiFoieRt WERDhOYE erxengeysdy XGERITGZ1Ng khghhpisec @bdret e

hei ght theqretical value Hpo is obtained on the basis of the height data H
(X V) as SfGwnihe SEEp SEHORRRECLAR ARG VEPUETEE t FRS PCRiaREE L

information of the connection portions such as the leads and

10 electrodes existing on the mounting surface of the
electronic component can be correctly obtained. Therefore,
by executing the mounting of the electronic component on the
basis of the positional information of the connection
portions obtained correctly, the electronic component can be

15 mounted more correctly.

Fig. 19 shows an electronic component mounting
apparatus to be used for a component recognizing method and
the component mounting method of a third embodiment of the
present invention.

20 Fig. 19 shows a mounting apparatus main body 1 of
an electronic component mounting apparatus, an electronic
component 2 (occasionally abbreviated to a component
hereinafter) to be mounted by the present mounting apparatus
as shown in Fig. 25, a tray 4a on which the components 2 are

25 placed, a tray supply section 4 that serves as a component
supply section for automatically supplying the component 2

placed on the tray 4a, a head section 7 having a nozzle that



between Hpo and H (X, Y) is obtained. This value is added 5 to E, thereby
updating E. Step S65: A predeterm ned increnent Sx is addeq;;t@ghglezooz
X-address, thereby updating the X-address. That is, the sanpling point is
shifted by one address Sx in the X-axis direction. 10 Step S66: The
processes of Steps S63 through S65 will be repeated while increasing the
increment Sx until the X-address exceeds7phe maxi num val ue Xmax. Step S67:

I f the X-address exceeds Xmax, then a predeterm ned increnent Sy is added
to the Y-address, 15 thereby updating the Y-address. That is, the sanpling
point is shifted by one address Sy in the Y-axis direction. Step S68: The
processes dfucHisepgsheseonpenegh 867 the peovepeag edtaliel e d neekelsi Ag othe

i ncrenment 3%1until_the.Y-address exceeds the nmaxi mumval ue Ymax. |f the

Y- addr ess dheeXcedds e (B eetsdodramy FowXgrocebes tersiapisey) Step
S69: The value E that is the sumof the absolute values of the'  differences
bet ween Hpdhdtd MPYeE Wheohezfl 9 iCanpli A§ poient’s Becondsrerblevakist i on
val ue of the shape of the bugp electrodg 20a. 25 It is regerable to
execute t hEWPStdrEtast BEFifor aRd fhé SHAPE  e¥aPREFI 8R 8PCt R BOnphe ¥~

I d 120a of .th t r.oni t 120.1i i nt | f th
CUchi ng thE* 55 it o306 FoBae Bt TORFLS caRFBREN P20 3 170 nbofe 7a

head ti 7)ok t ' 4 I '
Component TGUR | T aRBEFa T Lot nd niUnEIhg Jof“the STAST 71 c CEBRAREnt

120 on themﬁ%h”%ﬁg ?Qgﬁgsgr %o¥i§8a£8iEoﬂé&%ﬁﬂ@&?ﬂértt@F gﬁéeﬁlYiggga@F the

dropout of the bunp electrodes a of the electronic conponent

occurring when,d{ aAnsROT thAge! Nee Sl SCT (BREC SOMONENL 120 ihdhe | Mhegual

fromthe electronic conponént nmanufacturing process to the electronicC

conponent ag$eiRkhag nAr)0Cess aCafe i tf oufikyd neBHESE el (wrkeforfndie of
nmounti ng of the el éctronic conponent 120 on the printed board 9. Therefore,

t ha odef ect hee ga@nponefd eaptheidiyspesad)of sandhiat ycbheesponas eleectrenic

conponent 120 can be nounted on the printed board 9, so that the

reliabilitwbovet thrdeeetimarisional (3D) sensor 8 or height detection
sensor 8, and a printed board 9 on which the component 2 is
to be mounted. The luminance image sensor 3 and the height
image sensor 8 are provided below the transport path through

15 which the head section 7 (nozzle 7a) passes to transport the

component 2 from the tray 4a to the printed board 9.

Fig. 21 is a block diagram showing an image
processing system for the height image sensor 8.

The image processing control section 21 is

20 constructed of two separate blocks of a height image
interface 30A and an image processing section 30B.

The reason why the 1image processing control
section 21 is separated into two blocks is that the image
processing section 30B is required to be shared with the

25 luminance image sensor 3 shown in Fig. 22, and therefore,

the control section 21 is separated into two units of the

section (image processing section) 303 that can be shared by



15 conponent assenbly can be inproved. ' Furthernore, the height detection
sensor 8 can capture the two-di nensional height inage datazgfﬂj@gt@é’dzect by
novi ng the object (for exanple, electronic conponent) in the ditrection

per pendi cular to the scanning direction of the 20 | aser beam or noving the
hei ght detection sensor in the direction perpendicular to the scanning
direction of the |aser beamwhile linearky scanning the | aser beamon a
onedi nensi onal straight line by the polygon mrror 12. On the other words,

t he height imge of the bottom portion of the 25 el ectronic conponent
having a plurality of bunp electrodes in the bottomportion of the
conponent care hevee ageniscad a&sd vitrediseersiconath eneghghti mangeg e nd &tref aloy ) mSads  of
a hei ght 23 August 2002 109 detection sensor while obtaining the height

i mage dat a tdfatt enmotp bel etaredes on surfaces parallel to a reference
surface (for exanple, the bottom surface of the conponent) and imaginarily
| ocated in a directi dn perpendodtiral teecheos raleramderaly f dde Akole
descri bed above, according to the present invention, the plurality of bunp
el ect r odes satst@Fgef dha hel ot Xomi oceTppnentt heusk ey r spPerabpoRBANCan
be totally nmeasured, and the volune and/or shape of each individual 10 bunp
el et rode d&n BéJeor}@ct| yFebt ediaieo (h@ TRéNel €M C nelcan
be determ ned to _be good or no good. lnmediately before the pounting, of the
el ect r oni ¢ SO&FEHENt t RErGinted Hoarldhe t ke Iuﬁ%CHEPéct7on°§nd%3F
shape recogﬁition of the bunp.el ectrades, that .is, the 15 connectijon

portions c&m o5& TR Ce FEFPONTH F}ﬁuglt&ﬂganagpmt,ust he tref €2t SHEFPaS’ t fe
dropout of the bump eleqhrodes, of 1 eé}?@é\%tﬁ@éc £90POnEeNt s gecup i ngpuhen

transporting the eléctroni ¢ conponent fromiheé el ectroni ¢ conponent

ranuf act ur ig RLAGESS Loyl &l ect honi ¢ camonant ggsend nge20:pragess can

be found i mredi ately before the nmounting o el ectronic conponent on the

b 8 0 SOSRRTARLSI! d Iiend 49 SO Ao dhaaased plomnd
so that theneebirabitkist poakdt ke erret E6RbENEARPONSPE 2888PBAYion of the
electronic component 2 (body height, body width, body depth,
the number of leads 2a, the pitch of the leads 2a, and so
on) stored in a component shape information storage section
15 © 3la of the main control section 31 is transmitted via a 2-
port memory 45 to a work memory 44 of the image processing
section 30B, and three-dimensional positional detection of
the electronic component 2 is executed. The results are
received from the image processing section 30B wvia the 2-
20 port memory 45 and used for the correcting calculation of
the position (X, Y, 8) in mounting the electronic component
2 on the printed boaxd 9.
In the X-axis robot 5 and the Y-axis robots 6a and
6b, the servo controller 32 executes positional control of
25 the X-axis, Y-axis, 06-axis, and nozzle elevation axis. In

particular, an encoder signal 25 of the motor of the X-axis

robot 5, which carries the information of the position of



25 can be inproved. According to the conponent recognizing nmethod of, the
plurality of bump electrodes arranged on the bottom 23 Aggughu#3@d2! 10
portion of the electronic conmponent can be totally neasured, and the vol une
of each individual bunp el ectrode can be correctly detected, so that the
amount of solder constituting the bunp -el ectrode can be quantitatively 5
eval uated. Then, by adopting the conponegé i nspecting nmethod for

determ ning the el ectronic conponent to be abnormal when the vol une of any
of its bunmp el ectrodes detected by the conponent recognizing nmethod does
not fall within the 10 predeterm ned range of reference, the electronic
conponent the bBeabrsectlyndét eomni hhd Ko alkd sgcaxtd ornn@ xgandh $hoesl akal y
before the nounting of the el ectronic conponent on the printed board, the
vol unme det Erbmorthef X+wximunpvieiet codeieshahel sinfidmmaduimmectf obhporfeickn can
be 15 achieved. Wth this arrangenent, the defect such as the dropout of

t he bunp ethatr dtes heflad et ewt r bnhes ceapendmtcocc ur el glgt wimager anppaérti ng
the el ectronic conponent in the interval fromthe el ectronic conponent

manuf act ur PR pr PEESS 100 13 ePelpioird EonibeerdieiBrlenbrasg préesgscean be
foupd 20 in_the assenbling process for nounting the el ectronic conponent on
t hepri nt edOBo&Pd.2SThe? et BEEI™M o e teedhy elBadporsheréanche M spostheof
and only the_nornmal el ectronic conponent can,be nmounted on the printed
board, so tREPTRARLPRI M| iUSPDf IORe BEREVFIRIC pditait add@ibpi ngfcan
be 25 inproveg. Accogdiq@ tohghe conponent recogni zi ng nmethod, the
plurality SPPbURPR®I ERE rB8LeRhr 83920 on the bottom portion 23 August

2002 111 In the height image sensor 8, the light-receiving
system for measuring the laser beam reflected on the

10 electronic component 2 that 1is the object includes two
systems (a channel A and a channel B) taking a variation in

laser beam reflection into consideration, thereby ensuring

the reliability. The light-receiving systems amplify feeble

signals detected by PSDs 17a and 17b by means of

15 preamplifiers 33, convert the signals into 12-bit digital
data (in order to ensure height calculation accuracy, the
conversion into the 12-bit digital data is effected in this

case) by means of A-D converters 34, and output the signals

18a and 18b to the height image interface 30A. The polygon

20 mirror 12 1s consistently rotating and inputs a polygon
surface origin signal 20 to a clock generating section 35 by

means of the mechanism shown in Fig. 3. The clock
generating section 35 generates a reference clock (CLK)
required for writing the height data into a memory,

25 generates a horizontal synchronization signal (HCLR)
required for taking in the height data on the basis of the

polygon surface origin signal, and inputs the signals into



of the electronic conmponent can be totally neasured, and the shape of each
i ndi vidual bunp el ectrode can be correctly detected, so thag Alyessivane of
sol der constituting the bunp el ectrode can be quantitatively evaluated. 5
Then, by adapting the conponent inspecting nethod for determ ning the

el ectroni c conponent to be abnormal when the shape of any of its bunp

el ectrodes detected by the conmponent rectgni zing nethod falls outside the
predet erm ned range of reference, the el ectronic conponent can be 10
correctly determned to be good or no good. Inmediately before the nounting
of the electranic conponent on the printed board, the shape eval uation of
the bunp efrRthob#t tHeaIe stndelaemmRIT N potRi on can be achieved. Wth

this arrangenent, the defect such as the 15 drogout of the bunp el ectrodes
of the el ectronic comporeft2eteut r iRFIGhERteF SasRor tingtipel eTREE BRFE

b ocess t % HEPEI 8Py GHAG BT SesHBT i HpPBcEce cadbe TOURF IR t he
nbl i f ti th | ect ic 20 t t inted
boar d. Ther GrE S HEGerhat | D LomEHErt Gar o of SpRadat of Bl SRT9St he
norgrel el eciranie semPongnican e mopnled, on Lhe pr ni£d baard. sochpat
e reliabiTity of "'the el ectroni ¢ conponént”asseml’i ng can improved. 25

Each of Lheahaverfesorabed sEbodbmenbs ssanche ceAbihed W UhgnaReepr Lhe

ot her enbo s I n accordance wth urposes or uses. ugust 2002

112 Al though e, PESSENS thBY eRf| QQaTa]ﬁ':iR%e%nEiU@éfLe%%Crﬂh%e%éi’b}?@r@&Eé! on

with the preferred enbodi nents thereof with reference to the acconpanying

drawi ngs, tHatl Ssé@nderfohedet hafe it diols ebapgestandnmdiddreatinsyere 5
apparent to those skilled in the art. Such changes and nodifications are to

be under stexth asimied udedow eRbfiplbe ddope dfvidtompregentronveduren as
defined by the appended clains unless they depart therefrom 23 August

20aap the height calculating stage of the channel A, the numeric

value of 255 representing the abnormality is given to the

height data of the channel A. Therefore, in such a case,

the wvalue of the channel B 1is selected. If both the

channels exhibit the abnormal values of 255, then the

15 -numeric value of 255 is outputted as the height data. If

the height data of both the channels have normal values, the

arithmetic mean value of the helight data of both the

channels is outputted. A timing control section 38 outputs

to the image processing section 30B a clock (CLK), a

20 horizontal synchronization signal (HCLR), a vertical

synchronization signal (VCLR), which represent the timing

for storing the height data into an image memory 39 of the

image processing section 30B. The vertical synchronization

signal (VCLR) is generated by receiving the origin signal 23

25 from the X-axis robot 5 and thereafter counting a

predetermined head movement distance by the encoder signal

25.



113 CLAIMS 1. A conponent recognizing nethod. for applying light 5 to
connection portions that are |leads (2a) or el ectrodes and exq &}, 41 2802
nmounting surface of an el ectronic conponent (2) and executing p%s Elonal
detection of the connection portions by a height detecting section (8) on
the basis of a reflection light fromthe connection portions, 10 the nethod
conprising: limting a height neasurenents4regi on of the height detecting
section so that a noise object (2b, 2c) that exists behind or near the
connection portion and reflects the light is excluded fromthe height
measur ement region of 15 the reflection light to be detected by the height
detecting section, ard tHe?eBPagenmPAIREINToPsELtaPReciOB2. thec dipdient
recogni zi ng nethod as clained in claim1, wherein the height detecting
section det®BdEs PREPYDEYDsSiTEBhsthe tHeaRRheSEIGF AL | 6RStHP Nedhs I a
sem conduct or position sensjtive devicen%hat serves, as a hei ght detection
sensor (8).5%ref d&kso ARGy RANY net hod e Reasheddphacisdiored om 2,
wher ei n th% noi se renmoval is Sxecute b _@r setti,ng 25 the hei ght

measur ement e gitAP C ApIBY Y of déisec?lflwg‘g% €?Cgh © 8P o AT T CoR¥e& i on

' , hei gh f I it hi i gh
Toashrabl e 7023 RSt L2008 TR A FagP BROBA GxoltL | Ay ReCGRENot GCE oWt
e N USE "2002° 14 Pegf ofi-ad " éxech . o
component  FRERENIong Rt i AR o S ona o GRArRECT RFold 3,

wher ei n th%l@%k§8n&@”@%@koh%P% QX%$%kequWj§%Q§§§éé@9t5hﬁeh?%%%bnized.

nmeasur enment regi on capabfe detecting height positions of the“connection

portions abedt @rbei-ght PastsLs@®Ntnr &f &5 ehceal ABRCW N a Hel 9Bhape
measur abl e regi on as a height translation table, handling height data that

bel ongs toihebghttdaha (ektéhratoneeght Pnelbepsl i wideRd éstbogal edepthsi de
t he hei ght neasurenent region as invalid height data according to the
heilght trandkeatnvabetraklfe,ldmisl Pag haeghti tddt aof ocheed esidishiar,t hendesght
measur enent region as valid height data according to the height translation
tabl e, andoexeceprrgehéigbt ttet geomert rdcals fdsdt wommmernt | e peileconsndn t he
basis of the valid height data. 5. A conponent recogni zing nethod as
cl ai med i ncanponartof? cdig nstoredr dughtlde thampppehdd stopge i $hfigrmation
determ ning a processing area according to a size
storage section 3la of the main control section 31. The
shape information i1s previously transmitted from the main
15 control section 31 to the work memory 44 wvia the 2-port
memory 45 prior to the input of the height image. The
positional detection of the electronic component 2 that is
the object to be recognized is executed on the basis of the
shape information.
20 Fig. 26 shows a state in which an image of the
bottom surface of the component 2 is captured (image-picked)
by the luminance image sensor 3, and the luminance image
sensor 3 is provided by a one-dimensional CCD 70 arranged in
the Y-axis direction.
25 This luminance image sensor 3 captures an image of

the entire bottom surface of the component 2 while moving

the component 2 in the X-axis direction by means of the head



20 of the electronic conponent on the basis of an inage of the electronic
conponent detected only within the hei ght nmeasurenent reglquggyﬁzompughly
detecting a center and an inclination of the electronic conponent by
sanpling inside a wi ndow (500) 25 of the determ ned processing area in the
i mge of the electronic conmponent (S6B, S6C) to obtain a rough position of
the el ectroni c conponent; 23 August 2092 115 detecting positions of al

of the connection portions in the imge of the el ectronic conponent on the
basis of the size of the conponent and the rough position of the electronic
conponent (S6D); and 5 detecting a correct position of the electronic
conponent isedtiern nage dh fFhg.eldctaomi ehownpamrenimdgentdirei posilehensl bf

all the connection portions (S6E). 6. An el ectronic conponent nounting

met hod for anslnainglibmirbétonosivsteonpheatrrangadbosed droithesbdess f 10
positional infornmation of the connection portions of the electronic
conponent déﬁ%éK@WQQﬁﬂﬁh@ -conponent recogni zi ng nethod clainmed in any one
of claims 1 through 5. 7. An el ectronic conmponent nounting nethod as
clainmed in claim6, dovpri<ngisisa’ BEPEK nPtHE & e VIR cAhoAERTIDY a

component hol di ng .nenber (7a) _of a head section eci di ng whet her
nﬁbt adj RHARSHS 159 Fﬂétgglﬁﬁttﬁﬁa HWéﬁ@ﬂFeréB?éﬁ P n?@ﬁugred and t hen,

adj usting the height asurenent regi en t ust nent _of |ght
20 neasurenent regio %iéﬁ 1n§éﬁvﬂeF8ﬁFr8 Fﬁegeé

t |_di nb t b f hei ght t
(S capt & .%a”?hgre ;h%%a{‘ri ¥y ﬁer"cbo ﬁnebﬁ SOB R
posi tion O&?Drlo%%s%l tcio%O”?&é‘eﬂév35cB)ésftQ‘écte%QQt s‘i%gﬁf “9 Sefbls g”
(S6); and untlng ectronlc conponent 1n a specif p05| i on of the

board by meansg OEtheUQQHEHQ&%%e%Qh@h%Q height image sensor 8, and
10 therefore, they are denoted by the same reference numerals

and no description is provided for them.
The image signal received by the one-dimensional
CCD 70 of the luminance image sensor 3 is outputted to a
luminance image interface 54. The luminance image sensor 3
15 operates on the clock (CLK) transmitted from the luminance
imagé interface 54, and the image scanning timing 1is
synchronized with the horizontal synchronization signal

(HCLR) .

The image signal inputted to the luminance image
20 interface 54 is converted into 8-bit digital luminance data
by an A-D converter 55 and then, the converted data 1is
outputted to the 1image processing section 30B. The clock
generating section 56 generates a reference clock (CLK)
required for writing the aforementioned data into a memory
25 and outputs the clock to a timing control section 57. The
timing control section 57 outputs to the image processing

section 308 the clock (CLK) and the horizontal



23 August 2002 116 nenber by driving the head section on the basis of the
hei ght position information recognized by the hei ght detecbpggastcioogn
(S7). 8. A component recogni zing apparatus conprising: 5 an illum nation
unit (10) for applying light to a connection portions (2a) that are |eads
or electrodes and exi st on a nounting surface of an el ectronic conponent
(2); a height detecting section (602) forée executing positional detection of
t he connection portions on the basis 10 of light that is applied fromthe
illumnation unit and reflected on the connection portions; and a noise
removi ng section (304) for limting a neasurenent region of the height

det ecti ng SEREPENEIALIRR 8iFBRde OHfldth: (3B Z)oHhaPedRPstvehiREner
near the 15, con e%tion ortion and reflect%,the light is excluded fromthe
measur ementi9R%yt oRO5f SHKF I | BREi Gt OFERPtderES: e‘ga £RECh&ifght 1R Ct i ng

section, thereby r i he noi se object. 9, A co nent ogni zj.n
appa:atus SR Y X%Pgo%%?aiﬁﬁggemh F%Fﬁs?ﬁ%gheﬁgﬁ laﬁteég ng ;ét?gon

d it f th i oF [ : f
e conductar: R0 o aeeref GRCEEY Saafhh: EERRl E Wndiafhe YRt on
sengor (8)csd0. ACoNBOReNL. Leragniz! pg-2anRAl AR AReC! BLISY. 028 6l ai m 8

, Wherern the nolise renovi ng section presets a nmeasur enen

region cagsg}#@o&én@ez %Jé@é%é)@i@mtmtép%e‘?fl%@ &Pnf&?§ti&f?i dd ons

about a h 23 August 2 117 measurenent reference plane wthin a
hei ght meagidabl &Ky on A CxaeytEs el Mol aof iy dedhe L omnectd on

portions only " within the hei ght neasurenent region. 11. A conponent

recogni zi ngk@ppAidkdsias cbai nEge i heddan¥eopeonf T) itk 8akbhAYIbeihg
wherein the noi se renovi ng section presets the height measurenent region

capabl e ofirtfeimeedd npyt hthdeiegltiodeasi 1 @msl o25t hereannens | eAcpaeti @¥sx ,about
the hei ght neasurenent reference plane within the hei ght neasurabl e region
asl@ hei ghthdrems| atneorerttable, tHe handhesdnsieghtofdatam t heatrdael dngs tthe t he
hei ght data of the connection portion and is |ocated outside the height
measur enertaptayiesh Heagewal Thie heeghtcaat avacboprdiagtiont Isd gmailghtVCLR)
translation table, handles the height data | ocated w thin the height
measur enerftr gt e R2a0 dthei gHRiRGt gonbrekcoratagnt 87t ke Rdieghmage

transl ation tabl e, and executes o o .
memory 39 is generated by receiving the origin signal 23

from the X-axis robot 5 and thereafter counting a
15 predetermined head movement distance by tﬁe encoder signal
25.

To the image processing section 30B is inputted
luminance data from the luminance image interface 54. The
luminance data is controlled by the «clock (CLK), the

20 horizontal synchronization signal (HCLR), and the vertical
synchronization signal (VCLR) and stored into the image
memory 39. The luminance data stored in the image memory 39
is subjected to image-processing by the CPU 40 that operates
according to the program so as to undergo positional
25 detection of the electronic component 2 that is the object
to be recognized. The program is stored in the program

memory 41. The shape information (external height, external



hei ght detection of the connection portions on the basis of the valid

hei ght data. 12. A conponent recognizing apparatus as cl ai rﬁ%dAtijéhs?QUO?ne of
claims 8 through 11, the apparatus conprising: 20 a processing area

determ ning neans (401) for determ ning a processing area on the basis of a
size of the electronic conponent in an inmage of the el ectronic conponent
detected only within the hei ght neasure t region a center and inclination
detecting neans (402, 25 403) for roughly detecting a center and an
inclination of the electronic conponent by sanpling inside a w ndow (500)
of the determ ned processing area in the inmage of the 23 August 20D2 118
el ectr oni cweédrponentteraadbtdaptha ridiggmypdrdr omf oletdle ebecthenidi antpanent ;
a connection portion position detecting neans (404) for detecting the

posi tions of &he dfeacheaonteetpbhch pér thenddadst Hexa,i nage s bhé that

el ectroni ¢ conponent on the basis of the size of the conponent and the
rough posi tephnesenthe téleect gepmet compbneficatandsa cohnethé on edectiromicent er
and inclination detecting neans (405) for detecting the correct position of
10 the el eEPTBARENEONPoned®di nafRe iFERFEDf ihe dihect repmeorenponshErer om
the_positions of all the connection portions. 13. An el ectronic conponent
MouRt i ng apPaPETALLiPBr SEBHACPNGSChd OBl Sdfr & cthepeHenEoRRTalb68EF16R t he

basis of pgsitional inforpation of .the connection portions of the 15
eIectronicgioﬁﬁSn@ﬁdeQPégge&rﬁyspﬁétég ©r MSANG apparatushss

| ai med i f claj 8.th 12. .14. An el ect [ t
mount i ng ApoRrALUERE=S! ol ol L i CIoR miT, L EBABPRPng g e SErt | R 7)
f hol di e, t ' t [ . (7
and ad) ustERG S-RBFBnE OB FCEAG C OnaEht SPAF AF R RoRBAPCUR L bHETS 6P 1 h
hei ght - LOR; - I ' t i
ol oot T ont - EonDERERE R 2o St PTed B0t 1o o Sthe badi s By D8 Aeakblof
t hegconpongRipbol dEpgmgeder by driving the head section on the basis of

t he hei ght position information recognized by the hei ght detecting section.
The luminance image sensor 1is not limited to the
aforementioned one-dimensional CCD 70, and a one provided
with, for example, a two-dimensional CCD 71 as shown in Fig.
27 may be used.

15 : | A luminance image sensor 3' provided with this
two-dimensional CCD 71 captures the image of the entire
bottom surface of the component 2, when the image of the
component 2, which is illuminated by the illumination
systems 48 from both sides while being stopped as sucked by

20 the head section 7, is captured on the two-dimensional CCD
71 via the image-forming lens 47.

Fig. 23A through Fig. 24B explain the coordinate
system of the height image sensor 8, and in particular, Fig.
23B and Fig. 24B show the images captured by the sensors 3

25 and 8, respectively. The reason why the image captured by

the luminance image sensor 3 or the height image sensor 8

can be subjected to positional detection by the identical



23 August 2002 119 15. A conponent recogni zi ng nmet hod enpl oying a | um nance

i mage capturing neans for obtaining | um nance i mage data o %ﬁﬁ? of an
el ectroni c conponent viewed froma specified direction and58§H®P§L I 'mage

capturing 5 neans for obtaining height inmage data of a surface of the

el ectroni c conponent viewed froma specified direction, for executing
positional detection of the electronic cogponent by i ndependently

sel ectively using two-di mensional positional detection by the |um nance

i mge capturing neans 10 and three-di nensi onal positional detection by the
hei ght image capturing neans. 16. A conponent recogni zi ng nethod as cl ai ned
in claimlinayben@iotddriginksanteni Mage ceptmpilag Janfagad grive dwsd ighy

i mge capturing neans are I ndependently selectively 15 used according to a
shape featneensf BB electtheni ctltwmhedght. dobrdirmatgonentsdtecwgthzitig

met hod as clained in claim15, wherein the | um nance inage capturing nmeans
and t he hedghtctimgefcapt thengompansnar 2 cthdépesdehie phgelotcttiowalrd 2Zheused
according to an inspection itemto be executed on the el ectronic conponent.
18. A conpbeéghtretngoezi agneetrhod aposlidiived i n 8hy omserdiacelaionntifg
through 17, wherein the | um nance image data obtained fromthe | um nance

i rage capt Gerpgneransuaed y2hahethei gmuntisge auriackt aiaret by osetidnigei ght
i mage capturing neans are processed by an identical inmage processi ng neans
by settingtBehelghehtoofarhdiBatyst ant of ln23thﬁgu§ﬂr2982°@20from he

component 2 that is the object toward the height image
sensor 8, the mounting surface can be positioned in the
highest position. The mounting surface of the surface

10 mounting component is normally made of a metal, and if such
a component is imaged by the luminance image sensor 3, then
the luminance of the mounting surface becomes the highest.
With this arrangement, the images A or B captured by the
luminance image sensor 3 or the height image sensor 8 can be

15 subjected to positional detection by the identical image
processing means (image processing section) 30B.

Fig. 23B shows the image A of the electronic
component 2 of Fig. 23A captured by the Iluminance image
sensor 3. In this image A, the whitest portions (having

20 high luminance) al and cl show the tips 2c and the root
portions of the leads 2a of the component 2, while the gray
portion (having low luminance) bl shows the main body 2b of
the component 2.

Fig. 24B shows the image B captured by the height

25 image sensor 8, and the whitest portion (having a great
height) a2 in this image B shows the tips 2c of the leads 2a

of the component 2, while the gray portion (having a medium



t he height imge data so that a direction directed fromthe electronic
conponent toward the height image capturing means becones pesAldusez0d®. A
conponent recogni zing method as clained in any 5 one of clains 15 through
18, wherein the electronic conponent is constructed so that a plurality of

| eads are projecting fromsides of a body of the conponent and tips of the
| eads are to be nounted on a board. 20. onponent nounting net hod for
transporting an 10 el ectroni c conponent froma conponent supply section
onto a board and nounting the el ectronic conponent on the board, the nethod
conprising: selecting either one of a |um nance inmage capturing neans for
obt ai ni ng |hetigranceb2 negewsdataeofmaanl Sosdy f abe odf tHhee @lm@sdn@nt c2 comppaent
viewed froma specified direction and a hei ght i mage capturing neans for
obt ai ni ng heightpdrEgmdaia tife adl sadd a2, ofhidie @b ecdt oak tstowponent theewed
froma specified direction in a transport path of the electronic conponent;
20 executi namquesi o ogalteddtiect i off dhet Heefleict domige EMEEENS, byarehenot

sel ected one of the |um nance image capturing neans and the hei ght image
capturing rsaved g hayigdor timage l#s dlreticatd yomforientFifg.ori4khe conponent
supply section onto the board; and 25 nounting the el ectronic conponent on
the board on the basiBl®f iZ2ffor mlcowsn &bicai hedabhr cnghsthemposi t ¥ embdn .

det ecti on. 23 August 2002 121 21. A conponent npunting net hod as cl ai ned
in clai m2dRitherei FEhE-Pdsi iMese TRIELHi oANBf thREeEPEE r MG REMBhent

3, Checul ed iy, sel scil g eLLher Ahe.l wiina0ge. Linge caply(L19 Teans, g1, the
eleCtronlcf%gagN“ggta. In the present embodiment, the height
coordinate axis is set in the direction from the electronic
10 component 2 that 1is the object toward the height image
sensor, the reference plane of height measurement 1is
represented by 128, and its range is set to 8 to 248, for
the sake of convenience. The values of 0 and 255 are used
for expressing the error that "height data is not correctly
15 "obtained”" or the like.
Assuming that the resolution in the direction of
height is 10 pm, then the measurable region becomes about =*
1.2 mm.
The electronic component recognizing method and
20 mounting method will be described next sequentially from
Steps S11 to S20 according to the flowchart shown in Fig. 20.
S11: The electronic component 2 of the component
supply section 4 is sucked by the head section 7.
S12: A decision is made either to execute the lead
25 floating inspection of the electronic component 2, i.e., the
image-capturing by the height image sensor 8 or to execute

the other operation, i.e., the e-capturing by the luminance



22. A conponent nounting nethod as clained in claim20, wherein the
positional detection of the electronic conponent is executed Qyusess i ng
ei ther the | um nance image capturing nmeans or the height inage capturing
means 10 according to an inspection itemto be executed on the electronic
conmponent. 23. A conponent recognizing nethod conprising: capturing a

hei ght image of a bottom portion of an eggctronic conponent having a
plurality of bunp electrodes 15 in a bottom portion of the conponent as

t wo- di nensi onal hei ght i mage data by neans of a hei ght detection sensor
whi | e obtai ning the height inage data of the bunp el ectrodes on surfaces
paral |l el tamageefsenewee 3surface and imaginarily located in a direction
perpendi cular to the reference 20 surface; extracting individual bunp

el ectrodes fromthe Hdi ghthe nagerdara; ahd the ectduigomesitungs esfettshe the
extracted individual bunp el ectrodes. 25 24. A conponent recogni zi ng nethod
as cl ai ned indogmaitdqen3 foxharadiing Heh det@Rei wirfin hehgorcampsenehtt isdamem
el ectrodes of the electronic conponent is_executed within an 23 August
2002 122 i APEPFERLEPBM fhehe¥he ECTonBe ac ofpphEhRY i $hvuckegmetamcal
conponent supply section by a nozzle of an el ectronic conponent nounting
appar at us ﬂ@f\%?éﬁ‘ttlﬁé éqfec’zli‘%nFé’mESHﬁBﬁer?t' i Shepuhbed e iPmssdr dcas s A

conmponent reco nizing met hod as claiped in clain1ﬁ3 or 29, erein _the

hei ght det 8PBATIEARSSY CRSEGHES t he! TR TRHERMR| SAZY M¥iRedSmbR G4ER by
i th I i t i ti di | t i

i ecti on S8 PSS ASEAROE oW b thel TEl I Qv ety or 00 S cHEP S he-

oot on ey Bead ebatntn hie seannl iy dasctign.als e jaser beamwnile

i nearly scannin e l'aser beamon a straigh ne. . A conponent

| nspect i ng method f o gualygl ing; e #heehoenic "{h @S 20ReLaRL when
ed by the co

the volune of any bunp 15 el ectrode detect nponent recogni zi ng

metgod cl aiBREohBnany eyl MAIdBLES hBigNghiRa doaenael fal laNit bha a
predet erm ned range of reference. 27. A conponent nounting method for

nmount i ng ORedghearthafe elseelsieni 8 coupanesy that heiget evalgwt ed aghdo
abnormal by the conponent inspecting nethod clained in claim?26. 28. A

conmponent e&eognbziag aweddwodntonpy i imgthe aphitciend imcheiighiali nageidioa
bottom portion of an el ectronic conponent having a plurality of bunp

el ect r odesd25bai n SubdEsquEntplornt itdre ¢firogrerc ddipenemb casdswiodSireps SdHal

hei ght 1 mage data by neans of a height detection sensor while obtaining the
hei ght i mage data of SEA¢ Binep relzsche obesthat is attracting by suction

15 the electronic component 2 moves above the luminance image
sensor 3, and the luminance image sensor 3 captures the
luminance image of the electronic component 2, or the two-
dimensional position data. Subsequently, the program flow
proceeds to Step S15.

20 S15: The luminance image or the height image is
processed by the common image processing section (one
example of image processing means) 30B, thereby detecting
the two-dimensional position information of the electronic
component, or X, Y, and 6 of the electronic component 2.

25 S16: It is decided whether the image is the height
image or the luminance image. The program flow proceeds to

Step S17 in the case of the height image or jumps to Step
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froma conmponent supply section by a nozzle of an el ectronic conponent
nounting apparatus from a conponent supply section to when the

el ect roni c'seonpanehe caseoufit édeotuaibeard. ihBg80. A conponent recogni zi ng
met hod as clainmed in claim28 or 29, wherein the height detection sensor
captures the two-di mdidi:orBthe hbedbhti nempgadata yrowesiseg tihe ehectimadge
conponent in a direction perpendicular to a scanning direction of a |aser
beam or nopragecshénpesgitidat 8B oihe@ebensed cud atiagdithectiomitions of
perpendicul ar to _the scanning direction of the |laser beamwhile linearly
scanni ng t KBreaséeagearhicorPe Breughht 1nitRe cotack dohigonehe begydcthay

met hod for evaluating the electronic conponent as abnornmal when the shape
of any bunphos eleetFeRiEC dABRWMENy #he t8onPBRBEEAr Ridgrf zithg dRstis]
clainmed in,any,one of clainms 28 through 30 falls, outside a predetermnm ned
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t | Z] thod |yl | gk tion, ti t hat
e’ oads PIRFEBAEI QKT otos?hnd ", st on B HEhRE TG i e bl S ThE

el ectroni ClSQHpF’f‘detbi)(/r?g?a %&88 XGCULLOG POR {1 AN | dets‘?%éet%ﬁlee‘}%taltsyg‘,g the

connection portions t detecting section (8) on a 10

rejbectionpgggpgmffpgwtﬁgogQ@@§c£50@t9$r§igns, t he met hod conpri si ng:
limting a height neasurenent region of the height detecting section so

that a noi se object £2b: 2¢} that @xdsdsd behidithey nrpar nbre epecteaq
portion and reflects 15 the light is excluded fromthe hei ght nmeasurenent
regi on of fheatehfecincamdt i dbt ercbedileyectilesd I ddea ieiighid deke€etrenge
section, and
value. The program flow proceeds to Step S192 when it is
decided that the lead floating amount in at least one
15 detection point is exceeding the reference value or proceeds
fo Step 520 when not.

S19: If the lead floating amount is exceeding the
predetermined reference value, then the component 1is
disposed of as an abnormal component, and the processing is

20 completed. That is, the nozzle of the head section 7
transports the electronic component 2 to a disposal site and
disposes of the electronic component 2 there, and the
processing ends.

S20: When the component 1s determined as the one

25 to be subjected to luminance image processing (one that

requires no lead floating amount detection) in Step S16 or

when the component 1s determined as the normal component
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of the floating of the lead tips 2c can be obtained. The
electronic component 2 having a floating lead tip 2c or the
like are disposed of as the asbnormal component, and only the

25 normal component is mounted on the board 9 through the
execution of the positional correction of X, Y, and 6.

The reason why the two types of image sensors 3
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The luminance image sensor 3 and the height image

sensor 8 can be independently selectively used in different

25 ways according to the shape feature of the electronic
component 2. For example, it i1s proper to use the luminance

image sensor 3 for the normal lead-less electronic component
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to which the two-dimensional positional detection of X, Y,
and 0 is adequate, and it is proper to execute the three-
dimensional positional detection by means of the height
image sensor 8 for the electronic components with leads, the
5 electronic components of BGA (Ball Grid Array) having a
number of bump electrodes on the bottom surface, and the
like.
The luminance image sensor 3 and the height image
sensor 8 can be used independently selectively in different
10 ways according to the inspection items to be executed on the
electronic component 2. For example, in the case where the
lead floating inspection of the electronic component 2,
shape defect inspection of " the bump electrodes of the
electronic component of the BGA type and the like are
15 required, it is proper to use the height image sensor 8 for
the execution of the three-dimensional positional detection
of the electronic component 2.
By setting the height coordinate system of the
height image so that the direction from the electronic
20 component 2 toward the height image sensor 8 becomes
positive, the height image data taken in by the height image
sensor 8 and the luminance image data obtained from the
luminance image sensor 3 can be processed by the identical
image processing section 30B. This arrangement allows the
25 controller to be commonly used and allows the image
processing to be executed by a common program.

According to the present invention, the luminance
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componeg%s, thereby allowing the positional detection of the

5 electronic component to be rationally executed. The
recognition and mounting of electronic components that
require the three-dimensional positional detection for the
detection of the lead floating and the like can be executed
by the height image capturing means with much.higher speed

10 and higher reliability than in the prior art example.

According to the present invention, the two-
dimensional positional detection is executed by means of the
luminance image capturing means for the electronic component
to which only the two-dimensional positional detection 1is

15 adeqﬁate. In the case where positional correction similar
to that of the prior art example is required on the basis of
the information, the electronic component can be mounted on
the board through the execution of the positional correction
of X, Y, and 8.

20 On the other hand, for the electronic component
that requires three-dimensional positional detection as the
electronic component that requires lead floating inspection,
the three~-dimensional positional detection is executed by
means of the height image capturing means on the entire

25 surface of the electronic component viewed from the
specified direction, so that not only the positional

information of X, Y, and 6 but also the height information
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like can be disposed of as abnormal components, and only the
normal component can be mounted on the board through the

5 execution of the positional correction of X, Y, and 8 when
positional correction is required.

According to the present invention, the electronic
component that requires lead floating inspection and the
like can be subjected to the height measurement for the lead

10 floating inspection and the 1like, and the positional
detection required for the correction of X, Y, and 6 can be
simultaneously executed, as described above. Therefore, the
recognition and mounting of the electronic component that
reguires the three-dimensional positional detection can be

15 executed with higher speed than in the prior art example
that requires the two recognition processes by means of the
CCD camera and the height sensor.

Furthermore, the three-dimensional positional
detection is executed on the entire surface of the

20 electronic component, and therefore, the lead floating
inspection and the like can be executed with higher accuracy
than in the prior art example in which the height detection
is executed on a specified line.

If the height image data taken in by the height

25 image capturing means and the luminance image data obtained
from the luminance image capturing means are processed by

the identical image processing means by setting the height
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capturing means becomes positive, then the image processing
control section <can Dbe commonly used and the image
5 processing can be executed by the common program.

A fourth embodiment of the present invention will
be described in concrete below with reference to the
drawings.

Fig. 1 shows an electronic component mounting

10 apparatus to be used for a component recognizing method and
the component inspecting method of the fourth embodiment of
the present invention. Although Fig. 1 shows the first
embodiment, the constructions shown in Fig. 1 are the same
as this fourth embodiment and thus, Fig. 1 is used here for

15 explaining the fourth embodiment.

In Fig. 1 are shown a mounting apparatus main body
1 of the electronic component mounting apparatus, an
electronic component (abbreviated to a component
hereinafter) 120 to be mounted by the present apparatus,

20 which 1is as shown in Fig. 40 although denoted by the
reference numeral 2 in Fig. 1, the tray 3 on which the
components 120 are placed, the tray supply section 4 that
serves as a component supply section for automatically
supplying the component 120 placed on the tray 3, the head

25 section 7 having the nozzle that sucks the component 120 in
the mounting stage, the robot 5 on the X-axis side

(abbreviated to the X-axis robot hereinafter) that moves the
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head section 7 in the Y-axis direction and constitute part
5 of the X-Y robot, and the height detection sensor 8, which
corresponds to the three-dimensional (3D) sensor 8 or height
image sensor 8, for capturing the height image of the
component 120. The reference numeral 9 denotes the printed
board to be mounted with the component 120,

10 When the component 120 placed on the tray 3 1is
sucked by the head section 7 and transported in the X-axis
direction while being driven by the X-axis robot 5 above the
height detection sensor 8, the height image of the component
120 is captured by the height detection sensor 8. The

15 (height) image obtained by the height detection sensor 8 is
subjected to software processing to recognize and inspect
the volume or shape of each of a plurality of hemispherical
bump electrodes 120a of the component 120, If the
inspection results are normal, then the component 120 1is

20 mounted in a specified position on the printed board 9. On
the other hand, if any of the bump electrodes 120a has an
error in terms of volume or shape, this component 120 is
disposed of.

Fig. 28 is an explanatory view of the X-axis robot

25 5 of the electronic component mounting apparatus.

The head section 7 that is sucking the component

120 is moved on the X—axis by the rotation of the servomotor
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5 of the origin sensor 22. When the head section 7 passes at
the side of the origin sensor 22, an origin signal 23 is
outputted to inform the image processing control section 21
of the output.
It is to be noted that the reference numerals 18a
10 and 18b denote output signals from the PSDs, the reference
numeral 20 denotes the polygon surface origin signal, and
the reference numeral 25 denotes the encoder signal.
The construction and operation of the height
detection sensor 8 will be described in detail below by way
15 of an example that employs the principle of operation of
triangulation.
Fig. 29 1s a sectional view of the height
detection sensor 8 perpendicular to the Y-axis, while Fig.
31 is a sectional view of the height detection sensor 8
20 perpendicular to the X-axis. In Fig. 29 and Fig. 31 are
shown a semiconductor laser 10 for emitting a laser beam, a
light collecting and shaping lens 11 for collecting and
shaping this laser beam, a polygon mirror 12 for scanning
the laser beam impinging on this mirror surface by
25 mechanical rotation, a half mirror 13 for ©partially

transmitting and partially reflecting the laser beam, and a

mirror 14 for reflecting light.



10 10wi [ Mb! I E&10%H 10vv 10vv
10vv!v&10%wv&f()-J,!&lO%HH&'()-J,!&lO%HH&'()-J,!&lO%HH&f()zgﬁﬁbﬁﬂu@bﬁ c
-RI0W & ()-'h -&10%& ()-!'h@ -&109& ()-!
-&10%& ()-10% & ()-"S10% & ()-b+67}[9+5 10!.&10% ()-(!F
L 810%t& ()-(!. &10%& ()-(,10% & ()-!qgPYdo%& ()-"10% & () - 789HKxa?5
1011 fod0%\ & ()-! !'10%\& ()-!110%\& ()gp& 10% & ()-"@O0% & ()- 10 10x
| N?7?5
10! (110 & ()-!9%&10%\ & ()-!110% & ()-!&RI0N\& ()-110% & ()-& 10% & ()-) b=
~ @5 10 10\ 1 9'10% & ()-/&10% & ()-y!/ &0%\& ()-y T
H &10%hh& () -y- %40% Bhéye+sirE0% 854 ) shBonlan FO lens 15 that changes
10\ &109%&' ()-}*1&10%,& ()-}*!qg!'10% & ()-9L
the optical path so that the laser beam mechanically swung
by the polygon mirror 12 is applied perpendicularly to the
component 120 that is the subject, focusing lenses 16a and
5 16b that focus the reflection (scattered light) of the laser
beam impinging on the hemispherical bump electrode 120a of
the component 120, and semiconductor position sensitive
devices (abbreviated to PSDs hereinafter) 17a and 17b that
serve as position detecting devices on each of which the
10 laser beam that has impinged and reflected on the component
120 is focused via the focusing lenses 16a and 16b and have
a function for generating an electric signal correlated with
the position of the focused light. The reference numerals
18a and 18b denote the output signals of the PSDs 17a and
15 17b.
In this case, the laser beam emitted from the
semiconductor laser 10 has 1ts beam shape collected and
shaped by the 1light ceollecting and shaping lens 11.
Thereafter, the laser beam passes through the half mirror 13,
20 reflects on the mirror 14 and impinges on the polygon mirror
12. The polygon mirror 12 1is rotating with constant
velocity, and consequently the laser beam impinging on the
mirror surface 1is swung. Further, the laser beam whose
optical path is changed by the ¥ lens 15 is applied
25 perpendicularly to the hemispherical bump electrode 120a of

the component 120, and this reflection light is focused on

the PSDs 17a and 17b via the focusing lenses 16a and 16b.
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The PSDs 17a and 17b generate the output signals 18a and 18b
capable of measuring the height of the laser reflecting
surface of the hemispherical bump electrode 120a of the
component 120.

In this case, the laser beam is reflected on the
polygon mirror 12 and thereafter applied to the
hemispherical bump electrode 120a of the component 120 that
is the object. The laser beam 1s applied consistently
perpendicularly to the hemispherical bump electrode 120a of
the component 120 that is the object by the FO lens 15
constructed of three elements existing between the polygon
mirror 12 and the hemispherical bump electrode 120a of the
component 120.

When measuring the height of the hemispherical
object such as the hemispherical bump electrode 120a of the
component 120, the peripheral surface of the hemispherical
object corresponds to a sheer wall for the height detection
sensor 8. If the laser beam is applied to and around this
portion, then no reflection light can be obtained from the
hemispherical object, and no reflection light returns to the
PSDs 17a and 17b. Therefore, it 1is preparatorily checked
through an experiment how much degrees of surface angle the
measurability holds while keeping an accuracy. The angle is
® shown in Fig. 38B, as described later.

Therefore, as shown in Fig. 38B described later,
when measuring the volume of the hemispherical bump

electrode 120a of the component 120 by the height detection
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calculating a radius r capable of obtaining valid data on
the basis of 6 and subjecting only the measurement height H
(X, Y) to volumetric calculation only when the sampling
5 point X, Y exists within the region of the radius r from the
center of the hemispherical bump electrode 120a while
internally sampling the small region.
In Fig. 31 are shown a photosensor 19 for sensing
the input of light thereto, and a signal 20 for informing

10 the outside of the input of light to the photosensor 189.
This signal 20 changes when each mirror surface of the
polygon mirror 12 comes into a specified angle, which is the
so called origin signal (surface origin) of each mirror
surface of the polygon mirror 12. Further, in the case of a

15 polygon mirror 12 having 18 sides, 'a signal 1is to be
outputted 18 times per rotation every time the mirror
rotates at regular intervals of angle (at angles of 20
degrees in the case of 18 sides). This is called the
polygon surface origin signal 20 of the polygon mirror 12.

20 The height detection sensor 8 of the fourth
embodiment has two systems of PSD circuits. This
arrangement is provided principally for compensating for no
return of the reflection light to the PSD in terms of angle,
which possibly occurs in the case where the laser beam is

25 applied to the component when one system is employed.

It is sometimes more effective to provide three or

more systems, technically having the same meaning, and
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5 electrode 120a of the component 120 that is the object to be
measured by the aforementioned semiconductor position
sensitive devices (PSDs) 17a and 17b, as represented by the
semiconductor position sensitive device 17a, with reference
to Fig. 32.

10 In Fig. 32, the laser beam that is scanned from
the FB lens 15 1in the direction (Y-axis direction)
perpendicular to the sheet plane where Fig. 32 is drawn and
applied to the hemispherical bump electrode 120a of the
component 120 is irregularly reflected on the hemispherical

15 bump electrode 120a. In this case, it is assumed that the
projected points are a point A, at a height O on the bottom
surface of the hemispherical bump electrode 120a and a point
B, at a height H from the bottom surface, or the lowermost
portion of the hemispherical bump electrode 120a.

20 The irregularly reflected 1laser beams are
collected by the focusing lens 16a and each focused on a
point A, and a point B, on the semiconductor position
sensitive device (PSD) 17a. Consequently, electromotive
forces are generated at the point A, and the point B, so

25 that currents I, and I, are taken out of a point C and
currents I, and I, are taken out of a point D.

The currents I, and I, depend on resistance
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components proportional toc a distance x, between the point A,
and the point C and a distance between the point A, and the
point D, while the currents I, and I, depend on resistance
components proportional to a distance x, between the point B,

5 and the point C and a distance between the point B, and the

point D. Therefore, assuming that the length of the

semiconductor position sensitive device 17a is L, then x,

and xX; in Fig. 37 are determined according to the following

expressions.
10 X, = LI,/ (I, + I,)
%Xy = LI,/(I, + I,)

Therefore, a distance H' between the point A, and
the point B, on the semiconductor position sensitive device
17a of Fig. 32 is determined by the following expression.

15 H' = x, - X%,

Based on the thus-obtained height H' on the PSD,
the height H is determined.

A mechanism for capturing a height image will be
described next with reference to Fig. 28.

20 In Fig. 28 are shown a main control section 21 of
the present electronic component mounting apparatus, a
reference position sensor 22 for informing the main control
section 21 of the reference position for capturing the
height image on the X-axis robot 5, a reference position

25 signal 23 for informing the main control section 21 of the

passing of the head section 7 at the side of this reference

position sensor 22, an encoder 24a of a motor 24 for moving
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the X-axis robot 5, and an encoder signal 25 outputted from

the encoder 24a.

When the component 120 picked up from the tray 3
is transported on the X-axis by the X-axis robot 5, the
encoder 24a 1s always giving the encoder signal (signal of
AB-phase, Z-phase or edquivalent to this) 25 to the main
control section 21. Due to the fact that the reference
position signal 23 is given to the main control section 21
when the component 120 passes at the side of the reference
position sensor 22, the relative position of the component
120 relative to the reference position on the X-axis can be
calculated by the main control section 21 with both the
signals 23, 25.

On the other hand, the amount of rotation of the
polygon mirror 12 located inside the height detection sensor
8 is consistently given as the polygon surface origin signal
20 to the main control section 21 while the mirror is
rotating, and the amount of rotation of the polygon mirror
12 after its passing through the reference position can be
calculated from this signal and the reference position
signal 23.

In this case, the amount of rotation of the
polygon mirror 12 increases in proportion to its velocity,
and the same thing can be said for the amount of movement of
the X-axis robot 5. On the other hand, in the height
detection sensor 8 of the fourth embodiment, it is

presupposed that the polygon mirror 12 rotates and the X-

109VE () - Y
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disordered, then the resoclution (plxel size) per pixel in
the horizontal and vertical directions of the height image
to be captured is to vary according to the fluctuation in
velocity. This is an error factor in terms of measurement
accuracy. Therefore, in the electronic component mounting
apparatus of the fourth embodiment, the height image 1is
captured into an image memory 34 (see Fig. 33) 1located
inside the main control section 21 by the height detection
sensor 8 having the aforementioned construction. Further,
in order to watch and control the consistency of the
operation of the polygon mirror 12 that is rotating
basically with constant velocity with the operation of the
head section 7 driven by a motor such as.a servomotor, the
polygon surface origin signal 20 of the polygon mirror 12
and the encoder signal 25 of the motor are used.

A block diagram of Fig. 33 showing the internal
structure of the main control section 31 will be described
next.

The main control section 31 controls the whole
system of the electronic component mounting apparatus shown
in Fig. 1. For example, the main control section controls
the position of the head section 7 of the electronic
component mounting apparatus via, for example, a servo
controller 32 and executes the suction of the electronic

component 120, transport of the electronic component 120,
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printed board 9.
The shape information (body height, body width,
body depth, the number of hemispherical bump electrodes 120a,
5 the diameter of the hemispherical bump electrode 120a, the
pitch of the hemispherical bump electrodes 120a, and so on)
of the electronic component 120 to be mounted stored in a
component shape information storage section 3la of the main
control section 31 is transmitted via a 2-port memory 45 and
10 stored into a work memory 44 of the image processing control
section 21, and height image input of the -electronic
component 120 and positional detection of the electronic
component 120 are executed. The results are received from
the image processing control section 21 wvia the 2-port
15 mermory 45 and wused for correcting calculation of the
position (X, Y, 0) in mounting the electronic component 120
on the printed board 9.
In the X-axis robot 5 and the Y-axis robots 6a and
6b, a servo controller 32 executes positional control of the
20 X~-axis, Y-axis, ©O-axis, and nozzle elevation axis. In
particular, the motor encoder signal 25 of the X-axis, which
carries the information of the position of the head section
7 on the X-axis and the origin signal 23 from the X-axis,
which carries the information of the fact that the head
25 section 7 has come into a height measurement start position,

are inputted to the image processing control section 21 so

as to inform the control section of the above information
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height data into the image memory 39.
In the height detection sensor 8, the light-
receiving system for measuring the laser beam reflected on
5 the component 120 includes two systems (a channel A and a
channel B) taking a variation in reflection of the laser
beam into consideration, thereby ensuring reliability. The
light-receiving systems amplify feeble signals detected by
the PSDs 17a and 17b by means of preamplifiers 33, convert
10 the signals into 12-bit digital data (in order to ensure
height calculation accuracy, the conversion into the 12-bit
digital data is effected in this case) by means of A-D
converters 34, and input the converted data into the image
processing control section 21. The polygon mirror 12 is
15 consistently rotating and inputting a polygon surface origin
signal 20 to a clock generating section 35 by means of the
mechanism shown in Fig. 31. The clock generating section 35
generates a reference clock (CLK) required for writing the
height data into the memory, generdates a horizontal
20 synchronization signai (HCLR) required for taking in the
height data on the basis of the polygon surface origin
signal 20, and inputs the signals into the image processing

control section 21.

The image processing control section 21 converts
25 the digitized PSD signal from the height detection sensor 8
into 8-bit height data in a height calculating section 36.

A channel selecting section 37 compares the height data of
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the two systems (channel A and channel B) with each other in
real time, and selects the height data that seems to have
the higher certainty in accordance with each timing. For
example, if a division by zero occurs 1in the height
5 calculating stage of the channel A, the numeric value of 255
representing the abnormality is given to the height data of
the channel A. Therefore, in such a case, the wvalue of the
channel B 1is selected. If both the channels exhibit the
abnormal values of 255, then the numeric value of 255 is
10 outputted as the height data. TIf the height data of both
the channels have normal values, the arithmetic mean value
of the height data of both the channels is outputted. The

height data outputted from the channel selecting section 37

is stored into the image memory 39. The storing of the
15 height data into the image memory 39 is controlled by the
timing control section 38. The timing control section

receives an origin signal from the X-axis robot 5,
thereafter counts the encoder signal 25 as a predetermined
head section movement distance to generate a vertical
20 synchronization signal (VCLR), and inputs the signal as a
height data taking-in start signal into the image memory 39.
The height data stored in the image memory 39 is subjected
to image processing by a CPU 40 that operates according to a
program and subjected to positional detection and so on of
25 the electronic component 120 that 1is the object to be
recognized. The program is stored in the program memory 41.

The shape information (external height, external width,
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exXxternal depth, the number of hemispheriqal bump electrodes,
the diameter of the hemispherical bump electrode, the pitch
of the hemispherical bump electrodes, and so on) that is
storing the geometrical features of the electronic component
5 120 are transmitted from the main control section 31 via the
2-port memory 45 prior to the height image input. The
positional detection of the object to be recognized is
executed on the basis of the shape information. It is to be
noted that the work memory 44 is used as a place for storing
10 the shape information and the intermediate result of the
object to be recognized in executing the positional
detection of the object to be recognized.
Fig. 34 shows a component mounting procedure by
means of the height detection sensor 8.
15 Next, reference will be made’' to the steps (831
through S37) shown in Fig. 34.
Step S31: The component 120 is sucked by the
nozzle 7a (head section 7).
Step S32: The height data of the component 120 is
20 taken in.
Step S33: The positions of the hemispherical bump
electrodes 120a of the component 120 are detected.
(For the detail, see Fig. 35.) '
Step S34: The volumes of the hemispherical bump
25 electrodes 120a of the component 120 are detected.

(For the detail, see Figs. 38A and 38B.)

Step S35: It is decided whether or not each volume
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Step S36: When all the electrodes are all normal,
the component 120 is mounted in the specified position of
the printed board 9.

5 Step S37: When the volume of at least one of the
hemispherical bump electrodes 120a 1is abnormal, the
component 120 is not mounted and disposed of.

Fig. 35 shows a position detecting procedure of
the hemispherical bump electrode 120a of the component 120

10 according to the height data.

Next, reference will be made to the steps (S41
through S44) shown in Fig. 35.

Step S41: The processing area 1is determined
according to the size of the component 120.

15 The size in the X- and Y—airections of the
processing area is set, for example, two times as large as
the size of the component 120 on the screen.

Step S42: The processing area is internally
sampled to obtain the center of the component 120, and a

20 product of inertia and a second moment of inertia around the
center of the component 120 are obtained for the obtainment
of the inclination. That 1is, the pattern of the component
120 is approximated to an ellipse, and the major axis
thereof 1is determinéd‘as the inclination of the component

25 120.

Step S43: The position of the hemispherical bump

electrode 120a is estimated on the basis of the position and
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posture of the component 120, and a small region is set.

For the shape information of the component 120,
there are preparatorily stored the body size of the
component 120, the number of hemispherical bump electrodes

5 120a, the sizes of the hemispherical bump electrodes 120a,
the diameters of the hemispherical bump electrodes 120a, and
information required for calculating the position where each
individual hemispherical bump electrode 120a exists.

Step S44: The positions of all the hemispherical

10 bump electrodes 120a are correctly detected.

In connection with the above-mentioned center
detection and inclination detection of the component 120,
Figs. 36A, 36B, and 36C will be described.

In Fig. 36A, the processing area determined by the

15 size of the component 120 is expressed by a window.

In Fig. 36B, the processing area is internally
uniformly sampled in the X-direction and the Y-direction at
predetermined steps, thereby obtaining the center and
inclination of the component 120 as shown in Fig. 36B by a

20 Cross.

In Fig. 36C, the position in which each individual
hemispherical bump electrode 120a exists is estimated by
using the center and inclination of the component 120 and
the component shape information transmitted from the main

25 control section 31, and a small region including only one
hemispherical bump electrode 120a is set. This small region

is sampled to detect the <center position of the
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hemispherical bump electrode 120a.

Fig. 37 shows a height measurement region. This
is an 8-bit image region, and therefore, 256 numeric values
ranging from 0 up to 255 can be handled as height data.
According to the present embodiment, the height coordinate
axis is set in the direction from the object to the height
detection sensor and the reference plane of the height
measurement is expressed by the numeric value of 128, for
the sake of convenience. The values of 0 and 255 are used
as the height data for expressing the error that "height
data is not correctly obtained" or the like. Assuming that
the resolution in the direction of height is 10 um, the
measurable region becomes about £+ 1.2 mm.

A volume detecting procedure of the hemispherical
bump electrode 120a will be described next with reference to
Figs. 38A and 38B.

In Figs. 38A and 38B, there are

V: sum of heights of hemispherical bump
electrodes 120a,

R: radius of hemispherical bump electrode
120a,

0: critical angle at which laser beam
reflected on hemispherical bump electrode 120a c¢an be
received by PSD,

r: radius of circular region made when PSD
light-receiving critical angle is projected on X-Y plane,

H (X, Y): height data at point (X, Y),
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104
(X, Y): sampling point in small region, and
(Xc, Yc): center coordinates of hemispherical

bump electrode 120a obtained through processing of Fig. 36C.
The procedure is comprised of Steps S51 through
5 S59 shown in Fig. 38A.

Step S51: Y-address 1is initialized to Ymin as
shown in Fig. 38B, and there is set V = 0.

Step S§52: X-address is initialized to Xmin as
shown in Fig. 38B.

10 Step S53: A decision is made on (Xc-X)? + (Yc-Y)?
< r?, If this expression is satisfied, then the program flow
proceeds to Step S54. If this expression is not satisfied,
the sampling point (X, Y) is to be located outside the
region of the bump electrode 120a. Therefore, the height

15 data H (X, Y) at such a sampling point is not added to V,
and the program flow proceeds to Step S55.

Step S54: The sampling point (X, Y) exists inside
the region of the radius r about (Xc, Yc), and therefore,
the height data H (X, Y) owned by this sampling point (X, Y)

20 is highly accurate. fﬁerefore, the height data H (X, Y) is
added to V, thereby updating V.

Step S55: A predetermined increment Sx is added to
the X-address, thereby updating the X-address. That is, the
sampling point is shifted by one address Sx in the X-axis

25 direction.

Step S56: The processes of Steps S53 through S55

will be repeated while increasing the increment Sx until the
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X-address exceeds the maximum value Xmax.

Step S57: If the X-address exceeds Xmax, then a
predetermined increment Sy 1is added to the Y-address,
thereby updating the Y-address. That is, the sampling point

5 is shifted by one address Sy in the Y-axis direction.

Step S$58: The processes of Steps 552 through S57
will be repeated while increasing the increment Sy until the
Y-address exceeds the maximum value Ymax. If the Y-address
exceeds Ymax, then the program flow proceeds to Step S59.

10 Step S$59: By multiplying V that is the sum of the
height data of all the sampling points by an unit area per
sampling point, the volume of the bump electrode 120a is
obtained.

A shape evaluating (shape recognizing) procedure

15 of the hemispherical bump electrode 120a will be described
with reference to Figs. 39A and 39B.

In Figs. 39A and 39B, there are

E: shape evaluation value of hemispherical
bump electrode 120a

20 R: radius of hemispherical bump electrode
120a

H critical angle at which laser beam
reflected on hemispherical bump electrode 120a can be
received by PSD, |

25 r: radius of circular region made when PSD
light-receiving critical angle is projected on X-Y plane,

Hpo: theoretical value of height at point (X,
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(X, Y): sampling point in small region, and
(Xc, Yc): center coordinates of hemispherical
5 bump electrode 120a obtained through processing of Fig. 36C.

The above Hpo 1is the theoretical wvalue when the bump

electrode 120a is assumed to be a hemisphere. The shape

comes closer to the hemisphere as the difference between

this theoretical value and the measured value approaches
10 zero.

The procedure is comprised of steps (Steps Sé61
through S69) shown in Fig. 39A.

Step S61: Y-address 1s initialized to Ymin as
shown in Fig. 39B, and there is set E = 0.

15 Step S62: X-address is initialized to Xmin as
shown in Fig. 39B.

Step S63: A decision is made on (Xc-X)? + (Yc-Y)?2
< r?. If this expression is satisfied, then the program flow
proceeds to Step S64. If this expression is not satisfied,

20 the sampling point (X, Y) is to be located outside the
region of the bump electrode 120a. Therefore, the height
data H (X, Y) at such a sampling poiﬁt is ignored and
omitted from the object of the shape evaluation, and the
program flow proceeds to Step S65.

25 Step S64: The sampling point (X, Y) exists inside
the region of the radius r about (Xc, Yc), and therefore,

the height data H (X, Y) owned by this sampling point (X, Y)
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is highly accurate. The height theoretical value Hpo is
obtained on the basis of the height data H (X, Y) as shown
in Step S64, and the absolute value of the difference
between Hpo and H (X, Y) 1is obtained. This value is added
to E, thereby updating E.

Step S65: A predetermined increment Sx is added to
the X-address, thereby updating the X-address. That is, the
sampling point is shifted by one address Sx in the X-axis
direction.

Step S66: The processes of Steps S63 through S65
will be repeated while increasing the increment Sx until the
X-address exceeds the maximum value Xmax.

Step S67: If the X-address exéeeds Xmax, then a
predetermined increment Sy 1is added to the Y-address,
thereby updating the Y-address. That is, the sampling point
is shifted by one address Sy in the Y-axis direction.

Step S68: The processes of Steps S62 through S67
will be repeated while increasing the increment Sy until the
Y-address exceeds the maximum value Ymax. If the Y-address
exceeds Ymax, then the program flow proceeds to Step S69.

Step S69: The wvalue E that is the sum of the
absolute values of the differences between Hpo and H (X, Y)
of all the sampling points becomes the evaluation wvalue of
the shape of the bump electrode 120a.

It is preferable to execute the volume detection
and the shape evaluation of the bump electrodes 120a of the

electronic component 120 in an interval from the sucking the
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from the component supply section 4 of the electronic
component mounting apparatus to the mounting of the
electronic component 120 on the printed board 9.

5 With this arrangement, the defect such as the
dropout of the bump electrodes 120a of the electronic
component 120 occurring when transporting the electronic
component 120 in the interval from the electronic component
manufacturing process to the electronic component assembling

10 process can be found immediately before the mounting of the
electronic component 120 on the printed board 9. Therefore,
the defective component can be disposed of and only the
normal electronic component 120 can be mounted on the
printed board 9, so that the reliability of the electronic

15 component assembly can be improved.

Furthermore, the height detection sensor 8 can
capture the two-dimensional height image data of the object
by moving the object (for example, electronic component) in
the direction perpendicular to the scanning direction of the

20 laser beam or moving the height detection sensor in the
direction perpendicular to the scanning direction of the
laser beam while linearly scanning the laser beam on a one-
dimensional straight line by the polygon mirror 12. On the
other words, the height image of the bottom portion of the

25 electronic component having a plurality of bump electrodes
in the bottom portion of the component can be captured as

two-dimensional height image data by means of a height
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detection sensor while obtaining the height image data of
the bump electrodes on surfaces parallel to a reference
surface (for example, the bottom surface of the component)
and imaginarily lacated in a direction perpendicular to the
5 reference surface.

As described above, according to the present
invention, the plurality of bump electrodes arranged on the
bottom portion of the electronic component can be totally
measured, and the volume and/or shape of each individual

10 bump electrode can be correctly detected, so that the
electronic component can be determined to be good or no good.

Immediately before the mounting of the electronic
component on the printed board, the volume detection and/or
shape recognition of the bump electrodes, that is, the

15 connection portions can be achieved. With this arrangement,
the defect such as the dropout of the bump electrodes of the
electronic component occurring when . transporting the
electronic component from the electronic component
manufacturing process to the electronic component assembling

20 process can be found immediately before the mounting of the
electronic component on the printed board. Therefore, the
defective component can be disposed of and only the normal
electronic component can be mounted on the printed board, so
that the reliability of the electronic component assembly

25 can be improved.

According to the component recognizing method of,

the plurality of bump electrodes arranged on the bottom



BLOUKKE' ()--2! &10%& ()--2! &IO%& ()--2! &L10%H& ()--2! &10% & ()-- 2! #
810% ; & ()-- 2vT50! " 90%&: ()-! " 9A0%WE ()- YA0%&: () - &&L0%E! L)' GLOUK () -
10KK 10KK 10KKX~"?vT50! 3y

| 109 () - ! { S&10%& () -! S&10%& ()- F! 109%& () - 3& 10%& () - 3F! 109%&' () - 2, a} A?vT50!
91 109%&' () -y/ S&10%&' ()-f!y/ S&L0% (& ()-fISTELIO%& ()-Z ! 9$T&I0% () - Z

3Y"1 109’ ()-}_=0! ! 1 810%008&' ()-x*!!10% 0' 0g §)- 910% 0& ()-"y10% 0& ()- 10
10 10; MO% ()-}xj\N "S&10% & ()- 10 10

10! vt &109%&' () - x*!t &L0%&R' () - x*!'t &10%00& ()-x* t&10% 0" 0& ()-xX*"Z~\:\N "I &
@10%\ & ()-1& @10%\& ()-1& @I0%\& ()- &

@10%é& () -pdPtién(df tAEYe&ebrrbKiEXshpbndRt\ can be totally measured,

and the volume of each individual bump electrode can be

correctly detected, 50 that the amount of solder

constituting the bump - electrode can be quantitatively
5 evaluated.

Then, by adopting the component inspecting method
for determining the electronic component to be abnormal when
the volume of any of its bump electrodgs detected by the
component recognizing method does not fall within the

10 predetermined range of reference, the electronic component
can be correctly determined to be good or no good.

Immediately before the mounting of the electronic
component on the printed board, the volume detection of the
bump electrode, that is, the connection portion can be

15 achieved. With this arrangement, the defect such as the
dropout of the bump electrodes of the electronic component
occurring when transporting the electronic component in the
interval from the electronic component manufacturing process
to the electronic component assembling process can be found

20 in the assembling process for mounting the electronic
component on the printed board. Therefore, the defective
component can be disposed of and only the normal electronic
component can be mounted on the printed board, so that the
reliability of the electronic component assembling can be

25 improved.

According to the component recognizing method, the

plurality of bump electrodes arranged on the bottom portion
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detected, so that the shape of solder constituting the bump
electrode can be quantitatively evaluated.

5 Then, by adopting the component inspecting method
for determining the electronic component to be abnormal when
the shape of any of its bump electrodes detected by the
component recognizing method falls outside the predetermined
range of referenée,' the electronic component can be

10 correctly determined to be good or no good.

Immediately before the mounting of the electronic
component on the printed board, the shape evaluation of the
bump electrode, that is, the connection portion can be
achieved. With this arrangement, the defect such as the

15 dropout of the bump electrodes of the electronic component
occurring when transporting the electronic component in the
interval from the electronic component manufacturing process
to the electronic component assembling process can be found
in the assembling process for mounting the electronic

20 component on the printed board. Therefore, the defective
component can be disposed of and only the normal electronic
component can be mounted on the printed board, so that the
reliability of the electronic component assembling can be
improved.

25 Each of the above-described embodiments can be
combined with any one of the other embodiments in accordance

with the purposes or uses.
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thereof with reference to the accompanying drawings, it is
to be noted that various changes and modifications are
5 apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the

scope of the present invention as defined by the appended

claims unless they depart therefrom.
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portions by a height detecting section (8) on the basis of a
reflection light from the connection portions,
10 the method comprising:
limiting a height measurement region of the height
detecting section so that a noise object (2b, 2c) that
exists behind or near the connection portion and reflects
the light is excluded from the height measurement region of
15 the reflection light to be detected by the height detecting
section, and
thereby removing the noise object.
2. A component recognizing method as claimed in claim
1, wherein the height detecting section detects the
20 positions of the connection portions by means of a
semiconductor position sensitive device that serves as a
height detection sensor (8).
3. A component recognizing method as claimed in claim
1 or 2, wherein the noise removal is executed by presetting
25 the height measurement region capable of detecting height
positions of the connection portions about a height

measurement reference plane within a height measurable
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5 executed by presetting the height measurement region capable
of detecting height positions of the connection portions
about a height measurement reference plane within a height
measurable region as a height translation table, handling
height data that belongs to height data of the connection

10 portion and is located outside the height measurement region
as invalid height data according to the height translation
table, handling height data located within the height
measurement region as valid height data according to the

height translation table, and executing height detection of

15 the connection portions on the basis of the valid height
data.
5. A component recognizing method as claimed in any

one of claims 1 through 4, the method comprising:
determining a processing area according to a size
20 of the electronic component on the basis of an image of the
electronic component detected only within the height
measurement region (S6A);
roughly detecting a center and an inclination of
the electronic component by sampling inside a window (500)
25 of the determined processing area in the image of the
electronic component (S6B, S6C) to obtain a rough position

of the electronic component:
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detecting positions of all of the connection
portions in the image of the electronic component on the
basis of the size of the component and the rough position of
the electronic component (S6D); and
5 detecting a correct position of the electronic
component in the image of the electronic component from the
positions of all the connection portions (S6E).
6. An electronic component mounting method for
mounting the electronic component on a boérd on the basis of
10 positional information of the connection portions of the
electronic component detected by the component recognizing
method claimed in any one of claims 1 through 5.
7. An electronic component mounting method as claimed
in claim 6, comprising:
15 ' holding the electronic component by a component
holding member (7a) of a head section (7) (81);
deciding whether or not adjustment of the height
measurement region is required and then, adjusting the
height measurement region when the adjustment of the height
20 measurement region is needed (S2, S3);
adjusting a height of the component holding member
on the basis of the height measurement region (S4};
capturing the height data of the component (S5);
detecting the position of the electronic component
25 by the height detecting section (S6); and
wmounting the electronic component in a specified

position of the board by means of the component holding
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a noise removing section (304) for limiting a
measurement region of the height detecting section so that a
noise object (2b, 2c) that exists behind or near the
15 connection portion and reflects the light is excluded from
the measurement region of the reflection light detected by

the height detecting section, thereby removing the noise

object.
9. A component recognizing apparatus as claimed in
20 claim 8, wherein the height detecting section detects the

positions of the connection portions by means of a

semiconductor position sensitive device that serves as a

height detection sensor (8).

10. A component recognizing apparatus as claimed in
25 claim 8 or 9, wherein the noise removing section presets a

height measurement region capable of detecting a height

positions of the connection portions about a height
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height measurable region as a height translation table,

10 handles height data that belongs to the height data of the
connection portion and 1is located outside the height
measurement region as invalid height data according to the
height translation table, handles the height data located
within the height measurement region as valid height data

15 according to the height translation table, and executes
height detection of the connection portions on the basis of
the valid height data.

12. A component recognizing apparatus as claimed in
any one of claims 8 through 11, the apparatus comprising:

20 a processing area determining means (401) for
determining a processing area on the basis of a size of the
electronic component in an image of the electronic component
detected only within the height measurement region;

a center and inclination detecting means (402,

25 403) for roughly detecting a center and an inclination of

the electronic component by sampling inside a window (500)

of the determined processing area in the image of the
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a connection portion center and inclination
detecting means (405) for detecting the correct position of
10 the electronic component in the image of the electronic
component from the positions of all the connection portions.
13. An electronic component mounting apparatus for
mounting the electronic component on a board on the basis of
positional information of the connection portions of the
15 electronic component detected by the component recognizing
apparatus as claimed in any one of claims 8 through 12.
14, An electronic component mounting apparatus as
claimed in claim 13, comprising:
a head section (7) for holding the electronic
20 component by a component holding member (7a) and adjusting a
height of the component holding member on the basis of the
height measurement region; and
a control section (200) for mounting the
electronic component in a specified position of the board by
25 means of the component holding member by driving the head
section on the basis of the height position information

recognized by the height detecting section.



10% % & ()- 10%9%& ()-Dcl|[:bU4l0 3. 10%%é& ()- (! 10%%é& () -

b " &1008& ()- g "&10% ()- |1 10%W& ()- @10%%& ()-1)| obbadQ. st 2002
"y10080& () - 10%40%0% qs78&10%4& ()- s78&10%y& ()- 310%$y& %.1)41

0l 10%%¢& ()-,]1[:bUAL0 11Lg810% & ()-T, K Lg&10%A& ()-T, ]Lg&10%A& ()-T,
gLg&10% & ()-T, F ! 1099& ()- 10%4& ()-{53' }pCV510 "f 100y % & () - (10%

109%409%.9810%&' ()- T, Lg&10%8& () T, z Lgéﬁll % % & ()-T,

] Lg&L0%&' ()-T," +bz$|[: cV510 . &1099& () - %10%/%/& ()- 9%40%t d& ()-
| 10% % & ()- ! 10%%yé& () - 310%/%/& () - $FB|[ cV510  zm & &10%& () -

2> &* 81094 ()- F(10% W& ()- f& 10%W& ()- °, &10% W& () -

Y, &10%9& (9 - VU410 SA0%Y8Er{onen@l0%&coynl0y My lOvRedIRydy emp 1y & &) -
S1940% W& ()-z | s19409%& ()-zKac|[:vU410 ]Lz&10%& ()-0 Y Lz&I0%W& ()-0
| Lz&10% % & yn) i1t &LiAPE &' At rgInz®1 A%ANE) - Bokr10e®Ral hiay} \ OBbifAance
10F9%10F%10F% Lz&10%%-& ()-0q Lz&10%& ()-0 h Lz&10%& ()-0

zLz810% % &rfdgd data&bi¥) &) &uffaBE| [afOBi O0elecsrGRiWEMRdent viewed
%40%PAJ& ()-m 0 %0% W& ()-m 1 10% W& ()- 10% W& () -

#10% % & ()EYdri: @B5sped DIl €010840e& (On  &ht0Y% & (9h0 Im@e0Yyap-LEingOs
@10%& ()- '10% W& ()- , 10% W& ()-+ |[:-510y% 9! 10% W& () -

s1@A0% % &KIND égn@MWl(n)g mweyw/qanwe detgg by ey &ugface of the

| " L*S&10%9& () -, -.=A7bA510y% 9%d0%&&% ()- 3 !10%&8& ()- 3 !10%&& ()-
109488 () - elﬁ@@&%x}q)cqw@m@yw?wfdA 10Yu? TERESEIORY ghigrggtion, for

"1 109488 () 0948& ()., | 10%A.8& () - Yf&10% &)@}
Ilofmo&& () - ??%‘FT“A(?LO?/{% Figh ;é‘lo g&& g gg(i e(StrQSllfow&@L@P@?ent
Yok () Fooskl /e%%% DY) TR }P” ﬁ%é%@&L WG s gnaL

f“ﬁﬁ%?&%@?s RS agt %te%@é%%&#l o fosa%&l%&&%sns
aBlye (31 Zthé%ﬁﬁwﬁ‘?‘ﬁ@sgm% 20/%18?%% ﬁ%@iéﬁ? 120 bhe netgnt
SLOW W& ()it Uy ,%LQT(@/ &{)- ,#@0W& ()-10%0%0% uw S1098& () -2
2" &1098& ()2 ° &0y W& () - 2L~ | [: VUAL0 b{L&Z&10%&: () - & ] L&Z&LOWA' () - &

] L&z &I10%& {g: & ‘V&O%‘Véémﬁ&nenﬁ/&ﬂ%/ hizidd Ok@&L&A - ayvéjﬂé-ﬁneé-of/@/&:_(élm
SH1098& ()-10 % 10 % 10 % | L&z&10% % & ()- & L&z&L0%& () -

gr L&z &10%&L K, - Mﬂer@iﬁlOthe@ﬂaﬁ%(&r(de @nhgur ééptuf&i@%né’ea(r)s and the
E f&0%W& ()- YWOWw& ()- , "109& ()- -P;|[:vU41l0 OR@10%8& () -
SO! 1098&' ()heBglS) f &hEYRR (Ppt=ur iB)df &SNS &Te) -indepiideit(l)y selectively
b#S&10%&' ()-vU410 9%0%B%& () - 10989 ()- ,#109%8%&' ()-10940%10%
S8 1PWR ()us@@R1QeELEIngvUIO0 a%d CUBHE' ()f-eampx@/&'c(ﬁ- the electronic
, #1099 () - 10940%40% S8! 10%8&' () - vd0Y%SY& ()- Nor mal " " Headi ng 13]c"
" Headi ng 23@@1@0%@ ng 33]c" 'Headi ng 43]0 Headi ng 53]c" "Heading 63]c"
"Headi ng 731 c" "Headi ng 83]c" "Headin 931 "Defaul t Par agraph Font
7. component recognlz ng method as claimed in claim
15, wherein the luminance image capturing means and the
height image capturing means are independently selectively
20 used according to an inspection item to be executed on the
electronic component.
18. A component recognizing method as claimed in any
one of claims 15 through 17, wherein the luminance image
data obtained from the luminance image capturing means and
25 the height image data obtained from the height image
capturing means are processed by an identical image

processing means by setting a height coordinate system of
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one of claims 15 through 18, wherein the electronic
component is constructed so that a plurality of leads are
projecting from sides of a body of the component and tips of
the leads are to be mounted on a board.
20, A component mounting method for transporting an

10 electronic component from a component supply section onto a
board and mounting the electronic component on the board,
the method comprising:

selecting either one of a luminance image
capturing means for obtaining luminance image data of a

15 surface of the electronic component viewed from a specified
direction and a height image capturing means for obtaining
height image data of a surface of the electronic component
viewed from a specified direction in a transport path of the
electronic component;

20 executing positional detection of the electronic
component by the selected one of the luminance image
capturing means and the height 1image capturing means in
transporting the electronic component from the component
supply section onto the board; and

25 mounting the electronic component on the board on

the basis of information obtained through the positional

detection.
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21. A component mounting method as claimed in claim 20,
wherein the positional detection of the electronic component
is executed by selecting either the luminance image
capturing means or the height image capturing means
according to a shape feature of the electronic component .
22. A component mounting method as claimed in claim 20,
wherein the positional detection of the electronic component:
is executed by selecting either the luminance image
capturing means or the height image capturing means
according to an inspection item to be executed on the
electronic component.
23. A component recognizing method comprising:

capturing a height image of a bottom portion of an
electronic component having a plurality of bump electrodes
in a bottom portion of the component as two-dimensional
height image data by means of a height detection sensor
while obtaining the height image data of the bump electrodes
on surfaces parallel to a reference surface and imaginarily
located in a direction perpendicular to the reference
surface;

extracting individual bump electrodes from the
height image data; and

detecting volumes of the extracted individual bump
electrodes.
24, A component recognizing method as claimed in claim
23, wherein the detection of the volumes of the bump

electrodes of the electronic component is executed within an
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interval from when the electronic component is sucked from a
component supply section by a nozzle of an electronic
component mounting apparatus to when the electronic
component is mounted on a board.
25. A component recognizing method as claimed in claim
23 or 24, wherein the height detection sensor captures the
two-dimensional height image data by moving the electronic
component in a direction perpendicular to a scanning
direction of a laser beam or moving the height detection
sensor in the direction perpendicular to the scanning
direction of the laser beam while linearly scanning the
laser beam on a straight line.
26. A component inspecting method for evaluating the
electronic component as abnormal when the volume of any bump
electrode detected by the component recognizing method
claimed in any one of claims 23 through 25 does not fall
within a predetermined range of reference.
27. A component mounting method for mounting on a
board an electronic component that is not evaluated as
abnormal by the component inspecting method claimed in claim
26.
28. A component recognizing method comprising:
capturing a height image of a bottom portion of an
electronic component having a plurality of bump electrodes
in a bottom portion of the component as two-dimensional
height image data by means of a height detection sensor

while obtaining the height image data of the bump electrodes
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on surfaces parallel to a reference surface and imaginarily
located in a direction perpendicular to the reference
surface;

extracting individual bump electrodes from the
height image data; and |

detecting shapes of the extracted individual bump
electrodes.
29. A component recognizing method as claimed in claim
28, wherein the detection of the shapes of the bump
electrodes of the electronic component is executed within an
interval from when the electronic component is sucked from a
component supply section by a nozzle of an electronic
component mounting apparatus from a component supply section
to when the electronic’ component is mounted on a board.
30. A component recognizing method as claimed in claim
28 or 29, wherein the height detection sensor captures the
two-dimensional height image data by moving the electronic
component in a direction perpendicular to a scanning
direction of a laser beam or moving the height detection
sensor in the direction perpendicular to the scanning
direction of the laser beam while linearly scanning the
laser beam on a straight line.
31. A component inspecting method for evaluating the
electronic component as abnormal when the shape of any bump
electrode detected by the component recognizing method
claimed in any one of claims 28 through 30 falls outside a

predetermined shape of reference.
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32. A component mounting method for mounting on a
board an electronic component that is not evaluated as
abnormal by the component inspecting method claimed in claim

31.

33. A component recognizing method for applying light
to connection portions that are leads (2a) or electrodes and
exist on a mounting surface of an electronic component (2)
and executing positional detection of the connection
portions by a height detecting section (8) on the basis of a
reflection light from the connection portions,

the method comprising:

limiting a height measurement region of the height
detecting section so that a noise object (2b, 2¢) that
exists behind or near the connection portion and reflects
the light is excluded from the height measurement region of
the reflection light to be detected by the height detecting
section, and

thereby removing the noise object,

wherein in executing the positional detection, the
positional detection of the electronic component is executed
independently selectively using two-dimensional positional
detection by a luminance image capturing means and three-
dimensional positional detection by a height image capturing
means, the luminance 1image capturing means obtaining
luminance image data of a surface of an electronic component
viewed from a specified direction and the height image
capturing means obtaining height image data of a surface of

the electronic component viewed from a specified direction,
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and a height image of a bottom portion of the electronic
component having a plurality of bump electrodes in a bottom
portion of the component is captured as two-dimensional
height image data by means of a height detection sensor;
individual bump electrodes are extracted from the height
image data; and volumes or shapes of the extracted

individual bump electrodes are detected.



