24 March 2005 DESCRI PTI ON COVPONENT RECOGNI ZI NG METHOD AND APPARATUS 5
TECHNI CAL FI ELD The present invention relates to a conponent recognizing
nmet hod and apparatus for executing positional detection or quality check

(good or no good) of connection portions such as | eads and gh_ %Qgg%@
exi sting on the nounting surface of 10 el ectronic conponents$t %%ted

in electronic conponent nounting for autdmatically rmounting the electronic
conponent on a printed board or a liquid crystal or plasnma display panel
board. The present invention also relates to an el ectronic conponent
mounting method for nounting the 15DEke®IEa@Iiofs conponent on a board on the
basis of positional information of the connection portions such as the

| eads and el ectrodes existing on the nounting surface of the electronic

conponent @ERESHSGT bystHENRRENE ﬁﬁ@ﬁﬁﬂe@kDrﬁﬁgg 5% met hod. The present
I nvention further relates 20 to an electroniC C ent nounting apparatus
for nmounting the electronic conponent on the board on the basis of the

posi ti anal,., [ of the connection portions such as the |eads and
el ectr degﬁgyﬁgégﬁyéEEQ e mounting surface of the electronic conponent
det oct ed oY, | hab e Samp onanlndhod CLODALEL N0 ABPALALUR PACKSROUND, ART

Conventionally with regard to the conponent recogni Zi

type, thefetimik daén aumEpwdad vArkoeste3fitsingichubesiohan axawey ot hgge
i_,sible light to an electronic

e oo SUASS, AR, BBEcn, BEI4E3,E v Ble L, Lo o el et o
as leads and electrodes existing on the mounting surface of

10 electronic components to be mounted in electronic component
mounting for automatically mounting the electronic component

on a printed board or a liguid crystal or plasma display
panel board. The present invention also relates to an

| electronic component‘ mounting method for mounting the
15 electronic component on a board on the basis of 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 method. The present invention further relates

20 to an electronic component mounting apparatus for mounting
the electronic component on the board on the basis cf the
positional information of the connection portions sucﬁ as
the leads and electrodes existing on the mounting surface of

the electronic component detected by the above component

25 recognizing apparatus.

BACKGROUND ART
' Conventionally with regard to the component recognizing
method of this type, there have been proposed various
30 structures. For example, there has been considered the one
that applies a wvisible light to an electronic component,

receives reflection light reflected on the object by means



24 March 2005 2 of a CCD canera and executes the positional detection of
t he connection portions such as the | eads and el ectrodes existing on the

nounting surface of the electronic conponent. 5 However, the
above-nenti oned structure has had the followi ng issue. If a N PfRGH L6s OF
the Ii ke exists near the | eads and el ectrodes existing on the nountrng
surface of the electronic conponent and the visible light is reflected off
the projection, then the light reflected2off the 10 projection or the |ike
enters the CCD canera in addition to the light reflected off the | eads,

el ectrodes and the |like. The projection or the |ike becones a noise for

the. connestipncEorthnesa sueh a&diied i Bl 0 1Q.he
recogni zed, for which the. projection m ght %@gégégﬁé%uggéef%lf@béﬁ%ﬂ%ﬁﬂ as

a | ead or GANIEXCtIbdeporctondi ngiuch i tass dewi r elbdds SObWE t R ectrodes
above- nent | ssue_and_.provide g conponent_ recogni zi ng net hod and

appar at us éé‘%%%%ﬂﬁof SElor rtelg?l y “}%{’%Jﬁ?%g SHELE6S t 1 8Ral t#8 or edEctroofia he
connect i orgmpidrie@nts. of an el ectroni ¢ 20 conponent w thout recognizing a

projection or the |ike |ocated near the connection portions, such as | eads

and eIéctrodesHQﬂQ¥ﬁrng ¢ heahmiathent somédcesbiutbarel ephsonhad the
onent nou tina,nethod and
i ng

t I ! '
e At us oA dtns, Bl st L b bR TR LR | o keheol wed r oRe

appar at us .
conponent the leheishasids elfeqsodéonaki 58 AL Ahdfmdlie: LOINEGHEQD: of

portions optal el SO e ed: 81 ight i
mponent and the visible light is reflected
off the projection, then the light reflected off the
10’ projection or the like enters the CCD camera in addition to
the light reflected off.the leads, electrodes and the like.
The projection or the 1like becomes a noise for the .
~connection portions, such as the leads and electrodes to be
recognized, for which the projection might bé erroneously
15 recognized as a lead or an electrode.

Accordingly, it is desired 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

20 component without recognizing a projection or the like
located near the connection portions, such as leads and
electrodes existing on the mounting surface of the
electronic components, as well as an electronic component

mounting method and apparatus




Fig. 41 is a schematic perspective view of a prior 5 art electronic
conponent nounting apparatus. In rig. 41 are shown a main body 1 of an
el ectroni c conponent nounting apparatus, electronic conponents
(occasionally abbreviated to "conponents" hereinafter) 2 t% ng
the present nounting 10 apparatus, a tray 4a on which the conponents are
placed, a tray supply section 4 that serves as a conponent supply section
for automatically supplying the conponents 2 placed on the tray 4a, a head
section 7 (nozzle 7a) for sucking one of the electronic conponents 2 in a
nmounting stage, a robot 15 5 on the X-axis side (abbreviated to an X-axis
robot her e¢¢|la$bb¢) offhagommaassl ¥ heoheaiing edthicone Fed e drhiec Xeaxpsneadir ent i on
and constitutes part of an X-Y robot, robots 6a and 6b on the Y-axis side -
(abbrevi at eBh®o ¥eaks s 9BboResi hiena haf informatmompwe t Henshearbrsesttiiam 7 i n
the Y-axis 20 direction and constitute part of the X-Y robot-with the Xaxis
robot 5, a REPFtamBrLBRNehFUIRSGGH- sensor 8A. The reference numeral 9

denotes a printed boa dto ﬁe nmount with the conponents 2. Fig. 25 shows
an exanple of the ele f'gon lSQSac%%b%‘H%th’tc PICRRE Ot eR by | e prior

abov nentl d ent untln aratus. This electronic
conp%nent 2 a%fgsp#{ﬁégl?%qu ﬂﬂ%ﬂﬂ? F%?afgﬁﬁshand and right-hand 4

24 March 2005 sides of,a ﬁ bggrgt Q&?y:%ﬁj and the | ead t s 2C 9 the

| eads 2a are nounted on t eﬂbrlorrﬁﬁt el %t orti ¢ @ ngdhent

nounting appakat t he ra ed f i men
eEyisic thecSfbhcanera gAuhs:H S%aEﬁgug %%Qﬂﬂ%lec and

positional detection of the el ectronic conponent

the hei ght semsemefdsis (s@shdQnd NSPECtivied:ha dd 0atiNg of-ddie,lfads: of
the el ectronic conponent 2. As shown in Fig. 42, this height sensor 8Ais

to measureheheimefght) of2 t he ojectmaintone mecmfheedgzcggétnt Heaheignt
sensor 8A shown in rig. 42 is provided with a |aser |ight source 8a, a
focking | espBrates, fodusngtd e which the components 2 are placed, a
tray supply section 4 that serves as a component supply
section for automatically supplving 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 electreonic
25 component 2 to be mounted by the above-mentioned electronic
component mounting apparatus, This electronie component 2

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



reflection light (scattered |light) of the |aser beamthat has been emtted
fromthis laser light source ea and inpinges on the .electronic conponent
2 that is the object and a sem conductor position sensitive detector
(abbreviated to PSD hereinafter) 8d that serves as a posi ti%nM% é@g&)?%g
device on which the reflection |ight of 4he |aser beam i npihgi g e
lead tip 2c of the electronic conponent 2 is focussed through the
focussing lens 8c. The PSD ed generates an electric signal correlated with
t he positi on of he focused light. The prior art conmponent recognizing

met hod wi FFCBE Cdestr FBRECRERE &Hedhebasisdofthtehel fhdwetiast xhowd itReFi g.
43 sequentially.from St eB S?é to Step 579. Step 571: The electronic _
conponent ~228 &8cREE BYUPERE RB-FNE PRarst &b 572: The | uminance i mage of
the electronic 5 24 _Ma I%h 2005 conponent 2 is captured in the position of
the CCD camera 3A. -8t eé ¥7FTHHe FdS t PERCST NS eketpooent coopobeny 2

i s detect by.. ch%:idieng EEI s lum nagce i mge. Step 574: The program fl ow
junps to TP 578 When'c no PnsiR&idn s tRedti’d 60t hewdtomtemsiadal he

-Leads 2a of_; { ect.roni o] nent 2. Step 575: The el ectronic conponent
20 s mﬁf%ﬁ%%ﬁaggf’%gﬁ??p}s c 0%t RECrEZ@Sizs IR PRERT 8t KaWIte 15
conponentyn 2 @g%_hcg’on Lstentl into the asurenment_position of the
hei ght 'sennsor A, an%?hé’ﬁ% ﬁgﬁ% e i %ﬁ*FeH&eﬂ gL Zar s Gmgsur ed.
In the cage ofiddw:red eot roni o £oMDONE 25, pthe two

hown in Fig. s —
lines P: and P, shown in Fig.” 25 ar en@?\e %g?aﬁ?oﬁéﬁsﬁgﬁ‘ﬁﬁﬁ?nl‘:i Res of the

lead tips 2c, and AdespoiyBasur it 44 ne d R, are determned by the
posi tional detection executed by the ¢D gg%ri‘%&fﬁﬁ%i Sr‘%l?s,ortérg] HEi iRt

measur enmeeta sofr et heheeailghys € afhONsLSLde | c ong the first
line Pi by noving the nozzle 7a in the§X- axiasst d??gcﬁ%%c,%ln aPPap--

rotati ngThiee Irmigitle Fanbpr 180, shbenheirghti geasyr epent, 0f;ithg lead tips 2c
of the other side is executed along the second line P by noving the
nozzl e 743FA%t RéIRtaxseunte eBei on. faruhingabenyhaee fdﬁef@é@ﬁ,g@n{%ﬁe
conponent g}i_s a QFP caonponent, the heights of the lead tips 2c of the
four side8taPettakentiHithy (ssaghenedl Ihigelcubifngte | 1BEBE BRGEITERLCOUr
“times. | thi$ case .Ehe el ectroni c_conponent 2 is rotated by 90 degrees-
three tifes ardfid EAELhBYzI €¥9m fERriSuctaBAr uskigsteps5T6ee Posat iams of

three lefﬁp&h&ész%ﬁw%%eagﬁectronic component 2 that is the object

and & 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¢c of the electronic component 2

is focussed through the focussing lens 8c. The PSD 8d

generates 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 sequentizally from-Step S71 to Step $79.

Step S71: The electronic component 2 is sucked by

the nozzle 7a.

Step 3572: The luminance image of the =lactreniec



24 March 2005 brought into contact with a theoretical i1imaginary surface
when the el ectronic conponent 2 is nounted on the theoretical inmaginary
surface are cal culated fromthreedi mensional positions (X, Y, Z) or all the

|l ead tips 2c, and 5 the imaginary surface is expressed by a r hQA.
Then, distances of the three-dinmensional cpositions (X, Y, Z?ﬁ%&@f%ﬁg
|l ead tips 2c fromthe imaginary surface, "i.e., the lead floating anpunts
are calculated. Step 577: It is decided whether- or not each of 10 these
| ead floating amounts is exceeding a predeterm ned reference val ue. Wen
the | ead fdFRIMENGUE ¢apexceddingthbeppiedebar Risngdr gggr ence valye,
the program fl ow proceeds to Step 579. Wen all of the lead floating ™

amobunts are not exce®tkmgSThe Phedptelinipadoref-arence talie . the . 09ram 15
flow proceeds to Step 578. Step 578: In the case of an electroni ¢ coriponent
that is nét iediftestach e Rrepontio foni ¢ heuhbaghiboahkgg, amount or
-determ ned as the nornmal conponent through the | ead floafing anount

i nspection, the el ect¥%hi%’tonpbaenrogsar0 fimuntrdigs tdhesspsckhibednan
position on the board 9, and then, the processing ends. Step 579: An

el ect r oni EOcORPETEMCE itheNasatrgd out i the afibomt ind ohi thei Segxseedi g t he
predeternittﬁed Lef grence val ue, i s disposed of as an abnormal conponent, 25
and then tAE processSPng ERFECT A& e¥er, the above-nentioned prior art nethod

has had the issue that t%g_eaﬂ floiti ng i nspection cannot be 24 March
2005 executed by the& & ‘sen&Br SBAGHFEONL G eomronerce isagevedpsd i S
execut ed Py, they,OCD; ra_3A for.the pqgsitional detection of the
el ectronic %ong%nen%ggngﬁdo héctﬂﬁb&§&|d§ﬁ§rﬁ OF %8 FearrH c senpletenti ned,
every tine then eaghiioatlpg, S dpspection, . is executed, resulting in much
time required for the eruntEYn(f:;OO tjﬁﬁeé%l &8 IS oporenPosition of

the height sensor 8A, and then, height data of the lead tips

2¢ are measured. In the case ©f the electronic component 2
shown- in Fig. '25,7the two lines P, and P, shown in Fig. 25
are the height measurement lines of the lead tips 2c, aﬁd
these measurement lines P, and P, are determined by the
positi_onal 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¢ o©of the
other side is executed along the secord line P, by moving
the nozzle 7a in the X-axis direction. In the czs2 where
the electronic compecnent 2 is a QFp compenent, the heights
of the lead tips 2c of the four sides are taken in by
segmentally executihg a2 linear movement four times. In this

case, the electronic component 2 ig rot.aterd by 90 degrees

three times arocund the nozzle 7a for suction use

Step S76: Positions of three l=sad tips 2c¢ that are



Furt hernore, the conventional height sensor 6~, is to nmeasure the height
of the electronic conponent 2 on the specified line, and this has lead to
the issue that the 10 range of inspection is very snmall, |acking
reliability. Additionally, conventionally, in order to insp pout
or the like of a plurality of hem spherical bunp (hem sphe?%:%nlaﬁggzgég
projected) electrodes 120a arranged in a gmatrix format the bottom portion
of an el ectronic conponent 15 120 to be nounted on a printed board as shown
in Fig. 40, there has been used, for exanple, an inspection nethod by
means of a CCD camer a. Thi s Erior art inspection nmethod, as shown ir. Fig.
44, has reqBFPBEREo 1S 26RRERFY tHrtdw & fireededricalo jhagimamyi snrfecehe
hem spheri cal bu el ectrodes 120a of the el ectronic conponent 120 by neans
of a CCD caherd 100 Tﬁée?EE%%hCisC8§PP8FPGwsF2Evéﬁ t FOugirecheran i sthe

dropout hepj Li b electrode 120a, it is highl ossi bl e that the
elegtrode o?héoPgé#8%%ns#$%§&??ﬁ?¢xﬁWrééce ngﬁh;cﬁb%g%% i(ﬁﬁonbuﬁﬁree‘

el ectrode i d - h dr.o t _hems rical .bunp electrode
T20m. | Ther of b e Epnd e e xR fr BiiaF Lo LERS heRF opRer Fou

b 24 Ma i gkect r0des, Oa, f front_s ace _side of,.the CCD
,ggﬁgra 100Fﬁ?hggg?égkfgde or é%%d%? %%ggii édIégh%neggﬁrﬁﬁgﬁtheréh?g’a

dropout heniisphenteal drunprel eeteade;#20ai onheadifig.+ L9, & @i fficulty |
checki ng whether or not thereis ~ a dropgﬁt hénispjéfF%aﬁkbugﬁ é?ec%?ode

120a. As shawa itheFilgadSApdy2appkyghngnlel diadimadNe shofdzont al . det egli on
to the projecting bunp el ectrode 120a, the actually existing hem spheri cal
bunp el ectrbédedlbaatang amourtsgareedahsubdoyd.in Fig. 45B. Fig. 40' A and
Fig, 4oB 10 show an exanple in which light is applied to the hem spherical
bunp el ectrode 120a, WirPe H . 4A7A iandd€tided 9%Beshew asr exanpleadm #hi ch
lig & is applied to a raoughly hem spherical bunp el ectrode 120a having a
roug ly flatPeper tisss i ALPRE1BGL 1B WOFI i 68. exceeding a predetermined

reference value. When the lead floating amount is exceeding

the predetermined reference value, the program flow proceeds

to Step $79. When all of the lead flecating amounts are not

exceeding the predetermined reference wvalue, the program
15 flow proceeds to Step 578.

Step $§78: In the case of an electronic compeonent
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 2, and then,
the processing ends.

Step S579: An electronic component 2, the lead
floating amount of which is exceeding the predetermined
reference wvalue, 1is disbosed of as an abndrmal 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



15 however, according to this illumnation nmethod, no |light reflection can
be theoretically obtained fromthe |owernost portion of the hem spheri cal
bunp el ectrode 120a, and this leads to a difficulty in recognizing the

| ower nost portion of the hem spherical bunp el ectrode 120a, I 0
the nost inportant portion to be connectedr by solder to thezﬁﬁﬁﬁﬁ¢20%%ard
Dependi ng on the state of discoloration due to the oxidation of the
surface of the hem spherical bunp electrode 120a, or depending on the
state of degt i.n. the. surface of %he hem spherical bunp el ectrode 120a, the
25 quantitySBRCFFGHt Sreftiivt BRIGAT RENRAH shPekntal Bire olehbranoeeii2ga
varies. Therefore, the shagqj"‘ tt}g1 heni spheri cal bunp el ectrode 120a has
been al | owed T8 bé> A NEF cFC 28¢5 9§ eE68NIGATE nl JA qEAI tThe vebyit Towmdl i s,
it has been | owed .t o ke a relative evaluatior_ by expressing the
state of Iug%gég%ié?nm?thﬁéFEH%%FE%%%?iEQWPBGﬁﬁte?eéﬁ%%d%hqznaabyrement
eval uati on uc, St sumiotal of S |um nance val ues bel onging to
the heni sphie/J?I!l%gl gbu%pée ’egterre &= 1SPRIEGanfHERY ChESdi 1 | IRAG ofl oft irge
evaldiation ¥ of ot heshepisphery c bunp. el ect rode. 120a, and maki ng a
decisi on on t I':‘Ieé:%cc%rreﬁcgg%?ﬁd}r‘%cﬁdoZ\‘lteSo‘1l He hbPri Bpher iddt BirMiFed o ode
120a. For tdis Iﬁ@mgt@@ @Qé‘lvgpg;ng?ﬁhi chg‘ hod_has been used for

Crpa i

checki ng the presence or absence o ems ﬁ%??éaf'bunp_electrodes 120a

at the bottom portionpFefthbenelect reni on; 120. . There _has_been  a
further issue that in the case V\hert?gl@t f\ce EEI gR‘ted}%%lt %lggm' SﬁﬁéPchg B&np

el ectrode ¥20anéssdbe | one hlé&gp&rt$@ntheafe1re%ft'r§5ti% ld or%g'ﬁtonfsorsln%kle

even though light is applied in the horizontal directio sequentl'y,”. no -’
sufficient spearitfiitegd of iheghtaddr thile desecticm of ot fterl&e&ﬁséagerérfﬁt bygp
ity ’I'n

el ectrode 120a can be obtained, and this has reduced the reliabi
ché®king range of inspettion is very small, lacking reliability.
Additionally, conventicnally, in order to inspect
the dropout or the like of a p‘lurality of hemispherical bump
(hemispherically projécted) electrodes 120a arranged in a
matrix form at the bottom portion of an electronic component
15 120 to bel mounted on 'a printed bcard as shown in Fig. 40,
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 hofizontally throw a flood of
20 illumination to the hemispherical bump electrodes 120a of
the electronic component 120 by means of a CCD camerz 100.
The reason is as follows. Even though there is a dropout

hemispherical bump electrode 120a, it is highly

possible that the electrode or sclder constitutin part of
25 the hemispherical bump electrode may exist underneath the
dropout hemispherical bump elactrode 120s. Therefore, if

light 1is applied perpendicular to the hemispherical bump



20 whet her the hem spherical bunp electrode 120a is present or absent. Ir.
recent years, there has been generalized a conponent package of BGA (Bal
as shown in Fig. 40 due to the large-scale integration of ICs.

Gid Array;
In the case 25 of the BGA conponent, whose connection surfagﬁiﬁgr gb'gted
board becones invisible once the conponentgis nmounted on the printe oard,

the i nspection of the hem spherical bunp 10 24 March 2005 el ectrodes 120a
i mmedi ately before the nounting has a great inportance. Under the present
ci rcunstances in which the I C packages are conpacted and the inportance of
the functi oflBFtFrAggEct 1 Ag2at herdrnitdpherfirzalt by felcect sodes d20a:hs Top
I ncreased, the inportance of "quantitatively detecting the anount of sol der

of the indi GREGAR HEMis e iedaictimme ebecsobder1208leot s” quanti takiyvel y
eval uating the shape of the individual hem spherical bunp electrode 120a"

i s increaseteRI2ENEFEr , Ihef t REORSMNT hremi spbaERtEdNELmY | OTedf tod® meldhods

has been abie éo make onty t he qualitative evaluation. 24 March 2005 14
’ eading to a difficulty in checking whether or nort there is

a dropcut hemispherical bump electrode i20a.

e

4

3

As shown 1in Fig. 45A, by épplying light in the
horizontal detection to the projecting bump electrode léOa,
the actrally existing hemispherical bump eleactrode 120z can
be recognized as shown in Fig. 45B. rig. 46A and Fig. 463

10 show an example in which light' is applied to the
hemispherical bump electrode 120a; while Fig. 47A and Fig.
47B show an example in which light is applied to a roughly
hemispherical. bump electrode 120a having a roughly flat
portion in its bottom portion.

15 However, according to this illumination method, no
light reflection can be theoretically obtained from the
lowermost portion of the hemispherical bump electrode 120a,
and this leads to a difficulty in recognizing the lcocwermost
portion of the hemispherical bump electrode 120z, that is,

20 the most important portion to be connected by solder io the.
printed board. Depending on the state of discoloration due
to the oxidation of the surface of the hemisprerical bump

electrode 120a, or depending on the state of dent in the
surface of the hemispherical bump electrode 120z, the
25 quantity of light reflected on the hemispherical cump

electrode 120a wvaries. Therefore, <the shape of the

hemispherical bump electrode 120a has been aliowed o be



It is therefore desired to solve the aforenentioned i ssues and provide a
conponent recogni zi ng nethod and conponent nounting nethod capabl e of
rationally sel ecting and executing two-di mensi onal or three-dinmensional 5
posi tional detection of an el ectronic conmponent at high spe ] hi gh
reliability. 24 March 2005 Z2 Also, it is desirable to prosghgﬂﬁkmggg%nent
recogni zi ng ‘met hod and conponent inspectigg nmethod capable of. totally
measuring a plurality of bunp el ectrodes arranged en a bottom portion of
an el ectronic conponent, correctly ~ detecting the volune or shape of each
i ndi vidual bunp electrode, quantitatively evaluating the nount or shape.
of sol der tensgiiaeidngniiye duambpi wleictelpde, @xetutlisng imshest beren afnlhe
bunp el ectrodes,. or the connection portions immediately before nmounting
t he el ectroftlEC¢efpditeniads a2 10 Pratritved byvaldatand ibmpr exprgsshely the
reliability of -electronic conponent assenbling. 24 March 2005 13 SUMVARY
OF THE | NVERFRER ©f luster of individual hemispherical bump electrode
120a Dby an evaluation wvalue such as the sum total of
5 luminance values belonging to the hemispherical bunmp
electrode 120a, examining the distribution of the evaluation
value of the hemispherical bump electrode 120a, and making a
decision on the occurrence of dropout of the hemispherical
bump electrode 120a. For this reascn, the conventicnal
10 method has been used for checking the presence or absence of
the hemispherical bump electrodes 120a at the bottom portion
of the electronic component 120.
There has been a further issue that in the case
where the height of the hemispherical bump electrode 120a is
15 low, the portion that reflects light becomes small even
though light i1s applied in the horizental direction.
Consequently, no sufficient quantity of light 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. In the case

25 of the BGA component, whose conﬁection surface on a printed
board becomes invisible once the component is mounted on the

printed board, the inspection of the hemispherical bump



According to a first aspect of the present invention, there is provided a
conponent recogni zing nethod conprising: 5 within a hei ght neasurenent
regi on capabl e of being detected by a height detection sensor for detecting
a bottom portion of an electronic conponent and no other noiseyRPiEsHE5
capturing a height image of the bottom pongion of the electronic conponent
having a plurality of hem spherical 10 bunp el ectrodes in a bottom portion
of the component as twodi nensional height inmage data by neans of the height
detecti on seNsOf rodOHt 8bALNG @30 SENSOT L WhiLe obtai ni ng, t he hei ght i mage
data of the bunp el ectrodes rele:agtal Ve to a rafer éﬁ*C‘e 1 ald® i Aagingati |y
| ocat ed i n iaitrevidon 1Brderpehdi gilaero ¢ heckrierencs sHr f,Age sybLect ng
t he hei ght | e data to. software processing; thereby extracting

i ndi vi dual p@%%ﬁ%ﬁ?%d‘é@@?%ﬁ??hénﬁei% jwRget afaten; cfindhdefeatiign of
vol unes of irddweextiact ed inq,gé/r;lpéo@l, 20.el ectrodes by separately
summ ng up ‘aISJIE%hei gh%a i maSe, dat a %%Egg raa%é‘}? i n@i GFBE\éFleSyrrpl@é_lect iede.
24 Mar ch 2005 refsgscor thag Jtnupca:tsaemdo&speQ&a@{;i@Qgipég§ergetler%{:ﬁir}{ré gghe

there is provided a co nt recognizing nethod conprising: w :
hei ght rreasag]%sélgr%gnt O.tfeg?p%‘g%ﬁpa%fe bfeheilig idetaetled Hymbsies ghta Het gk on

sensor fore@eteebing o hpit gm S A el ect,raoni.c _conponent and no
ot her noi se objects, capturing acﬂ%iei gﬁ?ale%%ggyo ?@%@%&Q%ﬁn%%rﬁh@ﬁ%fof he
el ectroni ct88npodeditvitinahg aeplisphlarticadl heaingphesi &l b ghagt.r odlgss in
a bottom Y th onmpanent as twodinensi onal hei ght inmage data
means of Fﬁ%éﬁggagg. %d%é@%r, neléﬁer cf the aforemen%ioned %rior arg

10 methods has been able to make only the qualitative

evaluation.




10 detection sensor, containing a 3D sensor, while obtaining the height
i mge data of the bunp electrodes relative to a reference surface and
imaginarily located in a direction perpendicular to the reference surface;
and subjecting the height inmage data to software processing;
extracting individual bunp electrodes fromthe height inagezgiggﬁag%g@g
detecti ng shapes of the extracted individual bunp el ectrodes by extracting
outer shape data fromthe height 20 i mage data at each of the individual
bunmp el ectrode. 25 30 24 March 2005 15 BRI EF DESCRI PTI ON OF DRAW NGS These
and ot her aspects and features of the present invention will beconme clear
fromthe follow ng description 5 taken in conjunction with the preferred
enbodi ments thereof with reference_to the acconpanyi ng drawi ngs, wherein
Fig. 1 is an exggrnéﬁ ViRGFBFORR cle8iFeRi ctRorfstiient thsunafayenppaiahad
capabl e of j'sig e i n ctroni ent cogni zi ng net ho
according to gE%irg?kLn%€§?#§%§ 1 o?gﬁ§§agﬂiuyﬁééé éhﬁ*?%; metﬁog and
cemponent mounting method capable of rationally selecting

and executing two-dimensional - oY three-dimensional

5 positional detection of an electronic component at high

speed and with high reliability.




.Fig. 2 is a side view of a height detection sensor to be used for the

el ectroni c conponent recogni zing nethod of the first enbodi nent, viewed in
an Y-axis direction; Fig. 3 is a side view of the height detection sensor
.of 15 Fig. 2, viewed ir. an X-axis direction; 24 March ZOQQ_ FIF§9054 is
an expl anatory view of an output signal froma 3D sensor in the ?lrst
enbodi nent; Fig. 5 is an explanatory view show ng an exanple of the hei ght
measuring method of the first embodingnt; Fig. 6 is a perspective view of
an electronic conponent, for which positional detection executed by a

t hr ee- di nensi onal sensor according to the electronic conponent recognizing
met hod of tgg first enbodinent, is effective;, 10 .Fig. 7 is a view for
expl ai ni ng & 18P ati on- betieenSeERE3FIS t i 6Rs oPreHedReads ofcdrmonent

el ect r o CogeLrPenetetefog Fi 5w§5 pPaQs,.t. f projections that
become noié%s and a heightéﬁ%aghr|ﬂ§éﬁéeg%g#%§§;§cﬁﬁat%Sgtﬁﬁﬂﬁq%ﬁronic
conponéft E@%@bh?zmﬁgsneingdaophﬂnaﬁjWptoEnboﬂpneméttiédﬁhg%zm%%g%Qp BB
are a %ghenatic expl anat or vi€m1 of an image of the el ectronic conponent
of Fi g h Caftihied® B9TR1EAD Chndra S-E6FEPREC CIMROnRIDr aorreeciyi que

ap g RIS ol ALK, view cingnel TBRC Bl RLICLEANC HEgIPOneN
electrode, guantitatively evaluating the mount or shape of
solder constituting the bump electrode, executing inspection
of the bump electrodes, or the connection portions
immediately before mounting the electronic component on a
10 printed board, and improving the, reliability of -electronie

component assembling.



20 conponent recogni zi ng method of the first enbodi ment, respectively;
Fig. 9 1is a flowchart show ng a procedure for nounting an electronic
conponent by using the electronic conponent recogni zing nmethod of the

first enbodinment; 25 Fig. 10 is a flow chart show ng in detaj dure
for detecting the position of the ccnponent from height da?%iwﬁng?ggﬁg' of
Fig. 9; 24 March 2005 17 Figs. 11A and 11B are a schematic expl anatory
view showi ng a wi ndow of a processing agea determ ned by the conponent
size in the position detecting procedure of rig. 10 and a schematic

expl anatory view showi ng the obtai nment 5 of the rough center and

inclinati o n anpling the inside of the processing
SRRy of TRE et of

area, respective i gs. 2B are a schematic explanatory view
showing a state in which the centers of the | eads are detected by
estimating the positions where 'individual |eads 10 exist, setting small

wi ndows i ncl udiFXHRL1Ralle, safprFhg aadect nefdehef phesehnddwseryyidreans

of the ro it er .l pncli i t he component, and conponent shape
nf or mat | o AR R T $1 0 oMb Selh, FEroS8tEiOn g coemtemet
detectisng proceduteirof aFi Beigh, medsarseBANRliEgldn eXPARNRT O Yo @W; g

e

showi ng a state k£ whi ch the correct center and inclination of th
conponent SEr&EAT Jat2dhereht t AEtegsirn Genssir 9T tdetéeniisg a bottom

RO B ELY, 4 " AT Ry ey R e Bamle
objects, capturing a height image of the bottom portion of
the electronic compeonent having a plurality of hemispherical

10 bump electrocdes in a bottom portion of the component as two-
dimensional height image data by means of the height
detection sensor, containing a 3D sensor, thlé obtaining
the height image data of the bump electrodes relative to a
reference surface and imaginarily located in a direction

15 perpendicular to the reference surface subjecting the height
image data to software processing; thereby

extracting individual bump electrodes from the height

image data; and
detecting volumes of the extracted individual bump
20 electrodes by separately summing up all height image data of

an extracted individual bump electrode.



~ ~ e 25 - component .n the position detecting procedure of Fig. 10; Fig.

14 is a bl ock diagram of a conponent recognizing apparatus for
“inplenenting the conponent recognizing nethod of the first enbodi nment;

Fig. 15 is a block diagramof functional means of SOft“are:%Pﬁ%ﬂ&$§9g§ a

program nenory cf the conmponent recognizing apparatus of F

March 2005 18 Fig. 16 is a graph of a table showing a setting exanple of a
detection range of a height translating sgetion of Fig. 15, Fig. 17 is a
vi ew showi ng a processing area to be 5 an object of formation of a

| um nance hi st ogram
According to a second aspect of the present invention,

there is provided a component recognizing method comprising:
within a height measurement region capable of being
detected by a height detection sensor for detecting a bottom
5 portion of an electronic component and no other noise
objects, capturing a height image of the bottom portion of
the electronic component having a plurality of hemispherical
bump electrodes in a bottom portion of the component as two-
dimensional height image data by means of the height
10 detection sensor, containing a 3D sensor, while obtaining
the height image data of the bump electrcdes relative to a
reference surface and imaginarily located in a direction
perpendicular to the reference surface; and
- subjecting the height image data to software processing;
15 thereby
extracting individual bump electrodes from the height
image data; and
detecting shapes of the extracted individual bump
electrodes by extracting outer shape data from the height

20 image data at each of the individual bump electrode.

25

30



Fig. 18 is a graph of the |um nance histogramor” the processing area of
Fig. 17; Fig. 19 is a perspective view showi ng the appearance of a
conmponent nounting apparatus to be used for 10 a conponent recogni zi ng
met hod according to a third enbodi nent of the present inve tfﬁﬁﬁﬂfb@bSZO
is a flow chart show ng an operating progedure of the conpdne

. recogni zing nethod and a conponent mount} g nethod of the-third

- enbodi nent; 15 Fig. 21 is a block diagram showi ng the construction of a
hei ght image capturing neans of the third enbodinent; Fig. 22 is a bl ock
di agram show ng the construction of a |um nance imge capturing neans of
the 20.third enbodinent; Fig. 23A is a perspective view of an electronic

conponent o 1ERepEBLRE pe¥BRADFEBRAWTNGEg 23B s an explanatory view show ng
a |lum nance inage of the electronic conponent;. 25 Fig. 24Ais an

expl anatory vi ew showi ng a hei ght inmage coordi nate system of the electronic
conmponent  of thﬁhégérqnf %%.ggntéspects and features of th
€ present
invention will becocme clear from the following description
5 taken in conjunction with the preferred embodiments thereof
with reference to the accompanying drawings, wherein

Fig. 1 is an external view of an electronic component
mounting apparatus capable of ‘implementing an electronic
component recognizihg method according to a first embodiment

10 of the present invention;

Fig. 2 is a side view of a height detection sensor to be
used for the electronic component recognizing method of the
first embodiment, viewed in an Y-axis direction;

Fig. 3 is a side view of the height detection sensor of

15 Fig. 2, viewed in an X-axis direction;



24 March 2005 19 Fig. 24B is an explanatory view showi ng a height inmage of
the el ectronic conponent; rig. 25 is a perspective view show ng an exanpl e
of the electronic conponent; 5 Fig. 26 is an explanatory view showi ng an

i mge capturing state of the |um nance i mage Capturing means M%fcﬁ'Pﬁ '@g to
the third enbodi nent of the present inventjon; Fig. 27 is an explanatory

vi ew showi ng an inmage capturing state oﬂ not her exanple of the 'l um nance
imge 10 capturing neans; 15 Fig. 28 is an explanatory view show ng an
output signal froma height detection sensor according to a conponent
recogni zi ng nmet hod of. a fourth enbodi nent of the present invention; Fig.

29 is a sectional viqﬂyﬁf ? hei ght detection sensor of a conponent
recogni zi ng met hod .of the Toutt®” BYBOATAEREY Kif§Y. °30ARaRE8tBOB SheWaA

state in whi.ch thepn hemspheti cal, hunp.el ectrode of an el ectronic conponent
is 20 detected 5& a hei ght géhggﬁ,%fﬁﬁérgmgpa?m§6%'is an explanatory view
show ng the input and-jqut pgt ; state . . beam t.o _and fromthe

hem spherical bunp el ec rodel§c%hb§?ﬁé%?%éﬁ?%mﬁtﬁﬁ TENtorY AndSEREPL80B i s
an expl anatedr YheVir@WostoweRg ke « FRYeAf JFhehem: spheri cal . . el ectrode
25 obtai ned fromthe output sfgngl; Fia. gi ?Ega%%égfiéﬁgsd%1%€£bf t he

Nei gh. detection sermiar. agcoidli By £8r&PB-EOFRONEN,, ' EEOUN ZLAD tronic

component, for which positional detection executed by a

three-dimensional sensor according to  the electronic

component recognizing method of the firs: embodiment is
effective;

10 Fig. 7 is a view for explaining a relation between
the positions of the leads of the electronic cemponent of
Fig. € and the positions of projectipns that become noises
and a height measurement region according to thé electrenic
component recognizing method of the first embodiment;

15 Figs. B8A 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 pricr art technique and é
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 prccedure for
mounting an electronic component by using the electronic
component recognizing method of the first embodiment:

25 Fig, 10 1is a flow chart showing in detail a

procedure for detecting the positicn of the component freom

height data in Step S6 of Fig. 9;




24 March 2005 20 nmethod of the fourth enbodinent; Fig. 32 is an explanatory
vi ew show ng an exanple or' a height neasuring nethod of a hem spherical
bunp electrode according to the conponent recognizing nmethod of 5 the

fourth enbodi ment; 10 15 Fig. 33 is a bl ock diagran1shomﬁngé%pﬁ Hﬂ¥§6@§|
- construction of a main control section of,_an electronic co onan mount i ng

apparatus to be used for the conponent r¥€cognizing nmethod of the fourth
enbodiment; Fig. 34 is a flow chart showi ng a conponent nounti ng
procedure; Fig. 35 is a flow chart showing a position detecting procedure
of the hem spherical bunp electrode of the conmponent from a hei ght inmage;
Figs. 36A, 36B, and 36C are explanatory views show ng the position

det ecting procedure Gi%he 1HermrshHdlE eale bumrheattirodes ek athe vekeetr oni c
conponent Fig. .37 is an explanatory view show ng a hei ght neasurenent

regi on of thw‘%pgcﬁoﬁﬁl@%gﬁerﬁ;processing arsa determined by ths

component size in the pesition detecting procedure of Fig.
10 and a schematic explanatory view showing the obtainment
5 of the rough center and inclination of the ccmponent by
sampling the inside of the processing area, respectively;
Figs. 12A and'IZB are a schematic explanatory view
showing a state in which the centers of the leads are
cdetected by estimating the pcsitions where ‘individual leais
10 exist, setting small windows including the leads, sampling
the inside of the windows, by means of the rough csnter and
inclinaticen of the component, and compcenent shape
information transmitted from a main control section in the
position detecting procedure of Fig. 10, and a schematic
15 explanatory view showing a state in which the corract 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 corract center and
20 - inclination of the component in the position detecting
procedure of Fig. 10; |
Fig. 14 is a block diagram of a component
recognizing apparatus for implementing the compenent
recognizing method of the first embediment;
25 Fig. 15 is a block diagram of functional means of
software included in a progfam memory of the compcnent

recognizing apparatus of Fig. 14;



20 Figs. 38A and 38B show a vol une detecting procedure of the
hem spherical bunp el ectrode of the electronic conponent, where Fig. 38A
isits flowhart, and Fig. 38B is an explanatory view of volune detection

of the hem spherical bunp electrode of the el ectronic conpoy

means of the height detection, sensor; Fiqf. 39A and 39B sh%%ﬁg%gﬁg%éés
eval uating procedure of the henisphericél bunp el ectrode of the 24 March
2005 21 5 el ectronic conponent, where Fig._.39A is its flowhart, and Fig.
39B is an explanatory view of shape evaluation of the hem spherical bunp
el ectrode of the electronic conponent by neans of the height detection
sensor; Fig. 90 is a perspective view of an electronic conponent having a
plurality of heni sphétigal lbuip ael@wpiodes; aFitbi4l dBowk RETSP8EkiYg Vi ew
of an electroni¢c conmponent nounting apparatus to be used for the'prLgr art
10 conponefRt‘2F@eBgRitzitngakechidon Frgged i & aedeti erahsuhewnaf sachehght
sensor. nngnged on _the el ectronic conponent nounting apparatus to be used
for the priPér “aft &éﬁponent recogni zi ng met hod;

Fig. 17 is a view showing a processing area to be
5 an object of formation of a luminance histogram;
Fig. 18 is a graph of the luminance histogram of
the processing area of Fig. 17;
Fig. 19 1s a perspective view showing the
appearance of a component mounting apparatus to be used for

10 a component recognizing method according to a thirg
empodiment of the present invention;

Fig. 20 is a flow chart showing an operating.
procedure o©f the component recognizing method and .é
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 2 bleck 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 ©f the third embodiment;

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

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

third embodiment:



Fig. 43 is a flow chart -show ng an .operating
art conponent
an expl anatory view showi ng the prior
hem spheri cal bunp el ectrode of "an el ectronic conponent; 2

expl anatory view show ng the input and 9 put state of-lig

ald

15 procedure of the prior

recogni zi ng net hod and conponent nounting nethod; Fig. 44 is
art method for detecting the.

Groff30s s an

0 an rom

t he hem spheri cal

to the

hem spheri cal
to the prior art conponent
expl anatory view showi ng an i mage
obt ai ned t hrough the

el ectrode when |ight
bunp el ectrode of the el ectronic conmponent
recogni zing nethod; 25 Fig. 45B is an
of the hem spherical bunp ele

bump

det ecti on;

is applied froma CCD canera

accordi ng

ctrode

24 March 2005 22 Fig. 46A is an

expl anatory vi ew shofilfig 248 i¥puan emplevtporystdee afhduwighi 4 ~hangnkrom

the hem spherical _bu
is applied @& 8fothy 8lectremherecmpenering to the prior art

recogni zi ng net hod; EL%. é%?,is an expl anatory view show ng an
el

the heni spherical burp _
's an expl apatQLy JYLEeW, SO 0

5

10

15

20

25

bunp

the ipput i0 and output state of
pcnenc,

el ectrode of an el ectronic conponent when the |ight

5 conponent
mage of

r'ocde® oBEAFREA L HRoWdEWt Ifdowdataecat oaxakbge 47A

i ht t

Fig.

26 1s an explanatory view showing an 1image

Ccapturing state of the luminance image capturing msans

according to the third gmbodiment of the present invention;
Fig. 27 is an explanatory view showing an image
capturing state of another example of the "luminance image
capturing means;
Fig. 28 is an explanatory view showing an output

signal from a height detection sensor according to a

component recognizing method of a fourth embodiment of the

present invention;

Fig. 29 is a sectional view of a height detection

sensor of a compconent recognizing method of the fourtg

embodiment;
Figs. 30A and 30B show a state in which the
hemispherical bump electrcde of an electronic component is

detected by a height sensor, where Fig. 30A is 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.explanat“ry
view showing the image of the hemispherical bump electrode
obtained from the ocutput signal;

Fig. 31 1is a

jun
i
'_n.
[te]
oy
ol

secticnal view of

detection sensor according to the coﬁponent recognizin

e



15 g o and fromthe approximately hem spherical bunp el ectrode of an

el ectroni c conponent having an approximately flat portion in~ the bottom
portion when the light is applied thereto by a CCD camera according. to
the prior art conponent recognizing nethod; and Fig. 47B is ANG (EH ory
vi ew showi ng an i mage of the apprOXinat%#% hem spheri cal bdnp €l éecTrode
havi ng the approximately flat portion in e bottom portion obtained

t hrough the detection. .. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON 20

Before the description of the present invention. roceeds, it is to be
escrip P ! b
noted that |ike parts are designated by |like reference nuneral s throughout
t he acconpanyi.n drawi ngs. Enbodi nents of the present invention will be 25
cconpanying,  draw ng | PLESe
descri bed iTFdH%Ai L Hetpvamamh adedémeatio the draw ngs. A conponent
recogni zing nethod according to a first enbodi nent of the present
recogni zi ng el gordiy ' .
invention. linits a hetYht><24S MBRcRXROBBaR3ry view showing an example
of a height measuring method of =z hemispherical bump
electrode according to the compeonent recognizing method of
5 the fourth embodiment;

Fig. 33 is a block diagram showing the internal
construction of a main control section of an electronic
component mounting apparatus to. be used for the componeht
recegnizing method of the fourth embodiment;’ |

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

Fig. 35 1is a flow chart shewing 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 regicn of the electronic cecmpcnent;

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

23 means of the height detection sensor;

Figs. 392 and 398 show a shape evaluating

e : .-
procedure of the hemispherical bump electrode of the




measur enent region capable of being detected by a height detection sensor
so that only the connection portions are detected and other noise objects
are not detected in cyder to correctly obtain the positional information
of the 5 connection portions such as the | eads or electrode§4thﬁ%{ggo on

t he mounting surface of the electronic c%gponent. That is, accor ?o
the first enbodi nent, when the desired asurenent region for height
detection. of the connection portions is previously known, height data
outside the 10 neasurenent region is translated into a specified val ue that
is not recognized as correct height data by neans of a height translation
table in a height data inputting stage. Specifically, for exanple, this
net hod i s &PFAEENLE tImpPred whéreranFob) eGoAt hat Decoreswanaet seahg
included in a 15 height measurenent regi on expressed by eight bits. It is
pref er abl e TG -priddf ovs| § carPlRARECAYhaiight qfpsittdmm evelwdtDon agdl khai t

t he hei ght .neasurenent region. Fig. 1 is a schematic view of the whol e body

of are el ECFFGHIPETLGRPoMSHE MARRGIR S ar thaise peovidetc withoane20 by
conmponent ni zi ng _apparatus capabl e of inplenenting the conponent
recognizin§%%§%h8§ 3ﬁetﬁglESFséeéﬁSBHPﬁeﬁ?néﬁffhe present invention,
showi ng a state in MQE%F a4$ead section i that has sucked an_el ectronic
conponent 2 as an exanpl'e of ‘the®oBPECPehY ACno77%e P4, athi eheEbEPREBONds

to one exapph®cdan®f ang nery hglding.nenber. obtains height data of the
el ectronic co%pongnt 2 mﬁ??g ng%ing&%kfﬁlggnst%ﬁt ﬁ?béppf**%ﬁﬁan SHRR 3%15
~direction abeveraghgi:ght detecting P. Sens”_P ~ O 24 March 2005 24 a
hei'ght detecting section 602 for detecting the heights of the connection

portions such. as |eadg.2a4Tr i@l e£t bagdasext ;aCt}iNg, 0t Lpg., pur face
of the el ectronic conponent 2. Thatbis,’Fn Figs.]i an Ilgﬁhggygﬁ%§%'385

mounti ng appapatestnucuniiddy; lapdatdreuel e6t bRNiEsLONBIACRE MU NG, vt
apparatus, an el ectroni c conponent (abbreviated to a conmponent herel nafter)
2 £8 be npGAMPENBRtt hecpgréenhgappahatius, a tray 3 on which the conponents
2 are placed, a tray suppky section 4 that serves as a conponent supply
Fig. 42 is a sectional view of a height sensor
mcunted on the electronic component mounting apparatus tc¢ be
used for the prior art compcnent. recognizing methéd;
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 compenent
accerding te the prior art component recognizing method:; |

25 Fig. 458 is an exXplanatory view showing an image

£ . . . .
of the hemispherical bump electrode obtained through the

detection;




10 -section for automatically supplying ore of the conponents Z placed on
the tray 3, the head section 7 that sucks the conponent 2 by the nozzle 7a
in the nounting stage and thereafter vertically noves a nozzle el evation
shaft for supporting the nozzle 7a by neans of a SerVQ”DtorZ%WM%ﬁﬂmééb
vertically noving the nozzle elevation shaft, thereby nounting e sucke
conponent 2 on a printed board, a robot n the X-axis side (abbreviated
to an X-axis robot hereinafter) that noves 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 nove the
-head section ~ in the Y-axis direction and constitute part of the X-:'

robot n'00 with the Xi&xi <&obdt & @rpll anshoee- diawnshonahg(abbr ewpated to
3D hereinaftﬁr) %ensor‘8 t hat serves as an exanple of the 25 height

det ection §BfsGHT8M"t RE2h&i §ht Lldehectirngrsledtioon tB@2hefiBiheridzangumnp
captures thﬁ h%igg; ingge of the conponent 2. The reference nuneral 9

denot es t h& Bri-AtEE bBar P o SHECTFLNWE cRoPBOBERE roer edtwi t Aitghe  is

conponent - f. the co ents 2 placed ors the "ray 3 is sucked
by the heaépggggﬂoﬁggrgﬁg §ﬁ%éhm@&gnﬁaﬂﬁéaxﬁéﬁp§d1@6bép Fhgboweioheasd

sensor 8, tRg~3R=Lbei L he /5 conponent 2 is captured by the 3D
8. 'a'ﬁg ?& .k%?%&n&??ﬁ@ %%%%?ﬂéd by the 3D sensor 8 is subjected to

sensor elg I mag
sof tware processinggtig i nsgpect tgﬁ L9hts . (positions) of the |eads or
the like of the conpongnt 2, and { eggggﬁ6%é%fy2ﬁ?§w ottt et i 7 a*BpeRi fi ed
positi on ooft heher hetkedpheakda? k&ﬁmﬁc%Q%@ﬂygd%o Bgééiﬂgﬁ'%%zb%E%T”EééO”'
detection;
Fig. 47A is an explanatory view showing the input
10 and output state of light to and from the approximately

hemispherical bump electrode of an electrenic 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 1is an explanatory view showing an image

of the approximately hemisvherical bump electréde having the

approximately flat portion in the bottom portion obtained

through the detection.

BEST MODE FOR CARRYING OUT THE fNVENTION

20 Before the description of the present inventicn
proceeds, it is to be noted that like rarts are designated
by 1like reference numerals throughout the accompanying
drawingsf

Embodiments of the present invention will be

25 described in detail below with reference to the drawings.

A compqnent reccgnizing method according o a

s ,
first embodiment of the present invention limits a height



Next, the constructicn 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 whigh.d 05 '
systens of sem conductor Position Sensi?sve Det ectors (abbrevi a{ed 0 PSDs
hereinafter) 17a and 17b that serve as det ecti on device of the 3D sensor
8 are provided. Fig. 3 is a schematic view (sectional view) 20 of the 3D
sensor 8 viewed in the X-axis direction, showng a State in which a | aser
beam enters a light-receiving device 19 every tine the reflecting surface
of a polyg%n m.rror %2 for reflecting the | aser beam changes, consequently
gener at i ng"a-pof FUGRTs hFHE? oF RERRL& al E26Rgl rdeterted 2Bvaml Eiegghl are
shown the X-.axi.s.robot ~, the head sectjon 7, the sucked conponent 2, a
seniconduc?%?éFgéég TS ¥n %&ﬁlﬁf*%ethﬁsépq&%%ﬁlQ¥I??ﬁﬁiwmﬁleceing
and shapi n r 2 6 lens Ii.for collecting and shaping this |aser
beam the aSS%éS%% %?%%gggﬁgrf%ﬁ*§%aﬁﬁpﬁ§chérﬁaﬂéﬁtﬂﬁﬁﬁq* ngtnErEAZ this

mrror surﬁgcecgyrgggmgriSgka-ﬁtakhgn,Pﬁgi%gg%gqirror 13 gcr partially

transmitting and partially reflecting Ser *BEaAT2hAARa Afrrbrela

forsrefl ectbngett8bh. pdbheienar suchuLkh éh an.F8,L 2.that changes
the optical path so that the |aser b%aﬁ?ﬁe6%§ﬁfc§ I§l§§g%8ée8yefﬁ8%pﬁgygon

mrror 12 bs appl irekyreimenshetd ok | ¥ £t @ e : Sonponent Is the .
subj ect, focusing | enses 16a and 16b 10 that focus t ecé%$$€%?%bn ﬁaﬁt

(scatteredifi gldcafditrie thasteiie befined P eRBCAImAR L1 hecoPengnt 3255 a0d PSDs
17a and 17b that serve as a position detecting device on which tﬁe

refl ecti onmfRgh¥emeRtt Fediaser fdraine ighipi dgiagt dht BE tC@NPBHERALCRidk €
focused via the focusing | enses |oan and 16b 15 and each have a function
for gener a¥Phe aRSel &8t rPecéigwaly chreehat ebengbh thétposbttondef the
foggsed light. The reference nunerals 18a and 18b denote output signals of
the  PSDs 173°aht"9%b. F¢H-¢hi &5 chsensiabefasetobeaspeni fied fabuethieat 20

seniconducxgrrkﬂ§e2 %g has i.ts beam shape col |l ected and shaped by the
light col | €eting and-SRAPrAG I1%hs CPEIeCtheReagher datise PHscrednmnrits a

transmttegd.{hrou h inror. 13 and then reflected on the mrror 14
to inpinge %H&#?hgpggpgaoggﬁiFg%%elf¥lTﬁegﬁoﬁggo#%ﬁ%r%ﬂPQE?ﬁ%Qr%ﬁ%ﬁ?ng

Specifically, for example, this method is applied to the

case where an object that becomes a noise is included in a

15 height measurement region expressed by eight bits. It 1is

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 tﬁe

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 meving with constant velocity

T



25 with constant velocity, so that the |aser bean1inpinging on the mrror
surface is swng. further, the | aser beam whose optical path is changed by
the FO lens i5 is applied 24 March 2005 27 perpendicularly to the

conponent 2, and this reflection |light reflected by the co i
focused on the PSDs 17a and 17b via the focusing | enses 1ogagﬁgﬂ%%%q6?he

PSDs 17a and 17b generate the output'si&ﬁals 18a and 19b capable 5 of
measuring the height of the laser reflecting surface of the conmponent 2.
In this case, the laser beamis reflected on the polygon mrror 12 and
thereafter applied to the conponent 2 that is the object. The | aser beam
is applied consistently LO perpendicularly to the conponent 2 that is the
obj ect by @héeipht ettt igunsteaicied €12 t hseedet eAENLS @Pﬂashéﬂ?h?@t yeen
the polygon mirror 12 and the conponent 2. The reference nunmeral 19 denotes
a |ight-redefvi RERNEEGLER (phot beehsanicH orssehskdg the iorpuklekthbabl
thereto, 15 while the reference nuneral 20 denotes a signal for informng
the outsi dEX&F3CHe N np @ ofthe gHtountiigg hesuphatosensor th. Ehiestsbgna
changes when_each mirror %urface of the _polygon mrror 12 cones into a
speci fi ed “BRGPEENhi th i sTEAE srcallPedFegFgi N sidgdal 1¢suataceshoningi a) 20

of each su o .of t ol.ygon mirror 12, Further, in. the case of a
polégon niﬁﬁgﬁ%i§9h5@§ﬁ§ﬁﬁgﬁ PHhPRIV 18 Silgelste aolaFRalic sco@ppaent
out putted L8, hi-Ag I ion.every time the mrror surfaces rotate at
regul ar int erval sﬁo%%rgnaél%tet% at rgnanegi'ﬁ‘yecstroc1m”2‘0 TRYPRRRE n (EHRreBkatet 18

0% TS S| el on SO sl oL B, ogeptL 1

circuits. Ebpaaata@ge@ew&dysjﬂdaﬂﬁk%%h the compcnents 2 are placed, a
tray supply section 4 that serves as a éomponent 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 7z in the mounting stage and
thereafter vertically moves a nozzle eleﬁation shaft for
Ssupporting 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 rocbot

S5 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'fabbreviated 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) se;sor 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 ¢ denotes the printed becard to be



24 March 2005 28 principally for conpensating for no return of the
reflection light to the PSDin terns of angle, which possibly occurs in
the case where the | aser beamis applied to the conponent when one system
is enployed. It is sonetines nore effective 5 to provide thr aF &5
systens, technically having the sanme nmegyu ng, and accordingly, HESad ption
wi Il be provided on the basis of the t systens. Reference will herein be
made to an exanple of a method for neasuring the height of the conponent 2
that is 10 the object to be neasured by the aforenentioned sem conduct or
position sensitive devices (PSDs) 17a and 17b, as represented by the

senm conductor position sensitive device 17a, with reference to Fig. 5. 1In
Fig. 5, thdqusad hddh tthat cospocanted.fromthe 15 FB lens 15 in the
direction (Y-axis direction} perpendicular to the sheet plane where the
figure is drawn and dBpin etia f tHee bormpen st $ a2 epbhctbiecnonpenerky2 3i S
irregularly, refl‘ec&Qd on, the bottom surface of the conponent 2. In this
case, assuming tHfie the broj beeddsSgsitaeni § @rpbimved along20hbeixghiiG on

t he bottom surf.a f she .conponent 2 and a point B, at a height H from

t he bottomriou%roftagg’g,a%%v e 38 r$9Giariy Fat| 8Bt énekaskl beage afethe

col leect ed ~ni0cusing lens_16a.and_each_focused on a point A~ and a
poi n5te B, %ﬁ“&%&“ggm%o%%ugflgp;u%gi BYonttEensPt PFES@&vite 1788 dbeight)
Consequent liy, LG QML V. onge enerated_at_the point A and the
point B' so taﬁ%{] cgdub%%er{\ts IS% %rl\%l Fﬁ greglsg aker TutU B S Hdi e ERangare
currents amfclcedisanyake Slpedt the heights (positions) of the leads

or the like of the component 2, and the component 2 is
mounted in a specified position on the printed board 9
10 according to positioning information.

Next, the constructicn and operation of the 23D
sensor 8, based on the principle o©of  operation of
triangulation, will be described in detail below.

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

15 3D senscr 8 viewed in the Y-axis direction, showing an
arrangement in which two systems of semicenductor Positicn
Sensitive Detectors (abbreviated to PSDs hereinafter) 17a
and 17o that serve as a detection device of the 3D sensor 8
are provided. Fig. 3 is a schematic view (secticnal view)

20 of the 3D sensor 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, conseguently
generating a polygon surface origin signal 20. In Fig. 2

25 and Fig. 3 are shown the X-axis robot 2, the head section 7,

) :
the sucked component 2, a semiconductor laser 10 for

i + 1ot : i n
generating the laser beam, a light collecting and shaping




29 24 March 2005 of a point D. The currents I, and |, depend on resistance
conponents proportional to a distance xj between the point A and the
point C and a di stance between the point A" and the point D, while the

currents I, and |~ depend on resistance 5 conmponents proporty

di stance x; between the point B. andt h92620i nt C and a di s?gg@%t'%ﬁe?(\)/\gjen
the point B~ and the point D. Therefore,““assum ng that the | ength of the
sem conductor position sensitive device 17a is L, then x. and x; in Fig. 5
are determ ned according to the following 10 expression. Therefore, a

di stance H between the point P.~ and the point Bz or. the sem conductor
position sensitive device 17a in Fig. 15 5 is determ ned by the follow ng
expr essi onleps =L k~forxB-Eabeet orgt kedt hsisapbtqi ned § Hehgbt BoamWr - thBe PS
D, the aforenentioned height His determ ned. A nechani'smfor capturing a
3D i mage i ROLKECROTEFESET di fQnpoarning ecognilziswy appanatms:iofisbechirst
enbodi rent W ||l _be described next wwth reference to Fig. 4. Fig. 4 is an
expl anat or Y VFef-6FCF h&UBhR PRt PYsPgRaREiFrONTORBt3DNseRsbR1E af rtrthe 13

Ie:: ectroni cfggrrpﬁ%gﬁi £$co%}z]%n%taprpar atast of th first embodiment. In
g. q 25 are s #heY co Tt BLNG W&’ aiad Tighdty 5 raflechdad  sketion
o 30 R o e VLB, 45,800 280 L1 pofyoon surface
There are further shown an 78 lens 15 that changes
the optical path so thqt the laser beam mechanically swung
by the polygon mirror 12 is applied perpendicularly to the
component 2 that is the subject, focusing lenses 16a and 16b
10 that focus the reflection light (scattered light) of the
laser 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 1laser beanms impinging on the
component 2 are focused via the focusing lenses léa and 16b
i5 and each 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 tﬁe
20 semiconductor laser 10 has 1its beam shape collected aﬂd
shaped by the light 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 velccity, so that the laser beam impinging on
the mirror surface is swung. Further, the laser beam whose

optical path 1is changed by th2 FB lens 15 is applied




24 March 2005 30 an image processi-ng control section 21, a reference
position sensor 22 for informing the inmage processing control secticn 21
of the reference position for capturing the 3D imge on the X-axis robot

5, a reference position signal 23 for 5 informng the inmage 4 i
control secticn 21 of the  passing of the-head section 7 at:¥%gﬁgﬁﬁgﬁg?
this reference position sensor 22, a servonotor 24 for noving the X-axis
robot 5, an encoder 24a of the servonmotor 24, a servo controller 601 for
controlling the servonotor 24, and an 10 encoder signal 25 outputted from
the encoder 24a. In Fig. 14, the reference nuneral 200 denotes the main
control secticn of the electronic conponent recognizing apparatus. Each of
t he Y-axi sPebpotdical anty 6kdbasheal tymparsenia conskhdct tiohs SidAleaft il t hat
of the X-axis robot 5, 15 wherein a servomotor for driving the Y-axis
robots is th¥enteslRphedt hy Xhai corpbuens Rnstseatbafsdcecheadesestson 7,
and the opfagtioa g&ﬁtth servonotor is controlled by the servo controller
601. As is” (Rl FPRnovr, SwferFhuriRsigs ite lenses ela ohdt AébheadhsedsDen 7

ir, a 6-di{f§tio gigund its, 20 genter axis, the operation of a A-direction
rotation use® Servendt GPPPER5FsENEoRMEBIFed 1ER2ERe LSar #6Sc ditkr slalbab 1601

As ts well _Kkn - rti.cal noyi a,nozzle elevation shaft for
sup%ortinda%h§$%8%§?§8+§%FOPﬁﬁ#ﬁ%ﬂﬁﬁkﬁﬁ?o%asﬁﬁjE?Fiﬁﬁt%%% RBEgRE=20F &t he
nozzle 7a ofethsnheas,sestion 7, 25 the operation of a vertical novenent
use servonotor 7/mis also controlled by the servo controller 601. Wen

the conponent 2 picked HHiEr%@SEDQ e FdrS 5@ ML CD 2998 cd on the

polygon mirror 12 and thereafter applied to the component 2
that is the object. The 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 betweeﬁ
the polygon mirror 12 and the compenent 2.
The reference numeral 19 denotss 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 crigin)
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 rotaticn 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




31 noved on the X-axis robot 5, the encoder'24a 's always giving an encode
- signal (a signal of AB-phase, Z-phase O equivalent to this) 25 to the

i mage processing control secticn 21. Due to the fact that the reference
position signal 23 is given to the inmage processing control ' '
when the conponent 2 passes at t”e side:ﬁstrmgreference pé%f@#%ﬁpggﬁéor
22, the relative position of the conpone 2 relative to the reference
positicn on the X-axis robot ~ car. be calculated by the inage processing
control sector. 21 10 with both the signals. On the other hand, the anount
of rotation of the polygon mrror 12 |ocated inside the 3D sensor 8 is
consistently giver, as the polygon surface origin signal (rotation anount
si gnal ) 20Préenchealdagéopr compenngtingt for 1& sectiNno2liMb' tarhe@fionz

t is is rotating, and the anount of rotation of the polygon mrror 12
after the pagbitngootnen&SOniinr 6erme ofir sughet hehiel epenstbppsttions can be
calculated __fromthe pol ygon surface origin signal 20 and the reference
position sitgfRalc®SE Yheiti theadeserhdammours oppioedt iton.tiof thepopatygon
mrror 12 ugﬁre%ses intproportion to.its_velocity, and the sane thing can
be said for the Afod¥ o8 15oFBReRYedF Fhel X-S6iat ipotnsre Gat f4et brdier

Pﬁ;@boiggéﬁs %5r§@ﬂ§§rt§regfcﬂhemékésgys%g%%ginggéﬁn{éa{fyp%%%%ggoigiathat
same meaning, and accordingly, description will be provided
on the basis of the two systems.

Reference will herein be made *c an example of a
method for measuring the height of the comﬁonent 2 that is
10 the cbject to be measured by the aforementioned
semiconductor position sensitive devices {P3SDs) 17a and 17b,
as represented by the semiconductor position sensitive

device 17a, with reference to Fig. 5.
In Fig. 5, the laser beam that is scanned from the
15 FO lens 15 in the direction (Y-axis direction) perpendicular
to the sheet plane where the figure is drawn and applied té
‘the bottom surface of the component 2 is irreqularly
reflected on the bottom surface of the component 2. In this
case, assuming that the projected point is a point A at a
20 neight ¢ on the bottom surface of +he 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 pcint A, and a point
B, on the semiconductor position sensitive device 17a.
25 Consequently, an electromotive force is generated at the
point A, and the point B, so that currents I, and I, are

FE - - . . .
~a<en out oI a point C and currents I, and I, are taken ou*



25 mirror 12 rotates and the X-axis robot ~ linearly noves when capturing
the 3D i nage, each with constant velocity. If these conditions are
di sordered, then the resolution pixel 24 March 2005 32 size) per pixel in

the horizontal and vertical directions of the 3D inmage to Qﬁlﬁ%ﬂﬁP§§95is
to vary according to the fluctuation in locity. This is an error tactor
in terns of measurenment accuracy. Theref®re, in the electronic 5 conponent
recogni zi ng apparatus of the first enbodinment, the 3D inmage is captured
into an inage nenory ;see Figs. 14 and 21) |located inside the inage
processing control section 21 by the 3D sensor 8 having the
.aforenentioned construction. Further, in order to watch and control the

consi st encyfofa 1pothe @per atieonciofrdries pol ygen m ragoked2 that .S (£Qhaki ng
basically with constant velocity with the operation of the Hhead section 7

driven by &9RRGYENSIPragorid onely awDbor i24.ancehe, Pob¥@ath Std ace: .arigin
signal (rotatjon anount signal) 20 of the polygon mrror 12 and the -
encoder si gl IB dioiMe C 1sndoeofiatenasebethegn Ghies paiper Spegtisvenyi ew
of -an el ectranic congonent for which the positional detection executed by
the t hr ee- A%ettsi dnarhiehsbhes Agd@ndiongl ciiche ol deperahi on  cespenents
recqgni zi ng._net hod ,of the first enbodinent is 20 effective. This electronic
conponent 2 RESTFON® PEARST4CRBLorPdBdCoATERES| &f todiarrErsi e grml ffow,

| eads 2a pray dad s dhe: 1Lt 3 Ng0d, 8l de. uhi ch are projecting sidenays
point D. Therefore, ~assuming that the length of the
semiconductor position sensitive device 17a is L, then 3A
and X, in Fig. 5 are determined according to the fcllcowing
10 expression.
X, = LI,/(I, + I,)
Xy = LI/(I, + I,)
Therefore, a distance H' betwesn the point A, and the point
B, on the semiconductor position sensitive device 17a in Fig.
15 5 is determined by the follewing expression.
H' = x, - x4
Based on the thus-obtained height H' on the PSD, the
aforementioned height H is determined.
A mechanism for capturing a 3D image 1in 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 robbt 3, the head

secticn 7, the 3D sensor §, the PSD outputs 18a and 18b, the

; T ey v Rl 2 4 3 - : L R
pe-ygon surface origin signal {rotation amount signal; 2¢,




body 2p as bent downward. In terns of a plan view, there are sideways
projecting projections 2c between the first and 25 second | eads 2a and

bet ween the second and third | eads 2a on this side anong the four |eads 2a

| ocated on the right-hand 24 March 2005 33 the hindnost | ;
vertically overl apping manner. This kind,of electronic conﬁ%ﬁg%%abbggﬁ be
considered as a special conponent that IS very scarcely nounted in tae
general el ectronic conponent assenbling processes. However, 5 if such an

el ectroni c conponent 2 nmust be nmounted, then there is arising concern
about how fast the nounting can be achieved. For exanple, with regard to a
board for use in a product having a short |ife of about three to six

nont hs, asanrépagseptedebyingpoohabbe setephone: ors a-pessonad Somputer, 10
it is generally not pernmitted to consume time nore than one week i'n coping
with the speerar ¢énpenehnfofoingxanpl tnady prevdysf10f edg 41 i JBOE on
processi ng_program and using the sa*ie. Accordingly, it is currently
requi red tdlcBrrédl Fafarance thrs powin | bur ofapherieadshaasof ievenr the
conponent ﬁ shggn i5in Fig. 6. Fig. 7 is a view for explaining a relation
between t he® pdSidiichs T6POtheS | edils T2EeaRBCRher oSt tdons ighatthe23 for

- progection nggggqg 2% that beconme noi ses of the electronic conponent 2
shown in FIg. B zhd the hEToPt RERSGRErEAt STyl ofeaEEoRdidig €6 tire

el ectroni e ogni.zi n net had _of the first enbodinment. This
first enbg%fﬁgﬁggugésEﬁ§hggéabﬁ cFﬁﬁBegpF céé?iﬁd?eaﬂgtQﬂ%%ﬁﬁﬁﬁér@ﬂgﬁ
numeri c Vvgd i ang| r 0 up can_he handl ed, as hei ght = data.
Accor di ng ?%§$?%§€}?S?ggﬁbgg%né%tfggﬁéggg ErggcéaﬁS %?Eh%goFgﬁer L5
measur enentobatherse tha beasydi t Iﬁﬁgr mis,mnimzed, is
assumed to be théﬂposition o?éggﬁgﬁ%uggrigﬁ%alue 0 %%ﬁ; ?3f the S$ARE of
convenienceontifd¢hler 601 for controlling the servomoter 24, and an

10 enceder signal 25 outputted from the encoder 24a. In rig.
14, the reference numeral 200 denotes the main control
secticn of the electronic componentc recognizing apparatus.

Each of the Y-axis robots 6a and 6b basically has
a constructien, similar to that of the X-axis  robot 3,

15 wherein a servomotor for driving the Y-axis robots is driven
to move the X-axis robot 5 instead of the head section 7,
and the operation of this servomctor is controlled by the
servo controller 601. As is wéll known, when turning the
nozzle 7a of the head section 7 in a B6-direction around its

20 center axis, the operation of a 8-direction rotation use
servomotor is also controlled by the sarvo 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 serve controller 601,

-1 R
- - - 1
dnen the cecmponsnt 2 oizlad

A




24 March 2005 34 this nuneric value of 128 used as the reference, the
hei ght coordinate axis is taken in the vertical direction fromthe
conponent 2 toward the 3D sensor 8. Then there are given the nuneric val ues

of up to 255 ranging fromthe nuneric 5 value of 0 that repgﬁpﬁg& ﬁﬂ@B
uppernost end via the numeric value of 128 that represents the reference

pl ane of hei ght neasurenent to the nurreri1 val ue of 255 that represents the
| ower nost end, thereby expressing the height nmeasurable region by the
positions of 256 nuneric values ranging fromO 10 to 255, with the height
measur enent center position represented by 128. The values of 0 and 255 are
used as height data for expressing an error that "height data is not
correctly obtained" or the like. It is to be noted that the height

measur abl e megidnoand:id s xcartiar poshti o of.the 3D 15 sensor, are
physi cal |y deternined depending on the opti Gal sy&t® 'de??jn of eI

sensor. - | yigemey adr, whedc&€£Cc888halNg sans el ect roni ¢ copponent,, the
positioning in the. direction o heigﬁt%f§ii§f%?nﬁa %gg§hat%t58°ﬁﬁuﬁﬁing
surface of sdue&llects onbc tofPPNETd GRNMESHENt Oz he Q_e,l,g%g %ngnea_%g‘r:_grrent
center position of the 3D sensor and the height Tnagé"b"?'é el ectrofic
conponent iS§CEEPFUrdd. | ughetpr etentfanbodhaentssd f -1 g LS | wisen.Lp the
direction of height is set to 10 m then the hei ght nmeasura e“region”
bec8mes abfafna<1. 23 nhs Theeef dpe,thief imaws serdeesls Dig t Ben2bs el aelropC

conponent gxi?%iﬂoutside this region, then there is no need for adjusting
the range 6f tHEh&E GhiCIRPENRTEENPRIR DB T Q¢ hei o her hardrstthespapge of

Phe he'ghtpositicn sensor 22, the relative position of the component 2

ralative to the reference position on the X-axis rcbot 35 can

be calculated by the image processing control sscricn 21

10 with both the signals. |

On the other hand, the amount of rotation of the
polygon mirror 12 locétad inside the 3D sansor 8§
consistently given 2s the polygon surfacs crigin signé1
(rotation amount signal) 20 to the image processing control

15 sectio; 21 whiles this 1is rotating, and the amount of
rotation of the polyvgon mirror 12 arter the passing of the
mirror 12 through the reference pesition can be calculated
froem the polygon surface origin signal 20 and the reference
position signal 23.

20 In this case, the amount of rotation of the
pelygon mirrer 12 increases in Prepertion to its velocity,
and the same thing can be said for the amount of movemant of
the X-axis robot 5. Cn the other hand, in the 3D sensor 8
of the first embodiment, it is presupposed that the polvgon

25 lmirror 12 rotates and the X-axis robot 3 linearly moves when
capturing the 3D image, each wirh consitant velocity. it

Ama - Ot O o
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24 March 2005 35 . neasurenent region is required to be adjusted when a

noi se object enters this range of about + 1.2 nmm and has a hei ght
different fromthat of the connection portion., as described later. 5 Fig.
9 is a flowhart show ng a procedure for nounting are elecg{' 'ﬁjp nent
by neans of the electronic conponent re ni zing nethod of the Ti

enbodi nent. first, in Step S1, the conpo t 2 is sucked to the nozzle 7a
of the head section 7 fromthe tray 3 under 10 the control of the nain
control section 200. Next, in Step S2, -the operator deci des whether or not
t he hei ght neasurenent region requires adjustnent by visually checking
the. shape of the conmponent and so on. If the height nmeasurement region

that is desiized rebeikelsub) etfeethdrd 2eitaht adet eetion has;heen BESV' QUS| y
known and the adjustment of the height nmeasurement region is require

then the préogr ap®f Ilcswgpr oteets tarBheedS3is! ftd hearadjusiyent, of =4 hey, Qel ght
measur enment_ re ion is not required, then the progran1fIOM/proceeds to Step
S4. . Stepisy U@héoﬂoiﬁﬁjﬂgl¢m¥ﬁVof Thes hesghh nRasiy ef@dtcF egh0Rai sy
execut ed onl when t he hei ght neasurenment region that is desired to be
subj ected 0 h&FGRUTGEEBE | BRCHASCHeen (heviedosiey kriawn.thEheeadiusbAest of

t he chei ght gﬁgsure%ent region is executed by narrow ng the height
measur ementCorEG SH SSEFHQ PHB928PPAEREREI BAstRE Ahds2ceabedéxehudethérom

‘the height 5 3.8 t ion in, for exanple, the case where the
oper at or deC| s “at T R R Pt oj_GS GMINTBY ahee®cFied. Ma¢ can@005

21} located ln51de the image processing control section 21
by the 3D sensor 8 having the aforementioned construction.
Further, in order to watch and control the consistency of
10 the operation of the polygon Jnirror- 12 that 1is rotating
basically with constant velocity with the operation of thé
head_section 7 driven by a motor sﬁch as the servomoctor 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 1is 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 Z has four leads 2a
provided on the left-hand side and four leads Z2a provided on
the right-hand side, which are projectiﬁg sidewéys from its
body 2p as bent downward. 1In terms of a vlan view, there
are sideways projecting projections 2c between the first and

25 second leads 2a and between the second and third leads 2z on
this side among the four leads 2a located on the right-hand
side, ard a2 lar

nrotacTi an b H = SWwE T ;
3% projecticn 2b Iis sidewaysz prod

LQ

b

oIing abovs



36 fall within the hei ght nmeasurenent region of the leads 2a by visually
checking the di stance between the | eads 2a of the electronic conponent 2
and the projections 2b and 2c that possibly becone noi se objects. Next, in
Step S4, the servo controller 601 is controlled by the ma

section 200 on the basis of the height sur enment region,e?ﬂg?éﬁﬁéOOS
adjusting the height of the nozzle 7a. M 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 electronic conponent 2 and then, the
operator may preparatorily incorporate the decision into the conmponent
shape information in the nounting information that is necessary for the

mounting pmegramhaneker 1tad hesdeseription of  H.9. WM .regard tq 15
the conponent shape .infornation) which é%ﬁbé%éﬁrpsﬁgéé%%F§%8§né?¥8H§has

been storedins airofipeneat e8h2Ba : N FRkHaR ft@éﬁgﬁes%kk%eﬁég qf; .the
mai n control section 200. In the case of the normal conponent 2, it i’s

pref er abl e spE®Ekdcutenpbhenhei ghit neasuram@At by el NdotiReagerypmtar 7m
for 20 vertically adjusting the nozzle elevation shaft under the control

of the ser\deneoml ¢l leert B0W ovicorineret acoMd Ding SeEddOR 200 30.JhAl, zero
~adj ystment anount is achieved or the height nmeasurenent reference plane of
" the “hei ght 1ime84&Rerment elegroandsi nodesnant h2t heusmounis ngostéace ofzn25
the conponegnt 2 to thereby vertically adjust the nozzle elevation shaft
that support¥hd SnGiA S ¢RCee abeiustpaentast the heiughtingf cihe Heower
end of thea%%ﬁ%ke ?a, _ 24 March 2005 37 consequently positioning the
conponent ROUATITYG s uf PAc & %3P Lene "Hditg Hie Frgzb ireneneorsd efencespl ane aof

t he hei ght SuLr region. .l n.general, the conponent that requires
the hei ght ¥a ju§#n§%§qﬁg %o spﬁgrgdggbcﬁga@ﬁpi CRECEPER SILX FoaGmsenast as

shown in FirgnrQ, W t nder the control of the nmain control
section 200,pthgeﬁg?ghﬁb8§§§§%¥é$%%#cg TRETRE 2°F s PRESANSNECOTRM tRfmge

ggﬁ{?ngo?&ﬁﬁg%ﬁﬁﬂﬂn% pEOM g £OMPONEN . SPARe fnforaption of the
week in coping with the special component, for example, by
newly forming an image pProcessing program and using the sane.
Accerdingly, it is currently required to correctly detect
the position of the leads 2a of even the component 2 sho&n
15 in Fig. 6.

Fig. 7 is a view for explaining a relation between
the positions of the leads 2a and the positions of the
projections 2b and 2¢ that become noises of the electronic
comporent 2 shown in Fig. 6 and the height measurement

20 region according to the electronic component recogniiing
method of the first embodiment. This first embodiment uses
the 8-bit image processing, and therefore, 256 numeric
values ranging from 0© 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 necessary for the nounting program This inmage nmenory 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 inmage nenory 305. 15 Next, i he
position of the conponent 2 is detected t he 3D sensor @4$M§RH§?%9$ [

shown in Step S6A through Step S6E of FiJ. 10 as follows. Next, in Step
S7, the conponent 2 is nounted 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 conponent 2 from

t he height_data in Step So° of Fig. 9, 25 First, ir_ Step 56A a
proceSS|n&*&ﬁ%énﬂFr%ﬁn¥ﬂ¥H%e@ff%%&1Pﬁ@dsﬁietbﬁ rhéecenpenenhe2 hatighed in

t he. e i.nfor | For exanple, the sizes in the 38 24
Mar ch 2032%& aﬁqg{%;fxfﬁvﬁéﬁﬁﬁk%ﬁt+%n§h%fV?Hélﬁﬁécésgﬁﬂg’aneégamethet t wo
times as |ay onent on the screen. Fig. 11A
shows a rec nf'ﬁé§§F§o65t §n%%r xanpih@nofthake proeegivag area

detern1nhqg1fr§@m p f t qomeonent 2. .Fig. 11A chews the fact
t hat |nagese202a : tﬁgiﬁggdéﬁi ng ?hégconﬁéﬂgﬁfngF§W1 ke hPHTERASW ndow

i ndow 500t ht 'ﬁs@ttt”% HepeA e S0 uEELALEE ot UEa LRSI RRBELEL
as the sizaldle 9® 1780€nd02r@breldntle t$MUKNerke plane of height
. measurement to the numeric value of 255 that represents the
lowermostl end, thereby expressing the height measurable
region by the positions of 256 numeric valueg ranging from O©
10 te 255, with the height measurement center position
represented by 128. The values of 0 and 255 are used as
height data for expressing an error that "height data is not
correctly obtained" or the like. It is to be noted that the
height measurable region and its center position of the 3D
15 Ssensor are physically determined depending'én the optical
system design of the 3D sensor. In  general, when
recognizing an electronic component, the positioning in the.
'difection of height 1is 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 is captured. In the
present embodiment, if the resolution in the direction of
height is set to 10 um, 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



Next, in. Step 56B, the processing area as shown in Fig. 17 is internally
sanpled to forma | um nance histogram as shown in Fig. 18 on the basis of
the lum nance representing the height data in each position. Thereafter,
15 a threshold value is calculated and set by the histogram j

order to separate the height data of the _gonnection portion%ﬁﬁg%nﬁgz¢@%
object to be subjected to .height detectith; or, for exanple, the |eads 2a
and the height data of the noise object fromeach other in this 20

| um nance 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

hi stogram and the area of the bar graph portion on the right-hand side of

t he t hr eshaled svalznentofredgienhiisd ogEaM RELOAES LU+ LQ & ratio between the
area 25 of the background region oﬁggae processiﬁbjg%géggﬁ%&%hegafggseof

t he obj ect obrjekitgentersTherief aaeget e calsid ation ofy thes gg% eshal.d jyal ue
by the histogram method is executed as 24 March 2005 39 follTows. Frrst, a
regi on i ncidddifegenhie fabpedthaits cfetterari amthddisigte et ismoes geRBEY - Next |
imge data_is read through sanpling at regular intervals each in the
X-axis diré@tedn and the Y-axis direction, and tee histogram of the inmage
5 data is fornmed. An _incidence of the image data having a relatively high
val 0e as of the connéd@i-on® pétien Bfovdharipbjsbowing ezgualrdaedaumaat Forof
the area (%% =.100*3/ A) .of the_ connection portion (this area is herein
assumed t 0" B8EANYaPEa SBEESOR LG COBPERARTe P MAATNP T eghonelehtsoniea i s
10 herein o _bhe an.area P.). Therefore, if the frequencies are
successive?éﬁggggaktggé?ﬂ%fzf?%ﬁT?%%pg}%%t?ﬁﬁuﬁ%ﬁﬁﬁ(ﬁmQQQ#m%ﬁﬁnance

hi st ogram and the ad al aches St of the area of the' histogram
then the added regigﬁqﬁébrégéﬁ%g hgffnﬁﬁg &ﬁ@PQﬁﬁW%S%oﬁﬁlﬂFQ%?Qheo

| eads. the nozzle 7a of the head section 7 from the tray 3 under
10 the control cf the main control section 200. |

Next, in Step S2, the operator decides whether or

nct the height measurement region reqguires adjustment by

visually checking the shape of the component and so on. -If

the height measurement region that 1is desired to be

15 subjected to height detection has been previously known and

the adjustment of the height measuremént region is required,

then the program flow proceeds to Step S3. If the

adjustment of the height measurement region is not reqguired,

then the program flow proceeds to Step S4. In Step $3, the

20 adjustment of the height measurement region is executed only

when the height measurement region that is desired to be.

subjeéted to height detection has been previcusly 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 Athe neight

measurement region in, £for example, the case where the

opar

N

for decides at Step S2 that the oprediacm=i

-



15 Therefore, the value of the inmage data representing Ss is assuned to be
the threshold value. Next, in .Step S6C, the wi ndow 500 of the processing
area is internally sanpled to roughly detect the center and the '

inclination (an angle of inclination relative 20 to the hori hs Of
o Melon 2008

the X-axis and the vertical axis of the Y;axis of the w nd

processi ng area) of the conponent 2 on t3 basis of the valid hei ght data
detected inside the hei ght neasurenent region using the above threshold
val ue. For exanple, according to the 25 foll ow ng expressi ons (Expression
1) and (Expression 2) for calculation, the center and the inclinatien of
the conponent 2 can be obtained. Fig. 11B is a view showi ng an operation
24 March 2008 140 if-erirodrad ™ QU ter .and inclination of the
conponent 2 by internally saér%%%lg?et%e plr?ﬂgglggsﬁ 95 “ar €& 0. eaﬂgs &F Sanpl e -

of . the sanptiimgpllit dlseciatyt edet @iga ight. d every qther
et Efle anke Hhewela ﬂ{h"off%%%s § 2 !@e of

pi xel in the X-axis direction until 5 the obtainne hei-"gﬁ
the | ast piedsictinortie cotumxiandi Eeca&ﬂdonghaorggg?gcggoﬁﬁe ecgr[r}%i g!:x%lhaby
e g )

ski pping one pixel in the Y-axis direction, sanple t ei ata “every
ot her pi xelPOSisdbiliye brcagies ndilsecbbgecusti | . the obtai nment of the hei ght
datq of the last pixel in the X 10 axis direction, simlarly to the
af orenenti oned mannefi®Xtor inheSwwl 4ar edhé nsiederd heowkreoW=500501 n jthi s
case, first, in qrder.to roughly obtain the center of the conponent 2, the
wi ndow 500 P& RreFRa@Y thaynprby fonktal Weicghondatod o xthy) bhEos bie
i mage nenory, 15 305. As described above, the 8-bit height data is stored in
the i mage nenory 305, "Mt By Edarst®ldn deshgreley ngdi het ¥nganteYhaddhesses,
the height jdata i n t speci fied position can be read fromthe inmage
menory 305. Then, aoczrc}g_redi g t(}% t'te RTGIHSW ThAY B3y eds9bnthy, noreleereer
position (Xs ¥e) &0 L3;i6RkeH 2688u1d be decided by the operator
10. according to the shape of the electronic component 2 and
then, the cperator may preparatorily incocrporate the
decision into the component shape information in the
mounting infermation that is necessary for the mountiﬁg
brogram (refer to the description of Fig. 14 with regard fo
15 the component shape information) which component shape
information has been stcred in a compenent 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 servomector 7m for
20 vertically adjusting the nozzle elevatibn 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 sSupports the nozzle 7a for *the

Justmant i t+
adiustment cf the height of the lower end of the nozzla 7a,



-----Expression 1 24 March 2005 41 It is assumed that p(x, y) = 1 wher.
H(x, y) > THL. Tt is also assuned that p(x, y} = 0 when ri(x, v) <_ THL.
In this case, THL represents the threshold value to be set 5 in a threshold

val ue cal cul ati ng nmeans 408 for the purpose of separating t Eon
portions, or, for exanple, the |eads 2an,1£7o be subj ected toéﬁyf&ﬁ%}?ﬁﬁ%
detection fromthe noise object in a |urfi'nance histogramthat has been
formed by the threshold val ue calcul ating neans 408 stored in a program 10
menory 301 of Fig. 15 on the basis of the |um nance representing the

hei ght data in each position. The threshold value is set to a val ue
slightly lower than an estinmated height of the | eads 2a that seens to be

t he obj ect CHTBRIAEdYrP et byning ethal kpmpanphingcting ivigndayy S04 t hat 15
I's the processi :}Q area. Oherwise, a fixed value may be set. For exanpl e,
accordi ng t0'® hé'HiFst SMBULTRIANE t hee frmmrde nladnee off 126hef hbegnt
ref erence planelpf Qg%ght,neasurenent corresponds.- to the nmounting surface
of the comporent: e S%&r-ef dReJePRE2L hr 65RoFdryanert Thhat sreqtitesa
nunmeric valye 20 of 80 (&in a position 0.48 nm above the nmounting surface).
The i nel i naton %]14}%‘2 q ‘é%‘fr&‘g“%ctﬁr&Pﬁalfiér?ﬁetOf &l swily (Expsessiah 2).
5 component as shown in Fig. 6.

Next, 1in Step S5, under the control of the main
contrel section 200, thg height data of the component 2 is
taken into an image memory 305 as shown in Fig. 14 from the
component shape information of the mounting information

10 ngcessary 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
SeA 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 con 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 Sé
of Fig. 9.

25 First, in Step Séa, a processing area is

determined from the size of Che component 2 stored in the.

1
A
i

=~ —as

component shape information. For example, the sizes in




24 March 2005 42 S, =2X(NXSry-SzXJ},) S, =~NxSA-Szz~-~NxSyy-Sy'' ~

N=~~p~X, zZ SXx =~ ~pX, y) X X Yy s Sy =E-p(x,y)xy y=5,, .
:~~PEx,y¥Lx§ Yy ZYysS-, ~~PXx>y) XXy VY ----- Expression 2 i0
' | | 24 March 2005
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10

13

20

25

X-axls and Y-axis directions of the processing area are set
two times as large ‘as the size of the component 2 on the
screen. Fig. 1l1A shows a rectangular windew 500 taken as an
example of the processing area '‘determired from the size of
the component 2. Fig. 11A shows the fact that images 202a
of the leads.2a of the ccmponent 2 fall within the window
500 with a sufficient margin by set;é;g_the size of the
rectangular window 500 that is;the ﬁrocessing area to be
roughly two times as large as the size of the image 202 of
the component 2. -

Next, in Step S6B, the processing area as shcwn in
Fig. 17 is internally sampled to form a luminance histogram
as shown in Fig. 18 on the basis of the luminance
representing the height data in each position. Thereafter,
a threshold value is calculated and set by the histogram
method in order to separate the height data of the
connection portion that is the objectmRﬁi be subjected to
height detection, or, for examﬁie, the leads 2a and the
height data of the noise object from each other in this
luminance histogram. In this case, a ratio between the area
of the bar graph portion on the left-hand side o¢f the
threshold value of the histogram and the area of the bar

graph portion on the right-hand side of the threshold wvalue

-0f the histogram becomes equal toc a ratio between the area

of the background region of the processing area and the area
cf the object in Fig. 17. Therefore, the calculation of the

threshold value by the histogram method is executaed as



15 1t is assuned that p(x, y) =1 when H(x, y) > THL. It is also assuned
that p(x, y) = 0 when H(x, y) < THL. Next, in Step S6D, the positions of
the leads 2a are detected on the basi.s of the conponent shape information
and the rough position of the conponent 2. That is, as sho i j 2A,
the position in which each | ead 2a exi st339 is estimated by \gg'i_ﬂrqgrﬁ%o?%ugh
center and inclination of the conponent obtained in Step S oC and the

wi dth and depth of the body 2p in the conponent shape information
transmtted fromthe main control section 200, and a small w ndow 501
including each lead 2a is set. This small window. 501 is set, for exanple,
approximately two tines as large as - the size of the i mage 202a of the | ead
2a. This srd}lows MEHelst2065 rédivinndew]5dl nks that %Zglcbcy igangledn tiar eby.
detecting the center position 502 of each |ead 2a. an exanpl e of the
sanpl i ng, iit§idexErat t0age semplky.t htlekei ghitadat alavents obhar tP%akhi N
the X-axis direction until the obtainment of 5 the height data of thé | ast
pi xel in tEPBRBAS &ff r BREROAL, infeovedd techhersedondipaxel by rekipphng
one pixel in. the Yaxis direction, sanple the height data every other pixel
in the X-&I% GFfedti®dSuniiFeeheoht andnerte ofisbeghenght data inbgthe

| ast= pi xel jnthe X-.axis direction, simlarly to the 10 aforenmenti oned
mannser, fordatq:nae Wholt84Fda i?ﬁs‘? déPthecRpal PL ifdownsoa. deoe theesr dunpanent

shape i nf orymt e hay been preparatorily stored the information of
the size offgtahéetqq’becj)'écer&lpgkgf vgllﬁléec&?'po?én&? EB68F<RePHhECIBIM Vit dt Bheand

body dept h)opitdre numles,aof the | ., Jead | ength, .lLead i,dth, .| ead '
pitch, and OSD(;l on, necg%lgaritof (;%r r%%ﬂ?uloaft ?ﬁ’& ?ﬁga rggéi’t'i g)ﬁgl*%ﬂ/ i ¢h EAgh

i ndi vi dual dogatkcd cexigd st ideXt +hka S6E, .corre sition of _the
conponent 2 is obtai ne%éfr%m al tlhes%rge%d ‘f)%sﬁe?%rliécl (at%sg'}még%of'ai ifat e8” of

the | ead cemtear Ppsitbi aSprelegerd2BelS AmgQ iYW 01 EXRLAL DI the, state
in which the correct center and inclination oltg %e&conpgneng %q-aerae i8
calléul at ed Nezerinal lhsstihed| ead pbsi t eansar&or exanpl epethescant eifpo?lilgi on
is obtained by the arithmetic nmean of all the |ead positions, while the
i ncl i nat i orf T@EeNSE e6x pires ot dps sd vrlgs sscRfapetbgether from the right-
hand end of the luminance histogram and the added wvalue
reaches 5% c¢f the area of the histogram, then the added
regicn 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 $6C, the window 500 of the
processing area is internally saﬂpled 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 precessing arez) of

the component 2 on the basis ~0f the wvalid height data

detected inside the height measurement region using the

above threshold value. For example, according to the
25 following expressions (Expressicn 1) and (Expression 2) for
calculation, the center and the inclina*ion of the component

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



25 lines 503 obtained by calculating the. respective mddle points between
the |l ead center positions of the |leads 2a that are | ocated opposite from
each other across the body 2p 24 March 2005 44 and approxi mating four

m ddl e points. F_g. 13 ShOSJS an exanple of the results of ¢ of
t he thus-obtained correct center and incljnation of the co%%gwéﬁ#ﬁgpﬁ?r.
Fig. 13, the straight [ine 504 represents the inclination of the 5
conponent 2, and intersecticn points 506 of four straight |ines 505
perpendi cular to the straight line 504 and the center lines of the inages
© 202a of the four leads 2a lccated on the left-hand side and the four |eads
2a located on the right-hand side becone the center position coordinates

of 10 the fadsbzainingt hthecaseughn Ediedr t QPR itHe i Shr  the
enbodi ment with the prior art, ar. image 102 obtained by/ capturing the

el ectroni c EERFOWER 2 lyf IMigndllyy e PIiPrendr pré&&Es §an®r arbs 500.
schematically shown in Fig. 8A Since 15 noises 102c corresponding to the
proj ecti ons#3c 2@ &¥exbdei A§ thet wemnlihg, i mhgés 2Q2auoédtwe kergse28hait iS
required t execute a "noise |ead removing process" for renoving the
noi ses 102¢'%¢ s 405 raieant e s itaincin othe he-aoi sedirabfromhentil
~ detecting the i es 102a of the leads#Za. The 20 image i02a of the |ead 2a
| ocated at the TG e Rf i She chRpyt eflgte nefudae iletheontilseinORbe
correspondiyng f.q the projection 2b,. and therefore, it is required to
execute a Xr']l oW co% ?%%lé%adpﬂ%?%ﬁi %6 gridces8CoRd nRgE cdnphasFsirpingess)
ir. order tQe £ 1he Rasit] etection of the 25 |ead 2a |ocated at
the hi ndnost eﬁg. Dependi ng on%%¥§ é%ﬁﬁﬁﬁ*QQﬁeEa%?ffhéhﬁw Yedlteadata
removing Preacass” cud:t N XdiowGANtASt | Rk det gotdng, pr ocgssly there is
anticipate B
obtainment of the height data of the last‘pixel in the X-
10 axis direction, similarly to the aforementioned manner, for
the whole area inside the window 500.
In this case, first, in order to roughly obtain
the center of the component 2, the window 500 is internally
sampled to read height data H (x, y) from the inage memory
15 305. As described above, the 8-bit height data is stored in
the image memory 305, and by separately designating the X
and ¥ 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.

;;p(x,y)xx
e >3 ple)

s ol )
L= %:gp(x,y)

————— Expression 1




24 March 2005 45 a state of recognized. position displacenent and
nonrecognition, leading to the issue that the reliability reduces. It is
to be herein noted that the noises 102c and the noise 102b are supposed to

be the objects of brightness 5 approximately equal to that i S
102a of the leads 2a. In contrast to .thiﬁ, according to thg“f#ﬁragﬁﬂw
enbodi nent, it is executed to preset the height neasurenent region capable
of detecting the height positions of the 10 | eads 2a about the nuneric

val ue of 129, that is, the reference plane of height neasurenent in the
hei ght neasurabl e region, and the hei ght neasurenent is executed only
within the range of this height nmeasurenent region. Therefore, only the
hei ghts of the |eads 2a | ocated inside 15 the hei ght neasurement region can
be detected, while the heights of the projections 2b and 2c | ocated
out si de thét H&i gissumedshetept s egl on arehaotHdef egt ed. Tdheref ore, as
shown in th._BB,'the i mge 202~of the electronic conmponent 2 having only
the i mages 2028 &fSPhéssuRas 2hatap (ke 2D eaptwned.d Thatyi s< Tdie noi ses

- 102c and tge qg{se 102b that have been di sadvantageously detected by the
prior art afe “NScdiEfoutds dEePRespREght rredsuesiont rediven of tdies3P

sengor. 8 agcardi t.o the conponent recognizing nmethod of the first

enb?di ment .q“'l'%e?&el?r%s&dtcﬂev% eﬁggi:uéaaé{‘*%cfn@a% HEi8t Har tihe npispssd 02c
nor the noi,ge : t s, this . enbodinment needs neither the "noise |ead
removi ng pr ocess%'%l}arﬁ‘-c[)?‘%t ﬁg%" I GRESSH 2 P P et &3 NP r eaarYe . vitheh

have. leads 2a to be subjected to height detection from the noise
object in a luminance histogram_that has been formed by the
threshold wvalue calculating means 408 stored in a program
10 memory 301 of Fig. 15 on the basis of the luminance
representing the height data in each positicn. The
threshold value is set to a value slightly lower than an
estimated height of the leads 2a that seems to be the object
Lo 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 valﬁe

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

The inclination @, is detected according to the

following (Expression 2).




24 March 2005 46 been needed for the prior art. Therefore, in conparison
with the prior art nethod, the first enbodi nent has not only the effect of
reduci ng the i mage processing tinme but also the effect of remarkably
inproving the reliability of 5 recognition. Therefore, accejd e
conponent recogni zing nethod of the first, enbodi ment, the @MIM%%ﬂ%?O@@
nmeasurenment region capable of detecting e height positions cf the | eads
2a about the hei ght measurenent reference plane within 10 the hei ght
measurabl e region is preset and then, the height detection is executed only
within the range of this :.eight measurenent region. Wth this
arrangenent, only the heights of the |eads 2a | ocated inside the height
measur ement region can be detected, while the heights of the projections
2b and 15 2c I ted de the helght nmeasur enent regi on are not

detected. THeF p ' lthough the projections 2b and 2c that becone the
noi ses exi st near the a, electrodes and so on existing on the

nount i ng suﬁﬁa&eiﬁﬁSgheSEké' ronic conponent 2, correct recognition can be

achi eved w 2 e ust recgegni zing the projections 2b and 2c and
the like a K&"i‘gadssr E‘G“fﬁ&ye't%cﬁrode or the like. Consequently, the

posi ti onal hmg 092 of the connection portions such as the | eads 2a and
el ectrodes exig;gﬁéJ’ the nmounting surface of the el ectronic conponent 2

can be 25 ¢ bt.ai ned. Therefore, by executing the nounting of the
el ectronic né%&gdﬂoﬂ’éﬁ:the basis of the positional information of the

connecti on gortfﬁgf(ebefjned correctly, 24 March 2005 47
X, Y )Xy ‘

=§zp(x,y)xx2
= Z;»O(x,y)xy2
= Zy:;p(x,y)xxy

————— Expression 2

It is assumed that p{x, ¥) = 1 when H(x, vy} > 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

i0 is estimated by using the rough center and inclination of
the component 2 cbtained in Step S6C and the width and depth
of the body 2p in the cemponent  shape information
transmitted from the main contrel sectien 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 ae

the size of the image 202z of the lead 2a. This small




5 the el ectronic conponent 2 can be nounted nore, correctly. Fig. 14 is a
detail ed bl ock di agram of a conpoeonent recogni zi ng apparatus for

i npl ementing the component recogni zing method of the first enbodinment. In
Fig. 14, the main control section 20C controls the operatigﬂwggngh?oégole
el ectroni ¢ conponent nounting apparatus own in Fig. 1. For exanple, the
control section controls the position of**the 'read section of the

el ectroni c conponent nounting apparatus via the servo 10 controller 601 and
executes the suction, transport, and nounting of the el ectronic 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

leads, |eadviretgt h5oteads wiiditdardgad, pshepiledd a@ge§§b§wﬁdégéékﬁ% el ectronic
conponent 2 to be nmounted is transmtted fromthe conponent shape
i nf or mat i orFesttEmage sisEcti G0BH207 okathe 16@HN 260Nt A SECEE O RO0, £ 0c 8 Wor k
menory 302 of the conponent recognizing apparatus via a systembus 201
and a 2- porampeimidy 306, iancexdmuttesl ght ismagd e npré 0120+t heael esteoni c
conponent 2 and the positional detection of the electronic conponent” 2 are
execut ed. PHEPoHiNdndn tdea ettanis résreetiodn tivet £l eche osbtaton@onent 2 is
I nputted from.the inmge processing control section 21 to the main control
sect’i on 2007 41 2-FRld AEnbRy 366tamdxeded f Othe@5X pasisi dhreotient i ng
-calculatio rEQEeLh%OX- Y}g and. 8directions when nmounting the electronic
conponent 2 8N e TG Secosh Rt xe) Rbritkining Atk pheehtiontkd ¥he
whole 24 reh 2 -
_ I}@u.% d%%%t‘l%n, sample 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, 'similarly to the
10 aforementioned manner, for the whole area inside "the small
window 501. For the component shape information, there have
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 eéch individual lead 2a exists.

Next, in Step S6E, the correct position of the
component 2 is 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 ¢f 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 Zp



el ectroni ¢ conponent nounting apparatus by the main control section 200.
Then, on the basis of the results of the positicn {X Y, 6) correcting

cal culation, the main control section. 200 rotates the nozzle '7a in the
6-direction so as 5 to correct the rotational positicn of thg dﬁﬂﬁ?@ﬂSC
conponent 2, incorporates the correctlnglﬁ | culation. results Intot )
nount i ng p05|t|on of the electronic conpohent 2 in the X-Y directions so
as to nove the head section 7 in the X-Y directions and nounts the

el ectronic conponent 2 in the 10 specified position of the printed board 9.
On the other hand, in the X-.axis robot 5 as described above, the head
section 7 that is sucking the electronic conponent 2 is noved on the

X-axis 5 byatdie appaoaiimanial theusemierkorp@dnrJhe 2"3 ght 1 gat%ud r%ugnof
t

the 15 el ectroni c conponent 2 is executed by t he head section

~ sucki ng theexdmele oot ¢ themeseritt s2 oM dc &Dyh - Wit ho £ Censt an; weleci;twsabove
‘the 3D sensor 6 fromthe |eft-hand side toward the right-hand side of the

reference podiréch ceehsorag?. iheindhiohead shet coRpdnpasses atntfregside
of 20 the reference position sensor 22, the reference position S|gnal 23
is outputteH3¢ot¢ﬁf@€ﬁ$%%@t|hhg@ BPéczspragententhel isetthanidd of the

output. In the X-Y robot 600 including this X-axis robot 5, the servo

conttol | er %Rﬁpo%ﬁ%ku?esan@hé“b@%ﬁ%ﬁ%ﬁ%ﬂncbﬁtmb$ 606t hef XEawt sst¥aaghs, 6
25 axi s, f nozzgg elevat axis. In particular, a notor encoder signal
of the X-axt¥:® R & JFWe%ﬁﬁEﬁnﬁpﬁoﬁtr%&ﬁmmréhHQO@@@Hﬁ¢%féfénce

i nformation_of the fact

iti t he Y- wh th
that the ﬁ'gé&“segc[fl[ﬁeseﬂ ORI i e RS UrEnem 281 peates
position, aie tl’i‘@uﬁéfg £6nd sEHE Y CQURLT Oflou iectdon 3?a focated MRO¢: e

processing contro
right- hand side become the center position coordinates of

10 the leads 2a.

In this case, in order to compare the first
embodiment with the prior art, an image 102 cbtained by
capturing the electronic component 2 of Fig. 6 by the prior
art CCD camera is schematically shown in Fig. BA. Since

15 noises 102c corresponding to the projections 2¢ are existing
between the images 102a of two leads 2z, it is required to
execute a "noise lead removing process" for removing the
noises 102¢c so as to prevent the influence of the ‘noiseé
102c when detecting the images 102a of the leads 2a. The

20 image 102a of the lead 2a located at the hindmost end 1s
completely included in the noise 102b corresponding to the
projection 2b, and therefore, it is required to execute é
"low-contrast lead detecting process" (image emphasis
process) in crder 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 lesad detecting process", thers is anticipated



5 section 21 so as to informthe control sectior. of the information and
used for nmeasuring the start timng of taking in the height data into the
i mge nmenory 305 at the timng control section 307. As described above,
according to the height 10 detection sensor 8 of the hei ghtzgﬁfac? bhEs5
section-602, the Ilight-receiving systemjfor neasuring the l'aser beam

refl ected on the object includes tw syst (a channel A and a channel B)
taking a variation in reflection of the |aser beaminto- consideration,

t hereby ensuring reliability. 15 The light-receiving systens anplify feeble
signals detected by the PSDs 17a and 17b by neans of preanplifiers 310a
and 310b, convert the signals into 12-bit digital data (in order to
ensure hei ght gehesl abkony t >QRYEr si I e 12-bit digital
data is effected in this cggg)%%si%?rea%gség‘}éﬁ A-d%%go‘%gfnfe;elgs and” non
(anal og-t o-thgpdrd t tamyerteitndlia arde 311byeand,jnputy d he datg it

hei ght cal cul ati ng sections 312a and 312b of the inmge processing control
section 21.redibeepol ygoni 3 s Obe 1Rk 81 SOASESEERLLY Eﬁbahio'igeénqoizrc‘.p%mdi ng
a polygon surface origin signal to a clock generating 25 section 30 'by
means of t hehereehbse shfhoanei BuFpgses. tdhee checlkngeresaldme SeEtH-anr s309
generates a reference clock (CLKi required for witing the height data
into° t he NEMRRECX MR CIEQO05 5D thaenef aths amhoesz0o0Pal oSymeRr QRiazat i on
signal (H %‘ required for taking in the height data on the basis of the
pol ygon sur4<ace origin signal 20, and inputs the signals into the timng
control section 307 CJ{ the image processing 5 control section 21. Th.e P5D

signals that are obtathed T oifttthe WD Sérisor @sondiedheitght theet dérishg

so8tion o02uaugh e prearall prs 2108 ane 100 pnd gl oo by 1B

303 compar ecdhe hePERP Sai o OF SRS shat ee (AnHar L ACNE. (HanagE S) |

Wi t1o each atdeis i Rar eabotit Uﬂzh@”ﬁuﬁx‘%lr‘igt Sv%ﬂﬁe he%@h_t,_zgat at%%ft f%ee pLO
eac e

have the higher certainty in accordance w t i m ng. ‘exanpl e,

i f a divisimstdyenmer o T s ba t heibeikghty Lal cuhating st age, of {he ﬁ?annel
A, the nuneric value of 255 representing the abnormality is™given £6 the

hei ght dat anegfsudeblechaneeioh Eher eflos ehel Br8UGHR & 6% ntt hes vakue,ef4t he
channel B is selected. If both the channels exhibit the

only within the range of this height measurement region.
Therefore, conly the heights of the leads 2a locared inside
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 electrohic component
2 having only the images 202z of the l=ads 2a can bre
captured. That is, the noises 102c and the noise 102b that
have been disadvantageously détected 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
neither the noises 102c nor the noise 102b. That is, this
embodiment needs neither the "noise lead removing process;'

il el

nor the "low-contrast lead detecting process”, whick havs




20 abnormal val ues of 255, then the nuneric value of 255 is outputted as
~the height. data. If the height data of both. the channels have nor nal
val ues, the arithnetic nean val ue of the height data of both the channels

is outputted.. The height data outputted fromthe channel S?‘fﬁ‘t i"ﬂg ﬁ tion
303 25 is stored into the inmage nenory 305 while translatin & ?g

data outside the height neasurenent regiorin* ¢ ani nvalid Vallle ( Zero,
for ex 3i,.D~~1i '"~3J .J 3"'1? -rhr trap ;' a* ink 24 March 2005 51
section 30a. The storing of the height data into the inmage nenory 305 is
controlled by the timng control section 307. The timng control section
307 receives the reference position .signal fromthe X-Y robot 600,

t her eaf t er beewntSeddédie RACOLRE Hirgpal 25 as : rmned head section
novenent di stance, thereafter . ggner ates a ver%‘trﬁ%g%%%gync It oﬁlg%ngtalréﬁ%i gnal

(VCLR) andwiifrputtéiet pe isirgralt agtaodheiraht sdata E%ioe’tgfn%ﬂtshggt 15k0Agh i nto
the image nenory 305. The reason why the predeterm ned head section -
novenent 10hei stffret | sfcowntiednby tife onggdenrsicanak ngf tehmd he, - rggeption

&

of the reference position signal in generating the vertical

synchr oni z&fRon e$ifgr4l OICLRpmagkehdy i impsovgeger ahky FBPOSSHE DL eyt O5¢
'corr5ectly nount the reference position sensor 22 in a height data

t aki-ng-i n SESPETBEEPRI-on. 15 The height data stored in the i nage nenory 305
is subjected to irrag_%%r ocessing operation by a CPU 300 that operates
according to a progr 7 O] SXEF e gpdst t imatoteemedt onecagdisbrngn of
the el ectrgni o] ne 2 that is the object to be recognized. The
program i s%glttg“ragdnlgg tﬁ%epr%blf%ﬁn FFRAHHS 301 thehe hedapbneneashaprent
informationsgthg C t o] Lze %b hei.ght, body w dth, bod

dept h), theeéljunber Eoi fé;a S, ?ég Cﬁalﬁ t%,c‘iyq eﬁﬂgﬁpﬁt - s onpli n‘)iliti%e
conponent 3hage bAf gLARLI @RSHQE i.on 62% that i-s storing the
geonetrical features of theecg%'gﬁgnﬁgég}%mﬂ%n rEV?%ﬁ%T?et?_%%W%%ﬁlffrom
thébmair. chatheligheCieaRu2@B1¥l @eqliBf 2sPYle BN, 396, Pr gL, tgelggnet

hei ght image input. The
detection is executed only within the range of this height
measurement region. With this arrangement, only the heights
cf the leads 2a located inside the height measurement regioh
can be detected, while the heights of the projections 2k 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 meunting surface of the elactronic
component 2, correct recognition can be achieved without
20 erronecusly recognizing the projections 2b and 2¢ and the
iike as the leads 2a, the electrode or - the 1like.
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 positicnal

;nrormatlon of the connecticon pcrtions cobtained corractly,



24 March 2005 52 . executed on the basis of the conponent shape information
as described above. It is to be noted that -'the work nenory 302 is used as
the place for storing the intermediate result in executing the positional

‘detection of the object to be 5 recognized. As described ab ~hBe
hei ght translation table is used in the hgjght translating g‘%Ma\gﬁ?%ggt hat
serves as an exanple of the noise renovin§ section, the translation
velocity is fast and the conmponent recogni zing 10 velocity can be inproved.
Fig. 15 shows functional neans included in the program nenory 301 of Fig.
14, conprising a processing area determ ning neans 401, a center-of-gravity
detecting neans 402, an inclination detecting neans 403, a | ead position

detecti ng tkansldbdrvhat Eompthens asc9@eb@X@@@%@e@fmékéf%§¥¥EE%ﬁé?0“
portion position detecting nmeans, an object center and inclination

- detecting neans 405 tHgt. fldnési andedailad BX8AR! 81i8kranCORNECLLABLROELT ON
center and inclination detecting neans, a height data clipping neans 406, a
hei ght trahSfagRsAtabl ermnaing nefns 407mp bamera: idy eshokd VabmSoROnt
calculating means 408. These are each. constructed of software as exanpl es.
The cent ert®f°grastEy Beteedi @ WeantizoR emobdimenmncl i nation detecting
meaps 403 serving as ong,exanple of center and inclination detecting -nmeans.
The” processi ng area dBt érfi-nitftg SnFaseL ot less QE Forhe? @pecat foml of

Step S6A o i or_determnin he processing area in the inmage nenory
305 accord%%g:g%P%é%éﬁﬁ? 8% ' Wgﬂ%@ne lgchronic component mounting

apparatus shown in Fig. 1. For example, the control section
controls the position of the head section 7 of the
electronic component mounting apparatus via the servo
10 controller - 601 and executes the sucticon, 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 componeﬁt 2 to be mounted is
transmitted from the component shape information storage
section 620 of the main control secticn 200 to a work memory
302 of the component recognizing épparatus 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 pcsitional
detection result of the electronic component 2 is inputteé
from the image processing control section 21 to the main
control section 200 via the 2-port memory 306 and used for
25 pesition correcting calculation in the X-, Y-, and 6-
directicns when mounting the electronic component 2 on the

printed beard 9 bv controlling the operation of the whola



24 March 2005 53 The center-of-gravity detecting neans 402 executes the
center calculation of Step Sc ' C of Fiqg. 10. The inclination detecting means
4C3 executes the inclination calculation of Step So"C of Fig. 10. 5 The

| ead position detecting neans 404 executes t're 10 operatio c D of
Fig. 10 for calculating the positions in é/\/ni ch the | eads ZggMaﬁﬁggggnthe
‘given center and inclination and the conponent shape information of the
obj ect and detecting the center positions of the | eads 2a. The object
‘center and inclination detecting neans 405 executes the operation of Step
S6E of Fig. 10 for calculating the correct center and inclination of the
object fromall the |lead positions. The height data. clipping neans 406 is

a means foerléstsearichicogpanspecimcued inggiappaantucaheratd ng 9ncE599299

hei ght level. For exanple, a clipping value'is preparatorl?y obtarned by
the hei ght Seatacsl i 30 ng rirems 466 tief obesdet ast | REet heeb@hds 23 4 nside the
smal |l wi ndow 501 including the | ead 2a shown in Fig. 12A. Then, by
removi ng 20°FReLABI SE hdigit) byommesrtsingf ddilicilcdtiippi,Nng-heal digin t Bent ead
position can Ee correctly detected. In this case, the calculation of the
cl i ppi ng hEFGREOPevP xS talasutidr frezzkeeiy lisadhaartt dierefiare, sd hes
clipping level has a,varied value for each |ead. Therefore, the optinmm

| noige hei ght 28 F&fbvaltlitn o4& dered windsiddem | ead 2theane bectxenit ed.

component 2, incorporates the correcting calculation results

into the mounting pdsition of the electronic component 2 in

the X-Y directions so és to move- the head section 7 in the

X-Y directions and mounts the electronic cohponent 2 in the
10 specified position of the printed board 9.

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

15 electroniq component 2 is executed by the head section 7
that is sucking the electronic componeﬁt 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 is 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 &01
execules the positicnal control of the X-axis, Y-axis, ©6-

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

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

o the H-zwisz z=2nd a




The height translation table setting neans 407 p SV - J F.
J"! li. J ~ ~ .G 1~~~ ... . 24 March 2005 54 translatlng

section 304 on the ba5|s “of a connand fromthe operator. The threshold

val ue cal cul ating | eans 40~C forns a |um nance hlstogram(nb4 Q@ 5ps5 Of
the lum nance 5 representing the height dgta it each position as descri bed
10 above and thereafter sets a threshold | ue for. separating the
connection portions to be subjected te height detection, or,-for exanple,
the | eads 2a fromthe noise object in this. |um nance hi stogram

reference position signal from thg X-axls, which carries the
information of the fact that the head section 7 has come
into a height measurement start position, are inputted to a
timing control section 307 of the image vrocessing control
5 section 21 so as to inform the control section of the
information and used for measuring the start timing of
taking in the height data into the image memory 305 at the
timing contreol section 307.
As described above, according to -the height
10 detection sensor 8 of the height detectihg section. 602, the
light-receiving system for measuring the laser beam
reflected on the object includes two systems (a channel A
and a channel B) taking a wvariation in reflection of the
laser beam into consideraticn, thereby ensuring reliability.
15 The lightfreceiving Systems amplify feeble signals detected
by the PSDs 17a and 17k by means of preamplifiers 310a and
310b, convert the signals into 12-bit digital data (in order
to ensure height calculation accuracy, the conversion inte
the 12-bit digital data is effected in this case) by means
20 of A-D converters (analog-te-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 inputtiné
a peclygen 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 c¢lock

ms
ot
e }
D
=)
L
=
O
a1
~

(CLK) required for writing the height data into



Fig. 16 is a height translation table showing a setting exanple of the
detector. range of the .height translating section 304 of Fig. 14. In this
case, the conponent shape .information stores therein the detection
hei ght data relevant to the adjustnment of the height 15 det e% N@?cl‘i 9?&)?”'
From t he vi ewpoi nt of the CPU 300 t hat c%g rewite the heig ranslation
table on the basis of the information, tfie-height translation table can be
regarded as a nenory for the CPU 300. The CpYT 300 wites the 8-bit data
whi | e desi gnati ng addresses, thereby allow ng the height 20 translation
table to be set. Therefore, the height translating section .304 can preset
t he hei ght neasurenent region capable of detecting the height position of
the |ead XPNEE¥RAREY heaheiyhtinemsal emanincheberieacecpl angiyihi n wher)
hei ght measurable region. Oly the height data that falls 25 within the
range of tHi%IWeigthtfoeatakbneninr éheomsishtoutans teed the bheisubsequant
process, thereby executing t'r.e Height detection only within .the rang=
.~ the heiYHtYITU RHEFEACS0TF 5 Nreasanele ), r egndn.inputshi Sheasd,gndde t o
~the 8-bit iir1 e tgqroce;ssi n(g, 256 nuneric values ranging fromO up to 255 can
be handl ed At 1 he*het Yt Hat A E 2t of 8¢ hiCR 03P heofi EbE emdaei mevcessheg

hei ght coor 'ngt iS.8S ken in the 5 direction fromthe object toward
the 3D senscggr vﬁQt(ajha:?téﬁjg:lr(ljlﬁ1 i'c val ue of the hei ght neasurenent reference

pl ane set to 1.28, fof,thecsake: nyeni_ence. uni ng. that the
resolution. in the diol?rcla%:t PaD o%l%té?%%t “??“10"*5? t%%z'ﬁlﬂ?g“ meastr dbte ABgi on
beconmes abeuinsck 28 Mys Fg ; Q. seftli of e hei ght

transl ating sflescti on 304 1%h%lt %%il%h?ﬁ%ﬁ%l%ﬁtgﬁ%ggﬂ?e@% &é’g‘%ﬁhtﬁpefor

exanpl e, @GreampldTikhiss candi tiem Fhab | Sng NE - if.a puneric.val ue
(digital value) of 78 to 178 is inputted asnhei 8&?%5#2% ogyhegﬁgi g it

transl ati ngogewtriters303] 14 hand hel 1yalyue iSoddetsanshated 010 the; same
value as the input value, so that the nuneric value (digital val uei’ of 78

tolP78 is dattputhedtheloweight idalcullmteiric yakteofdi gibal aval ug)oy hatai s
not smaller than zero and not greater than 78 and a nuneric value. (digital
val ue) thafhéxdéddssals-bimy neecieat S03t haompares the height data of
the two systems (channel A and channel B} with each other.in
real time, and selects the height data that seems fo have
the higher certainty in accordance with each fiming. For
15 example, -if a division by =zero occurs in the height
calculating stage of the channel A, the numeric value of 255
repfesenting the abnormality is given to the height data of
the channel A. Therefore, in such a case, the value of the
channel B 1is 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 intc an

invalid walue (zero, for examola)l bv a height

ht translating

n




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 adjustnment of the hei ght nmeasurenent

regi on when the hei ght neasurenent region that is desired t

subj ected to height detection is previ ous% known in Step S%%W%?h 208? it
is proper to change this height translati table. Specifically, for-
eX3nDle, 'nl'flen the ooerater ~_'ec_des 24 March 2005 56 that a noise
obj ect enters the height neasurenent region in Step S2 of Fig.. 9, it is
required to execute an adjustnent for narrow ng the hei ght measurenent
region so that the noise object is excluded fromthe hei ght neasurenent
region 5 i FeStEESI04ror THiei stoegdsgn,of ttlis psopet thes theoopgeatial gaay
preparatorily store a command for changi ng the .output val ue correspondi ng
to the i npdENPEYUE o 1% HeoHeigghted rkinstiae i bamiabl echbsbilestheibai gty .
transl ating._section, 304 froman operation panel 650 into the conponent
shape 10 infrg‘l'ena{:?'lahngt O Ayl SectIVH B0 stP As nargiaresowtiee heifghtence
measur enen orsggii%n, and the_hei ghﬁﬂ1 translation table setting nmeans 407

i nsi de t he Fpragram nenbi3t 36108t theg. X15 Faporeiite teremfight toanskation
tablse inside.th ;qht ns| ating section 304 on the basis of the above
adj&gtnent‘% cgﬁggﬁggin%#%%aiheégoﬁﬁﬁnéhtHﬁ%ﬂﬁ?ﬁqﬁ¥%ﬁhtﬁ@ﬁdstéﬁéééon

section 62@cVkachhe M r ol i 200 and the_2-port nenory 306.
Ther ef or e, accor di ngrrtaég%: ge%brrpoﬁg%ergggg’g’ni zPRGeappaFrat ué of VERELFRLst

enbodinentsyhhﬁragﬁggg-ggaggkﬁﬂgnt 4 gi C e qf detecting the
hei ght positions of the leads 2a aéog%éfhéﬁﬂ%igﬁgekgag:f%nﬁﬁganfé¥%née

plane wi thiheighe HetghtaReaguiabkeare0508nis PLESCLADY; |
transl ati ng section 304; and the hei ght %Ié_t ectigﬁ f:?ége%(%%g? ggérg#}{/ %%hi n

the range ofhehisedmirghtvhyeasheeneréd@be Feohad. AN Lhicsarr angeorpyy only
the heights of the | eads 2a | ocated within the hei ght neasurenent region
can®be det €é6&ancahi L& t kouhskght ®yof e prrajdiid ons: A BN0a 2Eer  the
reception of the reference position signal in generating the
vertical synchronization signél (VCLR) is that it is
generally impossible to correctly mount the referen;e
position sensor 22 in a height data taking-in start positicn.
15 The height data stored in the image memory 305 is subjected
to image processing operation by a CPU 300 that operatés
‘according to a program and subjected to positicnal detection
and so on of the electronic coﬁbonent 2 that is the object
to be recognized. The program is stored in the program
20 memery 301. The componént shape information {the component
body size (body height, body width, body depth), the number
of leads, lead length, lead width and so on} in the
component shape information storage section 620 that is
storing - the geometrical features of the component 2 is
25 previously transmitted frém the main control section 200 vié
the 2-port memory 306 prior to the height image input. The

Desitional detection of ths object to be recognized i3



24 March 2005 57 | ocated outside the height measurement region are not
detected. Therefore, even though the projections 2b and 2c that becone the
noi ses exi st near the | eads 2a, el ectrodes and so on existing on the
nmounting surface of the electronic conponent 2, the correct:%ﬁ Qﬂgbgg can
be achi eved wi thout erroneously recognrziﬂg t he projections

~the leads 2a, the electrode or the I|ike. nsequently, -the positlonal

i nformati on of the connection portions. such as the | eads 2a and el ectrodes
exi sting on the nmounting surface 10 of the el ~ctroni c 15 conponent 2 .can
be correctly obtained. Therefore, by executing the nounting of the

el ectronic conponent 2 on the basis of the positional infornmation of the

connect i on PHREHRE %%téﬁﬁebaééﬁreétmhetdumgﬂnaﬂHWﬂhabdXMﬂﬁﬂkﬁﬁtééiﬁﬁbbe
nount ed nnr corr %é)%g The present invention is not limted to the first
enbodi nent SAy be Ltnpiserfenthad rioted viivd et jheofwamidesemdoF 302

exanpl e, &_ q§ e%rst Egb nent t he height translating section 304 may be
“constructe FLifeu Plagg, fexafprs 1nows hey je comesimiar atams § nist ead

~of being 2 t by sof war e this case, it is acceptable to nake
one corrparat’%%@‘l qﬁﬁ %%e P?Bé%l8Pa%oH%%F%fB+%nlﬁVaIfé&terDBCtheCMeught

dat as on t he. 14 ec Si hreshol.d val ue for separatlng the

noi se obj ect from e | %‘gdgé é:(')ffalr? af?é’ e “O1¥Fer hee Gt drr aidie Q|

o Va1 . (her Sy GO i A e T e agR Zint” LAY 3B e v
serves as an example of the noise removing section, the
translation velocity is fast agg the componenf recognizing
velocity can be improved. ‘

10 Fig. 15 shows functional means included in the
program memory 301 of Fig. 14, comprising a processing area
determining means 401, a center-of~gravity detecting mneans
402, an inclination detecting means 403, ‘a lead position
detecting means 404 that_ functions as one example of a

15 connection portion pesition detecting means, an cbject
center and inclination detectiné means 405 that functions as
Qne example of a connection portion center and inclination
detecting means, a height data éiipping means 406, a height
translation table setting means 407, and a threshold value

20 calculating means 408. These are eaéh constructed of
software as examples. The center-of-gravity detecting means
402 and the incl;nation 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
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Instead of the first enbodi nent, according to a 24 March 2005 58 second
enbodi nent pf the present invention, there is a nethod for once storing the
hei ght data into an inage nenory, setting the height nmeasurenent region

t hrough anal ysis of the height data, and replacing the heigG% ﬁ@%@hgg $ide
t he neasurenent region with a specified vgl ue when the neas ‘% g on

that is desired to be subjected to hei ghtPtetecti on cannot be
predeterm ned. Specifically, this method is applied, for exanple, .to the
case where the first enbodinent is not applied because an object that
becones a 10 noise is included in the hei ght nmeasurement regi on expressed
by the 8-bit data and the noise height is not stable. According to a

modi fi cation of the prr%Qﬁnu‘erwm—ig%vﬂtrys_ta%%%&fintgh&e%%‘”qﬂhzg'gxoécx}é‘eesma

hei ght translating section 304, the magnification ratio of enses

and 16b of W@ tdenidmhialcedeitiiong oFystem ket becesiyngign the PSDs 17a and
17b so that no object that becones a nolse enters the neasurable range is

changed to narrow t helhei tghtl imasicendateceghgnmdangr ehys f egHsiRgsOHn t he
reflection |ight fromthe | eads 2a thereon and not focusing the reflection
| i ght from¥Eiains cetliconet2brand 3cephatchecomtgnoises thereon. In

ord to flexibly set the height neasurenment region in conformty to the

~ obj ett, a special adjhf fEfd ReEHdHiodmded arddaad mieanshidd dmediefiudatsi dine
Accor di ng tQ tgﬁp:cong%nent—recognizing met hod of 25 the present invention,
the hei ght TEasUr&fent r egi-8R caphbl @F of Pt eckq ndf the chidicyhta tgosd t itdwes  of

t he connect,]j rti s. .about, .t he hei ght neasurenent reference .plane
i thin th JY A QY whléﬁ the‘ieaég ﬁa exfst from the given c%nter

and ‘inclination and thé coﬁponen; shape information of the
object and detecting the center positions of the leads 2a.
10 The object centér and inclination detecting means
405 executes the operation of 'Step S6E of Fig. 10 for
calculating the correct center and inclination of the object
from all the lead positions.
The height data,clippihg means 406 is a means for
15 searching a specified region and calculating a clipping
height level. For example, a clipping value is
preparatorily obtained by the height data clipping means 406
before detecting the lead 2a inside the small windowVSOl
including the lead 2a shown in Fig. 12A. Then, by removing
20 the noise height by meéns ¢f this clipping wvalue, the leéd
position can be cbrrectly detected. In this case, the
calculation of the clipping height level is executed for
every lead, and therefore, the clipping level has a varied
value Zfor 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

AEANL L LTS Ll Lzl gais ~LAn3SLAaTion —anli= Tzt Na -r- om0
=l Sleola il —ald Lnsids PP L.



24 March 2005 ' 59 height neasurable region is preset, and.the height
detection is executed only within the range of this height neasurenent
region. Wth this arrangenent, only the heights cf the connection portions
| ocat ed i nside the hei ght neasurenent 5 regi on can be detect and
hei ght of the noise object such as a projection |ocated oué%?ygnahgbﬁgight
measurenent region is not detected. Ther¥fore, even though a projection.
or the like that becones a noise exists near the connection portions such
as the |l eads and el ectrodes existing on the 10 nounting surface of the
el ectroni ¢ conponent, correct recognition can be achieved w thout
erroneously recognizing the projection or the |like as a connection
portion, so-tdrslattimg positiconalod ndar mhel @asafs tdye £onAREELAN RO iGRS on
the nmounting surface of the electronic conponent can be 15 correctly.
obt ai ned. TRAXH®®, by executing the nounting of the el ectronic conponent
on the basis of the positional information of the connection portions
. obtained correctly., Thehethreshalohi vabonpoakotlzaimdbenawnnt edanmivens a
correctly. According to the conponent recognizing apparatus 20 of the
present i nvefti'GhRicd hehhetgBEaheasllt enthe re&ois cafabl ehef detdoismg t he
hei ght positians of .the connection _portions about the height measurenent
r ef g’:ence p‘%eéjnrees\/ﬁrftﬁinﬁ tt(iﬁenq’fa%’f fBhgurtableagte powt Fsopr esedepgnibednoi se
renovi ng j.0 n i ght detection qf the connection portions 25
is execute onleynavﬁ?h?rr}\é$§ae€§%%g§e P fhid RS MRS efrBht SEPEGREANIW t h
this arran h i s.of . the . connection. portions |ocated
O ot 8" B 5 3065 SF S8 o o B 1B dSReseed i | ¢

i-nsi de t he hei ght neasure rch

the hei oht caf, 2 noiad1ab)] aate SHEINSS2 PLgl ecll o | ogated gyt spdgthe

hei ght neasurenent region is not detected.-Therefore, evén ugﬁ
obj ect or thmilnafeeexiistsgpaal, the connection portions such
10 . Fig. 16 is a height translation table showing a

setting example of the detection range c¢f the height
translating section 304 of Fig. 14. In this case, the
component shape  information stores therein the detection
height data relevant +to the adjustment of the height
15 detection region. From the viewpoint of the CPU 300 that
can.rewrite the height translation table on the basis of the
information, the height translation table can be regarded as
a memory for the CPU 300. The CPU 300 writes the 8-bit data
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 1is
outputted to the subseguent process, thereby éxecuting the

neight detection only within the range of the heignt



5 as the leads and el ectrodes existing on the nounting surface of the

-el ectronic conponent, correct recognitior. can be achieved w t hout
erroneously recogni zing the noise object or the |like as a connection
portion, so that the positional information of the ConneCtiQngﬂﬁéﬂ?Q§SSUCh
as the leads and 10 el ectrodes exi sting %githe nount i ng surfac e

el ectroni c conponent can be correctly obt'al ned. Therefore, by executing the
nmounting of the el ectronic conponent on the basis of the positional
information of the connection portions obtained correctly, the electronic
conponent - can be 15 nmounted nore correctly. Fig. 19 shows an electronic
conponent .nounting apparatus to be used for a conponent recognizing nethod

and the conpohsutemenint ragiort hodnoftiai 4 hi4 e engdi-ment - pf gbg-grgﬁggg
invention. 20 Fig. 19 shows a nounting apparatus nmain body 1 o% an

el ect roni c REMPOREINTN0UNE | mgrappar v lises ana®y £64 I PAGE COMPORENESE can
(occasionally abbreviated to a conponent hereinafter) to be nounted by the

present nmoutft i AGNEPHAr atss e shewghin die. 25 Acardiayy 480 0rehavhisghst he
components 2 are 25 placed, a tray supply section 4 that serves as a
conmponent s?fﬁb?%“%eé't’f'i oﬁ%rhﬁaﬂbéat‘?%mi;n%nﬁoplawiﬁg ibe omonent 2hpl aced
.on the traydlzllaé a, hea(g section 7 having a nozzle that 24 March 2005 61

" sucks the corponent: 25FR™ He*S$roQRERRE. &laRd &heobt? Sensart ha £ akiis si de

(abbrevi at g, 10, ; -Axis. ropot herejpafter) that noves the head sectior. 7
inthe X-axis %1?20‘%%%# aon% ggﬁs?‘?f‘ﬁ%‘gsmﬁaﬁa‘r%e%ﬁ xeferomet , planboseto’ a

and 6b on t ax¢S. Si ( evi:ated to .Y-axis rgbots, hereinafter) that
nove the he&g} ;(gg i )(;fnosr7 :tﬁgt h%aq% aé:fs W TRV TrogeftREFRE h Hhde XEBSi s

robot 5 andegyuSidildH €j pakt,0fg4 X-Y robot., .a,lum nance im sensor (one
exanpl e of | um nance i nmage gapt u%?cn%io\réeaér?lg) thg,l%gthésgh?&i Hﬁ‘ge o?he(one
exanpl e of mhseiglle irRGRSCHAAN ST SBARS )k Lih carresponds to the
above three-di nensional (3D) sensor § or héi gﬁ?hh@t'ec?%h ggng%?w%,£%%d a

prikft ed boavedtoingn ahi thet he ioprmonests 2at $hd Osber ppyNked. t}._'{ﬁec 'i‘{;ﬂd‘@é‘ce
i mge sensor 3 and the height inage sensor 8 are provided below the

transport pdrth RergugmasSswhendnt t hegheadtspcben ekampozz! @ %) RASSEs tO
transport the component 2 fromthe tray 4a to the printed board 9.
this conditicn. That is, in Fig. 16, if a numeric value
(digital wvalue) of 78 to 178 is inputted as height data to
the height translating section 304, then the value 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, 1f a numeric wvalue (digital wvalue) that is not
smaller than zero and not greater than 78 and a numeric
value (digital value) that exceeds 178 and not greater than
20 255 are ihputted as héight 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 53
in Fig. 9, it is proper to change this height translation

. Do
table. Specifically, for example, when the overator dacide

1]



Fig. 21 is a block diagram showi ng an i mage processing systemfor the
hei ght i mage sensor 8. The.inmage processing control sectior. 21 is 20
constructed of two separate bl ocks of a height imge interface 30A and an

i mage” processing section 30B. The reason why the inage pr OC%SMQ%&:?@@S ol
section 21 is separated into two bl ocks i@ -that the inmage processing
~section 30Bis required to. be shared w t4tf the 25 | um nance i mage sensor 3

shown in Fig. 22, and therefore, the control section 21 is senarated into
two units of the section (inmage processing sectio.”.) 30B that can be
shared by 24 March 2005 62 the two sensors and the section (height inmage
I nterface) 30A that cannot be shared. A main control section 31 controls

the whole shstem aloilshe o) jReH! GG EOMRRNSM 1 JIPUNLd NG, Aatus shown 5 in
Fig. 19. For exanple, the main control section 31 controls the osi t1dn of

the head sétepoi327 of Tipe. edecitonkC reeR@aant: TUHL AL 3P @ﬁ&'?tﬁ{%ff‘t for
exanpl e, a servo controll ér 32 and executes the suction of the elecironic

conponent ZPTrt re@dsperindf thehehelget r ariasulRreanponentc?, sand-ppunting of
the el ectronic conponent 2 on the printed board 9. The conponent shape
i nf or mat i oRC&FSt RBIEFEcLFomixe lugrpgorfarn Zhebduyi drei gidasthagdyen di &1 body
depth, the nunber of leads 2a, the pitch of the |eads 2a, and so on) stored
in 3 conponBntt&Rapé: i nfF neltiDrresrsemgel Bekt imroper that the operator
may preparateorily store a command for changing the output
value corresponding to the input wvalue of  the hei'gh-t
translation table inside the height translating section 304
from an operation panel 650 into the E:omponent shape
10 information storage section 620 so as to narrow thHe 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
Lranslating 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 is 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¢



15 31a of the main control section 31 is transmtted via a 2port nmenory 45
to a work nenory 44 of the.image processing section 30B, and
t'hr ee- di nensi onal positional detection of the el ectronic conponent 2 is

executed. The results are received fromthe i mage processin ' B
via the 2 20 port nenory 45 and used for Etjwe correcting cal %Lﬁsg@itr%'ﬁagégt he
.position (X, Y, B) in nounting the el ectrtnic conponent 2 on the printed

board 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, 9-axis,
and nozzle elevation axis. In particular, an encoder signal 25 of the notcr
of the % axis robot 5, which carries the information of the position of 24

Mar ch 2005 6Zatrsi hewd sdeiet | dine? oreilgie Xnddstran@nan Qeihgibn Sigpal ngﬁ
“fromthe X-axis, which carries the information of the fact that the head
section 7 @Secdmel.i nifbeaefoirght svergecioymt tisd aptopasi id.0n a5 e Qut put t ed
to the hei %g_lt image interface 5 30A so as to informthe hei ght inage
interface 30RO | Hiorhairen aprdstsedarorcieasesdng2i e gbattokii ng

of - capturing the height image. In the height inage sensor 8, the

li ght - receia\ﬂ%ngc’o s SR ImMeEs Fhien iotré 1 nicaser feeampEetheckedconothe 10
el egt roni cc%ﬁ %gr%t 22 tt at is the object includes two systens (a channel A
and "a channe E%?l aki‘fg “aSv &PFAEFEn TRFOIRASéPrbEaMm bef kebievadi widhout

consi derati r.eby ing the.reliabjlity. The light-receiving

syst ens arrg??%}teggesgpe Ieésltl'%l 13 Zg“%?et gE‘f"ecF’{ﬂﬂ PEROIE7 a2 AN b2 By afeabike of 15
preanplifi eesq433, 2g0nvert i ls.intp 12-hit digital data (in order
to ‘ensure hei gﬁt %§a1 c\ué%aet [ %2832%%$§Cy0’r t ﬁge C T si YTSRA S v 2- e
digital dapasisiehbeCtiddihddish G2Sehdy-amans of, AD convertiers 34, and

“output the signals 18a and 18b to the hei ght 1nmge | RCEFFEEE FOK™ The

pol ygon. the leads 2z and electrodes existing on' the 'mounting surface

10 of the electronic component 2 can be correctly obtained.
Therefore, by executing the mounting of the electronie
component 2 on the basis of the positiconal 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 variety of
modes. For example, in the first embodiment, the height
Lranslating section 304 may be constructed of a circuit of,
for example, twc types of comparators instead of being

20 implemented by software. 1In this case, it is acceptable to
make one comparator of the two types of ccmparatof:s
invalidate all the height data on the noise object side of
the threshold value for seéparating the noise object from the
leads 2a and make the other comparator handle all the heighii

25 data on the lead side below or equal to the threshold wvalue

as valid, thereby producing a similar function.

Instead of the first embodiment, according to a



20 mirror 12 is consistently rotating and inputs a polygon surface origin
signal 20 to a clock generating section 35 by neans of the nmechani sm shown
in Fig. 3. The clock generating section 35 generates a reference clock
(CLK) required for witing the height data into a nenory, %Qﬁpﬁ]%gg a
hori zontal synchronization signal- (HCLR) %equi red for taki I € hei ght
data on the basis of the polygon surface“5 rigin signal, and inputs the
signals into 24 March 2005 64 the height inmage interface section 30A. In
the height inmage interface 30A, the 12-bit. data of the two systens inputted
fromthe height i mage sensor 8 -are converted into 8-bit height data in a
hei ght cal cul ating 5 section 36. A channel selecting section 3; conpares

the height i, d et stens (channel A and channel B) wth
each ot her i ggrggal |n(%{%én%s V%c?‘ ©t HRF frefiht dutentiear s&baset oihawve the

hi gher cergatpty kH coLd Wi th each timng. For exanple, if a division
by' zero occurs ingig&tcﬁé %gfggh%c%% St %érﬁoﬁﬁb%ﬁgﬁn@ﬁmﬂ}”w he

nuneric vakderohg25he epd t] ormal.ity is given to_the height
data of the cﬁar%el A There olrng,gs?lgglgggﬁ axne?ge{'s?@?/ Y%gﬁ%}?uénéﬁyﬁhé annel

B is sel ectkd. hefighet kiathe Ghanneds: LU trd hﬁeﬁ‘?ﬁgr ﬁg:ta\ﬁf%lu gtslggf | 2>

5
then the 15 nuneric value of 255 i's outputted as % he

hei ght datmeafubetént herelasrel svitave gor ngleMaliues, ¢ ri ti¢,mean
val ue of the height data of both the channéle,é,: is,l out pugt~I ed. ‘Iﬂggiﬁ‘m né‘e

control . seezforeBdnbuteuicen tthat hits i dege- 4o 06 IS NG SRALHLQN t%oﬁe%g%lt“k
(CLK), a 20 horizontal synchronization signal (HCLR), "a verti cal

synchr oni z387¥ft 59nataing R be whpréde epresesd . t he doeBiFd daQn St Oilg t he
hei ght data into an i mage nenory 39 of the inage processing section 30B.
The verti é&?t%?fﬁcﬁ ofPRht¢dn EppnarammER) tosthenenatedhbyer enei yiing:t he
origin sig&% [%13%125 fromthe X-axis robot 5 and thereafter counting a
predet er m ned ekt roVenBRE @PBtaRte HeFatse @rcodeiest ghaat 2Becomes a

10 neise is included in thg 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 l7a.and
17 so that no object that becomes a ncise enters the
measurable range is 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. 1In
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 resferencs .plane within the



24 March 2005 65 In the i mage processing section 30B, the height data
outputted. fromthe channel selecting section 37 is stored into the inmage
menory 39. The height data stored in the image nenory 39 is subjected to

i mage processing by a 5 CPU SO that operates according. to [,a
t hereby executing the three-dimensional positional detectig%P@ﬁg?mgbos

el ectronic conponent 2 that is the object 90 be recogni zed. The programis
stored in a programnenory 4i. The shape information (external height,
external wi dth; external depth, 10 the nunbeéer of |eads 2a, the pitch of the
| eads 2a, ar_d so on) representing the geonetrical features of the

el ectronic conponent 2 are stored in the conponent shape infermation

s provi oushy r anent i eq T and ERe rar i or5 CaRE: SPLeBELIBn 32 PECtRE wor k

m 44 emr tis2e2@obted only within the range of this height measurement
region. With this arrangement, only the heights of the
connection portions located inside the height measursment
5 region can be detected, and the height of the noise cbject
such as a projection located outside the height measurement
region is not detected. Therefore, even though a projection
or the like that becomes a noi;e eXlsts near the connection
portions such as the leads and electrodes'existing on thé
10 mounting surface of the electronic ccmponent, correct
recognition can be achieved without erroneously recognizing
the projection or the like as a connection porticn, so that
the positional information of the connection portions on the
mounting surface of the electronic component can be
15 dorrectly obtained. Therefore, by executing the mounting of
the electronic component on the basis of the positiocnal
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 cf this height measurement
region. With this arrangement, only the heights of the

connection porticns located inside the height measurement



y via he -port menory- 45 prior to the input of the .height imge. The
posi ti onal detection of the electronic conponent 2 that is the object to
be recogni zed i s executed on the basis of the shape information. Fig. 26
shows a state in which ar. imge of the bottom surface of t 2
Is captured (image-picked) by the |um ngpce inmage sensor BEQQM%ﬂﬂﬁgﬁﬁg

| umi nance i mage sensor 3 is provi ded by & one-di nensi onal CCD 70 arranged
in the Y-axis .direction. 25 This |um nance i nage sensor 3 captures an

i mage of the entire bottom surface of the conponent 2 while noving the
conponent 2 in the X-axis direction by neans of the head 24 March 2005 66
section 7. In Fig. 26 are shown an image-formng lens 47 and an

|11 umi nat | ofegueed emrdhardangedd)eah e sl 483 Al Jheygonponent 2. £ g

22 is a block diagram show ng an i mage processing system

| umi nance ismge $enNS0prdi edPEoRBI HcEOBET 9Lt §84L1 @3k SREY bl r 32,
X-axis robot 5, Y-axis robots 6a aﬁd ' ob, and &%nagg het g@ésgfﬁéﬁssg bgn 30B

have const raegicns isi mdwar deeethese usrdrépbrihe eazfe(?f egrshyQned H?h_g@t
i mage' sensor 8, and 10 therefore, they are denoted by the Sane reference
nuneral s @Rd eRS desctliigtlthe i sxpsoyi dedrf ohet B8Ahection portions such
5 as the leads and electrodes existing on the mounting surface
of the electronic component, correct recognition can be
achieved withcut erroneously recognizing the noise object or
the like as a connection.;portion, so that the positional
information of the connection portions such as the leads and
1¢ electrodes existing on the mounting Ssurface 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 connectien
portions obtained correctly, the electronic component can be
15 mounted more correctly.

Fig. 19 shows an electronic compeonent 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 apparafus main body 1 of
an electronic component meounting ap@aratus, 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 aré

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

placed on the trav 4a, a head section 7 havirg a nozzle that



The image signal received by the one-dinensional CCD 70 of the |um nance
image .sensor 3 is outputted to a  lum nance inmage interface 54. The

| um nance i mage sensor 3 15 operates on the clock (CLK} transmitted from
the lum nance image interface 54, and the imge scanning ti4y rd:hsr 005
synchroni zed with the horizontal synchrog%gation signal (H . %e I mage
signal inputted to the |um nance i nage interface 54 is converted into
8-bit digital |um nance data by an A-D converter 55 and then, the converted
data is output* _ed to the imge processing section 305. The cl ock
~generating section 56 generates a reference clock (CLK) required for
witing the aforenmentioned data into a menory 25 and outputs the clock to a
tining contSuslkssedhtd onclpondive 2t iimi nthec oMbt i SLCEEOPe 5720WRBYES 3§ 0yt he

i mage processin section 30B the clock (CLK) and the horizontal 24 March
2005 67 syrhéter ﬁnaﬁtsi G108 gmdbreMieRed theanl Bekxbei ngbbbensi 8ingstsignal
for storing the aforenentioned data into-the image nmenory 39 of the image
processi ng W&& i SOBEAThEeadosesdiral syhrehtbai Xatixkds siigralt iddCLAG i S
gener at ed ev%‘r%.g E:?i me the head section 7 that is sucking the electronic
conponent Z°W5\es 5y SaParst 88céRof~8nEoPPhe BPbehe fammande on nage wensor

Seoti on 7 WHE oty BEPRGVIFRFOr He ByAtHe SREBOS: NRGHARES2S) m i e
capt ured | eus. Whe HbR B A onf oA on /SFRREI S(VEERY O r e TRad
recel ving the orian. eisnaresl 3775l TR Phors Bn ki lerektrer
counting aa luminance image sensor {one éxample of luminance image
Capturing means) 3, a height image sensor ‘(one example of
10 height image capturing means) 8 which corresponds tor the
above - three-dimensional (3D) sensor 8 or height detection
sensor 8, and a printed beard 9 on which the component 2 is
to be mounted. The luminance image sensor 3 and the heigh£
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 1is a block diagram showing an image
pProcessing system for the height iﬁage senscr 8.

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

25 luminance image sensor 3 shown in Fig. 22,band thereforé,

the control section 21 is separated into two units of the

sgction (image processing section} 30B that can be shared'by




15 predeternined head novenent distance by the encoder signal 25. To the
| mage processing section 30B is inputted |um nance data fromthe | um nance
i mage interface 54. The |lum nance data is controlled by the clock (CLK)

‘the 20 horizontal synchronization signal (HCLR), and the verd, ‘
24 2005

synchroni zation signal (VCLR) and stored _jnto the inmage ne

| um nance data stored in the inage nennrﬁ%%) IS subjected to

i mage- processing by the CPU 40 that operates according .to the program so
as to undergo positional 25 detection of the electronic conponent 2 that is
the object to be recognized. The programis stored in the program nenory '
41. The shape information (external height, external 24 March 2005 68

wi dth, ext dhealtwiepemscrise andnirere ekdteads (2a.ighhe idhgael8f or 85 L hespead
2a, the pitch of the |leads 2a, and so on) that represent the geonetrica
feat ures ofthélie calnaettr bri shared.
A main control section 31 controls the whole
system of the electronic component mounting apparatus shown
5 in Fig. 19. For example, the main centrol section 3i
controls the position of the head section 7 of <the
electronic component mounting apparatus via, for example, =
serve controller 32 and executes the suction of the
electronic cpmponent 2, transpecrt of “the electranié
10 coemponent 2, and mounting of the electronic companent 2 on
the printed beoard 9. The component shape information 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 toc 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 vié 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 board 9.
In the X-axis robot 5 and the Y-axis robots 6a and
&b, the servo controller 32 executes positional control of
25 the X-axis, Y-axis, 6-axis, and nozzlas 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




conponent 2 and are stored in the conponent shape 5 information storage
section 3la of the nmain control section 31 are previously transmtted to
the work nmenory 44 via the 2-port nmenory 45 prior to the |um nance i-nage
input. Th.e positional detection of the electronic conponeghwﬁa Od§
the object to be recognized is executed the basis of the™ 10 shape
information. 15 The |um nance i nage sens is not limted to the

af orenenti oned one-di nensional CCD 70, and a one provided wth, for
exanpl e, a two-dinmensional CCD 71 as shown in Fig. 27 may be used. A

| um nance i mage sensor 3' provided with this two-dinmensional CCD 71
captures the image of the entire bottom surface of the conponent 2, -when

the .inmge tofe thead corpohent 72, omhihl ixs-ddilsunimat ed @%ﬂd%ﬁiéiéﬂﬂﬁaﬁhon
systens 48 from both sides while being stopped as sucked by 20 the head
section 7, fremcdgiairédanhs t hehiob- damrenesonale GEForkhktvion tde +mmgesLer m ng
| ens 47. Fig. 23A through Fig. 24B explain the coordinate system of the
(g
hei ght i magéaderisr eadngesnipar i babacomki gnt23B eyt gin24d shpurt he
i mges captired by the sensors 3 25 and 8, respectively. The reason why the
i mge capt @ @&tbfé%qﬂ%QQnﬁﬁ%néétPHﬁééds§ﬁs¢h€3hexghtfmmiméghnténﬁgee
sengor 8 %@g_be subjgcted to positional detection by the identical 24
~ Mar¢h 2005 i Hag?® proceddiony Sdtd i bRl theinranplater faragd 02pratesse ng
neans) 30B;igthat;the Lght_cco,rdinate is.sat wth the direction from
the_cpnponehtog thé%gisggﬁe_%ﬁﬁ ct- FowAPaSthe fei Pt iSFRGE seABonIg of
positive. FaptauihacendoHat LR image.
In the height'image sensor 8, the light-receiving
system for measuring the. laser beam reflected on the
10 ~ electrcnic component 2 that is the object includes twe
systems (a channel A and a channel B) taking a wvariation in
laser beam reflection into consideration, thereby ensuriﬁg
the reliability. The light-receiving systems amplify feeble
signals detected by PSDs 17a and 17b by means of
15 breamplifiers 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 3CA. The pclygaon
20 mirror 12 is 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

polvgon surface origin signal, and inputs the signals into



5 conponent surely has the nousing surface, and by setting the height
coordinate axis in the direction fromtie conponent 2 that is the object
toward the height inage sensor B, the nmounting surface can be positioned in
t he hi ghest position. The nounting surface 'of the surface j
conponent is normally made of a netal, a if such a conponéﬁk”?@a?ggg%d by
the | um nance i mage sensor 3, then the | nance of the nmounting surface
beconmes the highest. Uith this arrangenment, the i mages A or B captured by
the | um nance i mage sensor 3 or the height imge sensor 8 can be 15
subjected to positional detection by the identical inmage processing neans
(i mage processing section) 30B. Fig. 23B shows the inage A of the

el ectroni ctheormaingit Zn0fe Firthe rd334 eCaRIAHIGE Byt he | um nance inmage sensor
3. In this inmage A the whitest porticns (having 20 high |um nance) al and

cl show the tips 2c Endtihdechaiopit piddeons@fr #he 18ads 2a af_the %%%Bonent

2, while the gray portion (having | ow | um nance) bl shows the main body 2b
of the cofforfém BRwoFisgst24B dhowstiehe SreageiE cn@igﬁ@diggggéhgeggéghta 25
i mage sensor 6, and the whitest portion (having a great height) a2 in this

i mage B sHdils ddiwantsd 2ntef &dtl dmdghza daftat hey Goneagent c2.1cwhizkenihe

gr portion (having a nedi ~.un 24 March 2005 70 height) b2 shows the main
bogi_~ :'§§ﬁt%9%aégnpoﬂ%nﬁhé?n¢heSaiﬂﬂtmmthensi@m e ¢eastsra, taati ch
do not exist within the range of detection of the height image sensor 8,
are not Viewkt a4 fAta fgetRR FHeli exseempy (eahmeFi 3. aBdBchBnRRg. 24A

shows t he fjei asurement region This is the 8-bit inmage region, and
thereforeFﬂZ q%hﬁ%}lc O%E%ﬂe%nrﬁiﬁ&nblT?oﬁ?@ GpleetostheaRehehhaddked as

R o RN g o R
each timing. For example, if a divisien by zero occurs in
10 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 value of the channel B is 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, thé
arithmetic mean value of the height data of both the

channels is outputted. A timing controcl section 38 outputs

to the image processing section 30B = clock (CLK), a
20 horizental 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 synchronizatioﬁ
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.



10 conponent 2 that is the object toward the height inage sensor, the

ref erence plane of height neasurenent is 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 aqgéﬁ§$égb 15
obt ai ned" or the |like. Assum ng that the resolution in the 3 r on o
height is 10 m then the measurable regi@ﬁ becones about 1.2 mm The

el ectroni c conponent recogni zi ng method and 20 nounting nethod will be
descri bed next sequentially from Steps S11 to 520 according to the
flowchart shown in Fig. 20. 511: The el ectronic conponent 2 of the
conponent supply section 4 is sucked by the head section 7. 512: A

decision is nade either the execdd eptbeebeady 22 flieat ifngs | nspectipn.pf the
el ectronic conponent 2, i.e., the image-capturing by the helght 1nage
sensor 8 odatao cespuirted t fecmt fere OPREAREON, sdldéntidde sexgaphur 3ng Hy the

| um nance 24 March 2005 71 inmage sensor 3. If the operator of the

equi pnent presedsinte théoimageomehorynmaRi ngThbi Redenisidanai i tdie caorpponent

.shape information storage section 3la carrying the geonetrical 5 :

i nf or mat i oRN®f IRRGecHPPEBENt3R, 13 henbl ket equitpneEmagmane becass bnat bgald vy

operated. The program flow proceeds to Step S13 when executing the |ead

floating i nSpect? ontleRt praRees o SEF Y wien ot Rescasmati,ng tHeeseby

i nspecti on, . , ) .

executing the three-dimensional positional detection of the
electronic component 2 that is the object to be recognized.

The program is stored in a program memory 41. The shape

information {(external height, external width; external depth,

10 the number of leads 2a, the pitch of the leads 2a, and so‘
cn} representing the geometrical features of the electronic
component 2 are stored in the component shape information
Storage section 3la of the main control section 31. The
shape information is previously transmitted from the main

15 control section 31 to the work memory 44 via the 2—porlt
memery 45 prior to the input of the height image. The
positional detection of the electronic .component 2 that 1is
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
bottem 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



513: The nozzle 7a that is sucked the electronic 10 conponent 2 noves.
above the hei ght image sensor 8, and the height. inmge sensor 8 captures

t he hei ght image of the electronic conponent 2, or the three-dinensional
position data. Subsequently, the programflow proceeds to Sggpwéﬁéhzéég:
The nozzle 7a that is attracting. by suctéé¥1 15 the el ectronic conponent 2
noves above the |um nance i nage sensor 3, and the | um nance i mge sensor 3
captures the |lum nance i mage of the el ectronic conponent 2, or the

. twodi mensi onal position data. Subsequently, the programflow proceeds to
Step 515. 20 S15 Th 1 25 e um nance inmage or the height image is processed
by the common i nage processing section (one exanple of image processing

means) 30B, sébetehy 7det et imigy t hest we=disiRAsi ol 1 R9SLLEQR,I ff ok HRL s of
the el ectronic conponent, or X, Y, and-Q of the efec roni c comnponent 2.

S16: It is &edided Mhettievatiibe | $Ppgeen S48 harkahgbl iymge 195+t he; Lus- njznance
I mge. The program fl ow proceeds to Step Si7 in the case of the helght
. i mage or j ubps c@mﬁmmgntzm.whrch 2005 72 S20 in the case of the |um nance
' mRge. - Fig. 22 is a block diagram showing an image
5 processing system of the luminance image sensor 3.
The main control section 31, servo controller 32,
X-axis robet 5, Y—axis robots 6a and 6b, and 'imaée
processing section 3CB have constructions-éimilar 0 those
used for the aforementioned height image’ sensor B8, and
10 therefore, they are denoted by the same reference numerzals
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 tc a
luminance image interface 54. The luminance image sensor 3
15 operates on the clock (CLK) transmitted from the luminance
image interface 54, and the image scanning timing is
synchronized with the horizontal synchreonization 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 image 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 30B the clock {CLK} and the horizontal




517: The height imge is processed by the inmage processing section 30B,
thereby cal culating the positions of three |eads to be brought into
contact with the board when 5 the el ectronic conponent 2 is nounted or.
theoretical 1maginary surface and expressing the inmagi naryz'a%%?&.?z@q a
nuneri cal expression. Then, the di stance%Tof all the lead positions §<
Z) fromthe imaginary surface, i.e., the“lead floating anounts are
‘cal cul ated. Subsequently, the 10 program flow proceeds to Step 518. 518: It
i s decided whether or not each lead floating anmount is exceeding the
predeterm ned reference value. The program flow proceeds to Step 519 when
it is decided that the lead floating anount in at |east one 15 detection
poi nt is eX¢eelremnltatlonf signeé vEIAIR)or pheceddsk tive Si@pth30 thamgnOt .
- 519: If the lead floating amount is exceeding the predeternined refeéerence
val ue, thet-9PRlcédRpordifiring Bhepesedepenisonadabisramalntonphsaertagand t he
processinqnis 20 cggple;ed. That is, the nozzle of the head section 7
transport SCURRT 8l ett r onf ¢ EBPpoHBATE 2 BPEORE T Shpsasect ten antbB di spakes of
t he el ect rrggélczco nent 2 there, and the processing ends. S20: Wen the
conponent T3 HaTRrh ned GREPREL D55t bk sUBFRLt 68 96NeTAtRAnET ek Ege

516 or - when  hd BonbeREnc TSI orns haB a3 nEURBEHEI Cohp G FoRAoNar ch

a
Y,

516 or when the conponént 153 erm asth
2005 73 component 2 moves by a distance of cne line of the luminance

image sensor 3 according to the amount of movement in the X-

axls direction of the’ head séétigh. 7, the amount being

informed by the encoder signal; 25 from the encoder 24a,

10 thereby preventing the occurrence of an error in the

Captured image. The vertical synchronization signal (VCLR)

transmitted from the timing control section 57 to the image

memory 3% 1is generated by receiving the origin signal 23

from the X-axis robot 5 and thereafter counting a

15 pPredetermined head movement distance by the encoder signal
25.°

To the image processing section 30B is inputted

luminance data from the luminance image interface 54. The

luminance data 1is controlled by the clock (CLK), the

20 horizontal synchronization signal (HCLR), and thé vertical

synchreonization signal (VCLR) and stored inte 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

23 detection of the electronic component 2 that is the object

te be recognized. The program is stored in the program

5 A H - : . 1 :
memory 4l. The shape information (external height, external



whose | ead floating anobunt is not exceeding the reference value in Step
518, the nozzle of the head section 7 transports the electronic conponent 2
onto the board 9 and nounts the el ectronic conponent 2 in the specified

position. 5 on the board 9, and the processing ends. As des?ﬁgasﬂ:qﬂgﬁf,
according to the third .enbodi nent, the electronic conponen 5& Nty
requi res the two-di nmensional positional ection is subjected to the

t wo- di nensi onal positional detection by nmeans of the 10 | um nance i nage
sensor 3, and the electronic conponent 2 is mounted on the board 9 through

the execution of the positional correction of X, Y, and 8 on the basis of
the information. On the other hand, for the el ectronic conponent 2 15 that
requires theqdthr eaxdBasi @RakLPOSHL et ectj on.such as the electronic
conponent 2 that requires thg Féa§ %I%a |ﬁg fﬁghﬁ%T?%),atrﬁbe diameter

t hree- di meosi ehal 1ReH tionalhdet o6ty one i 5, EX d,hQy neans of the_ height
i mge sensor 8 on the entire s&%face of f%g g%%%%né%f fn@?éﬁbdnpromq%on

speci fied depeetentn, shet hajedidz:0Ma) t heoposidional: i nfQrmat | of X Y,
and 6 but also the height information of the float?ﬁg gﬁnthe %%é? s 2¢

can be obtapPmpdnenThe 2el extd onage corgrened 2ifaving aéUdﬁ? %%% & ;%%p 2¢
or the like are disposed of as the abnormal conponent, an y the
nor fral conpBRerrat sonpaheedgenseheibnabdladotthrbghdite @xacsl ok afi dhe
posi ti onal gorrection_of X, Y, and 8. The reason Wf?!i the two types G=
i mge Sel' P5OREe3PreyioNal¥htzensnyAtaddte 4he selr&ctievelry used i the
di fferent yays _as above is that a significant difference exists in the
processi ng®s %Ea_mgmory 45 prior to tThe luminance image input. The
positional detection of the electronic component 2 that is
the object to be recognized is executed on the basis of the

10 shape information.

The luminance image sensor is 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
compenent 2, which is illuminated by the illumination
systems 48 from both sides while being stopped as sucked b§

20 the head section 7, is captured on the twoc-dimensional CCD
71 via the image-forming lens 47.

Fig. 23A throcugh Fig. 24B exXplain 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 b§

the luminance image sensor 3 or the height image sensor 8

can be subjected to positional detection by the identical



That is, the head novenent velocity in t'ne case of the |uninance imge

sensor 3 is, for exanple, 400 misec, 5 and a tine required for the inage
input is 150 nmsec ir. "the case of an electronic conponent 2 of a 60-*.nm
square. On the other hand, the head novenent velocity in thg casg 9Ho4he

hei ght i mage sensor 8 is, for exanple, 82¥Fnisec, and a tinme required for
the image input is 750 nsec i n~the case the 10 electronic conponent 2
of a 60-mm square. As described above, by using only t're |um nance inage
sensor 3 for the electronic conponent 2 that requires neither the |ead
floati ng anount detection nor the like, the -image input tine can be-
reduced, thereby allowing the 15 productivity to be inproved. \WWen only

t he heightlmaﬂgepgemamsﬁ&gsmemmibnthandlgﬁghﬁg@ugfﬂﬂgﬁ%@cggség§sgg

" conpared with the |um nance image sensor 3 (note that a teductron mItine
i s achi eveBe@dBs! céfParedl whah tthe phédghar tooxamplae)l, howeyer .. the Lgad 20
floating inspection and so on can be achi eved, thereby allow ng corponent
mount i ng t Ot BRCEeX@T UE B vER® eempporient i Abthat yis Thee | HFF B8ACE W ABGEL SENSOT
3 and the Qei ht ina%e sensor 8 can be independently selectively used in
di fferent %ﬁéghys“% €Br dPRESPH the BRapeiveat ureTiné tbhershee msOnt tng
conponent 2 oper to use the |um nance inage sensor 3

or exanple, it is pr
for the nor?rl?a‘%:orgee%%-ﬁ gLy g'hatsr oﬁ?% E6poReat swaf age.chald80%By75s4 0t v ch

~the two-di Si ositional detection of '~ ~, ~and 8 is adequate, and
it is pr optg?@t o}?ex kgirjt eéc%%&trhéf'teee dt’ehsi Ghal “pdsi ¢ ol ieet ebtdron Hye neans

Ceads. -1 he 8 2 TR T 2t £ abnpohnrs of SHES (a1 T2 | 7t ap5 by, e

number of $msqr ebectEdencontling bﬂf?ﬁ%éurcfa Cebea%dosti eiorle!cl(ein 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, thehn

the luminance of the mounting surface bécomes the highest.

With this arrangement, the images A or B captured by the

luminance image sensor 3 or the height image sensor 8 can ke

15 subjected to positional detection by the Ldentical inage
pProcessing means (image pProcessing section) 30B.

Fig. 23B shows .the image A of the eleétroﬁic
comporient 2 of Fig. 23A captured by the luminance image
sensor 3. In this image A, the whitest porticns (having

20 high luminance) al and ¢l show the tips 2¢ and the root
portions of the leads 2a of the component 2, while the gray
pertion (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 B8, 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



The | um nance i mage sensor 8'-3 dnd the height inmage sensor 8 can be used

i ndependently selectively in different 10 ways according to the inspection
itens to be executed on the electronic conponent 2. For exanple, in the
case where the |lead floating inspection of the .electronic QoyBRIHENOS

"~ shape defect inspection of '"the bunp ele odes of the electronic
conponent of the BGA type and the |ike are 15 required, it is proper to use
t he hei ght inmage sensor 8 for the execution of the three-di nmensional

posi tional detection of the electronic conponent 2. By setting the height
coordi nate systemof the height inmage so that the direction fromthe

el ectronic 20 conponent 2 toward the hei ght inmage sensor 8 becones

positive, theidteilght2i srgesdaha h@@ﬂ1Bdﬁ@y2$h@fh%h@h%mhg%g%nts%ﬂsort% and
the |l um nance i nage data obtained fromthe |um nance I nmage sensor g'can be

processed beathedmteinineal £ i tegyel g essi ng. SBCtdOMA02x 1KY Syiath @NgeNEnt
allows the 25 controller to be coomonly used and all ows the inage

~ processi ng 133 ekecat@ttiyra edntbr pragram ideger diehgoto fr eherr e
embodi ments of the present invention, the |um nance inage capturing neans
and the hei'Gift"s%heife Ralgihfr iimpdfeass lowli dsa asklbactd2velny Puged2iB . di f f er ent
maygiin accordance with the shape features.and inspection items of -

el ectronic conponent st heredy &NOWE n§hehenpbghti omedswistmestt oregficthe 5
electronic,ﬁ_g1 ongn%htosgg.rationall executed. The recognition and
mounting of eleciohf'® °cOfpordREE tiRAiFequite therefese- d2fénsiumealic

posi tional dat i t detection of the lead floating and the |ike
can be' execut g%%ypﬁ%g}al%i Ig%%fmi nogg%p c &St 3 gcﬁﬁag’@ W R n2S hihghéR tspeed
10 and hi ghejadl ig@bility than iR th ' art exanple. Accordipng.to the
present invenf%on,'the ~t wo ?neggfongﬁg%%gﬁiio %?Oggﬁé%ﬁﬁonng egg&ﬁgéd by
means of t ReJAATIHAARC &t MRGE; CHPDE Ul n%@?é@%e&ﬁ&ohh rS}ne;EééO%'l%c%‘%gR%em

to which only the two-dinmensional. positional detection

10 component 2 that is the object toward the height image
sensor, the reference plane of height meésurement is
represented by 128, and its range is set to 8 to 248, for
the sake of convenience. The values of 0 and 255 are ﬁsed
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 um, 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 S1l1 to 520 according to tha flowchart shown in Fig. 20.
S11l: The electronic component 2 cf 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



15 adequate. In the case where positional correction simlar to that. of the
prior art exanple is required on the basis of the .information, the '
el ectroni c .conponent can be nmounted on the board through the execution of

the positional correction of X, Y, and A 20 On the other hgﬂqwah9{26¢§
el ectroni c conponent that requires three-di nensional positional "deteciion

as the el ectronic conponent that required 'l ead floating inspection, the

t hr ee- di nensi onal positional detection is executed by neans of the height

i mage capturing. means on the entire 25 surface of the electronic conponent
viewed fromthe specified direction, sothat not only the positional
information of X, Y, and 8 but also the height information 24 March 2005
77 of the fhagti bgnebrthe lead. tips can be obtained. The electronic
conponents having a floating lead tip, and the |ike can be disposed of as

abnormal conponents, Igndthal Yoddies iy Maly cerpongyy,; e unted qn the
board through the 5 execution of the positional g%%§@§??o tﬁs%¢°thé%d A

when posi t infiakmgbicectoonnakingquhteddeAcsohdi AY R et e Re5e0t éh’%e““ on,
the ..electronic conponent that requires lead floating Inspection a T the
like can béntebjetien tstategchesghtimrasiremeatrrfongt hend eaﬁ&%éﬁ%ﬁlﬂ ng

i nspection,and the like, and the positional detection requited for the
corrPecti onlBfoxmationngia then Gamminmit aheotbky erec W@t prasndesshi brd
above. Theregore . the recognition and nounting of the electronic conponent
that requi PRECTRELTH} bY- PREASEBnal ThesPriognai diiectporcesds beo 15 texecut ed

wth highe§1§pgﬁgnthan ig.the eror art _exanple that requires the two
recogni tion process&s hYhBAnE 8f LeRe EtpaEangr Anarecthenheigbroseesisr .

o e o e A TR, S RSBt et o 2 T e
floating S13: The nozzle 7a that is sucked the electronic |
10 compenent 2 moves above the height image sensor 8, and the
height image sensor 8 captures the height image of the
electronic component 2, or the three-dimensional position
data. Subsequently, the program flow proceeds to Step S1S5.
S14: The nozzle 7a that 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 S515.

20 - S15: The luminance image or the height image ié
processed by the comﬁon 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 8 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 517 in the case of.the height image or jumps to Step



inspection and the |ike can be executed with higher accuracy than in the
prior art exanple in which the height detection is executed on a specified
line. If the height inage- data taken in by-the height 25 image capturing
means and the | um nance i mage.data obtai ned -fromthe Iunin CRatdR960
capturing neans are processed by the identjcal inmage proce55|ng sears %1
setting the height 78 24 March 2005 coordi nate system of the height inage
so that the direction fromthe el ectronic conponent toward the hei ght

| mage capturing neans becones positive, then the usage~processing control
section .can be commonly used and the image 5 processing can be executed by
t ~.e common program P_ fourth enbodi nent of the present invention wll

be descri bexRq nircanes elas HeOWha R eherRNGG AR - the drawings. Fig. -1

. shows an el ectroni c component nounting

S17: The height image is processed by the image
processing section 30B, thereby calculating the positions of
three leads to be brought into confact with the board when

5 the electronic component 2 is mounted e a thecretical
imaginary surface and expressing the imaginary surface by a
numerical expression. Then, the distances of all tﬁe lead
positions (X, Y, 2) from the imaginary surface, i.e., the
lead floating amounts are calculated. Subsequently, the

10 program flow proceeds to Step S18.

S18: It 1is decided whether or not each lead
floating amount is exceeding .the predetermined reference
value. The program flow proceeds to Step S19 when lt is
decided that the lead floating amount in at least one

15 detection point is exceeding the reference value or proceeds
to Step S20 when not.

S18: If the lead floating amount is exceeding the
predetermined reference value, then the component is
disposed of as an abnormal component, and the processing is

20 completed. That 1is, the nozzle of the head section 7
transports the electronic component 2 to a disposal site and
disposes of the electrOnié component 2 there, and the
processing ends.

S20: When the component is determined as the one

25 to be subjected to luminance image processing (one that
requires no lead floating amoun= detection) in Step S16 or

L3 Y =1y . : ' '
when the component is determined as the normal componant



10 appar atus to be used for a conponent recogni zi ng method and the
conponent inspecting nethod of the fourth enbodi nent of the present
invention. although Fig. 1 shows the first enbodinment, the constructions
shown in Fig. 1 are the sane as this fourth enbodi ment andat i lis
used here for 1~ explaining the fourth odinment. In Fig_ZfWQ§K#§%%§% a
nounti ng apparatus main body 1 of the el roni ¢ conmponent nounti ng
apparatus, an electronic conponent (abbreviated to a conponent

hereinafter) 120 to be nounted by the present apparatus, 20 which is a h
~' s 25 s owminwig. 90 al trough denoted by the reference nuneral 2 ir.
Fig. 1, the tray 3 on which the conponents i20 are placed, the tray supply
section 4 {Rgke Q:KESFAS: A & ) PRl Y. section for automatically
suppl yi ng t he conponent 1512%l p‘?gg@é&g% tﬁg: glc%/tr ay Fethd ﬁgadr TGR 7
havi ng t hevaoagl eif hagt syicks 4 he ¢ 120 he mounting .stageg, the
rcbot 5 cr. the X-axis %iyde 74 March 'ggggemgionﬁ%é her}afedaésjecstq"%n'&};l iﬁ t he
X-axi s direcahsponns enastlledtesnpar teopbohBerXoY Johot., t h ops _6a and
6b on the Y-axis side (abbreviated to YEDaxi S roboc{s e?he% n%?%ie)?) bt Rat move
the head seothon Thenelbet¥omitscdipeashonzand ¢8aslielie Al bodli g X ¥
robot, and the height detection sensor 8, which corresponds to the - -

t hree- di ne?di bhal o430} Senswd ttherpheiagtti igmagassensor 8, for capturing the
hei ght image of the conponent 120. The reference. nuneral 9 denotes the .
~printed board to be fduntegowibrd t mbovenporentcrdi?®. to the third

embodiment, the electronic compeonent 2 that only requires

the two-dimensional positional detection is subjected to.fhe

two-dimensional positional detection by means of the

10 luminance image sensor 3, and the electronic compenent 2 is

mounted on the board 9 through the exscution of the

positional correction of X, Y, and 6 on the basis of the
information.

Cn the othgr hand, for the electronic component 2

15 that requires the three-dimensicnal positional detection

such as the electronic éomponent 2 that requires the lead

fioating inspection, the three-dimensional positional

detection is executed by means of the height image sensor 8

on the entire surface of the component 2 viewed from a

20 specified direction, so that not cnly the positional

information of X, Y, and 6 but aléo the height iﬁformation

of the floating of the lead fips 2c¢ can be obtéined. The

electronic component 2 having a flcating lead tip 2c¢ or the

like are disposed of as the abnormal component, and only the

25 normal compcnent is mounted on the board 9 through the

execution cf the posifional correction of X, Y, and 8. |

The reason why the two types of image sensors 3



When t he conmponent 120 placed on the tray 3 is 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
conponent 120 is captured by the height detection sensor 8. ,I el )

i mage obtai ned by the height .detection sensor 8 is subject@ﬁnﬁgﬁgb?ﬁaére
processing to recogni ze and i nspect the V& une or shape of each of a
plurality of hem spherical bunp el ectrodes 120a of the conponent 120. If
.the inspection results are normal, then the conponent 120 is 20 nounted in
a specified position on the printed board 9. On the other hand, if any of
the bunp el ectrodes 120a has an error in terns of volunme or shape, this

conmponent gs disp Fig. .28 is an, lanatory view of the X-axis
robot 25 5;%$ théﬂgfeg§?%%?%v%b%p8ﬁ8§tJﬁbuﬁffﬁg*%ﬁﬁaﬂﬁﬁﬁ%.a#hébﬁééd Isection
7 that is suekiNos{he £ t [ on_the X-axis by the rote*_ion
of the servonotor l%ﬁ?%%fcﬂ %963%%%“5}.%$ﬁ§%ﬁeF&hF aP3 P g spred-
conponent 120 is exegwied; by the dhead | ¢ that; i s suc’.~cing the
- conponent 120 and novi ng vvi.%/h const ant ve'oegwin':t y above 4 He* hetyiefet®eti on
sensor 8 ftipen Lheiheftehandgsi dedsoward the rightsh Id he origin
sensor 22. \Wen the head section 7 passes at the %f%@g%é't%g%ogﬁﬁ%ﬁuﬁensor
22,5an orignd i gimé 28qisredt pukt edet A niaRfcorimg e i4mgeoPRREesSinNg eont rol
section 21 of the output. It is to be noted that the .reference nunerals
18a 10 and-ash dfermn eslmaanisi gralpeorfanam2t ket RSR0-rishes ¢ef £5 eneg, nuper al
20 denotes the polygon surface origin .signal, ar_d the reference nuneral
25 denot eLHIRF ehfder thpghglad Tvememst rueloont andnoperat £ oge 0b <t heehei ght
detection sensaor 8 will be described in det&a | below by way 15 of an
exanpl e t ¥t BripliFpge FenFandi dise dprogxaapilen 60 o/ segul @tridor. time

required for the image input is 750 msec in the case of the

10 electronic component 2 of a 60-mm square.

As described above, by using only the lumirance
imagé sensor 3 for the electronic’ component 2 that requires
neither the lead floating amount detection nor the like, the
image input time can be reduced, thereby allowing the

15 productivity to be improved.

When only the height image sensor 8 is used, the
image input time increases as compared with the luminance
image sensor 3 (note that a reduction in time is achieved as
compared with the prior art example), however, the lead

20 floating inspection and so on can be achieved, thereby
gllewing component mounting to be executed with high
reliability.

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
compenent 2. For example, it is proper to use the luminance

lmage sensor 3 Zor the normal lead-less electronic component



Fig. 29 i.s a sectional view of the height detection sensor 8 perpendicul ar
to the Y-axis, while Fig. 31 is a sectional view of the height detection
sensor 8 ?0 perpendicular to the X-axis. In Fig. 29 and Fig. 31 are shown a
sem conductor |aser 10 for emtting a | aser beam a |ight c%%ﬂecting 8§d
~shaping lens 11 for collecting and shaping this |aser beam Q@ 9@ " :
mrror 12 for scanning the | aser bean1inﬂ%hging on this mrror surface by
25 nechanical rotation, a half mrror 13 for partially transmtting and
partially reflecting the | aser beam and a-mrror 14 for reflecting |ight.
24 March 2005 81 There are al so shover. an F8 |lens 15 that changes the
optical path® stridht thhe tveseinesmhomachape sat i ynsWwag by -t Rg pot ygon.,
mrror 12 is applied perpendicularly to the conponent 120 that is the™’
subj ect, féé‘*ﬁ’siﬁﬁglqi eAseguats amhd 1B6bishgirdmenstd hexwefd-ectian (seatlered
li.ght} of the |aser beaminpinging on the hem spherical bunp el ectrode 120a
of the confoRERELILPEL aRaSseAPBaAduGE Dechbsht in sensid i ve demkCeBeight
(abbreviated to PSDs hereinafter) 17a and 17b that serve as position

det ecti ng dBFFEeSeBA&alh IoF \ithicc 1 Liged 1o i asmomprersem ttshat i ttasl ¢ a9k ngesds and
reféected og t@e conponent 120 is focused via the focusing | enses i6a and
16b” and haVeSa-FORCE orPRRP Geher &5 ngCan éFedlriGrisi glairagor rekatad vath

the positi f the focused .light. The reference nunerals 18a and 18b
denot e theg{(’)}ﬂ?%m % gﬁ‘é‘l‘“g (ﬁ‘letcﬂ:é:qs@% %2 BRI Petiyp. Jurfids casd, the

| aser bea Ltted fromthe sem conductor |aser 10 has its beam shape
col | ected and shaped by the light collecting and shaping | ens 11.

Thercar ter he T aoer beataasaes Liion the bl f i (or 13, 20 et cots

on the mrror 14 and I npingés en theée

12 is rotatemgoM §hogangia | Q& n ently. the |aser. beam
i npi nging on the mi rror tguﬁsae\cég ??ésr\}llﬁj%g t%%?'?lc?’rfég}%sé? BedmafiFose

oftd cal patdys sactergsly bo tHige F8nd "1 B i | Led,. 25_perpendicul atly to
. the hem sphﬁ{i cal blinmp eI%ctr%de 1§%§t%§ntﬁgg@gn{ﬁ§n€%t e%ﬁggsﬂdoﬁhgée
reflectiorelddighinis fompseenenzt herPSDexdApgiand sh7hpnd a-the focpsing,

| enses 16a and ' 16b.

lead floating inspection of the electrbnig component 2,
shape defect inspection of the bﬁmp electrodes ofr tﬁé
electronic component of the BGa typé gnd the 1like are
15 required, it is proper to ﬁse the height image sensor 8 for
the execution of the three-~dimensional positicnal detection

of the electronic component 2.
By setting the height éoordinate system oi the
height image so that the direction from the electronic
20 compdnent 2 toward the height image sensor 8 He:émes
positive, the height image data taken in by the height image
sensor B8 and the luminance image data obtained from the
luminance image sensor 3 can be processed by the identicai
image processing section 303. This arrangement‘allcws the
25 contreoller _to be commenly used and ailows tﬁe image

processing to be executed by a common program.
According to preferred embodiments of the present

invention, the luminance



24 March 2005 82 5 The PSDs 17a and 17b generate the output signals 18a and
-1 8b capabl e of neasuring-the height of the.laser reflecting surface of the
“hemi spherical bwnp el ectrode 120a of -t he conponent .120. In this case, the
| aser beamis reflected on the polygon mrror 12 and therea qgaﬂﬂp#% to

t he hem spherical bunp el ectrode 120a of _the conponent 120 that '1s the -
object. The | aser beamis applied consistently perpendicularly to the

“hem spherical bunp electrode 120a of 10 the conponent 120 that is the

obj ect by the F6 iens 15 constructed of three el enents existing between the
pol ygon mrror 12 and the hem spherical bunp el ectrode 120a of the

conponent 120. When neasuring the height of the hem spherical 15 object

such as the hem spherical bunp el ectrode 120a of the conponent 120, the

© peripheral smafaceaptutiwghpebsgheridath®bheEEh 0 ES OQan i val |
for the height detection sensor 8. If the Ias%r béan??s a|ﬁqﬁ£bfg£§%%s

around t hi scporbe oselédieiveioy ned@cin ofli t f@hdntcam pe ﬂ?tﬁé@ﬁgdiﬁgég&%zo
hem spherical object, and no reflection light returns to the 25 Ds a

and 17b. Theref oskapd t featprmpar admd | | ynspheotkieth t i ©uigh adf exPR&EFRA i hHow
much degrees of surface angle the nmeasurability holtds while keeping an
accuracy. THERPRERLS,s Thenaiwh dlnling 388 s ideisurd bede t @t ieion Therafor e, .
as shown in Fig. 38B described |ater, when neasuring the volune of the
henmi3pheri calebUIRN T ectoRRNaPDa bf the compdooatl 1320 dxeditsedei ghtThe

det ection I .
recognition and mounting of electronic . components that

require the three—dimenﬁicnal positional detection for the
detection of the lead fioating and the like can be executed
by the height image capturing means with much higher spéed
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 defection is
15 adequate. 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 ege;ution of the positional correction
of X, Y, and 6.

‘20 On the other hand, for the electronic componeht
that requires three-dimensional positional deteétion as the
electronic component that requires lead floating inépection,
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 8 but also the height information



24 March 2005 83 sensor 8, the. accuracy i s incteased by preparatorily
calculating a radius r capable o~ obtaining valid data ¢n the basis of 8 =
and subj ecting only the.nmeasurenment height r (X Y) to volunetric S
cal cul ation only. when the sanpling 5 point X Y eXisrs'mﬁtggﬂg%ﬁﬁb@gﬂ%oh,r

~of the radius r frcmthe center of.theagenispherfcaf bunp 20a
i

while internally sanpling the :small redifon. In Fig. 31 are shown a

phot osensor 19 for sensing the input of light thereto, and a signal 20 for
.informng 10 the outside of the input of light tc the photosensor 19.
Thi s signal 20 changes when each mrror surface of tre polygon mrror 12
cones into a specified angle, which is the so called origin signal
(surface origin) cf each m.rror surface of the polygon mrror 12. Further,

in the casefof the 1Fpoltigen HEr rafe 12eh8Vitihsl8cahdase Bpiihghed | Spho be
outputted 18 tines per rotation every tine the mrror rotates at regul ar

interval s efleatigbeicatcemgbeentod RAvidgyreesibitihg Casss of 118 sides)e This
is called the polygon surface origin signal 20 of the polygoh mrror 12.
20 The hei ghkedesacbieonlispessdr o ek tbaotmult Bompohedt SENEnkasn i yor gy st ens
of PSD circuits. This -arrangenment is provided principally for conpensating
for no reR@rRadf GImRPIRdntecthbn e ghoutioed henPSthé nbberds tiroai@l ethe Whi ch
possi bly occurs in the case where the | aser beamis 2S applied to the
con%onent FRERUSABNs Wt g sPefbtignal ¢orreckimmt ofie¥, mile afldtilvent o

rovide three.or nore systens, technicall havi ng t he sane neani ng, and
P p051%10na3 co%recggon is requirga. g J

According to the present invention, the electronic
component that requires -lead floating inspection 'and the
like can be subjected tq the height measurement for the lead

10 floating inspection and the 1like, and the positionai
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
requires the three-dimensional positional detection can be

15 executed with higher speed than in the prior art example.
that requireé 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 electronié component, and therefore, the lead fleoating
inspection‘and the like can be executed with higher accuracy
than in the prior art example in which the heigﬁt 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 hesight



24 March 2005 84 accordingly, description will be provided or _ the basis of
_the two systens. Reference will herein be made to one exanple of the height
“measuring nethod of the hem'spherical bunmp 5 el ectrode 120a of the

conponent 120 that is t'r_e object to be neasured by the .afgr gﬁﬂ{'@@@d
sem ccnductor position sensitive devices (,PSDs) 17a and 17b?ﬂgg rep?esented

by the sem conductor position sensitive ice 17a, with reference to Fig.
32. 10'In Fig. 32, the laser beamthat is scanned fromthe FA lens 15 in
the direction {~-axis directicn) .perpendicular to the sheet plane where
Fig. 32 is drawn,and .applied to the hem spherical bunp el ectrode 120a of
the conponeRPCIZHnpse| s¥egamarily thef lhedigbd dmadee drerirspherical i Ad- WP ,
el ectrode 120a. In this_case, it is assuned that the projected points are a
point Al at *R°Fei §ht 0SbRCERenbEt t GAFEOREATte Tiwihe heme spherjal auime
el ectrode 120a_and a point Bl at a height Hfromthe bottam surface,_ or the
| over nost pofPFohof PRETAeRFSHRESI PAIS I5ANE eltdenr dde 12Cae 2o sing
irregularlycggggggted Igser beans are collected by the focusing | ens 16a
and each focused on 3°poLtAL AC3End R pofHTBA vn &#ed seandondhet orirpasi ti on
sensiktive dgyj ) . _Consequen*. |y, electronotive forces are

gener at ed atgy?ﬁgségﬁ tc%a%%deﬁ%%"%%_@n?y BZ:® OBt RACSEGE-ents |1 and |z
are taken out of a popnt.C.apd rrents.l, .and |1, are taken out of a:point
D. The currents I, an% %?gaggeﬁ SggggngPéngée P eNRREh 1P0BHntion with

be described in concrete below with reference to the
drawings. |

Fig. 1 shows an electronic coﬁponent 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 embediment and thus, Fig. 1 is used here for

15 explaining the fourth embodiment.
In Fig. 1 are shown a mounting apparatys main body
1 of the electronic component mounﬁing apparatus, &n
electrenic component {abbreviated to a compeonent
hereinafter) 120 to be mounted by the present apoaratus,
20 which 1is as shown in Fig. 40 although denoted by tﬂe
reference numeral 2 in Fig. 1, the tray 3 on which the
cemponents 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 iﬁ

the mounting stage, the rcbot 5 on the X-axis side



85 conponents proportional to a di stance x., between the point Pte, and
the point C and a di stance between the point 4. and the point D, while the
currents |, and |~ depend on resistance conponents proportional to a

di stance x, between the point B, 5 and the point C and a di S| |p§¢ en
the point B, and the point D. Therefore,, assum ng that the%%gﬁéﬁ% 0 he

- sem conduct or position sensitive device P is L, then xa and xa in Fig.

37 are determned according to the followi ng 10 15 20 expressions. X~ =

LIB/ (1Z + L) Therefore, a distance H between the point. A" and the point

BZ on the sem conductor position sensitive device 17a of Fig. 32 is

determined by the follow ng expression., H = X~ - XB Based on the

t hus- obt ai AR@dhePgRLOR 7ToANt hhePdDaxishel inmiaghitorH drsl dedres i tnagks Avart

mechani sm for capturing a height; image will be described next with

ref erence ?g ER§. &F. 19P%g. b8 apeoSRo®e @nvhi fb cont tok Seekion Dikef

t he presen Iectrogéﬁ conpgnent nounting apparatus, a reference position
g

sensor 22 #%gbﬁﬁ'b? ThelfBKRS cHRIOIS BeEeibalRerbf i r mbueenve '
post 1100 "RLa§aBLHELBA YN NELONY- LIROGQR.LREN" XS L0 Oy 2 J T er ence
5 of the X-Y robot, and the height detection sensor 8, which
correspends to the three-dimensional (3D} sensor 8 or height.
image sensor 8, for capturing the héight image of the
component 120. The reférence numeral 9 denotes the printed
board to be mounted with the componént 120.

10 , When the component 120 placed on the tray 3 is
sucked by the head section 7 and transported in the X-axis
directicn 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
subjecfed to software processing to recognize and inspect
the volume or shape of each of a plurality of hemisphericai
bump electrodes 120a of the component 120, It thé
inspection results are normal, then the component 120 1is

20 mounted in a specified positicn 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 cempconeant

120 is moved on the X-axis by the rotation of the servomotor



25 signal 23 for inforning the main control section 21 of the passing of
~the head section 7 at *h2-side cf this reference position sensor 22, an
- encoder 24a of a notor 2? fcr noving 24 March 2005 86 the X-axis robot 5,

and an encoder signal 25 outputted fromthe encoder 24a. \Wey nent
120 nicked up fromthe tray 3 is transporfed on the X-axis ?&@Egﬂfgg@?s
robot 5, the 5 encoder 24a is always qivitig the encoder signal (signal of
A5- phase, Z-phase or equivalent to this) 25 to the main control section 21
Due to the fact that the reference position signal 23 is given to the nmain
control section 21 when the conponent 120 passes at the side of the
reference 10 position sensor 22, the relative position of the conponent 120

relative to2éhe Théehenghtpdsthai aApar bife e dompaite 10l cul al & he
mai n control section 21 with both the signals 23, 25. On the o?%égnﬁﬁﬁ%,

the amount 8¥ Fbeabkeed skcthenl3 (blargds riudiamgl ZHocHmbAins ded heg

hei ght detection sensor 8 is consistently given as the polygon surface
origin signdPvapdt ¢¥itHe ranAtadht rodlaEdty onbatewnile hBegHEN r@stdStion
rotating, and the ampunt of rotation of the polygon mirror 12 after its
passi ng t hr 2BQR°F 8 FEPBr dh€e 158&hieod cdnlebe @ Ichlthe atiarthtf-romd hiisie
signal and t?e Beference positio% signal 23. In this case, the anount of
‘rotation of °thEPHoPY Rt nPRRSPT 122 nclBgRes hien heashsreaitdnnt § idassesl adi t vy,
and the sa hig ecqp-bﬁ said.for the anmount of novenent of 25 the X-axis
robot 5. On-the Sother hahd® PAIEAE HSEHIRT détecBPorP SeHdbrsBamalt Rd fisurt h

enbodi ment, oitphs: 05 eEHPRATEML BAL 8 (ROLNAR JTirror 12 rotates and the X
of the output. ‘
It is to be noted that the reference ﬁumerals 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 1is a sectional view of the height
detection sensor 8 perpendicular to the Y-axis, while Figq.
31 is a sectional view of the height .detection sensor 8
20 perpendicular te 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.



24 March 2005 87 axis robot 5 linearly noves when capturing the height
i mage, each with constant velocity. If these conditions are disordered,
then the resolution (pixel size} per pixel in the horizontal and verti cal

‘directions of the height image 5 to be captured is to vary Clkfigps® the
fluctuation in velocity. This is an errorgfactor in ternms of neasurenent
accuracy. Therefore, in the electronic céﬁponent nmount i ng apparatus of the
fourth enbodi ment, the height inmage is captured into an inage nenory 34
(see Fig. 33) located 10 inside the main control section 21 by the height
detection sensor 8 having the aforenmentioned construction. Further, in
order to watch and control the consistency of the operation of the polygon

mrror 12 that is rofakirag Hasi £akby sWold GONSEANE Y€l QG téhé’\!t!-?héﬁges
operation of the 15 head section 7 driven by a notor such as a Servonbtor,

the pol ygothsurchadeadr ipgith ssgnahal0tdk 11heROIBKGD HEFkA i L2 And %B?
encoder signal 25 of the notor are used. A block di agram of FHEk % §%omﬁng

the internll $heugairzgcof mimrmmih2cthm@pkﬁaﬂipyrgghdﬂddlgy%ykﬁgxgﬁgd 20
next. The main control section 31 controls the whole system of the

el ect roni cCEBRPBARAt LRBuribiaty eppblrat ssbshotn ifocEisgngl.ldnele sexeam| gag t he
mai contrgl section controls the position of the head section. 7 of the
el eBtroni c198 EBAbofeRYES nbhAt rAGlapbarat (scetberedr loganpl @f thsetager

controllerb3§ and_executes the suction of the el ectronic conponent 120,
transport of ?hémgﬂggﬁpgnHE'ésﬁboﬂ%%%SP?EEB?alZbuNﬁr@Hezmggde 120a of

the component 120, and semiconductor position sensitive
devices (abbreviated to PSDs hereiﬁafter) 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 numeral;
18a and 18b denote the output signals of the PSDs 17a and

15 17b.
In this case, the laser beam emitted from the
semicenductor laser 10 has its beam shape collected and
shaped by the 1light collecting and shépiﬁé lens 11.
Thereafter, the laser beam passes through the half mirror 13,
20 reflects on the mirror 14 and impinges cn the polygon mirror
12. The polygbn mirror 12 is 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 F® lens 15 is applied
25 perpendicularly to the hemispherical bump electrode 120a of
the component 120, and this reflection light is focused con

the PSDs 17a and 17b via the focusing lenses l6a and 16ép.




88 and nmounting of the .electronic conponent 120 onto the printed beard 9.
The shape informatics (body height, body wi dth, body depth, the nunber of
hem spheri cal bunp el ectrodes 120a, 5 the dianeter of the hem spheri cal

bunp el ectrode 120a, the pitch cf the hem spherical bunp el egt a,
and so on) of the electronic conponent 0 to be nounted Sfj&@%ﬁ&?gé@@
conponent shape information storage sectitn. 31la of the nmain control

section 31 is transmtted via a 2-port nenory 45 and 10 stored into a work
menory 44 of the inmge processing central section 21, and hei ght inmage

i nput of the electronic conponent .120 and positional detection of the

el ectronic conponent 120 are executed. The results are received from the

| g Procen® FSMONITOlarealipy b, Lhe iAok 13 IR Y 45 and. ysed
. I'ng '

for correcting calculation of the position i nou

el ectroni c capadrent £ 12faur i Rhenties: boar ¢ . +hp the X a>§ie%l_reg_t3%g;5 and

the Y-axis robots 6a and 6b, a servo controller 32 executes position
control of stfac20 Xfaxilss YeaxispheRiaxls bans RAzHeRlLVabhON AXi ol N
particul ar, the notor encoder signal 25 of the X-axis, which carries the
i nf or mat i okoFPOIEAtPALit.i on of the head section 7 on the X-axis and the
ori%in signal 23 fromthe X-axis, which carries the information of the
‘fact’ that the head ' 5 k3 ioasd. habecdmseirntoeam hies ght £ Ieasad esenthst art

position, _are inputted to the_inmage processing control section 2i so as
to inform EREYEORt r oPLEEEEI onl2  t#Rd aboveigriter  apolied  te  ethe24

Mar ch 2005 . .
hemispherical bump electrode 120a of the compcnent 120 that

is the object. The laser beam is applied consistently
perpendicularly to the-hemispherical bump electrode 120a of
10 the component 120 that is the object by the FB 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
i5 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
20 hemispherical object, and no reflection light returns to the
PSDs 17a and 17b. Therefore, it is preparatorily checked
through an experiment how much degrees of surface angle the
measurability holds while keeping én accuracy. The angle is
8 shown in Fig. 38B, as described later.
25 Therefore, as shown in Fig. 38B described later,
when measuring the volume of <the hemispherical bump

electrode 120a of the compconent 120 by the height deteciion



89 and used for neasuring the start timng of taking ir. the height data
into. the image nenory 39. In the height detection sensor 8, the

| i ghtreceiving systemfor nmeasuring the | aser beamreflected on 5 the
conmponent 120 includes two systens (a channel A and .a chan IM cH b@g a
variation in reflection of the |laser be into considerati on, er eby
ensuring reliability. The Iight-receiviﬂggsystens anplify feeble signals
detected by the PSDs 17a and 17b by neans of preanplifiers 33, convert 10
the signals into 12-bit digital data (in order to ensure height.

cal cul ation accuracy, the conversion into the 12-bit digital data is

ef fected | S case) tiyerreamuna‘xcﬁ-Discomn@&ggg§d34bvan$rierb%gatg}q,_v
converted data into the inmage processing control section 21 The polfygon
mrror 12 iSUBEHSist@nthdinet at i capaick i opulctizRd nd ngo | wa0Is SHEERACE
origin signal 20 to a_ clock generating section 35 by neans of the

mechani sm S“Rlﬁlwp"‘tsﬂ'q:i%f B1andrheuld ecki genenhyi te seehb0ReR=Sr HENEKLALES a
ref erence Cé€Ck iCLﬁ% required for witing the height data into fhe -
memory, genérat 68 a-hoVPFEREAF120 e3tenkahiomt oo si ghah (443 Rszheauhked
for 4aking in .t i ght data_on the basis of the polygon surface origin
Si gn%il 20, ﬂéﬂ‘élél]g‘pugg e?‘ﬁétﬁ @’ﬁ&ﬁ%ni k16 £REicmagé phecessding rcdpbmokhe
section 21. A cessin ontrol section Z1 converts 25 the
digitized 53%%‘9@?81" %Fq‘h t%’&mﬁgﬁ’g‘ﬁfl&ééecﬁi@ﬁ sEhs6Eredei nl808- bivhihei ght .

data in a hejt@ihasqakculbabhng.s i- . __a.channel selecting section 37
co”_par2s the heiaghk/cdat giggg gﬁé lﬁ%g?zﬁaglgﬁ'the two systems (channel A

fhat Seems to have tne hiiher Gort & R b ShEO o WP hleacRo b P hRRg.
For exanpltde ifnputdiot sLoghby t2@QtQCCWry I D EQSnQ?igﬂf for informing

10 the outside of the input of light ‘o the photosensor 19.
This signal 20 changes when each mirror surface of the
polygen mirror 12 comes into a specified angle, which is the
S0 called origin signal (surface origin) of each mirrér
surface of the polygon mirror 12. Further, in the case of a

15 polygon mirror 12 having 18 sides, a signal 'is 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 cof the polygon mirrer 12.

20 The height detection sensor 8 e¢f 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 anéle,
which possibly occurs in the case where -the laser beam is

25 applied to the component when one system is employed.

IT is sometimes mcre effacrive o provide three or

mere systems, technically having thes same meaning and



5 cal cul ating stage of the channel A, the numeric value of 255
representing the abnormality is giver. to the height data of the channel
A. Therefore, in such a case, the value of the <channel B is selected. If

both the channels exhibit the abnormal values of 255, then. i
value of 255 is 10 outputted as the height, data. If the hei&%ﬁﬁaﬁ#£§§9§both

t he channel s have nornmal val ues, the ari etic nmean value. of the height
data of both 'the channels is outputted. The height data outputted from
t he channel selecting section 37 is stored into the imge nenory 39: The
storing of the 15 height data into the image nenory 39 is controlled by the
timng control section 38. The timng control section receives an origin

signal fromibedXadxds KeBAtL: Brichhergaf tiel. t.s,_the encoder signal 25 as
a predeterm ned Hgé% sectioﬁénﬁeéngﬁgﬁdﬁg%aﬁgég%gegeﬁﬁ}ag ea%@éﬂ i 20

synchroni zefhé opws| gpatemd VCLR), and inputs the signal as a heigr.*_ data -
taking-in start signal into the imge nenory 39. The height data stored in

the image memory 39 RefebiestRdllt adiage Pk onessl N byna CRULIO that
operates according to a program and subjected to positional detection and

~so on of 25he hehelgtt r ozswoimppnemdthod) td@t tise t hea@iSed r £ € pune

recogni zed. The programis stored in tr.e programnenory 41. The éﬁ%pe

i nformat i owl ekt al 2deightthe)xdaeratlenti didn tha24 Mo APREOkLxier nal

dept h; the nunber of hemi spheric~ ~,,"~p el ectrodes, the dianeter of the

heni spher iBe2syed pbE| ediodea ferrnpnt ttned t seriernspheésircalpdyingion

electrodesé and so on) that is storing .the geonetrical features of .the

el ect r oni c>TiponENtIST USRS afR5RFlankhi t2ed £7bm eise nemine seonedobysettei on 31
via the 2-port ry 45 prior to the height inmage _input. The positiona

- detection %§5§$%§§§§§§§ Q?éﬁﬁ??%ﬂﬁﬁﬁﬁ%%kV?sdegkﬁéuﬂééroWHﬂ@aHﬁiﬁﬁ?n@ﬁ t he

shape infogan§£é¥13d} is to be noted that the work nmenory 44 is used as a

pl ace for storing

10 In Fig. 32, the laser beam fhat is scanned from
the F® lens 15 in the direction (V-axis directicn)
perpendicular to the sheet plane where Fig. 32 is drawn and
applied to the hemispherical bump electrode 120z 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 hemisphefical bump eiéctrode 120a and a point
B, at a height H from the bottom surface, or the lowermost
porticon of the hemispherical bump electrode 120a.

20 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 {PSD) 17a. Consequently, electromotivé
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



10 the shape information and the internmediate result of the 15 object to be
recogni zed in executing the positional detection of the object to be
recogni zed.. Fig. 34 shows a conponent nounting procedure by neans of the

hei ght detection sensor 8. Next, reference will be nmade to 31
t hrough S37) shown in Fig. 34. Step 531: Eﬂe .conmponent 120 Pﬂﬂmaéﬁpgoﬁi;th
nozzle 7a (head section 7}, Step 532: Th@’ ei ght data of the conponent 120
is 20 taken in. Step 533: The p03|t|ons of the hem spherical bunp

el ectrodes 120a of the conponent 120 are detected. (For the detail, see
Fig. 35.) . Step 534: The volunes of the hem spherical bunp 25 el ectrodes
120a of the conponent 120 are detected. (For the detail, see Figs. 38A and

38B.) componen?s propo:tional o a distance x, between the point A
and the pcint C and a distance between the point A, and the
point D, while the currents I, énd 14 depend on rasistance
components proportional to a distance'&Ebetween the point B,

3 and the point C and a distance between the point B, and the
point D. Therefocre, assuming that the lengtﬁ“ ofl the
semiconductor pDSltlon sensitive aev1ce l7a is L, then Xy

and X; in Fig. 37 are determlned accordlnc to the following

exXpressions.

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, - %,

Based on the thus-obtained height H' on the PsSD,
the height H is determined.

A mechanism for capturing a height image will be
described next with reference tb'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



Step 535: It is decided whether or- not each volune 24 March 2005 92 of
t he hem spherical bunp electrodes 120a is normal. Step 536: Wen all the
el ectrodes are all normal, the conmponent 120 is nounted in the specified

position of the printed board 9. 5 Step 537: Wen the volu t
one of the hem spherical bunp el ectrodes Oais abnornal,n?ﬁg%cgﬁﬁgﬁgit
120 is not nounted and di sposed of. Fig. shows a position detecting
procedure of the hem spherical bunp el ectrode 120a of the conponent 120 10
according to the height data. Next, reference will be nade to the .steps
(541 through 549) shown in Fig. 35. Step 541: The processing area is
determ ned according to the size of the conponent 12G 15 The size in the

25 [arge as the ohze of the bommonant G20 n (he Eer con S B ted "Brdn MBS
the enccder 24a.
When the component 120 piéked up from the tray 3
is transported on the X-axis by the X-axis robot 5, the
5 encoder 24a is always giving the encoder signal (signal of
AB-phase, Z-phase or equivalent to this) 25 to the main
control section 21. Due tec the fact that the referencé
position signal 23 is given to thé main control section 21
when the component 120 passes at the side of the reference
10 . 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
15 polygon mirror 12 located inside the height detection sensor
B8 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 mirroi
12 after its passing through the reference position can be
20 _ | calculated from this signal and the referenée position
signal 23. | |
In this case, the améunt of rotation of the
polygon mirror 12 increases in proporticn to its velocity,
and the same thing can be said for the amount of movement of
25 the X-axis robot 5. On the other hand, in the height
detection sensor 8 of the fourth embodiment, it is

presuprcsed that the polygon mirror 12 rotates and the X-




Step 542: The processing.area is internally sanpled to obtain the center of
t he conponent 120, and a 20 product of inertia and a second nonent of
inertia around the center of the conponent 120 are obtained for the

obtai nment of the inclination. That is, the pattern of the 0dz0 is
approximated to an ellipse, and the major,.axis thereof is détermned as the
I nclination of the conponent. 25 120. St 543: The position of the

hem spheri.cal bunp el ectrode 12Ca is estimated th + ~: e bass of the’

oos_t _cn nd 24 March 2005 93 posture of the conponent 120, and a snal
region is set. Fcr the shape informatics of the conpetent 120, there are
preparatorily stored the .body size of the conponent 120, the nunber of

nem spher i eal sbumpoel sctindasl§ Ag0es une Shpes: ohg! bk Nemisphenical bump |
el ectrodes 120a, the dianeters of the henisp%erica bu%p e ect§€%§?’120a,

and i nf or g&Fhonwighui redsfant cateldaitiyng t heg peBkEbON-yR@I €& Kach -
—individual hem spherical bunp el ectrode 120a exists. Step 544: The

posi ti ons ©fSAFASFAE, héwiesphere caksol0t bonp (elielr adess)120ar ap@xe0r ect | y
det ect ed. IQ connection with the above-nentioned center detection and

i ncl i nat i o Bet@CtiZOR 6L e Corformat dPoect Fmys. c86Ahe36Bigand 136G | |
be gescribgd. .

0" be captured is to vary according to the fluctuation in
velocity. This is an error factor in terms of measurement
accuracy. Therefore, ip the electronic component mounting
apparatus of the fourth embodiment, the height image is
captured into an image memory 34 (see Fig. 33) located

10 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 o¢f the
operation of the polygon mirror 12 +that is rotating
basically with constant velocity with the operation of the

15 head section 7 drivgn by a motor such as a servomcter, 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

20 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 secticn controls
the position of the head section 7 of the electronic

25 component mounting apparatus via, for example, =a servo

contrxoller 32 and executes the suction of the electronic

component 120, transport of the electroanic component 120,



In Fig. 36A, the processing area determined by the 15 size of the
conponent 120 is expressed by. a window. In Fig. 36B, the processing area
is internally uniformy sanpled in the X-direction'"and the Y-direction at
predeterm ned steps, thereby obtaining the center and incli [ he
conponent 120 as shown in Fig. 36B by a R0 cross. In Fig. g@@?bpﬂhﬁéoé'
position in which each individual K hem sptrerical bunp el ectrode 120a exists
is estimated by wusing the center and inclination of the conmponent 120 and
. the conponent shape information. transmtted fromthe nain 25 control
section 31, and a small region including only one hem spherical bunp

el ectrode 120a is Set: This small region. 1is sanpled to detect the center
~Csiticn ofarti heou4 iMar CBr2008e 94e hert SRNEY | Gl el gsprode, 120a. Fig.
37 shows a hei ght neasurement region. This is an 8-bit image rE%io € and

t her ef ore, P25 rdenuierairei ®al ues ranging fromO up to 255 can be handled as
hei ght data. 5 According to the present enbodi nent, the hei ght coordinate.

axis is set in the dilectsbapérdmfolreaehjpact (i heehghght pogt et ion
sensor and the reference plane of the height neasurenment is éxpressed by
the nuneri o9y gepsh, 128e hymberhefshkeisphenhyehi enee. o Jhe: maldes 2oz, 0 and
255 are us%d 10 as the height data for expressing the error that "height
datd i s not-"CordeaiPhM ki hea" hermispheriické. bassumleg trbale itte,r esad ut i on
in the direction q eight is 10 Eun, the neasurable region becones about
9 ¢ :
-1 2 mm ©2-tch o the Tiemispherical bump electrodes 120z, and sc 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—poft memory 45 and
10 stored into a work memory 44 of the image processing centrol
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 via the 2-port
_15 memory 45 and used for correcting calculation of the
position (¥, Y, ©) 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 exXecutes positional control of the
20 X-axis, Y-axis, 6-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 o the above information

B 1Y



|5 bu 20 25 A volunme detecting procedure of the hem spheri cal elect rode
120a QFII be described next with reference to Figs. 38A and 38B. In Figs.
38A and 36B, there are v: sum of heights of hem spherical bunp electrodes

R radius of hem spherical bunp el ectrode 120a, 8: cCriqty at
&ﬁ?gh | aser beam reflecfed on hem spherigal bunp electrode2%£@§kg§%ﬁgg
received by PSD, r: radius of circular.régﬁon made when PSD L
lig' rt-receiving critical angle is projected on X-y piar.e, H{X, ':):
hei ght data _~ point (X YY),

and used for measuring the start timing of taking in the

height data into the image memory 39.
In the height detectibn sensor 8, the light-
receiving system for measuring the laser beam reflected on
5 the component 120 includes two svstems (a channel A and .a
channel B) taking a variation in reflection of the lasér
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 éccuracy, 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 intoc 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 referencé clock (CLK) required for writing the
height data intc the memory, generates a“ horizontal
20 synchronization signal (HCLR) required for taking in the
height data on the basis of the polygon surface origin
signal 20, and inputs the signals intc the image processing

control section 21.

The image processing control secticn 21 converts
25 the digitized PSD signal from the height detection sensor 8
intc 8-bit height data in a height calculating section 36.

A channel selecting section 37 comparas the height data of



24 ‘March 2005 95 10 (X, Y): sanpling point in small region, and (Xc, Yc): -
center coordi nates of hem spherical bunp el ectrode 120a obtai ned through
processing of Fig. 36C. The procedure is conprised of Steps ,551 through
S59 shown in Fig. 38A. Step 551: Y-address is initialized t e ) hiesogdown
in Fig. 38B, and there is set V = 0. Steg) 52; X-address .is initralized to
Xmn as shown in Fig. 38B. Step 553: A décCision is made on (Xc-X)Z +
(Yc-Y)Z <r2. If this expression is satisfied, then the program fl ow
proceeds to Step 554. If this expression is not satisfied, the sanpling
point (X, Y) is to be located outside the region of the bunp el ectrode
120a. Therefore, the height 15 data H (X, Y) at such a sanpling point is
not added t®h&/, twthdSYSleems ogrhantid ovh prrat eddmral e iS85 ca3eR 334 jThe
"sanpling point {X, Y) exists inside the region of the radius r about (X c,
Yc}, and t hetek of 0et h@ HeiSfite Hadt ate (Xelyhtowmed byhdthi ssspaptbngapai n*
X, . ) .
( the higher certainty in accordance with each timing. For
example, 1if a division by zero occurs in 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 value of the
channel B is selected. If both the channels exhibit the
abnormal values of 255, then the numeric value of 255 is
10 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 cutputted from the channel selecting secticn 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 verticai
20 synchronization signal (VCLR), and inputs the signal as a
height data taking—in start signal into the image memofy 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 tha: is the object to be
recognized. The program is stored in the program memory 41.

,.r } 1 > . ) . N .
The shape information {(external heigh%, axterrnal width,




Y) 20 is highly accurate. Therefore, the height data H (X, Y} is added to
V, thereby updating V. Step 555: P_ predetermned increnent Sx is added to
t he X-address, thereby updating the X-address. That is, the sanpling point
is shifted by one address Sx ir. the X-axis 25 direction. St '
processes of Steps 553 through S55 w || repeated while ié%?gggﬁh%aﬁﬁe
increment 5x until r_h= 24 March 2005 96° X- address exceeds the nmaxi num
val ue Xmax. Step 557: If the X-address exceeds X. ~nax, then a predeterm ned
increnent Sy is added to the Y-address, thereby updating the Y-address.
That is, the sanpling point 5 is shifted by one address Sy in the Y-axis
direction. Step S58: The processes of Steps S52 through S57 wl-l be ,
repeat ed weKternadr eegithg tthe numberertt BeruRbik-the:Y-addressexcgads the
nmaxi num val ue Ynax. |f ‘the Y-address exceeds Ynax, then the programflow
proceeds t &hSt & RI.ex1 (> St Bipe S5@mi Bynemi¢i pllyicng YVitbatoks, t hReSHMLf the
hei ght data of all the sanpling points by an unit area per sanpling point,
the vol une%3f the" beMs Sehesicade um ticobtadiasd. aAdshapeceayal watd ngs
(shape recogni zi ng) .procedure 15 _of the hem spherical bunp el ectrode 120a
wll be de§%PFBQ§'ﬁthQFQW@F§ﬁSEIt5EFF§§?SSQK ahd 89Bctronic component

5 120 are transmitted from the main control section 31 via the
2-port memory 45 prior to the height image input. The
pecsiticonal detection oﬁ 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 storiﬁg

10 the shape information and the intermediate result of the
object to ©be recognized in executing the ©pesitional
detection of the object to be recognized.

Fig. 34 shows a ccmponent mounting procadure by
means of the height detection sensor 8.

15 Next, reference wi}l be made to the- steps (S31
through $37) shown in Fig. 34.

Step S31: The component 120 is sucked by the

nozzle 7a (head section 7).

Step 532: 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 veclumes of the hemispherical bump
25 electrodes 120a of the component 120 are detected.
(For the detail, see Figs. 38A and 38B.)

Step $535: It is decided whether or not each volume




20 25 In Figs. 39A and 39B, there are E:'shape eva!uation'value of
henisphericgl bunp el ectrode 120a R radius of hem spherical bunp el ectrode

120a 8:

critical angle at which |aser beamreflected. on heni spheri cal

bunp

el ectrode 120a can be received by .PSD, r: radius of circul ¥y ME%I’P d@de

when PSD light-receiving critical angle Eazprojected on X-Yplane, Hpo:
theoretical value cf height at point !X

4 March 2005 97 H (X, Y):

. measured height data at point (X, Y}, (X, Y): sanpling point in small

regi on,

10

15

20

25

and

of the hemispherical bump electrodes 120a is normal.

Step S36: When all the slectrodes are all normai,
the component 120 is mounted in the specified position of
the printed board 9.

Step $37: When the volume of at least one of the
hemispherical bump electrodes 120a is abnormal, the
component 120 is not mounted and disposed of.

Fig. 35 shows @ position detecting procedure of
the hemispherical bump electrode 120a of the cemponent 120
according to the height data.

Next, reference will be made to the steps (S41
through S544) shown in Fig. 35.

Step S41: The processing area is determined
according te the size of the component 120,

‘The size in the X- and Y-directions of the
pProcessing area is set, for example, two timés és large as
the size of the component 120 on the screen,

Step §42: The processing area 1s internally
sampled to obtain the center of the component 120, and a
prodﬁct of inertia and a second moment of inertia around the
center of the component 120 are obtained for the obtainment
of the inclination. That is, the pattern of the component
120 1is approximated to an ellipse, and the major axis
thereof is determined as the inclination of the component

120,

Step S543: The position of the hemispherical bump

alectrods 120a is estimated on ths basis o gsiticn and

h

=1
_0e

3



(Xc, Yc): center coordinates of hem spherical 5 bunp el ectrode 120a
obt ai ned t hrough processing of Fig. 36C. The above Hpo is the theoretical
val ue when * _he bunp el ectrode 120a is assuned to b2 a hem sphere. The

shape cones closer to the hem sphere as the difference bet n '

t heoretical value and the neasured val ueG@oproaches 10 Zer‘(’)‘%ﬂgl%%ﬁZOOS
procedure is conprised of steps (Steps S6TF t hrough-S69) shown in Fig. 39A
Step 561: Y-address is initialized to Ymn as shown in Fig. 39B, and there
is set E=0. Step 562: X-address is initialized to Xmn as shown in Fig.
39B.. Step S63: A decision is made on (Xc-X)2 + (Yc-Y)Z <rZ |If this
expression is satisfied, then the program flaw proceeds to Step 564. If

this expregsssomre SonNothe atdmighdesht 202 ¢ hey sanpl i ng pai 3F&.?< Y).ls to be
| ocat'ed outside the region of the bunp el ectrode .1]28‘laé.g eret ore,” the

hei ght data H (X VY)Fat sheh shspephinfgrpaiAbni %ﬁgﬁﬂée%%‘r&%p%%i tted, from
t he obj ect of the shape evaluation, and the program fl ow pfoceeds 10 ‘Step

565. 25 StEpEB64:afdhe pasphiagopbint EXor¥ exhst Spolisi dg jthe regiqn. of the
radius r about (Xc, Yc), and therefore, t'ie height data H (X, Y) Owmed b*J
~~hi S SamFIMRPIPVitht 12X, 'tjel number of hemispherical bump electrcdes
5 120a, the sizes of the hemispherical bump electrodes 120a,
the diameters of the hemispherical bump electrodes 120a, and
information required for calculating_gpgipqsition where each
individual hemispherical bump electréd;.IQOa 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 processiné area 1is internally
uniformly sampled in the X—direction”éﬁa tﬂe Y~direction at
predetermined steps, thereby obtaining the center and
inclination of the component 120 as shown in Fig. 36B by é

20 Cross. |

In Fig. 36C, the position in which each individual
hemispherical bump elsctrode 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 slectrode 12Ca is set. This small region

is sampled to detect the center wpositicn of the



24 March 2005 98 10 is highly accurate. The height theoretical value Hpo is
obt ai ned on the basis of the height data (X, Y) as shown in Step S 04, and

t he absol ute value of the difference. between Hpo and H (X, Y)

i s obtained.

This value is added to E, thereby updating E. Step 565: A p%gqﬁgﬁgﬂ%@@g

increment Sx is added to. the X-address, thereby updating t

That is, the sanpling point is shifted tn?40:.~e address Sx in the X-axis
direction. Step 566: The processes of Steps S63 through S65 will be
repeated while increasing the increment Sx until the X-address exceeds the

maxi mum val ue Xmax. Step 567: If the X-address exceeds Xmax,

then a

predeterm ned increfent Sy is added to-the Y-address, 15 thereby updating

the Y-addressisghatitsi bl S AELP0I Y, i s shifted by one
the Y-axis directior_.

address Sy in

Fig. 37 shows a height measurement region. This

1s an 8-bit image region, and therefore, 256 numeric values

ranging from 0 up to 255 can be handled as height data.

5 According to the present embodiment, the height coordinate

axis is set in the direction from the object tec the height'

detection sensor and the reference plane of the height

measurement is expressed by the numeric value of
the sake of convenience. The values of 0 and 255
10 as the height data for exXpressing the error that

128, for
are used

"height

data is not correctly obtained" or the like. Assuming thaf

the resolution in the direction of height is 10

measurable region becomes about + 1.2 mm.

um, the

A volume detecting procedure of the hemispherical

15 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,

20 R: radius of hemispherical bump electrode
120a,

6: critical angle at which laser bean
refiected 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,



Step 568: The processes of Steps 562 through S67 will be repeated while

i ncreasing the increment Sy until the Y-address exceeds the maxi mum val ue
Ymax. |f the Y-address 20 exceeds Ymax, then the program fl ow proceeds to
Step 569. Step 569: The value E that is the sumof the absol Hﬁaﬁ?*f@&SOf
the differences between Hpo and H (X, Y) all the sanpling points becones
t he eval uation value of 25 the shape of t bunmp el ectrode 120a. It is
preferable to execute the volune detection and the shape eval uation of the
b~unp el ectrodes 120a of the el2CtrC. ~.1c ccnoonent 120 1n do i'' _t2rV31
frCaf'~ tfl? SUCK1l:.C7 thO 24 March 2005 99 5 el ectronic conponent 120 by
the r.o_zle 7a (head section 7) fromthe conponent supply sectieon~ of the

el ectroni c conponent(Xyount:i ng sappArialigupctiott e waunti RG49bAt hgngl ectronic
conmponent 120 on the printeoard 9.

(Xc, Yc): center coordinatas of hemispherical
bunp electrode 120a obtained through processing of Fig. 36C.

The procedure is comprised of Steps S51 through

5 S59 shown in Fig. 38A. |

Step S551: Y-address is initialized toc Ymin as
shown in Fig. 38B, and there is set V = 0.

Step 852: X-address .is initialized to Xmin as
shown in Fig. 38B,

10 Step 533: A decision is made on (Xc-X)2 + (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 cutside 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 S555.

Step S54: The sampling point (X, ¥) exists inside
the region of the radius r about (Xc, Yc}, and thereforé,
the height data H (X, Y) owned by this sampling point (X, ¥)

20 is highly accurate. Therefore, the height data u (¥, Y} 1is
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 addresé SXx in the X-axis

25 direction.

Step S36: The processes of Steps S53 through S55

will be repeated while increasing the incrament 5x until the



Wth this arrangement,. the defect such as the dropout of the bunp
el ectrodes 120a of the electronic conponent 120 occurring when
transporting the electronic conponent 120 in the interval fromthe

el ectroni c conponent manufacturing process to the el ectroni ) |
- assenbling 10 process can be found innedgg%ely before the né%#@@ﬁgpg¢@§he

el ectroni c conponent 120 on the printed rd 9. Therefore, the defective
conponent can be disposed of .and only the nornal electronic conmponent 120
can be mounted on the printed board 9, so that the reliability of the
el ectronic |S conponent assenbly can be inproved. Furthernore, the height
detection sensor B can capture-the two-di nensional height inmage data of ,
‘the obj ect Xppcagesagerheedsj ebe tBaimexarnples Ehegtroni c conponent) in the
direction perpendicular to the scanning direction of the 20 |aser beam or
movi ng the hei ght deffé@P ohvbenddr the tXeaddrelss eekandperngrngi cthed Lo t he
-scanning direction of the, |aser beamwhile linearly scanning tl”. e | aser
beam on a BSRESCRERLPEHal IBEFATMGRE | Se By t Badpdl ygon mher o¥-aadrkss, ot her
el ectroni ¢ conponent

vor ds. Uhe el gy, Lange of, Lhe boltampartign of the, electionc compe

2 he ont . 4R ERBoBn80 0kr Bati % SBncoF WRRTeS oBLaRRE AL he hel ght

Surface (1o examl oo bhe Batt o SUPFACECSh St e CoRsenc CHRFTFheghhari |y

| ocat ed inw&ldib@CEEBQaE§Hp§H§h@U&ﬂErEQsRHS tﬁer§£8£gﬂggtsg§f§§§il the
Y-address exceeds the maximum value ¥Ymax, If the Y-address
exceeds Ymax, then the program flow proceeds to Step S59.

10 Step $538: By multiplying.V that is the sum of thé
height data of all the sampling points by an unit area per
sampling peoint, the volume of the bump electrode 120a is
obtained.

A shape evaluating (shape recognizing) procedure

15 of the hgmispherical bump electrode 120a will be described

with reference to Figs. 39A and 39B. |
In Figs. 392 and 39B, there are
E: shape evaluation value of hemisphericél

bump electrecde 120a

20 R: radius of hemispherical bump electrode
120a
6 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,



As descri bed above, according to preferred enbodi nents of the present
invention, the plurality of bunp. electrodes arranged on the bottom
- portion of the electronic conponent can be totally neasured, and the

vol ume and/ or shape of each individual hunp el ectrode can @@*§$géb
detected, so that 10 the el ectronic conp nt can be determ‘e %ood
or no good. Inmmediately before the nounti‘ng of theelectronic conponent on
the printed board, the voiu.*no detection and/or shape recognition of the
bunmp el ectrodes, that is, the 15 connection portions can be achieved. Wth
this arrangenent, the defect 'such as the dropout of the bunp el ectrodes of
the electronic conponent occurring when transporting the electronic
conmponent f#om the ‘el ectronic conponent nanufacturing process to the

el ectronic conponent assenbling 20 process can be found i medi ately before

the nounting of the Helct ¥oni cezomreenie ot g Har izt ed ibearg. . yTherefore,
the defective conponent can be di sposed of and only the normal electronic
conponent can be nount¥ed Yon t heamglitned padartd insemalliategtike, r ahizabi l ity of
the el ectronic conponent assenbly 25 car. be inproved. recording to the
conmponent recogni zi ngt¥fet F6d :ofcentie=  pbardingyesf fp Bkectphdescal
arr%pged cn the ~:;.to.;, 24 NMarch 2005 101 portion of the electroni.c
conponent CHAFLEEGEEPAS ARSauPRE2InaAdt EAeugD| Brecess Bagho F nEtiyi difd. bunp
el ectrede AR bgb %orrgctly;det cted, so that the amount of sol der
constituting t he“Bu PRctrodetar  Fhse tGidimal aviadeey whegvakbat edumghen,

Component | £6 55 SRR uhen S SEHE ol oS8! njeBESPEe By Mbcerases
detected bychie coifanesnt rﬁ@gﬂgﬂigghggéhoa% dggg rc]ioltfffe%:lelncvgt tiatnwégr?
this theoretical value and the measured value approaches
10 zero.
The prccedure is comprised of steps (Steps 561
through $69) shown in Fig. 393.
Step S6l: Y-address is initialized to Ymin as
shown in Fig. 39B, and there is set £ = 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)?
< r?. If this expression is satisfied, thén the program flow
proceeds to Step S64. If this expression is not satisfied,
20 the sampling point (X, Y) is to be located outsiae th.e
region of the bump electrode 120a, Therefore, the height
data H (X, Y) at such a sampling point is ignored and
omitted from the object of the shape evaluation, and the
program flow proceeds to Step S$65.
25 Step S64: The sampling point (X, Y) exists inside
the region of the radius r about {Xc, ¥c), and therefore,
the height data H (¥, Y) owned by this sampiing polnt {X

;X



10 predeterm ned range of reference, the electronic conponent can be
correctly determ ned to be good or no good. Imrediately before the nounting
of the electronic conponent on the printed board, the volunme detection of

the bunp electrode, that is, the connection portion can be C 'Eﬁﬁg'
Wth this arrangenent, the defect such as_the dropout of t %@“ﬁ'

el ectrodes of the el ectronic conponent d%%urrlng when transporting the

el ectronic conmponent in the interval fromthe el ectronic conponent

manuf acturi ng process to the electronic conmponent asset.nbling process
car, be found 20 in the assenbling process for nounting the electronic
conponent on the printed board. Therefore, the defective conponent can be

di sposed ofisang LhepreEpal t pani onent _ can_b nDunted on the
printed boar d, é%ﬁ%%al the re|,2§9$|?% 3& “t he %&ﬂqé;l id

assenblin b&a1h@d 2n | o] ng .t h nent [.eco
et hod. t%g o m Qﬂ’é%jls ASE Egé Hatb 955 a%ghnpjgogg' 1@ ﬁgw

electronlc*nonﬁbaﬁntsaaﬁ bﬁmiotablyaggg§ﬁggd,vgﬂgth§=sh BE e@?%nc
i ndi vi dual bunp el ectrode can be correctly detected, so t it g of

sol der cor Setwaehngpor ergurtp & ectyode Qﬂjtalleleq;uantmt@t uyae_hye eyal uaﬁgg
Then, by adopting the conponent inspecting nmethod for determning t
eleétronlct@oﬁpogéﬁrepﬁ bedabhogn@l when the shape of any of its bunp
el ectrodes detected b¥ thgsgq onent recognizipg met hod faITIs~outside t he
~ predet er ni ned ep : 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 K-axis
direction.
10 : Step S66: The processas of Steps 563 through 3565
will be repeated while increasing the increment Sx until the
X~address exceeds the maximum value Xmax.
Step S67: If the X-address exceeds Xmax, then a
Predetermined increment Sy is added to the Y-address,
15 thereby updating the Y-address. That is, the sampling point
is shifted by one address Sy in the Y-axis direction.
Step 568: The processes of Steps 562 through Ss67
Wwill be repeated while increasing the increment Sy until the
Y-address exceeds the maximum value Ymax. If the Y-address
20 exceeds Ymax, then the program flow proceeds to Step 569.
Step S6%: The value E that is the sum of the
absolute values of the differences between Hpoo and H (X, Y)
of all the sampling points becomes the evaluation wvalue of
the shape of the bump electrode 120a.
25 It is preferable to execute the volume detection

and the shape evaluation of the bump electrodes 120a of the

electronic component 120 in an intarval from “he sucking

et
=
oyt
1



range of reference, the el ectronic conponent can be 10 correctiy det er ni ned
to be good or no good. Imedi ately before the nounting of the electronic
conponent on the printed board,. the shave eval uation of the bunp

el ectrode, that is, the connection portion can be achieved.é¥Y&?i§ﬂ2§05
arrangenent, the defect such as the 15 d&ﬁgout of the bunp ete f of
the el ectroni c conponent occurring when tfansporting the el ectronic
conponent in the interval fromthe el ectronic conponent nanufacturing
process to the el ectronic conponent assenbling process can be found in the
assenbling process for nounting the electronic 20 conponent on the printed

board. Theegber=pnlilke cieipRtidnte TDOPBYE R £ a0, be) i ?QOS(%%%I{ gggtp(guéy7§A-e
r_ormal el ectronic component car. be mounted on the printed beard, so'that

the reliabifkbiy ehet hecgberérNi SLpHOYPOBERE 1 asserbl Lag can bgy | ved. 25
Each of the above-descri bed enbodi nents can be conbi ned m??h g%égg%gnog t he

other e."i borlboreas | moamadndanceppatdbuthe cour poses PELUSeSs 2% Margh
2005 103 Although--the present invention has been fully deséri Bed in
. connect i onedethrohécprefponedt ehPOdonenhe pi-hereef pwaldy reference to the
acconmpanying drawings, it is to be noted that various changes and
nodPfications are 5 Hpphrebbiso athuseyakent od e t kR fafdt Sueh changes. and
nodi fications are to be understood as included within the scope of the
present i nYEPPPOR oBL defithedBiP t Il egfpondlesl 2Gd noiinlwss tdievcidepard
t herefrom : ‘
component 120 occurring when transporting the electronic
component 120 in the interval from the electronic component
manufacturing process to the electronic compbnent assembling
10 process can be found immediately before the meunting of the
electronic cecmponent 120 on the printed board 9. Thereiore,
the defective component can be disposed of .and only the
normal electronic combonent 120 can be mounted o©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 cdetecticn sensor in the
direction perpendicular to the scanning direction of the

laser beam while linearly scanning the laser beam on a one-

dimgnsional straight line by the polygon mirror 12. In
other words, the height image of the bottom portion of the
electronic component having a plurality of bump electrodes
in the bottom portion of the component can be captured és

two-dimensional height image data by means of a height.



24 March 2005 104 CLAIMS: 1. A conponent recognizing nethod conpri sing:
wi thin a height nmeasurenent region capable of being 5 detected by a hei ght
~detection sensor for detecting a bottom portion of an el ectroni c conmponent

and no ot her noise objects, capturing a height inmage of theé%ﬁﬁﬁgﬂggééion
of the el ectronic conponent having a pl ug éity of hem spherica unp
el ectrodes in a bottom portion of the coﬂg nent as two 10 di nensi-onal

‘hei ght inage data by neans of the height detection sensor, containing a 3D
sensor, while obtaining the height inage data of the bunp el ectrodes
relative to a reference surface and imaginarily located in a direction

per pendi culdytdar idie sehebencaisiy f 8peasHbhectimy hae e ght i LIpge data

to software processing; thereby extracting individual‘bunp‘e? ttrodes 97 om

the hei ght tneageutst azl aptirdeéectdmy ol fams OEatﬂéQlee’i”%E)t egd individual

-bunp el ectrodes by separately summng up all height I mage data of" o

extracted isudifdcdual fdminpxemptel, odthe ZooTHem C @GR 5§cgg@i zac%cr;?etphﬂd as
0

claimed in claim1l1, wherein the detection of the volunes t he bunp

el ectrodes aofi tiveglrectilgni bocanpdngnt ai sliexeniiiad MéibbAcaRyLpEeeyal 125
from when the el ectronic conponent is sucked froma conponent supply B
"sec®i on byraisgence sfurdircsl.ectroni ¢ conponent nounting apparatus to when. -

the el ectronic %on%pnent I S nqgnted on a board. 30 3. The conponent
recogni zi ng met hdd oxE CEILRSTe RRIVR aPREPYEANg thepuRferredhanud idaiaas i on

sensor capbfir epet & el i hei ' ta b, ving .the .
electronigb e ”Eﬂ%éﬁﬁébn, éﬂg bﬂﬁgglq%y oy ggmp %lectrodes
arranged on the bottom portion of the electronic component

- can be totally measured, and the volume and/or shape of each
individual bump electrode can be correctly detected, so that

10 . the electronic component can be determined to be good or no

geod.

Immediately before the mounting of the eLectrdnic
compenent on the printed boérd, the volume detection and/or
shape recognition of the bump electrodes, that is, the

15 connection porticns can be achieved. With Ehis 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 oenly 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 compcnent racognizing methed of,

thea plurality of bump electrodess 'arrangéd cn ths hottom



24 March 2005 105 conponent .in a direction perpendicular to a scanning
direction of a |aser beamor noving the height detection sensor in the
~direction perpendicular to the.scanning direction of the |aser beamwhile

“linearly scanning the 5 | aser beamon a straight line. ' 4. @%gaﬁgﬁgg
i nspecting nethod for evaluating the elegbionic conponent as abnof - when

the volune of any bunp el ectrode detecte y the Conponent recognizing
‘method ]0 clained in any one of clains 1 through 3 does 'not fall within a
predeterm ned range of reference. 5. A conponent) nounting method for
mounting on a board an el ectronic conponent that is not eval uated as
abnormal by 15 the conponent inspecting nethod clained in claim4. 6. A

conponent rgoogig:zio) et hode COMmiicS iddhp ot B3 Rei ght syrement .regi on
capabl e of being detected by a hei ght dgfggtionaseﬁgoggrggggeﬁgnghﬁaa

bottom 20 perd i Gheofvalumd ectfr ovdch COABONEALa 8N Y, OLheL-DQlise afyj egLs,
capturing a height image of the bottom portion o.f 'the el ectronic conponent

having a plerereatlovf Hemespheri cato burgnael ectredesandinge botdrom g hien of
t he conponent as twodi nensional height inmage data by means of the height 25
~detection S&ISOtWomai ity DBW senbort rade | ecabt abai ngqubheibetghe1i,mage
datq%of the b el ectrodes relative to a reference surface and imaginarily
| ocat ed in & ‘on perpendicular to the reference surface; and
subj ecting the height_inage data to, software processing; 30 thereby
% £
Then,” by adopting the component inspecting methed
for determining the electronic componert to be abnormal when
the volume of any of its bump electrodes detected by the
component recognizing method does not fall within the
10 predetermined range of reference, the electronic ccmponent
can be correctly determined to be good or nc gocd.
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 cﬁmponent
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 dafective
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

4 11,
1 es e - 1 1 i

Tirzilty af humn 2] srtrodes arvaoczsd me Fha s b a ek oA
M s T = 1 R S T s e B .



extracting individual bunp el ectrodes fromthe hei ght 1 mage data; and 24
. March 2005 106 detecting shapes of the .extracted individual bunp
el ectrodes by extracting outer shape .data fromthe hei ght inage data at

each of the individual bunp electrode. 5 7. The conponent r ni_zi
met hod as clainmed in claim6, wherein thgogetection of shapgépg?nﬁnggﬁnp

" electrodes of the electronic conmponent - i:

xecuted within an interval from

when the el ectronic conponent is. sucked froma conponent supply section by
a nozzle of an el ectronic conponent 10 nounting apparatus from a conponent
supply section to when the electronic conponent is nounted on a board. 8.

The conponegs ¢e£0gniZing,

hei ght detection sensor

t L.oed. | Lm 6 7, wh inth
el o Bt Bl WbTTCo B, Raner DHaF SAE IR gk e o

by nmoving the el egkr Qi & CORAARARt SN By

scanning direction of a

[ regtion perpendicular to a_
aser beam or nﬁ@énﬁﬁrﬁgrﬁgﬁbhF“aeﬁ@%tF@ﬁ%ﬁ%ﬁkﬁ in

the directi engi t anm jrection of the |aser beam
S S ny Thae 20T aSErPBodin OF St (A G- 1 oA obFR, bunp

while linearly scanning the

aser-pbeamon a s

- conponent  igleRaciddrg ot el i tel eaRNIE KAMANSN . as abnormal when the
shape of any bunp - - )

5
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Then, by adopting the component inspecting method
for determining the electronic component to be abnormal when
the shape ¢f any of its bump electrodes detected by the
compenent recognizing method fails'outside the predétermined
range of reference, the electronic component can be
correctly determined to be good or no good. |

Immgdiately before the mouﬁting ¢ the eiectronic
component- on the printed board,.the shape‘evaluation of the
bump electrode, that is, the connection portion can 'Ee
achieved. With this arrangement, the defect such as tﬁe
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
component on the printed board. Therefore, the defective
component can be disposed of and‘only the normel electronic
component can be mounted on the printed becard, so that the
reliability of the electronic component assembling can be
improved.

Each of the above-described embodiments can be
combined with any one of the other embodiments in accordance

with the purposes or uses.



el ectrode detected by the conponent recognizing nethod 25 clained in any
one of clains 6 through a falls outside a predeterm ned shape of reference.
10. A conponent nounting nmethod for nmounting on el ectronic conponent that
is not evaluated as abnormal by 3 evaluating the a board anéﬁ&é&bﬁgaggnent
inspecting nmethod clained in claim?9. qa 24 March 2005 11 component
recogni zing nethod as clainmed in claiml Br 2, wherein the height

measur ement regi on of the height detection sensor is linmted so that a

noi se object that exists behind or near the bottom portion of the

el ectronic 5 conponent and reflects the light is excluded fromthe height
measur enent reglon o %ﬁe refI |on Ilght to be detected by the height .
det ecti on sensor. |2PH§nﬁéPﬁodh%§ Hedgmeduildycl ai m

6 ‘10 or 7deg/@1eﬁ§é({l ti}? hgérg_pécﬁeoa}{surwei%nt eegl opnreogertrréed hei ght

embodiments

thereof with reference to the accompanying drawings, it is
to be noted that wvariocus changes and modifications are
5 apparent to those skilled in the' art. Such changés and
modifications are to be understood as included within the

scope of the present invention as defined by the appended

claims unless they depar.t therefrom.



detectfon sensor is linmted so that a noise object that
near the bottom portion of the electronic
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exi sts behind or
conponent and reflects the

l'ight is excluded-fromthe height neasurenment region of the reflection
light to be detected by 15 the height detection sensor. 24 March 2005
104
CLAIMS: -
1. A component recognizing method comprising:

within a height measurement region capable of being
detected by a height detectibn sensor for detecting a bottom
portion of an electronic component and no other noise
objects, capturing a height image of the bottcom portion of
the electronic component having a plurality of hemispherical
bump electrodes in a bottom portion of the component as two-
dimensional height image data Aby ﬁeans of the height
detection sensor, containing a 3D Sensor, while obtaining_
the height image data of the bump electrodes reiative te a
reference‘ surface and imaginarily located in a direction
perpendicular to the reference surface subjecting the height
imaée data to software processing; thereby

extracting individual bump electrodes from the height
image data; and

detecting wvolumes of the extracted individual ‘bump
electrodes by separately summing up all heiéht image data of

an extracted individual bump electrode.

2. The component recognizing methed as claimed in claim 1,
wherein the detection of the volumes of the bump electrodes
of the electronic component is executed within an interval
from when the electronic component 1is 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.

3. The component recognizing method as claimed in claim 1
or 2, wherein the height detection sensor captures the two-

dimensional height image data by moving the electronic
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component in a direction perpendicular to g3 scanning
direction of a laser beam or moving the height detection
sensor in the direction pPerpendicular to the scanning
direction of the laser beam while linearly scanning the

laser beam on a straight line. -

4. A  component inspecting method for evaluating the
electronic component as ébnormal when the volume of any bump
electrode detected by the component recognizing method
claimed in any one of claims 1 through 3 dees not falil
within a predetermined raﬁge of reference.

5. 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 4.

6. A component recognizing method comprising: _

within a height measurement region capable of being
detected by a height detéctidn sensor for detecting a bottom
portion of an electronic component and no other noise
objects, capturing a height image of the bottom pertion of
the electronic component having a Plurality of hemispherical
bump electrodes in a bottom portion of the component as two-
dimensional height image data by means of the height
detection sensor, containing a 3D sensor, while obtaining
the height image data of the bump electrodes relative to a
reference surface and imaginarily located in a direction
perpendicular to the reference surface; and

subjecting the height image data teo software processing;

thereby

extracting individual bump electrodes from the height

~image data; and
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detecting shapes of the extracted individual bump
electrodes by extracting outer shape data from the height

image data at eath of the individual bump electrode.

7. The component recognizing method ag claimed in claim.s,
wherein the detection of ‘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 compenent is mounted on a board,

8. The éomponent recognizing method as claimed in claim ¢
ox 7, wherein the height detection sensor captures the two-
dimensional height image data by wmoving 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 scanniﬁg
direction of the 1laser beam while linearly scanning the

laser beam on a straight line.

$. A component inépecting method - for evaluating the
electronic component as abnormél when the shape of any bump
electrode detected by fhe component recognizing method
claimed in any one of claims & through 8 falls outside a

predetermined shape of reference.

10. A component mounting method for mounting on a board an
electronic component that is not evaluated as abnormal by

the compcnent inspecting method claimed in claim 9.
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11. The component recognizing method as claimed in claim 1
or 2, wherein the height meaéurement region of the height
detection sensor .is limited so that a noise cbject that
exists behind or near the bottom portion of the electronic
component and reflects the light is excluded from the height
measurement region of the reflection light to be detected by

the height detection sensor.

12. The component recognizing method as claimed in claimlﬁ
or 7, wherein the height measurement region of the height
detection sensor is limited so that a noise object that
exists behind or near the bottom portion of the electronic
component and reflects the light is excluded from the height
measurement region of the reflection light to be detected by

the height detection sensor.



