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;e3el #14f2d"6"T #, 1 18 Decenber 2002 DESCRI PTI ON COVPONENT RECOGNI ZI NG
METHOD AND APPPW\\“ CHNI CAL FI ELD *166166* The presef§ pbAMRIA 2982

relates to ajm& cogni zi ng net hod and apparatus for executing
positional d or quality check (good or no good) of connection
portions such as {68¥s and el ect rodes exi sting on the 10 nounting surface
of electronic conponents to be nmounted in el ectronic conponent nounting for
automatically nmounting the el ectroni c cbnponent on a printed board or a
liquid crystal or plasna display panel board, relates to an electronic
conponent nounting nethod for nounting the electronic 15 conﬁonent on a

board on the basis of positional iDESTRERTDINOf the connecmm mmﬂﬂmuwmm&
e

such as the | eads and el ectrodes existing on the nounting
el ectroni c conponent detected by the above conponent recogni zi ngéiset hod and
relates to an el ectroni c conponent nounting apparatus for 20 nounting the
el ect r oni EXEPENENREGRCNRE IHGaMBTHRD: ABLHABFARBEUBhe positi onal

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

exi sting on the nounting surface of the el ectronic conponent detected by

the abovefﬁqﬁﬁygﬂﬂ #18GQgni zi ng apparatus. 25 BACKGROUND ART

Conventionally, wth regard to the conponent recognizing nmethod of this
type, there have beepknewnsent8 DecRMRELN20021:tes to a component

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

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

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

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

25 BACKGROUND ART

Conventionally, with regard to the component

recognizing method of this type, there have Dbeen known



2 various structures. For exanple, there has been considered the one that
applies a visible light to an el ectronic conponent, recei hN
light reflected on the object by neans of a CCD canera aﬁ q%%%@&%ﬁgb?%e
positional 5 detection of the connection portions such as the | eads and

el ectrodes existing on the nounting surface of the electronic conponent.
However, the above-nentioned structure has had the issue as follows. If a
projection or.the tike exists near 10 tRe | eads and el ectrodes existing on
the nounting surface of the el ectronic conponent and the visible light is
reflected on the projection, then the light reflected on the projection or

the like t.ar ra i1 t L9 ef ; t he
| eads, elgg?ﬁb éiQ§H§£$%%§¥$ke.ﬁ%%agﬁéh%ggjeg?%gﬁ S%Et%%eﬁiﬁgﬁgiggﬁggia
noi se for necti.on | OAS Su ek S d e ﬂé3¥¥% Q. be
recogni ze Fﬂfogﬁﬁkigﬁhgheggé%}ggtf%n%ﬁﬁgﬁfkgelé ?gnegﬁsliﬁrg%bgnlzéﬁgés a
lead or an-giRadde. rAGHY NHBedtdidrs 18D RGN K dN@Presey -+
invention to solve the above-nentioned |1 ssue and provide a conponent
recogni zi ng; netdek and appacgbuscenpabl eapd coxseetdy ol P dihal

posi tional 1nformation of the connection portions of an electronic
corfponent dattdutitorr esHghhzi rgnaeptapaciboat ianst hmidh kes | ohat edangarariche 25
connection portions such as |eads and el ectrodes existing on the nounting
surface ofeldwtmidet r opktstonponemt ashewel moagtangel estride coffpordrd
mount i ng nmet hod and appar at us 18 Decenber 2002 3 capable of correctly
mount i ng tHe NI D EWPRBAIGNent on the basis of positional information of
t he connection portions obtained correctly. Fig. 41 is a schematic

perspective view of BOWRY®F/ SERE t2RIERIPIH: FoORGhporditt Ysurita shd athgdvaat us.
In Fig. 41 are sho main b 1 of an el ectronjc conmponent, nountin
ooar ot ue T g TP R BRE ot d) of siiesi b A onbies faked ch Steu RS ANt s-
herei naf t 2 to,be unt e t he pres. tin . r S ra
rd G o s AR AR NS ML S W AR SRPA Al Re B 1Y

serves as1§¥§8€§%e n§&p8$ﬁ$§§§%£OQnEOEth%QEEBEQaQH h%uﬂﬁgﬂ%%héégéd

conponent s on the t a, a head section nozz

sucking ong, of thbe @h-86LEeRbA, COMPRAENtENL | NighfOURLENG-E8E8Teona MtQROt 15
5 on the X-axis side (abbreviated .to an X-axi S robot hereinafter) that

noves the geafksEeiodn afr 7thé 1 hRe XefxessdithecTicon candraonst idddias gpardo of an
X-Y robot, robots 6a and 6b on the Y-axis side (abbreviated to Y-axis
robots hergieaiieh} tredfienbed vhe tiendlsedd,) oaldctnodde ¥ndxithe2( idia.ecti on
and constitute part of the X-Y robot with the Xaxis robot 5, a CCD canera
3A5 and a Heg ghivreRecbioBA oThethef ehékee begomas 9ademoties a fox ntWw: boar d
to be nounted wth the conponents 2. Fig. 2S shows an exanple of the

el ect r oni CUBRYHIMRPL 21eBS hEUFBuASed IRy terdabdue- ARRELSAEES eIt th®ni ¢

conmponent nountin pparatus., This el ectronic conponent 2 has a plurality
of | eads ZERRERTEET el EoRa ERShEHRIRET Lo RS PecERDe Tt B USLY

recognized as a lead or an electrode.
Accordingly, it is an object of the present
20 invention to solve the above-mentioned issue and provide a
component recognizing method and apparatus capable of
correctly obtaining the positional information of the
connection portions of an electronic component without
recognizing a projection or the 1like located near the
25 connection portions such as leads and electrodes existing on
the mounting surface of the electronic component as well as

an electronic component mounting method and apparatus



4 sides of a conponent body 2b, and the lead tips 2c of the |eads 2a are

nmounted on the board 9. In the prior art electronic conp ﬁ?”
apparatus, the CCD canera 3A is used for tmo-dinensionalq??¥§ﬁ |323?9

detection of the electronic conmponent 2 that is the object, and the height
sensor 8A is used for inspecting the floating of the |eads of the

el ectronic conponent 2. As shown in Fig. 42, this height sensor 8Ais to
nmeasure the height of the object at one3 specified point. 10 The hei ght
sensor 8A shown in Fig. 42 is provided with a |aser |light source 8a, a
focusing lens 8c for focusing the reflection light (scattered light) of the
| aser beamt hat, has_been em.tted fromthis.las |ight. source 8a_and

| mpi nges. GIERIE- I B6t e CSopoMERTE 2F haTe) < 1 He Ol b2t CPBPRAGTS O

S

sem conduciiy nasli] on eensliiie e echarotalian aled b PR BaLal o)

of the la e | H Adejlead tip 2c of the el ectronic conponent
21is focu?gg:t roug t%&a%%éﬁgiﬁggigﬁs 8c, the PSD 8d having a 20 function

for generating an el gcdrigl SignalsQUmA ot G Middd g PRSI on Ofpiher
focused light. The prior art conponent recognizing nethod wll be described

nexs on therdasiscforsite ddngwtard nhewing appdraddissequentially from Step
S71 to Step S79. 25 Step S71: The el ectronic conponent 2 is sucked by the

nozzle 7a. Step 572:Idherigqum néhceatreagehadn t e eleint - oty 18 &Ecesnber
2002 5 conponent 2 is captured in the position of the CCD canera 3A. Step
S73: The posictimoniod t heompereéndni cmovnpébngnt 2ppsrdetesct ed dlye@rowessi ng
this | um nance i mage.
components (occasionally abbreviated to "components”
hereinafter) 2 to be mounted by the present mounting
10 apparatus, a tray 4a on which the components 2 are placed, a
tray supply section 4 that serves as a component supply
section for automatically supplying the components 2 placed
on the tray 4a, a head section 7 (nozzle 7a) for sucking one
of the electronic components 2 in a mounting stage, a robot
15 5 on the X-axis side (abbreviated to an X-axis robot
hereinafter) that moves the head section 7 in the X-axis
direction and constitutes part of an X-Y robot, robots 6a
and 6b on the Y-axis side (abbreviated to Y-axis robots
hereinafter) that move the head section 7 in the Y-axis
20 direction and constitute part of the X-Y rcbot with the X-
axis robot 5, a CCD camera 3A, and a height sensor 8A. The
reference numeral 9 denotes a printed board to be mounted
with the components 2.
Fig. 25 shows an example of the electronic
25 component 2 to be mounted by the above-mentioned electronic

component mounting apparatus. This electronic component 2

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



1

Step 574: The programflow junps to Step S78 when 5 no inspection is
executed on the floating of the |eads 2a of the el ectronkgDeesRBec2t022.
Step S75: The el ectronic conponent 2 is noved so that the tips 2c of the
| eads 2a of the el ectronic conponent 2 each consistently come into the
measur enent position of 10 the hei ght sensor 8A, and then, height data of
the lead tips 2c are neasured. In the case of the electronic conponent 2
shown in Fig. 25, the two lines P1 and4P2 shown in Fig. 25 are the height
measurenent lines of the lead tips 2c, and these neasurenent lines Pl and
P2 are, determ ned by the 15 positional detection executed by the CCD

camera 3A. First, the height nmeasuregent of the |g ti 26, of Lside is
execut ed 3iéng Phe 3 i TP ?ﬂ;Fﬁ9%¥ 2§Viﬁ3qré?%02§ g %gﬁfnﬁﬁu§§2§§§s
direction, and after rotatjng the_nozzle by 180, the hei ght neasurenent
of the | eh®@€fp aZ%r%fm?%%kﬁg %?h%¢e§?%%5¥§©éxecuted al ong the second I|ine
P, by noving the nozzle_7a in.t - axi I i on. ke tcagsuMhere the
el ectronic conponenﬁnZ ?%eazj qﬁo%ﬁgné%%gé%ﬁ%ﬁ%eiéﬁ?@oof the | ead t?ps 2C

of the four si ar keapi - veSL95RNtA | MseXecthd ngwa-Hineas iohyement
f our tinegppgkggﬁfé gg&%age, t ee%lectronic conponent 2 are rotated by 90

degrees t 6??1:%5{{3_% RRwad tihe noZzike 7alkerrsHeti comgeaendt € ST is
Positions of three lead tips 2c that are 18 Decenber 2002 6 brought into
contact wihh aptbeeretingaltidragingry sanrdace8Mhien uhedeFert ApaPecEbhponent
2 is mounted on the theoretical imaginary surface are calculated from

t hr eedi neprgieofabapesigt bdnsheXle¥dsZpfothaléleherprad cppRoRent ghd 5 the

i magi nary surface is expressed by an expression. Then, distances, of the

t hr ee- di mensi onal pos tstonen (X ¥igZ) 485 &hist feeiddd 180284 r b Fhe

i magi nary surface, i .e . , the lead floating amounts_are cal cul ated. Step
S?7: 1t | medscirdedtihehidohsr bt tBECIHRIEHO BheSP9 BFFT 0TS n§ atount s i s
exceedi ng a predeterm ned reference value._Wen the |ead fl [ munt i s
ed@eedi ng Thige e it cERPARY 87 eFRIER %th,gthéépﬁggﬁﬁﬁéﬁéﬁgdggggeas to
Step S79. Wien all of the |ead flqat] ount re-npL-exceediAg the

pr edet er midEE T e NP VEF e P2t hé 5%%%?%%%nggrﬁm§%rgégeds fo Step S78.
Step S78: In.the .case r I iq;gﬁﬁgongptgwynlgggﬂm$e§@quhaed to
be inspecf@&qgéi¥¥% +g%%€fﬁ3§F?%%E§§Duﬁi or determ ned as the nornal

conponent ,thr oygh,  herieadd | ¢abhngtamguNt asesperisin, sdired edr onnd
conponent I'S

impinges on the electronic component 2 that 1is the object
15 and a semiconductor position sensitive detector (abbreviated
to PSD hereinafter) 8d that serves as a position detecting
device on which the reflection 1light of the laser beam
impinging on the lead tip 2c of the electronic component 2
is focused through the focusing lens 8c, the PSD 8d having a
20 function for generating an electric signal correlated with
the position of the focused light.
The prior art component recognizing method will be
described next on the basis of the flowchart shown in Fig.
43 sequentially from Step S71 to Step S79.
25 Step S71: The electronic component 2 1is sucked by

the nozzle 7a.

Step S72: The luminance image of the electronic



I

20 nounted in the specified position on the board 9, and then, the

processing ends. Step 579: An el ectronic conponent 2, the hhg
anount of which is exceeding the predeterm ned reference Léaﬁgéej?nt'%’és}ﬁgpgposed

of as an abnornmal__conmponent, 25 and then the processing ends. However, the
above-nentioned prior art nmethod has had the issue that the lead floating

i nspection cannot be 18 Decenber 2002 7 executed by the hei ght sensor 8A
until the lum nance inmage input is execgted by the CCD canera 3A for the
positional detection of the electronic conponent 2 and t he measurenent
lines P, and P2 are determned, every tine the lead floating 5 inspection

is executed, resulting in much tjme required for the pounting of th
el ect r oni CEBPGTENE 25 IR ﬁ@;tg%ep@§ﬁ5éﬁpiGSthﬁepﬁﬁtgé@ﬁ§8r%§A is

he hei ght, of h ified,|ine,
;‘édl”?ﬁ?:;r has FeaS: Dot § 05, M AOTHAL ST Tarnds L eShe SeTRs iy
, i, iability. _Additi. Il v, ti | | i d t
Thepect e A SORCT e e Y st Lo SRR BT eRRer | cal bump.
(hem spherically prq$&§%e§?4gl?ﬁér§g§§r4g0§l Lagﬂggg %g ggggégﬁé f Qggat

the bottom portion o el ectroni nponéen unt'ed on a

prigited by d Ag,showh 14 ’yg Ay e 138 R8RSt HeOn 6L 10 AN
i nspection nmethod by neans of a CCD canera.
the electronic component 2.
Step S75: The electronic component 2 is moved so
that the tips 2c¢ of the leads 2a of the electronic component
2 each consistently come into the measurement position of
10 the height sensor 8A, and then, height data of the lead tips
2c are measured. In the case of the electronic component 2
shown in-Fig. 25, the two lines P, and P, shown in Fig. 25
are the height measurement lines of the lead tips 2c¢, and
these measurement lines P, and P, are determined by the
15 positional detection executed by the CCD camera 3A. First,
the height measurement of the lead tips 2c of one side is
executed along the first line P, by moving the nozzle 7a in
the X-axis direction, and after rotating the nozzle 7a by
180°, the height measurement of the lead tips 2c of the
20 other side is executed along the second line P, by moving
the nozzle 7a in the X-axls direction. 1In the case where
the electronic component 2 is a QFP component, the heights
of the lead tips 2c of the four sides are taken in by
segmentally executing a linear movement four times. In this
25 case, the electronic component 2 are rotated by 90 degrees
three times around the nozzle 7a for suction use.

Step S876: Positions of three lead tips 2c that are



This prior art inspection nethod, as shown in Fig. 44, has required to
horizontally throw a flood of 20 illum nation to the hemgihsihirlr 2860

el ectrodes 120a of the el ectronic conponent 120 by neans of a CCD camera
100. The reason is as follows. Even though there is a dropout hem spherical
bunp el ectrode 120a, then it is highly possible that the el ectrode or

sol der constituting part of 25 the hem spherical bunp el ectrode nay exi st
under neat h t he dropout hem spheri cal buﬁg el ectrode 120a. Therefore, if
light is applied perpendicular to the hem spherical bunp 18 Decenber 2002
8 electrodes 120a fromthe front surface side of the CCD canera 100, then
the el ect rgeeugrre sehtier &t £et swlic@hta eyaaowaenchiergnd fird €y OBAWE ace

hem spherical . bunp el ectrode ?20a, leading to a difficulty in checking
whet her orwi@i thaee i€ &rtaraliiapoutohpshanherixal i Yunmmogheetsr oden 12@ae As
shown in Fig. 45A, by applying light in the horizontal detection to the
proj ecti ngtihewpe elexl r ddedli2Bay t bardateal hyeexistaug tedn Sptvar | cakebunp

el ectrode 120a can be recogni zed as shown in Fig. 45B. Fig. 46A and Fig.
45B 10 showimenekampl eodsiwhdmy (Xght, i 8) appl et tbet heaBletipph@rci cahdbunp
el ectrode 120a, while Fig. 47A, and Fig. 47B show an exanple in which |ight
is appliedth® ampeLphAry ReBifapRerdisc@xUNAFPasl &Y redeciR0asEaohng dhedughly
flat portion in its bottom portion. 25 However, according to this )

i |1 um nat i 8hSFERERR, Oho ThyhERFRerEeRPBALERALbPAHLEGES c&f1 y Yobt%i neéd from

the | owerno ortion of the hem_.spherical, bunp el ectrode 120a, and_this
| cads 1o ouH FREULERS Fhee i SEHD ChE. IXORERIRE FOFI ThF of Liher The

hem spheri¢cal .b | ectrod 20 t hat i 20 the nost inportant portion
to be conng%?%dgggag%?%eﬁm?ﬁégﬁeg%?i%?%%ug%g? . Depending on the state of

di scol orati on due toskggiggfﬂatiﬁgfg é@@i§§%f%%%tg%rtq%:hg§ks 6#{fﬁg bunp

el ectrode 120a or depen on t state o ent in the surface
henp spheri cpbsOUMR R el 528end208nokdies 23 squaRtL Ly R 1d 9BkchetLeqtiBdg0N

t he hem spherical bunp el ectrode 120a varies. Therefore, the shape of the
hem spher i gafebenpe evgths odardVarhasl bganrabhoved b@obEt is exceeding
the predetermined reference wvalue, the program flow proceeds
to Step S79. When all of the lead floating amounts are not
exceeding the predetermined reference value, the program
15 fléw proceeds to Step S78.

Step S78: In the case of an electronic component
that is not required to be inspected for the lead floating
amount or determined as the normal component through the
lead floating amount inspection, the electronic component is

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

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

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

had the issue that the lead floating inspection cannot be



1

18 Decenber 2002 9 recognized only qualitatively. That is, it has been only
allowed to nake a relative eval uation by expressing the r of

i ndi vi dual hem spherical bunp el ectrode 120a by an evalujﬁﬁ%%ﬁﬁgphgaggch as
the sumtotal of 5 | um nance val ues bel onging to the hem spherical bunp

el ectrode 120a, exam ning the distribution o the evaluation value of the
hem spheri cal bunp el ectrode 120a, and naki ng a deci sion on the occurrence
of dropout of the hemi spherical bunp el éctrode 120a. For this reason, the
-conventional 10 method has been used for checking the presence or absence
of the hem spherical bunp el ectrodes 120a at the bottom portion of the

el ectroni e h n f her i Ss LNn.ihe_case
wher e the%ﬁg?gﬁgao?ﬁ%ﬁégﬁeﬁgggﬁ%rggggggugg'é#g% roteélggggﬁgﬁi% ﬂ%ﬁ?ethe
porti on t BabukeldeCloliobl, nheetPsoemmLingyen houan Lhghbots cagphied in
t he horizontal direction. ConSequently, no sufficient quantity of light for
the det eclie@Bc@fiohn® rhaiHes phieddcaln UL SEdhede d2QatrganyBesaktakAed, and
this has reduced the reliability in checking 20 whether the hem spheri cal
bump el ectirade IP2Gantisppresentcoérmbsed] eveAyr ecest thealsadt heparhag been
general i zed a conponent package of BGA (Ball Gid Array) as shown in Fig.
405due toinbeckarge- Scalexdnitegt,attesulofiddCsin Imuthet taser2gubtet h€oBGA
conmponent, whose connection surface on a printed board becones invisible
once t he tbeporenting pdufthededrcthenpei gprgdobeard?.t he i nspection of the
hem spheri cal bunp 18 Decenber 2002 10 el ectrodes 120a i nmedi ately before
the mounting has a dredthammssiraride amdesn i gk dselghtei sensmt abtessSin

whi ch the | C packages are conpacted and the inpartance of the functjon of

i nspect i ng<t I‘F@%pﬂéﬁ" i Rat IBbnpeltdet (IS rOIVE i ORI edset EhAR

i t f."quantjtatively detecting t t_of solder of th

| i vi dUaePREH ShAor | EAT DAY creetr BAS 1A B "HURnEPEGE VEIFF obPuat i ng
t h the J ndi_vi dual _heri spheri b Lect 120a" |
| A0 oncoa SR ar L REFLNEPTOr ot NG BPBenL TBRGH Br For T3 (- 167 ot hods has

been abl e to nake Orﬂdﬁitﬁ%rgtﬂ:ﬁ}ﬁt \a/l%d;aﬁlex/?eol?e/it ﬂéﬁ]%ﬁn'irpl SCEEBURE OF L MVENTI ON

The present invention Is nma af'or enent1 oned conventi onal

ci rcumst argRs drbpout! brd $ran 19N dr of dikguriesents nrweRbharita1selvg the
af orenenti oned i ssues and provi de a conponent recogni zi ng net hod and

conponent (ieitsiphg riiekhdd capebeetod) r allieatabldyssel 2xd | agrande@xdaut &ng
t wo- di nensi onal or threedi nensional positional detection of an electronic
conponent ma@ rdtx Hiogim syre ddhear tictth poirghioneloifalain istlyctAbsdc theppnesent
invention has the object of providing a conponent 'recognizing nethod and
cdponent li2fspertpagmpenied capabl proftedt hbkydmesswahiong alrpl B¥ral i €9, of
bunp el ectrodes arranged on a bottom portion of an
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 horizontally throw a flood of
20 illumination to the hemispherical bump electrodes 120a of
the electronic component 120 by means of a CCD camera 100.
The reason is as follows. Even though there is a dropout
hemispherical bump electrode 120a, then it is highly
possible that the electrode or solder constituting part of
25 the hemispherical bump electrode may exist underneath the

dropout hemispherical bump electrode 120a. Therefore, 1if

light is applied perpendicular to the hemispherical bump



25 el ectronic conponent, correctly detecting the volune or shape of each

i ndi vidual bunp electrode, quantitatively evaluating the anount or shape of
sol der constituting the 18 Decenber 2002 11 bunp el ectrode, 13@@%&5?&

i nspection of the bunp el ectrodes, or the connection portions inmedi %92
before nounting the el ectronic conponent on a printed board, and inproving
the reliability of electronic conponent assenbling. 5 In acconplishing

t hese and ot her aspects, according to a fi r&t aspect of the present
invention, there is provided a conponent recogni zing nethod for applying
light to conn%%@d:bmcwgtil@@fsi tEat are | eads or electrodes and exist on a
nmounti ng surface of an electro F@mccﬂfp&)nqrirrcnq:o and_executing positional

det ection of Y¥&eXsortagt it(plrénp(%rti ons by a hei ght"deteet igiesegli op, on t he
basis of a reflection Iight from (e ctamiecti-on Rortions, the met foa CCb
conprising: FPRftithere hej ght gEasur enent region - Tt B8 Theicght 1det.ect | ng
section so that a noi se obj ect PRab teliestispha hehi nd or near t he *confié&hi on
portion and tifeRgstohe Hii gt .|,$,. excl uded fromtf%e nglermswéang%

regi ah of t efl ection light Pzt%elaecéetmngyw%hi hei ght detecting ®
section, and tTHERML rher\eoRg 36 ;N0 se obj ect . Acc P&Fn@r‘t @ca secand |
aspect of the present 20 inventi onl, %[“H@r € lies tpHEK \?\Eg a conponent
recogni zi ng net hod acé@er dsingd oi;lheF.fi rst aspect, fein the height
detecting sggﬂggndeiects t he posi t'i'chs 68At he;ycogkgkgi:%j_gn gqrti ons by neans
of a sem conduct or "f) sF?F@nti;eﬂsitgi \g device that ‘ser w8 aslghheiight the
detection Sw@o&ct@ﬁ ccording to a i A Sdspedngof, Lhe present invention,
there is provided a' ¢ %ﬁéﬁtin@cggﬂgg%ﬁg met hod accor di g ¢ e I2o8t or
second aspm,r%ﬁipﬂ# he noise 1 tEhbet bopg éger.e?gval i s execut ed
by,presetting the height #eascenent rfggj on, capabl e of det 398 g Omeiaght
poSiI'ti ons é&howhe a(}pnnggi on portions abadut

1ls

_ 2hei ghitg .meggur ng . reference

pl ane within a hei ght ne abks regiien anfi xecuting heig %55 Hét edbBon of

t he connecftle@hspbéii@glf 8”' wi thin the hei E medsur eppmgeaegiton.

Accor di ng 40 a fourth aspel 6l echeopeegent. i nvention, there i srobieed a

conmponent —@:oigmvziang ggglggﬂ according to any ‘BhelofFide f;bAstdnthro_ugh

third aspect s, 10 wherein E A6 sv@imqweghg s; execut ed by presgttFllrﬁb t he

hei ght meaStrSrbet icagi ogmgspabllﬁ?ﬁ of detecting hetRfiqposisi gns of .ﬁhe

connect i ogcg rtions about a hel tlimtesuaenjgnthg\gf erence plane W thiH a

hei ght neastrablelregtorbast hﬁéfht transl ation tabl e mandhipg bei ght

db¥a 15 that bel ongs to hei ght 5LeAt. t he connection portion and 15

| ocat ed out si de t hel¢iee g, n@@g&_[(grrent region as invalid height data

accor di ng itg ¢ h% ? i ght translati e eShihandl ;i nrg?,ght data | ocat ed

wi thin the "heig £ §§@|ﬂene¢1§nr3gii on,as valid hei ght “dafa deddiodi, ngyt 0 the

hei ght 2Qokeapskation table, an exgéﬁpi{ﬁ‘giheﬂgpt getection of the

connecti on porti 0n§°5ﬁl@heolfasj}§3 q{en;.he val i d hei ght date  Asoor dipg to a

fifth aspedt tgjstgg gr esent inventi on RifeHeals Ry i edc a conponent

recogni zi ng net ho g¢tofai Rg did ARy, 1qe ;of the first t rordiﬁﬁjef oL @dn,

aspect s P& idie gt @H? gonpri si ng: eterf MSFP IR ipie $$lng area according
r

2lpo a size of the elec ﬁF‘éS@bemagm_t J{:,Qﬂ\theel basi s of an’i Fostthe
el ect r orrihe @wmoqe@torct%tn%ctped tonI y withifh Slectrode 120, that ;
, ortion to be ! 1s,
Printeg boarq, COnnecteqd by solde

25

Surfa
& of the

hemispher;
i
Uantity of 1jgpn wet bump electrode 120,
eloct 9Nt reflecteq on the <8, the
Ctro - emi i omm
de 120a Varies Ther SpPhericay bump



18 Decenber 2002 13 the hei ght neasurenent region; roughly detecting a
center and an inclination of the el ectronic conponent by i r'aééde a
wi ndow of the determ ned processing area in the i mge of the SIECt Font ¢
conponent to obtain a rough position 5 of the el ectronic conponent;
detecting positions of all of the connection portions in the imge of the
el ectroni c conponent on the basis of the size of the conponent and the
rough position of the electronic conpon@nt; and detecting a correct
position of the electronic conponent in the imge of 10 the electronic
conponent fromthe positions of all the connection portions. - According to
a sixth aspect af_ the esent .i.nvention, there is_praqvided an _electr.onic
3 i : & b

conmponent ﬁﬁ&ﬁﬂﬁﬁfr&ﬁ ol F&Pl%ﬁa ti'ng¥t he et¥ect tdhi ¢ co Fnoﬁg%%ﬁ
board on thg Hag s af z%?ét'aO”?EéBEE%’TBé%AJ&Ei&?eb&ongﬁféégé‘iﬁ rtions of
the el ectronic conponent detected by the conponent récogni zi ng t ho

accor di ng JtQ @Yo #neugtethe £ | 1,94 QUKL thnaspest SpvhccUdig dp a
sevent h aspect of the present 20.invention, there is provided an el ectronic
conmponent 1mpNt bRy EBt heda 8681 HhNOvi Pud hesiediXt Rsaspaet , sGRANMPEdSANgior
hol di ng the el ectroni c conponent by a conponent hol di ng nenber of a head
sed@ion; degiiiaigarhetdeliedr Betloadiiugt Mgy ofhé he heeiighhemreagur emamip
region is required and then, 25 adjusting the hei ght neasurenent region
when t he adjartimeds 10f04,heesteeiighingredsurdinemt imegicon 435 theededslwdjiest i ng a
hei ght of the conponent hol ding nenber on the basis of the 18 Decenber
2002 | a heiaghte refasitiree i s@goica dpmp i e ttheodeiliifta datra afaking a
conponent; detecting the position of the electronic conponent by the height
det ect i ng eEESiom Ahd tABuRGSYE reRece| et dBPPeUE oRpori®e henisdaciqdled

position of the hoard by 5 ans of the conponent hol di ng nenber b riving
t he head H oﬁliﬁﬁtfﬁgeba§£§aof t herheityht F&SSCPon Fh?or%‘f%lr%?g‘gni zed

by, 1 he hei d i ' A i i ghth f th
ordbont | RURDAES (TS (T el 4 bomie YL ng 2 Wibdrat us

co 10w nad . ! . .
Sg?}t)irijfllsnt 1F1aarhaérn£al }‘eagstéoa?lne eé% r%%%&gogddégeggzsdté getr? agb%oﬁ‘jnotl ng gcltjdréacoé1 of an

el ectroni ¢ QRO s+ 2%l Winfaliant g section for executing positional
detection of the connection portions on the basis of light 15 that is

applied fromthe illtm@pat hgs Widn andrhetheet ad R thetCoONNEEheOtase
portions; and a noise renoving section i304) for limting a nmeasurenent

regi on of vterdeighthalejiecte hgcisetiémis et Ned]l ound S€l afjrecie tlikla e St S
behi nd or near the connection portion and reflects the light is excluded 20
fridm t he niBasur ément poegion dfhathe reéfleetti ohi ¢hightoeteimest esimbyl t kerdrei ght
detecting section, thereby renoving the noise object . According to a ninth
aspect of wugr eskhghfnveati 8RPLERAr eins priwyvi derr iz arddonehitra&dagni zi ng
25 apparatus according to the eighth aspect, wherein_ the height

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

absent.

In recent years, there has been generalized a

component package of BGA (Ball Grid Array) as shown in Fig.

40 due to the large-scale integration of ICs. 1In the case

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

printed board, the inspection of the hemispherical bump



detecting section detects the positions of the connection portions by nmeans
of a sem conductor position sensitive 18 Decenber 2002 ﬁ; devi&; bpﬁt
serves as a height detection sensor. According to a tenth agﬁ%%? 5? e
present invention, there is provided a conponent recognizing apparatus
according to the eighth or ninth aspect, wherein 5 the noi se renoving
section presets a hei ght neasurenent regi on capable of detecting a height
positi ons of the connection portions abéft a hei ght neasurenent reference
pl ane within a height nmeasurable region and executes hei ght detection of
the connection portions only within the height 10 nmeasurenent region.

Accor di ngetecinodesydi0r dapeadiaffe ihdopiesnthe nwenttdnyg tiasr @ idrgrtovi ded
a conponent recognizing apparatus according to any one of the eighth

t hrough t éAPRT48PEEts, URABEe Rt RE CSENSe CLERDTISRGNEEE! iton Whicdettq hE 15

hei ght neasurenent region ca %%Le of1ﬁ§%ectin the hejght positions of the
connect i oR3FSPEFGNE &b GG iagt SR SeefPdr éntte P M tHin t he

hei ght ne regi as hej ; nskatjon dl ei ght data
t hat beIo%%%ﬁggkgﬁg hei ght BgPagégg%héggon%ﬁﬁﬁ<n§f§§f?%§?§o gzggis%ﬁ%cated
outssi de t he heighly Measir eABRLtERGLOR £ asyhnyal { g gl ght d@%gtaﬁgorﬁ@g to
the height translation table, handles the height data 1ocated wthin the
hei ght neaswi@fent fr egioddeds v | dHeei ditd idatlan=acCc o itpHo-1he hel gy
transl ation tabl e, and executes height detection of 25 the connection
portions edetliegoblasil2H" tbe Vafuad th¢iaghtredgt ®valaedridigngthe ahbwel fdh
aspect of the present 18 Decenber 2002 16 invention, there is provided a
conponent thecogmdi v ipar BERS SRBESLERAg Ny @krcfodde aR§Bt'h tir ough
el eventh aspects, the aBparatus QonprisLn%: a processing area determ ning
means for JGEEEATERi-ngHa BV 6CesErAGREFeQT0 M S EROTFESIS 108 HFC 2% the

electronic onent_in .an inm of the electronic conponent detected only
vvillt(:ahi n thgle%g’iggﬁt ﬁﬁaa%ur%%ﬂt %géieon.t,o a I?:%ﬁ eroﬁﬁﬁ i ﬁgﬁi naqq%%tc?ett]evceti ng
means for kayghly detecting a center and an inclination of the electronic

conponent by sanpling inside a wi ndow of the 10 determ ned processing area
in the ina%e of the electronic conponent to obtain a rough portion of the
el ect r oni OIS6MYSHER PFa IEHHREHMNon portion position deteéecting means for

detecting the positigns of all of .the ggnnection Qggtions in the_i e of
e

the el ectronic conponént Poir=f & baB§"6t “Phet 15 % of* tﬁéeﬁpﬁb%n > and
the rough &%?%Héﬂ%f%%e%h%o%%%%ki%%ggngﬁggﬁggQEﬁc%Eq a connection portion

r
center and i nclination detecting etecting the correct position

ofpsthe el ectronic coponeninigolberi BrRIgHES p&'%%eﬁlceﬁhb%!ﬂ"t@ioﬁo%o@d‘fvé rom

the positions of all the 20 connection portions. According to a thirteenth

aspect of the paeserhehftyefkldon, ikBEES | SaRROVI giesk ade el ect r M SIATONENt
nount i ng apparatus for nounting the el ectronic conponent on a board on the

basis of pesidgndrdng eyt | &md ofohpéneht capafet hgNmpehbLor:pafb lleshe £
el ectroni c conponent detected by the conponent recognizing apparatus
accor di ng rad iama ldne sefl ddidingy gintdh dxdwaoigng weld-tdimeseectsl or three-
dimensional positional detection of an electronic component
20 at high speed and with high reliability.

Also, the present invention has the object of
providing a component recognizing method and component
inspecting method capable of totally measuring a plurality
of bump electrodes arranged on a bottom portion ’of an

25 electronic component, correctly detecting the volume or

shape o0f each individual bump electrode, quantitatively

evaluating the amount or shape of solder constituting the



18 Decenber 2002 17 According to a fourteenth aspect of the present
invention, there is provided an el ectroni ¢ conponent nounty S
according to the thirteenth aspect, conprising: a head 32%%¢ 59@%$5§%?ding
the el ectronic 5 conponent by a conponent *hol di ng nenber and adjusting a
hei ght of the conponent hol ding nmenber on the basis of the height
measurenent region; and a control section for nounting the electronic
conponent in a specified position of thelboard by neans of the conponent
hol di ng menber by 10 driving the head section on the basis of the height
position information recogni zed by the height detecting section. -

Accor di ngoligpacibbiegabh aapectiak LhgpRreden! Jinvantbany Lheke baopyovi ded

a conponent Tecogni zi ng net hod enpl oyi hg a |'um nance i nage capturing neans

for obtai BknghtS tanihdencen i pBaeidata igmaisdiaceofod ghect{0f1 ene
conmponent viewed froma specified direction and a height inmage capturing

means foreobtarbhig hRngihdnthgen dat @rahtadswdaas oind hempleeifi@ntse
conmponent viewed froma specified direction, for executing positional
detecti onreflithél2@yebéceleniccondnponmpbnbyti adepabdéntgly sel ectively using
t wodi nensi onal positional detection by the |um nance inmage capturing neans
and t hree-di mensi ondln pogictioopal sténgct i bhesby téed heigjtiteri nagepreapsuri ng
means. According to a sixteenth aspect of the present 25 invention, there
i s provi degcardepgorienta ridatighi zsprRchreehothaceoeden§ toveneionft EaArA
aspect, wherein the | um nance inmage capturing neans and the hei ght i mage
capt uri nglfeaRECVi48dpet e MG 18e5PEN RdBFenBekRPY SETecEPPelyREsed
according.to shape feature of the electroni c conponent. According to a
seventeenﬁﬁgggpéﬁf S?HPﬁSEbPﬁséﬁF'1ﬁ5§ht?%ﬁ? ?ﬁ@rgﬁ?gﬁbr%EiSgﬁcgr88ﬁﬁonent
recogni zi ng methag 5or??8°¥a‘3h%i%§ E-J‘uterffa!c{]et ?oeﬁt Bn2gREet onber ehp LRe, ¢

| um nance “i'mge Capt uri hg means an he hei ght "I 'mage “capturi ng neans are

i Rdependenthy sglectimely Heed: 26591 di R Heanf nspectign itemterbey

execut ed on the_é%g%tronlc conmponent. According to an eighteenth aspect of
the presepbriQonRVesyi gn hdiplte d8tPELYhEed 2 tGPAUENEnEeERGNIsZidY BBt hod

according to any one of the fifteenth through seventeenth
reflection light from the connection portions, the method
comprising: limiting a height measurement region of the
height detecting section so that a noisg object that exists
15 behind or near the connection portion and reflects the liéht
is excluded from the height measurement region of the

reflection light to be detected by the height detecting

section, and thereby removing the noise object.
According to a second aspect of the present

20 inventicn, there 1is provided a component recognizing method
according to the first aspect, wherein the height detecting
section detects the positions of the connection portions by
means c¢f a semiconductor position sensitive device that
serves as a height detection sensor.

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

according toc the first or second aspect, wherein the noise



aspects, wherein the |um nance i nage data obtained fromthe | um nance i nage
capturing neans and the height image data obtained fromt hei ght L.AAQge
capturing neans are processed 15 by an identical inmge pr{)éggggq"ﬂberﬁggzs by
setting a height coordinate system of the height inmge data so that a
direction directed fromthe el ectronic conponent toward the height inmage
capturing neans becones positive. According to a nineteenth aspect of the
present 20 invention, there is providedld conponent recognizing nethod
according to any one of the fifteenth through ei ghteenth aspects, wherein
the el ectronic conponent is constructed so that a plurality of |eads are
proj ecti ngdroaalsi fles eecutaily bgf phesconponentheandeitps aicdherdmants are
to be 25 nmounted on a board. According to a tweet?eth aspect of the present
i nventi onrediame iczpalw\e dedfa deeartemy ntheidhiy metboddiéons o8 DeEvenber
2002 19 transporting an el ectroni c conponent froma conponent supply

secti on ofENEPIRd RABLABOAL | MePthe 2| BELEBAI cnedpbRedtt onre Fer $iee d,

t he met hod conprising: selecting either one of. a | unj nance i mage capturin
means for poll?t"gr\’f thrﬁ E’fﬁ@é‘%q‘i‘?@b"a&’éﬁa IHFIRTS R E T etdh oni cg
corgponent yi.e frao ecifi LLrecti d ei ght .i e capturin
mez?;s for a(;elb e\ai%nlor?g eiatg}ﬁ%p clgér’]%fégg%g{}{é é{bkgggﬁgf 8§<lapokgtthélnel“etet &(‘) Jl‘%‘% °

conmponent i ewed fdamaSeeci fied direction in a transport path of the
el ectroni c conponent; executing 10 positional detection of the electronic

conponent by the selmedghiong ofothe |fHimaNCcaedgmae APt WHAY Feassnand
the height imge capturing neans in transporting the electronic conponent

fromthe conpornenin,suipne sest bpavbdeéd theochpanhentand amuitzing tiethod
el ectroni c conponent on the board on the 15 basis of information obtained

t hrough t lFecqwsiinionp detecenenofActioe difdgsto Ehiawgit ythirst aspectsof the
present invention, there is provided a conponent nounting nethod according
t 3% he t weSTRIP aSpBctiOoWpRr ST pdSi tFORHTSD ot cRERPBATEENFhethE

el ectroni % conmponent _i.s_execut ed bg sel ecti ﬁgeei t %era?ée e |l.um nance, i.nm
S

capturing orm‘?ah%u"_’neé?edhﬁ i MG RaptaPrng®med S t %1%%?;
feature of 6%?1%&“ rop Ctﬁ%“%%ecﬁ%%”?é@tf&? tuggLy secongd aspect of

she preserﬁ invention, there 1's provided a conponenf nounting according

to the twepd Aldbrashectse heRid) tdmmosidinal det ecddi ot ofmd eediecd roni c
conponent is executed by selecting either the 18 Decenber 2002 20
region as a height translation table, handling height data
15 that belongs to height data of the connection portion and is
located outside the height measurement region as invalid
height data according to the height translation table,
handling height data located within the height measurement
region as valid height data according to the height

20 translation table, and executing height detection of the

connection portions on the basis of the valid height data.

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

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

of an image of the electronic component detected only within



| um nance i mage capturing nmeans or the height image capturing neans
according to an inspection itemto be executed on the el J nent .
According to a twenty third aspect of the present 5 inveﬁ@%ééggﬁ&ﬁigge?s
provi ded a conponent recogni zi ng nmet hod conprising: capturing a height

i mage of a bottom portion of an el ectronic conponent having a plurality of
bunp el ectrodes in a bottom portion o. Rge conponent as twodi nensi onal

hei ght i mage data by nmeans of a 'height~ detection 10 sensor whil e obtaining
t he height i mage data of the bunp el ectrodes on surfaces parallel to a
reference surface (for exanple, a bottom surface of the conponent) and

i magi nari kpel qoadck | fe@sdiereht onrgrqpendireubal yt @dtwtiefer encentigrf ace;
extracting individual bunp electrodes fromthe i5 height inage data; and
det ecti ngamd| @resirodl ireet o ract etei rdiad tthtali buopmedeet t odes .safpddindi ng to
a twenty fourth aspect of the present invention, there is provided a
conponent ine¢dgnizi wgndewhadf atber diaitermirtdre pweneysihgr diraspech, tldeer ein
the detection 20 of the volunes of the bunp el ectrodes of the electronic
conponent imggexeéutbe wilekitmoanci srapeakntr ¢ wirdr ithe eloaghr @uisd tdemponent
i s_sucked froma conponent supply section by a nozzle of an electronic
coRponent Cho S Ry ApPER Bt ©sCPBPARBRAL § haediesdtingniRe orisgifer®L i 81ldo@ft ed on

a 25 board According,to a tw§nt fifth aspect of the present invention,
there i s pPBvi BeAPSCEOMBORMA® 1¥lgriyi fgehoihade 25 Hse s

re
di h hi.rd. f h . Wh i hei gh
cccord 10 LepLRg LRt LM o daenly Lot h sspect uheteln i el on
the el ect EBP!;% %%%H‘%’l%?lt df! élued'éf&xt%hﬁ@.r eﬁ{aggggﬁ@r ERdad%%%%‘&!iH%t %e

direction o aser beam or noving ei g ection"sensor in

di recti ongerperdipedl @k ohO ot %h@caﬂeicr&go%&:e%{o&ﬁan%&mt he Lagserheamqyhi | e

h
linearly scanning the | aser beamon a straig ne. According to a twenty

sigth aspesk of1bBerphesentoddbridientigin el epbsipl oMk dess a Lonpaenant
i nspecting nethod for evaluating the el ectronic conponent as abnormal when

t he vol uneoaheanyohuppretieatr,ode detected by the conmponent recogni zing

met hod according to any of .the twenty. third throu twenty fifth
aspects does not faIAI vvlrt(:%ﬁ':?1 ath paredséjf)\éFlFlri n%ap?ghg_eggf &gﬁeré’r{gg.ent_
Accordi ng;hgeAthWRNLY SRUENt hi§spga%§vgfdetdhe &E?Sé'ﬂ&c‘c%ﬁ{‘&' Olonidielefit! S
provi ded a conponent nounti ng netho or nounting on a board an el ectronic

conponent mbat ing ReitR@l fet edoast aRgorMRl e dtheriPeRRIEnémsPeat iang 20
met hod according to the twenty sixth aspect. According to a twenty eighth

adpect of bbhedpr esentthievérdsion, ¢herposstponsldednioemapbornt ofecdduei zi ng
met hod conprising: capturing a height inmage of a bottom portion of an
el ect r oni ECRBRFEEAERt DeAKLRESa 9l Ukt | edeotronihp 2smppReRFodeserciked Bott om

portion of the conponent as twodi nensi onal hei ght, i nage data by neans of a
hei ght  detBEt FORPOBRSE: TRAOHB GBRE] MESGOChEIETGHAT WgePia PR O Réeoump

18 Decenb%ﬁrégo%hrough fifth aspects.

According to a seventh aspect of the present

20 invention, there i1s provided an electronic component
mounting method according to the sixth aspect, comprising:
holding the electronic component by a component holding

member of a head section; deciding whether or not adjustment

of the height measurement region 1s required and then,

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

height of the component holding member on the basis of the



22 el ectrodes on surfaces parallel to a reference surface and imaginarily
| ocated in a direction perpendicular to the reference sur ; i ng
i ndi vi dual bunp el ectrodes fromthe hei ght inmage data; aﬁg%%%Fgﬁg%%g&%hapes
of the 5 extracted individual bunp electrodes. According to a twenty ninth
aspect of the present invention, there is provided a conponent recognizing
nmet hod according to the twenty ei ghth aspect, wherein the detection of the
shapes of the bunp electrodes o f the eléctronic 10 conmponent is executed
within an interval fromwhen the el ectronic conponent is sucked froma
conponent supply section by a nozzle of an el ectronic conponent nounting
appar at usnfk a VrSeCt i Nt RE; cleni ¢ £omponent
e ount e s B e e e e B R e aF oS prement

i nventioncomBeh&nits Praw sediggcompanentos e€08Ri zigyy mehbBod accandidig-to
the twenty eighth. or twenty ninth aspect, wherein the height detection
sensor capbmpbeschiie bywadidrensi ginal dbebghingmegetdaha Byndmndurtithe the

el ectronic 20 conponent in a direction perpendicular to a scanning

di recti onedkcarbaser componentniw g spee ifdieghtpodaittaicin @t sens doddd tthe
direction perpendicular to the scanning direction of the |aser beam.while
| i hear |y Beansi ief t beel soopdreah omo bdbng ainghbeli ey @BiAtror dheg Hemd
thirty first aspect of the present invention, there is provided a conponent
i nspect i n§erELRAd $or dml Pasiisg ehe Wlectedohé coapbhbdt ds: BbmwHeIn when
t he 18 Decenber 2002 23 shape of ally bunp el ectrode detected by the
conponent TEECEFAEELNGYmELRo & SAEGT FSt§ e RENF 6 O&F the twenty ei ghth

through thirtieth aspects falls outside, a predetern ned_shape of reference.
5 According to a th?Fﬁf%ﬂﬁﬂﬂui s p&&t SFgPE pPERBRE i AVention PIFRFE is

DoV o 3, GaMRORI TR nO, et ot Tougt | p B8 Boord A lecly on o

conponent “th fiot evaluat éd as abnorimal

mebhod aceRediAgul0 LBRRLALGLY: M1 LAl 23PaGinaldoACCORAL NO:L0 Bt g Lhi fd

aspect of present 1nhventi ere Is provided a conponent ‘recogni zi ng

met hod fon ;3PRl WG | ddHHed©1.69NPESEL ORs PORELORS ot 3k dar & eads-tOfodes
el ectrodes and exi st on a nounting surface of an el ectroni c conponent and

execut i ng ap@siexienaloriet efbieniRg bherdbeComneet icar qraidniNdipandiai ght
detecting section on the basis of a reflection light fromthe connection
portions, at heherpfiod clemedtsimg: beotilong afdrwei gbketrasngenmgidsirteigirai of
the hei ght detecting section so that a noi se object that exists behind or
near the detesttioon porthencandecéfibecrsr2dantse dri ghhei baexesl wded fghom t he
hei ght nmeasurenment region of the reflection |light to be detectede%% t he
héPght det®etti ig FRRIGT bRt heeeby lHaABRIAgNt Haifordd disifd@cteghéein in
executing e Rosladanal SSLERLiON ahReaPast Lok ke Uelion (304)

for limiting a measurement region of the height detecting

section so that a noise object that exists behind or near

the connection portion and reflects the light is excluded

20 from the measurement region of the reflection light detected
by the height detecting section, thereby removing the noise

object.
According to a ninth aspect of the present

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

portions by means of a semiconductor position sensitive



of the electronic conponent is executed independently 25 selectively using
t wo- di nensi onal positional detection by a | um nance i nage gteurierpgo ans
and t hree-di nensional positional detection by a height i ag Qﬂiu |§€
means, the 18 Decenber 2002 24 | um nance inmage capturing neans obtaining
| um nance i mage data of a surface of an el ectronic conponent viewed froma
specified direction and the hei ght inagf capturing neans obtaini ng hei ght

i mge data of a surface O the el ectronig 5 conponent viewed from a
specified direction, and a height image of a bottom portion of the

el ectroni ¢ _conponent having a plurali of bunp electrodes in a bottom
portion o?eyﬁggcﬁﬁﬁ%néﬁfvﬁg éégﬁuﬁgﬂggg gﬁbﬁﬁgﬁﬂﬁsﬁéﬁéprheight i mge data

by neans of a hei ght, detection sensor;_ _individual bu 10 .el ectrodes ,are
extracted fromthe RSGHE fage Yath; & *“%olﬁﬁggcgrngﬁapggeofFFﬁ?ent

extracted+hgg5%gg al QHQngleg%rogﬁévﬁﬁ%dQetgct§Q?R§§%EE Eﬁ;§§§é§§%@ﬁ OF

DRAW NGS ese and’ot her aspects eatures o présent’ 1 nvemtion

Wi |1 beconppeh@ansf remde Al tOWAG dasEriptd ONnt AKEN 2isBeEON) UMGAam W th
the preferred enbodi ments thereof with reference to the acconpanying

dr awi ngs, thaer ebhsE&i gredovindin sdteioml priegwtel an et Bett 0fded s2Q cGemponent
nmount i ng appar atus capabl e of inplenenting an el ectroni c conponent

recogni zi mggrnenhodapebdedi nf tdeheftiny eabookient qfcsheli@reseft the
invention; Fig. 2 is a side view of a height detection sensor to be used
for the elCOBRESHIOTCORPHREARSr it zinghREoREd PSSR eReNE | LT EBHSE ment ,
viewed in an Y-axi ,direﬁﬁio Fig. 31s f side view of the height,d?;ection
sensor of PERGE U] Rt A XIGZFUL AP+ B EREAOD 2RE BIEENMGES G353~ Fig.
4 is an expl.anataory wvi of _an output sigpal froma 3D _sens in the first
ebodi ment R T 67 © fart M TR Or SO RUF SAOWFng AR B “RpI Go8 ene el ght
”E%Suringm%%%%&%m%%ttQ%gﬁkkﬁt enbodinent; 5 Fig. 6 is a perspective view of
an el ectroni ¢ conponent,” for which positional detection executed by a

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

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

20 and 1s located outside the height measurement region as
invalid height data according to the height translation
table, handles the height data located within the height
measurement region as valid height data according to the
height translation table, and executes height detection of

25 the connection portions on the basis of the wvalid height

data.

According to a twelfth aspect of the present



t hr ee- di nensi onal sensor according to the el ectronic conponent recognizing
nmet hod of the first enbodinent is effective; 10 Fig. 7 isggbviewén2§
explaining a relation between the positions of the |eads PGS 9%onic
conponent of Fig. 6 and the positions of projections that becone noi ses and
a hei ght measurenent region according to the electronic conponent
recogni zi ng nethod of the first enbodinent; 15 Figs. 8A and 8B are a
schematic expl anatory view of an image &P the el ectronic conponent of Fig.
6 captured by a CCD canmera according to the prior art technique and a
schemati c explanatory view of an inage of the electronic conponent of Fig.
6 capture rding t ek ect ranj.c conpo gni .zl - of

t he firstq8§%§§ﬁ%§ﬁt,1?5%%%et?§e|§?ﬂ¥@6£95 i%paegﬁ ﬁﬁgﬁgrt éﬁu) %E?{géj
procedur e 590 ARURL | BGRAFAKRCT NI GrRPMRANRENT DY W ”%ﬂdgﬂr?' GHF AN
conponent recogni zing nmethod "of the first enbodinent; 25 Fig. 10 is a | ow
chart showiRgenthdebapbcaspt oae@uraq:g&ratdﬁ eebhpeikhagRoskt i &dsd ey
conponent from height data .n Step S6 of Fig. 9; 18 Decenber 2002 26
Figs. 11Aazand KB rarschesemis cfexphanataiyingew phowergiagMardew of a
processi ng area determ ned by the conponent size in the position detecting
pr écedur e thie Bagisl®fand siseheffathe elpkamahadary comgwnehawing drheimage

obtai nment 5 of the rough center and inclination of the conponent by

sanpl i ng toife thesialeefrarhiec protesseény decactedspadyi weltpinFitge HigEhd 12B
are a schematic explanatory view show ng a state in which the centers of

t he | eads MglRS UFENedted o) OFSt iamRINiE 1 e D dsial g ierde t9afding diRAnS eads

10 exist, setting spall. windgws including the |eads, sanpling the inside of
the wi ndow&T b&og@%ﬂg GeTERE 1Gugh COREEE AR | ABI | 1S IR GOk hetc nent,
and conponent .shape. i nfornati transm tted froma nmain control section in

the pos! t 1" GetBet ngOBPoReRar b7 TIHLITH, A0:a°schelatte 15 xpiihat or y
visew showiqig 3 state Lo, ubiehthe car reet crentigr, and i nelinalion of. i he

conponent are calcu he "positions o e |'eads, respectively;

Fig. 13 i%o%@%@%”ﬁat k¢ expkanat géy ¥bE¥hShouLngoan sxanple of; Lal il ation

results of the correct center and 20 inclination of the conponent in the
position AeTnicid ;ProeRMH toforFighr ti®n Fidhitidbrd W U106y dagamf a

conponent recogni zi ng apparatus for inplenenting the conponent recogni zing
met hod of ddeddingt tredisteiior?bofFigll I itha ddracdcidi agrmmforfainiat i onal
nmeans of software included in a program nenory of the conponent recogni zing
appar at us tfe Figegd4pf the electronic component on the basis of the
15 size o¢of the component and the rough position of the
eléctronic component; and a connection portion center and
inclination detecting means for detecting the correct
position of the electronic component in the image of the
electronic component from the positions of all the
20 connection portions.

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

25 connection portions of the electronic component detected by

the component recognizing apparatus according to any one of

the eighth through twelfth aspects.



18 Decenmber 2002 27 Fig. 16 is a graph of a table showing a setting exanple
of a detection range of a height translating section of Fj 15:, Fi 17 is
a view showi nhg a processing area to be 5 an object of for@?‘fﬁm%ﬁrzgoz

| um nance h=stogram Fig. 18 is a graph of the |um nance hi stogram of the
processing area of Fig. 17; Fig. 19 is a perspective view show ng the
appear ance of a conponent nounting apparatus to be used for 10 a conponent
recogni zi ng met hod according to a t hi rd* enbodi ment of the pr esent

invention; Fig. 20 is a flow chart showi ng an operating procedure of the
conponent recogni zi ng method and a conponent nounting nethod of the third

embodi ment; 15 Fi 9. p2dok8iAghIQek, difa@ham-show Ng-dbe eensifdichi-aBeqt a
hei ght i mage capturing neanS of the third enmbodinent; Fig. 22 1s a block

di agr am shewengibhe CensteUcCti®dHn pho@ikEAl NaRce éI@EerSapd Ur chgiphBang of
the 20 third enbodinent; Fig. 23A is a perspective view of an eFectronic
conponentmeofnt hegt hapdaeabadi meotor&igg 288 i shan expkasaheny ¥sewcshow ng
a lum nance i mage of the electronic conponent; 25 Fig. 24A is an

expl anat ocgmpresisow ag hehdi ghectimage coor dhnatiéngystem oklehérehéctronic
conmponent of the third enbodi nent; 18 Decenber 2002 28 Fig. 24B is an
expl anat cr9MRPRGNENAW NG achepghent ndye &g haewbecst rond c adamsdrian ; aFi g.
25 is a perspective view showi ng an exanple of the electronic conponent; 5
Fig. 26 ikehghexplafdicorsPmaayeshor gl TABEErcapt iendatit eobf thie

| um nance_i e cagturin% means according to the third enbodi ment qf the
present i nSEREFonMeRPYTEBNLs ZRIGOP and Gty Vi evPR oW ngSQRtH PRge fOT

capturing, stat e, of . ANOLhEr exap! g ol oLhe. | i nance i yage 10.capturipg

the board by means of the component holding member by
10 driving the head section on the basis of the height position

information recognized by the height detecting section.
- According to a fifteenth aspect of the present

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

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

image capturing means and the height image capturing means



Fig. 28 is an explanatory view show ng an out put signal from a height
detection sensor according to a conmponent recogni zi ng netﬂfg f th
enbodi ment of the present invention; 15 . Fig. 29 is a secC |%é§ﬂ6§ﬁ2§§?of a
hei ght detection sensor of a conponent recognizing nethod of the fourth
enbodi nment; Figs. 30A and 30B show a state in which the hem spherical bunp
el ectrode of an electronic conponent is 20 detected by a hei ght sensor,
where Fig. 30A is an expl anatory vieM/sﬁﬁMjng'the i nput and out put state of
a laser beamto and fromthe hem spherical bunp el ectrode concerning the
hei ght sensor, and Fig. 30B is an explanatory view showi ng the inmge of the
hem spheridi Bo@sPendentdde s5leptavRed frofdt RSO PiRIsighal ERgPe31 is
a sectional view of_the height detection sensor according to the conponent
recogni zi N2t WHE L re ON1G GONRQTHGF vf the fourth embodi ment; Fig.
32 is an explanatory,vi ew. showing an_ _exanmple of a_hei ght asuring_nethod
of a hemi spheri cal HORP e BT ¢ aeﬁmﬁﬁﬁ?ﬁ%%F?ﬁbtﬁépggﬁpéﬁgﬁtn?e€5gﬁ?9fng
net hod of . L fourt ?H?O L i RLE. 334 | ock, di howi t he

i nt ernal c%r;}s%}?-ulcét}?'on% a %rﬁggé’%tﬁ?% ase”c%@o%%#@aﬁ“g{bggé?gﬁrllgcg\é;%fr}r%%nent

nount i Ng appanal Uy t @obecysediffareddte coapanent keI Zivke: MehRodantet he
fourth enbodinent;” 10 Fig. 34 is a flow chart show ng a conmponent nounting

procedure;ifdge Saptsrand| awaaBardnd hoind ngeaghesiiriaye dedget gy preasdur e
of the hem spherical bunp el ectrode of the conponent from a hei ght inmage:
15 Figs. 367/&% 36Bdepetrd@®BClare egpkahavely viesswdshowerprdieg podiati oan
detecting procedure of the hem spherical bunp el ectrodes of the electronic
conponent ; IRECBIOR L E/M 5P| R RGP hoWF Y- 2CHEPHRE FRBRAEMENt
region of the el ectronic conponent; 20.Fi%s. %EA and 38%8$h0m1a vol u
detecting procedure OFCPREIREMEpIET i SHIBRRPE I BEPFGRe the BF&EEFGNI ¢
C onent, . . Flg. i $_I I, har t ig. i e tory
v?gg/of vdVﬁﬂé{@éggthggé%fEFh§§ﬁ&%§§§h%rf%gﬁﬂgﬁg%be %gg?%géfgg ?Eéﬁgé

el ectroni ¢, COIRONENT tBY A, "BRBS oFf {Hle Rekrghbndel eal QyPeasgentEbgen 39A
and 39B show a shape eval uating procedure of the hem spherical bunp
el ectrode pdpddres, WSePeLenbRE 2082nance image data obtained from the
luminance image capturing means and the height image data
obtained from the height image capturing means are processed
15 by-an identical image processing means by setting a height
coordinate system of the height image data so that a
direction directed from the electronic component toward the
height image capturing means becomes positive.
According to a nineteenth aspect of the present
20 invention, there is provided a component recognizing method
according to any one of the fifteenth through eighteenth
aspects, wherein the electronic component is constructed so
that a plurality of leads are projecting from sides of a

body of the component and tips of the leads are to be

25 mounted on a board.

According to a twentieth aspect of the present

invention, there is provided a componen: mounting method for



30 el ectronic conponent, where Fig. 39P is its flowhart, and Fig. 39B is
an expl anatory view of shape evaluation of the hem sphergacBiBBr £dgaCt r ode
of the electronic conmponent by means of the height detection sensor; 5 Fig.
40 is a perspective view of an el ectronic conmponent having a plurality of
hem spherical bunp electrodes; Fig. 41 is a perspective view of an

el ectroni c conponent nounting apparatus to be used for the prior art 10
conponent recogni zi ng nmethod; Fig. 42 ik%a sectional view of a height
sensor nmounted on the el ectronic conmponent nounting apparatus to be used
for the prior art conponent recognizing nethod; Fig. 43 is a flow chart
showi ng ap_o Lhg 15 p . of LOr £ o] egoapinzi ng
R e e e L e ittt

showi ng t be prLar @kl "EtHosk-d Ok ndetReiitigid hendieal sghesheal dotppnehect rode
of an el ectronic conponent; 20 Fig. 45P is "an expl anatory view show ng the

i nput and,Quiput petake ehel mahhoklocangrikemyt hechertiphericakrbome of
el ectrode when light is applied froma CCD canera to the hem spherical bunp
el ectrodezofi \ifinl@ct 1RBYE cnmmndniy ancandi Mgt cobbeipingr lamineodgonent
recogni zing nethod; 25 Fig. 45B is an explanatory view showi ng an i mage of
t hg heni sphegkcaladainpft ehestirddecobtfaitierl ¢ heotgbnihecdspesensnviewes
Decenber 2002 31 o .
from a specified direction and a height 1mage capturing
means for obtaining height image data of a surface of the
electronic component viewed from a specified direction in a
transport path of the electronic component; executing
10 positional detection of the electronic component by the
selected one of the luminance image capturing means and the
height image capturing means in transporting the electronic
component from the component supply section onto the board;
and mounting the electronic component on the board on the

15 pasis of information obtained through the ©positional

detection.
According to a twenty first aspect of the present

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

the electronic component.

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

the electronic component is executed by selecting eithesr the



Fig. 46A is an explanatory view show ng the input and output state of I|ight

to and fromthe hem spherical bunp el ectrode of an el ectrQnic t
when the light is applied thereto by a CCD canera accordiﬁgb?%ﬁﬁﬁgggﬁ?or

art 5 conponent recognizing nethod; Fig. 46B is an expl anatory vi ew show ng
an i mage of the hem spherical bunp el ectrode obtained through the
detection; Fig. 47A is an explanatory view show ng the input 10 and out put
state of light to and fromthe approxi nd®ely hem spherical bunp el ectrode
of an el ectronic conponent having an approximately flat portion in the
bottom portion when the light is applied thereto by a CCD canera accordi ng

to the prior.%r%cconponegg reco n}zing ngthod; %nd S Fig..4éﬁ i%_an
expl anat o i'ew s?hovﬁn}’?gq an ‘F‘ﬁ%g‘é ot t he %Broﬁ mat%l'?/ hefit-gpher | é%ﬁgeounp

el ectrode ' he OXli I porti ' e boti p [
obt ai ned t \éhlgﬁn{ghemgg?%ct%g%&g}é%% ﬁ}tdf)E #m%%ﬁ %Bl% %E%% ON 20
Before the de$eiliPbhoRher chheRbaseNtohpYgBLEON proceeds, it is to be noted

that |like parts are designated by |like teference nuneral s throughout the

acconpanyi ng draw ngscdzdied ents gledtf BXKESE@NLshA¥ENLIFORNM Idrdedb
described in detail below wth reference to the drawi ngs. A conponent
recogni zi ngvieeitioes , acterd ngs terevidesdta eabagbnent ekcblitipriesentetiHvaention
limts a height 18 Decenber 2002 32 neasurenent region capabl e of being
det ect ed hympriciight: depdctriony sertsdirglso ideede anf yat betconnectritdonpart i ons
are detected and other noise objects are not detected in order to correctly
obt ai n t hemos¢léotrdniaf ocpmpoeentdf thevisixzonaectdlorraglorty onsfsudhimes t he
| eads or el ectrodes existing on the nounting surface of the electronic
conmponent SIRFAEAdes akordi RgtEemt meFiion eibddicrerempPehen tt has ddsiaed

measur enent, regi,on for hejght detection of the connection portions is
previousl§hﬁﬁﬁ%ﬁ9nﬁéi&ﬁﬁgégt&nﬁﬁﬁépééatﬁé means of a height detectilon

10 sensor while obtaining the height image data of the bump
electrodes on surfaces parallel to a reference surface (for
example, a bottom surface of the component) and imaginarily
located in a direction perpendicular to the reference
surface; extracting individual bump electrodes from the

15 height image data; and detecting volumes of the extracted
individual bump electrodes.

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

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

25 board.

Accerding to a twenty fifth aspect of the present

invention, there is provided a component recognizing method



10 neasurenent region is translated into a specified value that is not
recogni zed as correct height data by neans of a height tr le in
a height data inputting stage. Specifically, for exanple'ﬁ?éégyw%ﬁﬁggy
applied to the case where an object that becones a noise is included in a
15 hei ght measurenent regi on expressed-by eight bits. It is preferable to
previously cal culate a height position relation and |imt the height
measurenent region. Fig. 1 is a schemat?& view of the whol e body of an

el ectroni ¢ conponent nounting apparatus provided with a 20 conponent
recogni zi ng apparatus capabl e of inplenenting t he conponent recognizing

method of Lhg, fipst egbadident, ofc | heppresept | avant}on, Sstate in

whi ch a hea sec has™s an electronic conponent as dn

exanpl e O‘tdhé?@lgbj gﬁte by QQZZBEtZémWﬁ' CEe%%(r?r eSpaRAs LQ ong Lxaqple 25

of a conponent hol ding ne er obtai ns hei ght data of the eIectronlc
conponent 42m¥Akk 8nBRVI REighEh ﬁ@é‘éé ar@awgl Oﬁy'/tléndﬂr?cj‘ XX 1 I8 100
above a hei ght detection Sensor Decenber 2002 33 a
hei ght deteﬁﬁbﬂen@ectmon a60?dif1€§c1ﬁ1QireCtp@ﬁpéﬂ@1@@lﬂflt stef the Lmmgeld on
portions such as |eads 2a or electrodes extracting on the nounting surface
of 5t he el gcteonioncapoaeriiastr Thatmi r iMotigg. theandeildhar eieionion 5
nount i ng apparatus main body 1 of the el ectronic conponent nounting

appar at ussennoel e¢tr othe coiperénbn( aperpenatietltae a toomubdreents derreinaf t er)
2 to be nmounted by the present apparatus, a tray 3 on which the conponents
2 are pl agdégecsirpaycSuppley saserorpean hath igler vesngsraycohpvmehtd St y 10
section for automatically sup Kln one of the conponents 2 placed on the
tray 3, th&SREaB&BcPPoR ?tFﬁEE §ugk§ethe conponent 2 by the nozzle 7a in

t he nounting stage gnd t ereafter_vertical S ozzl eIevatlo shaf t
for supporting the WY 5P feant&SRtY a° g’é%oﬁﬁ?%? 7ﬁff %P%?Ve? Fical |y

onda pri neBheheaPa ZC@%S?%% brinkes. S B Mobr anehEER, SERRE D ¢
Cbet et ghaaiignl. e ERKes Lhe head sentipn.l | %%@%o%gm% Sl §54d o

and constitutes part o robot's a4 and 6b on the Y-axis

si de (abb&eyuﬁteedofo Yny"‘x'b'imf betleck&%elena%e@):+teaatbgovr%é he digasherRction
7 in the Y-axis direction and constitute part of the Y robot 600 with the

X-axi s roketogniandganihthee ddvisiionaltd abby eyhat ed the3RwRere nafiter)
sensor 8 that serves as an exanple of the 25 height detection sensor of the
hei ght deteebugy seoteindry 602 fith Fiagpddtsanddcapt unes t fielhei ghtthiimage of

t he conmponent 2. The reference nuneral 9 denotes the printed board to be

18 SDecenbereged2radngdunaadewcthrefierenepenent 2. When one of the
conmponents 2 placed on the tray 3 is sucked by the head section 7 and nnved
al ong the X-axi s roBsICHEHG e tohe a3D W@Rgof @eW%TBDa(StP@iC&ht)Oﬁ g€ of

the 5 ngonent 21]s cag;ured by the 3D sensor 8. The (heig [ %1
obtalned ¥ SERE L35 XERR OO |§h§EBJe%%eHr98198¢thr€°$P6E%§§|ﬁﬁ“FB:Iﬁ%pect

Lhe et ohks Cagelal.oneldf el sadk oL L fe Lhie oL Lhe companelt Zoiand,
is not evaluated as abnormal by the component inspecting
20 method according to the twenty sixth aspect.

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

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

sensor while obtaining the height image data c¢f the bump



10 according to positioning information. Next, the construction and
operation of the 3D sensor 8, based on the principle of o ti
triangulation, will be described in detail below. . Fig. @f?gagﬂg%%@ﬂ%tic
view (sectional view) of the 15 3D sensor 8 viewed in the Y-axis direction,
showi ng an arrangenent in which two systens of sem conductor Position

Sensi tiwve Detectors (abbreviated to PSDs hereinafter) 17a and 17b that
serve as a detection device of the 3D séAsor 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 beamenters a |light-receiving

device 19 Quiy Jdate c{) esﬁ?ﬁé@&éi Bgr-syiLace of, a pol ygoo, ”EH:%F%Z Ay

f
Ve a
reflecting the I'aser beam changes, consequently generating a polygon

surface onigifln$hdnNyl 20catBaFith 2 2mi2Bdckby- ée%B@néb@M‘@a)t:hecc?(' PHS
robot 5, the "head séction 7, the sucked conponent 2, a sem conductor |aser

10 for generfalrienget heukr@isee ;beafgtractight Codlecdidy aidhyshanide rodks
Decenber 2002 35 lens 11 for collecting and shaping this | aser beam the

pol ygon mfivoar fRef dreisgemninggtheddtaser ahdamia g tnigigng shapkli sofi roher
surface by nechanical rotation, a hall mrror 13 for partially transmtting
and parti &xoyracdefede dnidiy itdve 15 bluagpe e leeampdand a mirror 14 for reflecting
light. There are further shown an F6 | ens 15 that changes the optical path
so that the |aser bdsaantinmiteal ¢ yteenhy byntheappeggoninitheom rEEsng
appl i ed perpendicularly to the conponent 2 that is the subject, focusing

| enses 164T&RPLEIER 10-H9RR FDCREOYHESd of | EETPORENE gFECPIBAZLBMedaGNGIt ) of

t he | aser beam j.npi ngi on the conponent 2, and PSDs .17a_and, 17b that
serve as é‘cﬁc?sthﬁn(?nr{g’e{%ﬁ %ﬁﬂé@i VRS T h&PRERLEC 6 95 RS0 t he

|aser bearg | gpLnoing,on the egupongn 2 arg focused ovig Lhe focusing

| enses 16& and 16b and eac ion gene‘é?ing an-electric

sijgnal Corc,ro?rlp%tn‘}%f\é\‘brig tBe.POSLY! O Of;i 4 he O.CL%!Egggé%ghfir?th%« [&f ergce

nuneral s 18a an enot e output signals of a and 17b. 7 I'n this

case, the dasair8am eBibbednkr 0mst hgu2PRegent £oNAULT Qlor RSN L0 Rgp iyt S
beam shape col | ected and shaped by the Iight collecting and shapi ng I'ens

11. Ther eafdcatiort hayl asemdeam i £t rans@lllcedohh coudbng dieeiel noddiey 13
and then reflected on the mrror 14 to inpinge on the polygon mrror 12.
The pol ygapparatrs 1Zrics r at atbfgoRenw t Buppbgt asdctvisdocitiey, wierd hathd he
| aser beam i npinging on the mrror surface is swng. Further, the | aser
beam whos e lopsttimeali patdmpicn egtarige drowp tielde oF8 al brerd5 is appli ed
15 According to a thirtieth aspect of the present
invention, there 1is provided a component recognizing method
according to the twenty eighth or twenty ninth aspect,
wherein the height detection sensor captures the two-
dimensional height image data by moving the electronic
20 component in a direction perpendicular to a scanning
direction of a laser beam or moving the height detection
sensor in the direction perpendicular to the scanning
direction of the laser beam .while linearly scanning the
laser beam on a straight line.
25 According to a thirty first aspect of the present

invention, there 1is provided a component inspecting method

for evaluating the electronic component as abnormal when the



18 Decenber 2002 36 perpendicularly to the conponent 2, and this reflection

-light reflected by the conponent 2 is focused on the PS qu Vi a
the focusing | enses 16a and 16b. The PSDs 17a and 17b ggﬁgfggb A 6g%put

signals 18a and 18b capable 5 of neasuring the height of the |aser
reflecting surface of the conponent 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 beamis23pplied consistently 10
perpendicularly to the conponent 2 that is the object by the F8 I ens 15
constructed of three elenents existing betmeen the polygon mrror 12 and

h h f I i Vi i

oo ST BE e VgL LEHE" FUEECEd; T ) g gt =
f I f

TS i 26 S s ) e sl Bt

i or  Sutdace, o the R9lrfon BLEERL 1200085001 0a8 SpeChildsh angliseq whi ch

is the so-called origin S|gna surface orlgln 20 of t he

pol ygon mghz@le b& rlifdrit@lice.in the case of a polygon nmirror 12 having, for
exanple, 18 sides, a signal is to be outputted 18 tines per rotation every

time the mrror surfzafc&SrdJQigattg-b al dreg\arsddired vedseaf ahdliee (wite atgt es of
20 degrees in the case of 18 sides). This is 25 called the rotation anount
si gnal of imvenmdlopgorthame drs H2ovikeBE semgemeeh Dimdure ing stetBmabdiam®ent h
as two systens of PSD circuits. This arrangenent is provided 18 Decenber
2002 37 pmowgitgad yohora cbapefsaini nglegtroeoicet opmpotenhe theft eési gt i ght
to the PSD in terns of angle, which possibly occurs in the case where the
| aser bearfViadUgisd edst @QWW@Bﬁen’@h%&?W%t éﬁﬁpgcémgoywthw is

sonetinmes nore effectiv
according to the thirty first aspect.

10 According to a thirty third aspect of the present
invention, there 1is provided a component recognizing method
for applying light to connection portions that are leads or
electrodes and exist on a mounting surface of an electronic
component and executing positional detection of the

15 connection portions by a height detecting section on the
basis of a reflection light from the connection portions,
the method comprising: limiting a height measurement region
of the height detecting section so that a noise object that
exists behind or near the connection portion and reflects

20 the light is excluded from the height measurement region of
the reflection light to be detected by the height detecting
section, and thereby removing the noise object, wherein in
executing the positional detection, the positional detection
of the electronic component is executed independently

25 selectively using two-dimensional positional detection by a
luminance image capturing means and three-dimensional

positional detection by a height image capturing means, the



5 to provide three or nore systens, technically having the sane neaning,
and accordingly, description will be provided on the basi

systens. Reference will herein be nade to an exanpl e of éﬁ%géﬁ%@&¥gp82
measuring the height of the conmponent 2 that is 10 the object to be
measured by the aforenenti oned sem conductor position sensitive devices
(PSDs) 17a and 17b, as represented by the sem conductor position sensitive
device 17a, with reference to Fig. S. IazuFig. 5, the laser beamthat is
scanned fromthe 15 F8 Iens 15 in the direction (Y-axis direction)

per pendi cul ar to the sheet plane where the figure is drawn and applied to
the bottom surface of the conponent 2 is irregularly reflected on the
bot t om sut¥EER2BFEt HAATSPERRABE 219 | RIS %%’g%l,n%%%uﬂﬁ%ntaﬁ&te t hgade

j ected point _i int Al_at _a 20 height O on the bott f f th
Corponent 932808 & Spoi T B o0 a=ReFgRE LTI GmePREoBETEOM SHFFCE: O hén t he

gl 551 e et e, callagled by dhe Locuning |ong

A2 A ; ] t iti
22”Sie?icveog xfequgﬁz'ggtﬁl et ’;) naels«aqt(z- antoi@/e%‘f rgfefs 9@98?!’“ Iegn
at the poi n? i&“a d"'the poi %%% SO aE/ha)?1 curréﬁ%‘sv | :""an ‘G})Z are faker. out

of sa poi nEo%éH@nE“Rfi@Ne% | Brandal s diahkeng Ol er i 8, Dsﬁsn%erhgﬁ?eﬁt% of

a point D e currents 11 and I, depend on resistance comnmponent

proportionabkgkOo@ di pbaReR Yorbebwesn the BOLAtréRidNdohPendRt Nhatiagd a
di stance between the point A2 and the point D, while the currents 12 and 14

depend onar edistzdies oEfoppAperilecpropest iional boteodi sbancenxdhetmeen t he
point B2 and the point C and a di stance between the point B2 and the point
D. Ther ef oprpoasstming ddEtutde bengwbh-dimeheiseal ctuiedgtittorimzass t dahba
sensitive device 17a is L, then x,4 and xa in Fig. 5 are determ ned

accor di ngbvo mé@ns oldfowianghedabgkpreessoniox A sensgy; (LpdivigphakB =2ump4/ (1Z
+ | 4) Therefore, a distance H between the point A2 and the point B2 on the
séfli conduBtBFTpBLEREi AT SeRSLERGECHe iR 1782 | Refigyt 15made s dddedr nfRed by

the foll ow expression, Ht - - _XB Based on the thus-obtained hei ght
H on thevﬁg%WthecﬁToréﬁﬁﬁ??onégﬁhéﬁﬁﬁt ﬁXF§aSE?§rm%ﬂgiv%guﬁgchaﬂP@H1for

capturing 3D e_in the 2 | ectroni ¢ conponent recogni zi ng appar at us
of the finchkﬁgggn%ﬁF ﬁFEFnggdescribed next with reference to Fig. 4.

Fig. 4 i sBRAEEX PESARIGTION &F FRAMINGIUt put signals fromthe 3D sensor 8 of
the el ectroni c conponent recognizing apparatus of the first enbodi nent. In

Fig. 4 25 are shown phR@ccorpanerindr t R8p&-aXi San@botegrutbs head sgeti on
7, the 3D sensor 8, the PSD outputs 18a and 18b, the polygon surface origin
siignal (retatkean amaushtsofgnalk]l120,becchfe DeQevsler F2002 8Re following
description taken in conjunction with the preferred
embodiments thereof with reference to the accompanying
drawings, wherein
Fig. 1 1is an external view of an electronic
20 compeonent mounting apparatus capable of implementing an
electronic component recognizing method according to a first
embodiment of the present invention:;
Fig. 2 is a side view of a height detection sensor
to be used for the electronic component recognizing method
25 of the first embodiment, viewed in an Y-axis direction;

Fig. 3 1is a side wview of the height detection

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



an i mage processing control section 21, a reference position sensor 22 for
inform ng the image processing control section 21 of the {ﬂ')g[:@rﬂﬁé' ib%ﬁi tion
for capturing the 3D imge on the X-axis robot 5, a reference position
signal 23 for 5 inform ng the image processing control section 21 of the
passi ng of the head section 7 at the side or this reference position sensor
22, a servonotor 24 for noving the X-axis robot 5, an encoder 24a of the
servonotor 24, a servo controller 601 féP controlling the servonotor 24,
and an 10 encoder signal 25 outputted fromthe encoder 24a. In Fig. 14, the
ref erence nunmeral 200 denotes the main control section of the electronic

corponent 1 ccogni i na s use Epchaglbe Vgl pe SoLa S e g

basically has a constructi on,

wher ein a r$8rY MOk hab dhinVvichg tHhesY- %’b%d&&@ﬁg% |s driven to move the
X-axis robot 5 instead of the head section 7, and the operation of this

servonotor is contrailed Hyikhansenun HUHJI0) | #1eB0dnodsns aweldx dpawn,
when turning the nozzle 7a of the head sectiion 7 in a 6-direction around
its 20 centfethaxiheighlie repatatingn mefthad8odi reet ifar stokabbanmdse ; Ser vonot or
is also controlled by the servo controller 601. As is well known, when
vebtically noving a Figrzl é elevat i parshattifrer wippobptti ngnt kd evazdnd c7a f or
t he purpose of adjusting the height of the nozzle 7a of the head section 7,
25 the opé&PapPrornsh afoertwiehdth npasinitonsle sletectovor Fxetstadisdy a
controlled by the servo controller 6Cl. Wien the conpoent 2 picked up from
the tray fhree-digepsiorger 2089sa@p according to the electronic

component recognizing method of the first embodiment 1is
effective;

10 Fig. 7 is a view for explaining a relation between
the positions of the leads of the electronic component of
Fig. 6 and the positions of projections that become noises
and a height measurement region according to the electronic
component recognizing method of the firs? embodiment;

15 Figs. 8A and 8B are a schematic explanatory view
of an image of the electronic componen£ of Fig. 6 captured
by a CCD camera according to the prior art technique and a
schematic explanatory view of an image of the electronic
component of Fig. 6 captured according to the electronic

20 component recognizing method of the first embodiment,
respectively;

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

25 Fig. 10 1is a £flow chart showing in detail a
procedure for detecting the position of the component from

height data in Step S6 of Fig. 9;



noved on the X-axis robot 5, the encoder 24a is always giving an encoder
signal (a signal of P.H phase, Z-phase or equivalent to 4BigdkeiBef Sog2he

i mge processing control section 21. Due to the fact that the re?erence
position 5 signal 23 is given to the inmage processing control section 21
when the conponent 2 passes at the side of the reference position sensor
22, the relative position of the conponent 2 relative to the reference
position on the X-axis robot 5 can be &8 cul ated by the i mage processing
control section 21 10 with both the signals. On the other hand, the anpbunt
of rotation. of the polygon mrror 12 |located inside the 3D sensor 8 is

istentl [ th I f (o] ! Lon, t
U gnal) 20 Lo the | Aage- ptBReBnd tHoREFoF Fo SRAE!ancST GATFRr Ny 2 Fs
tating, d.th t _of tati f | ] h
pasei ng ot SORER A oF LE3oThBhoR (RECTET o h08 Soai £ 6h, RaRe e Eal Gl at ed

2520 | rECRNE EaEe > Oho ShmUA BPYGL R G iof TR P e ribr 13

i ncreases, jn_proport &t kbYy andu hesamy thhagosaniheesai d for
t he annun%boFRQDG%n%%$&% @%ﬁe§§§géggkéogot 5 O thgﬁ%ther ﬁand} in the 3D

segsor 8 gf the fibahnendedi#entand t ihe1presupposad that ddmquaintgobyv25
mrror 12 rotates and the X-axis robot 5 linearly noves when capturing the

3D i mage, sgashiwyt Bheonssaat el ehkt protésthrgeareadi tespscaieelyi sor dered
then resol ution fpixal . ~10. Sa _ _ =Sr7Y-~.

.. . .. Figs. n2r8abecemBermrB0@ sthegefdy BEPlIBPREPIVNVERY <
horizontal and vertical directions of the 3D inmage to be captured is to
vary accostbwgnto &hesfdtet dati ghich vieheciagntens sofs &e erkssds aét6r in

gerns of measurenent accuracy. Therefore, in the elecirgnic
detected by estimating the positions where 1in ividual leads

10 exist, setting small windows including the leads, sampling
the inside of the windows, by means of the rough center and
inclination of the component, and component 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 correct center
and inclination of the component are calculated from the
positions of all the leads, respectively;

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

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

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

25 Fig. 15 is a block diagram of functional means of
software included in a program memory of the component

recognizing apparatus of Fig. 14;



5 conponent recogni zi ng apparatus of the first enbodinment, the 3D inmage is
captured into an inmage nenory (see Figs. 14 and 21) IocatﬁQDg -65?2585

i mge processing control section 21 by the 3D sensor 8 having th

af orenenti oned Construction. Further, in order to watch and control the
consi stency of 10 the operation of the polygon mrror 12 that is rotating
basically with constant velocity with the operation of the head section 7
driven by a notor such as the servonotop724, the polygon surface origin
signal (rotation anount signal) 20 of the polygon mrror 12 and the encoder
signal 25 of the 15 notor are used. Fig. 6 is a perspective view of an

el ectroni c conponent, for  which the pqsitional detection executed hy the

t hr ee- di nensi onal sé&nSor 0 atBofdiHFRD Phe el orikovEdpoResetting
recogni zi ng_net hod .of the first enbodi t 's.20 effective. This el.ectronic
conponentegaﬁﬁiefSEral9§§§c§&°Br59P&§dg§2atﬁ@lﬁ‘Ft;ﬁéﬁélégdggaﬁﬁcg&ﬁp | eads
2a providg% Qn thﬁstight-hand side, which are projecting sideways fromits
body 2p as bénf "dowhward. In terns of a pl an view, there are sideways

projecting projecti 2 t LL n I d

bet ween t he second gﬁ 'tﬁ{f§j¥§g3%£%g %¢§§§%?sgs§ggé§%%gggt%gggoﬁg ?%hds 2a
| ogat ed enyl Be;elahbehaadnalde, 38da3)1LA108nBEOhECELERaRD [ S Sideways

proj ecti ng above 18 Decenber 2002 42 the hindnost Fead 2a in a vertically
over |l appi ng manner. Fily.s ki nds ok @l MUY CtKONPERERNine CANsBEgEaRSider ed
as a special conponent that is very scarcely nounted in the general

el ect roni cheopponestiagsewiehi g precesses. However, 5 if such an electronic
conponent 2 :rust be nounted, themthere is arising concern about how fast
t he nmounting can be Ebdghi evetl. Feor exam@mspesttive egaralt oshobbdagd ftlwe use
in a product having a short life of about three to six nonths, as

r epr esent @9PBRransér dblae I@IRPrvHe BPURL bRY sapRd raunputerbe used for

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

Fig. 20 1is a flow chart showing an operating
procedure of the component recognizing method and a
component mounting method of the third embodiment:;

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

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

20 third embodiment;

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

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

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

third embodiment;



10 it is generally not permtted to consune tine nore than one week in
coping with the special conponent, for exanple, by newy {é)bgj:émﬁarr}obgage
processi ng program and using the same. Accordingly, it is curfrently
required to correctly detegt the position of the | eads 2a of even the
component 2 shown 15 in Fig. 6. Fig. 7 is“a view for explaining a relation
bet ween the positions of the |eads 2a and the positions of the projections
2b and 2c that becone noi ses of the el et®ronic conponent 2 shown in Fig. 6
and the hei ght neasurenent 20 region according to the el ectronic conponent
recogni zing nethod of the first enbodinent. This first enbodi nent uses the

8-bit i i-ng, t 6 aF y [ f 0
to 255 can be hand Gd%s 15 ghi i & PAERBF NG Co1t ne i il drbddant .
t he referQ@EQGZprkggeeggcggbgbg yrenent, where the beam di aneter of

the | aser mis mnimze I's assut to be the position of the nunmeric
val ue of 128, for thegsake ofs conyeRkeRee: W thew 1& Regeiben 2002 A3 this
nuneric value of 128 used as the reference, the height coordinate axis is

taken in tlfe tner kileakréhiectbmpohenty t he conponent 2 toward the 3D sensor
8. Then there are given the nuneric values of up to 255 ranging fromthe
nugeric 5 val ue of @ighat2é epgesentexpenatppey nosewenthonimd hen nunmIgec

val ue of 128 that represents the reference plane of hei ght nmeasurenent to
t he nuner iceptalriagof ssBet haf rigpr esemtinarhee | dwergens cagridhr inlger efgans
expressing the height measurabl e region by the positions of 256 nuneric
val ues raRgcegdingmto tbet 6h254, embodimpet hef ghte npneseehehnverhien/
position represented by 128. The values of 0 and 25S are used as hei ght
data for expressingfa§-erdbrifthad "Herpnata VieHotshastiset 2y dftediened”
or the like. It is tg be noted that the height peasurable region . and its
center poSPRItYRLBE tHEWD 95 EBRSGFTar¥ IIR/ST caf | y-hfet B P HepgdliEeng on
tq% optica% % sten1desi%0 of the 3D sensor. In general, when recogni zi ng an
el"ect r oni ¢2& #ﬁ&ﬁgnp?aP €& positioning in the direction of height is

perfornmed so that t&ﬁgED%§‘I@ QHr%&%ﬁaagt%@%(¥#§%re{-%;ééngﬁn%ﬂﬁﬁﬁ?ﬂgs

into the height 20 neasurenent center position o h nsor a

hei ght i magerah t heonl eat r aBigneoNBERERE ibs Ca3BhYEed. abBokhgnEr exent a
enbodi nent, if the resolution’in the direction of height is sét to 10 um

then the @r?@he@i&aw@@rﬁzri‘?@ aethesdnes abFdurth Znbbdheief efethd a
noi se |l ead of the 25 el ectronic conponent exists outside this region, then

there is npreneed fiaweadivati ng the range of the hei ght nmeasurenent region.
On the other hand, the range of the height
15 : Fig. 29 is a sectional view of a height detection
sensor of a component recognizing method of the fourth
embodiment;
Figs. 30A and 30B show a state in which the
hemispherical bump electrode of an electronic component is
20 detected by a height sensor, where Fig. 30A 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 explanatory
view showing the image of the hemispherical bump electrode
25 obtained from the output signal;

Fig. 31 1is a secticnal view of the height

detection sensor according to the component recognizing



18 Decenber 2002 44 neasurenent region is required to be adjusted when a
noi se object enters this range of about - 1.2 mm and has I I~RE er ent
fromthat of the connection portion, as described |ater. @@?%%r?@g

fl omchart showi ng a procedure for nmbunting an el ectronic conponent by neans
of the electronic conmponent recogni zing nmethod of the first enbodi nent.
First, in Step S1, the conponent 2 is sucked to the nozzle 7a of the head
section 7 fromthe tray 3 under 10 the gentrol of the mamin control section
200. Next, in Step S2, the operator decides whether or not the height
measur enent region requires adjustnent by visually checking the shape of

t he conponen d on.. If the height neasurenent region that is desired
to be 15 %ﬁ"@%?é’(fst%@ehéioﬁﬁtt &F@@F&B‘ﬁnﬁés been previously known and the
adj ust mrent of the hei.ght asurenent _region_is_required, then the program
flow proceeds o St apo83. 271 1 e aBFBLEHBRET & LRE REPEHE InEds T Tt
region is t requi.redq, r QQr. fl qw proc t.ep .S4...1n Step
S3, the 26&2djausgllrréej“rg?&of tlT{%%%]‘lkjeli(f‘lg#l)t %%écglrsgl?r e(r%’ént % eglleegﬁ“s&%egxlec(%u e(?%x{r%i y
when t he iQht, Jipasyr enent, regio h ' ir . SUbj t Q-

hei ght de{ég'ctl on asé%een pnrc'fev?%us%ﬁ% %\ogd“u%ndﬁﬁée %%?%@%%ﬁ%go?g%hgghﬁ*ght
measur eNefty J 6 H SrPseeHeed ;by narrowi ng the hei ght neasurenent region
so that the 25 projections 2b and 2c are excluded fromthe height

measur ement region imgfop3exan eplbbr casgrehRershdhenhPperat amutacixdes at
Step S2 that the projections 2b and 2c 18 Decenber 2002 45 fall within
t he hei ghtcaressswasniemt oégioanmafint heohtads 2sednion sodl | yn cldddngrtile

di stance between the | eads 2a of the el ectronic conponent 2 and the

proj ect i oronerant 2uowhiatnpospbbrgtbecdire hei sisedbjbrt sths NemgonentSt ep
S4, the servo controller 601 is controlled by the main control section 200
on the baﬁ@@%m%@e@ﬁ\ow&s@ﬁ?@rré@ﬁlrrt@gieﬁépdtlméﬁéby adj usting the height
of the nozzle 7a. It_is proper. that how high the nozzl]e 7a is to be
adi®ust ed shoul d be d&9 dedby ithe 2opétator CHBr AccCRWIRE t & t KERESEof t he
el ectroni ¢c_conponent_ 2 d then, the operator may preparatorily incorporate
t he deci si"S{* it HHEEMISrient shape information in the nmounting
information that is feces y for th nt | rQQr efer to.t
description of Fig. ﬂ%ﬂgcvm ﬁgrelgsarft?@yt hdel{g%otfrpos%leont rl%apae iprﬁsolrér}g)tnl on)
whi ch comnent; ; i tLen S : ed. qi o] h

i nformation st otrlzgf;pﬁgléc%:%%#%zggoftlﬂ%heﬁ@n&%ﬁﬁ%ﬁ%}] n%%g i ggggggpd%n%ﬁe
case of theNUIFHoHP I 22 hdilghitS ipa@fkgr abl e to execute the height
measur enent by driving the servonotor 7mfor 20 vertically adjusting the
nazzl e el evation shafigsindersat, hesepnt rohd ofsddheaser vexsoadebter BQlavi a
the main control section 200 so that zero adjustnent anount is achieved or
t he hei ghtsiredsuy enertie r ef poehceopl anéevécthrghei ghtcedasar emerft r edieon
coincides with the nounting surface of 25 the conponent 2 to thereby

verti cal | yremjastenias Indzwire edlesfaciders Sifafthet kdecsuppérct sombenedzzl e 7a

for the adjustnent of the_height of the |ower end of the nozzle 7a @ - ( -~
- ~ - 18 Decenber 200¥9. 37 is an explanatory view showing a height

measurement region of the electronic component;

20 Figs. 38A and 38B show a volume detecting
procedure of the hemispherical bump electrode of the
electronic component, where Fig. 38A is its flowchart, and
Fig. 38B 1is an explanatory view of volume detection of the
hemispherical bump electrode of the electronic component by

25 means of the height detection sensor;

Figs. 392 and 39B show a shape evaluating

procedure of the hemisphericzl bump electrode of the



46 consequently positioning the conponent nounting surface in the height
nmeasur enment reference plane of the hei ght neasurenent regiﬁﬁ. I n %ggﬁﬁal
t he conponent that requires the height adjustnent is cons PgﬂnP only
the special S conmponent as shown in Fig. 6. Next, in Step S5, under the
control of the main control section 200, the height data of the conmponent 2
is taken into an image nenory 305 as shown in Fig. 14 fromthe conponent
shape information of the nmounting inforymti on 10 necessary for the nounting
program This image nenory 305 stores the 8-bit height data, and by
separately designating the address on the X-axis side and the address on
the Y-axis_side, height data of the specified position can be read fromthe
i mge menBEFCEH5RLES QERCRENT St s, Fite po%i tioniet fhevWebapbneAhd2 is
detect ed g¥ th% gD.sensor 8. . The , detail is shown in Step S6A tthugh Step
S6E of Fi §7910°48 ol | PhsSXREREALPRY SVAEWSPT (HERSONPEHEIR C 2R sCholified i n

th i fied_positi f the.printed b 9 op the basis 20 of the height
0 1 on I RAEFSFarcCOB Ay Eie S Sisol 8" CRBCE ERGSEBRET obYol (he

mai n contpql secti 200. Fig . in_detail the position detecting
procedure&%anhé%cg%Soggﬁgﬁg Fé%??ggﬁﬁa%aﬁggdata in Step S6 of Fig. 9. 25

Figst, in Step S6A g qpr 0ggSSidNg, atea s deter migd Gromi he,sizeqpt t he

conponent 2 stored in-“the conrponen pe 1 nforma r exanp

sizes in tRepont8tDeceaPeng20Q2 4741%raxhsyand, ¥- axjsndigieetiQns ofyhhe
processing area are set two tines as largé as the size of the conponéent 2
on the sceeertrbdgs;11A shows a rectangul ar wi ndow 500 taken as an exanpl e
of- the processing area determned fromthe size of 5 the conponent 2. Fig.
11A shows the fact tfhat. | 4hges 2802peafspele iveadsi @a off tdre eadmpamentic2 fal
within the window 500 with a sufficient margin by setting the size of the
r ect angul gemgongow FEMntHaty i sppheapedcessibe wsed forbaheoughlgrt aotti mes
as large as the size of the imge 202 of 10 the conponent 2. Next, in Step
S6B, the prBEE’SRhgraregnasisfgomathadrig. 17 is internally sanpled to form
a |l uminance histogramas shown in Fig, 18 on the basis of the | um nance
representing the heifgfft: d&f alin %aéﬁcgbgpﬁﬁ-oﬁf.l%e?éaﬁt gheight sensor

mounted on the electronic component mounting apparatus to be
used for the prior art component recognizing method;

Fig. 43 1is a flow chart showing an operating

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

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

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

25 Fig. 45B 1is an explanatory view showing an image
of the hemispherical bump electrode obtained through the

detection;



15 a threshold value is cal cul ated-and set by the histogram nethod in order
to separate the height data of the connection portion tha@ 'es t e QB{)?Ct to
be subjected to height detection, or, for exanple, the le SO e

hei ght data of the noise object fromeach other in this 20 | um nance

hi stogram In this case, a ratio between the area of the bar graph portion
on the left-hand side of the threshold value of the histogramand the area
of the bar graph portion on the right-haad side of the threshold val ue of

t he hi stogram becones equal to a ratio between the area 25 of the
background regi on of the processing area and the area of the object in Fig.

17. Therefore, the cal cul é'on of the threshold value by the q’i}stp ram
Teihod i s executed atd- 14ohetenBRr SEBRSNAROFS) VoRe, SEOMEEY & Mgt
~including the ohject is .det i.n inside. the | e .nenory. Next, .image
data is r @é}?et%béﬁf&n & io%Titg%&egﬁﬂ £ 1 re%g%ge &Wﬁ%?%‘:% a&tf‘r%g
direction -axis_dir I d i St.og of e 5 data
is forned.eal%gzé%aede%)ée %ﬂ t%%#%%lggdatéa&%ag\%eﬁlgtoaaﬁe at F%}% yi%?lgﬁ vla%jue as
of the co i i f th ] i qual arLatiha of. it a (S%
= 100*B/ A) fllt e %\%\ée%]ilg}r/\ %o?ﬁﬂgn&% I;a: ir ea ?%ﬁ%eFéi ﬁkgsgtfr%e tagftge an i

arep B) t -dhddrede! efdBed SHPlldthoegi on (this area is 10 herein. assumed
to be an area A). Therefore, if the frequencies are successively added

together fromthe righd handsend e tdeplmd tangcevhist egbathandd henagsled
val ue reaches So of the area of the histogram then the added region

r epr esent f héhemagendatlee cioca s poamg ngléotthée LeddsinEn Therefighe, titde
val ue of the image data representing S%is assunmed to be the threshold
val ue. NexietdatiQiep S6C, the wi ndow 500 of the processing area is
internally sanpled to roughly detect the center and the inclination (an
angl e of inclinationf¥®| af7&el20anokRe aReLtPEFnValLWa e Wi d Herex- Bx@&t and
the vertical axis of the Y-axis of the wi ndow inside the processing area)

oft@ he corifbheRETRPUSN THREFDasts bEdhhe BPal PRANS TR REa FRREVHER THSY de

t he hei ght, neasur enent. regi on usi e ab%ve threfhol d val ue. For exanple,

t
accor di ng O LTS5 1 | SRy EXSF 58 Ens OLEXBPese B 19 and (EETRTST on 2}
f | cul.at.i ' : he ,i_ncl i ' b
obt ai ned. A g 14 2BERbRERRAERLY RIE ROB AT h HHE BRERRRE Bttt Me Tor
obtaini ng Jiflen I-ONGhL £k CF s Aagph RELT RAEEGROL.! e (CoMRanRN, Zdyotddgynal ly
sanpling the processing area 0. As an exanple of the sanpling, It is

execut ed tigy S@{@gﬁrid\ﬁ el H¥mptHeh eMRIdo @ iemPimeindd) el X-axi s _
direction until _thke. obt gzgrrent of the helght data of the |ast pixel in
tHe X-axi s directiont*ProtéBd o AheSXREINUTYT kel 18y SRPPPPAg BhetPi%RI in

the Y-axis_4i t] qﬁgl £] d Y. i xel dn t

X-axis di roe]gtf:':kg% %‘?Pﬁ?ﬁt e e?b\%g?er#riegr#b% 1:?%]}; ﬁelighﬁp‘%%f ﬁ%"vell?%s{}?%i xel

in the X approximately flat portion in the bottom portion obtained
through the detection.

BEST MODE FOR CARRYING OUT THE INVENTION

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

Embodiments of the present invention will be

25 described in detail below with reference to the drawings.

A component recognizing method according to a

first embodiment of the present invention limits a height



10 axis direction, simlarly to the aforenentioned manner, for the whole
area inside the window 500. IN this case, first, in ordersdgg EW Yosbt ai n
the center of the conponent 2, the wi ndow 500 is |nternal1y sa 3 to read
hei ght data H (x, y) fromthe image nmenory 15 305. As descri bed above, the
8-bit height data is stored in the i mage nenory 305, and by separately
designating the X and Y addresses, the height data in the specified
position can be read fromthe inmge nmenpey 305. Then, according to the

fol |l ow ng (ExpreSS| on 1), the center positi on (Xc, Yc) 20 is calcul ated.

p~Xx, y} x x K =y ~~px%x~.Y~vXxY-~~~x"y)xy"' -~~~ P(x~ Yy X
y X ----- ression 1 18 Decenber 2002 50 Itls assuned thatp(x -1
when H(x, mﬁgsgrﬁuﬁnptlrse%osrb 85?6%8“’%@ FELOP) e@e%‘*e‘il] by j¢x, eyl) l'kt

THL. | nt hi 8 g THLr SR ¢ esent s;ﬂe t hr eshol ?‘ val ue t g
t hreshol d $§1 g Q4 SREEH ng ?JC4O%rl %r tifie GUFPTS Od’f E%f) ?'%]Pisnfrtehe
connect|oagggggégngndo thé¥ AR PEE%S %Q§ t&eﬁ? glfﬁteqr{%has

hei ght de ron fr e Noi S& 0 j ec um na gram t

been formed Dkotbecthyeshald:xa %ecah%g'lacwoaglﬁqu&o%tsw edd N e

program menory 15 on the basis of "'um nance Trepr esent i ng
thg hei gh&oﬂaéetwnesebtpeﬁst ‘sgﬁh The thfar %&Qﬂ do‘eig g%c't%%i%ts teguasc\@!gue

slightly Iower than an estinated hei ght of 2a that seens to

the obj ecbnt @heband@cO zedrbycknier nald Ye§éH’@£bﬂ9ctB§merH€9W SOQrﬁtat 15
is the processing area. O herw se, a fixed value may be set. For exanple,

accordi ngitp tdwcdrditg erdoodinentfitée rueidicneral ,uewbénl2thof ddsd red
ref erence pl ane of hei ght neasurenent corresponds to the nounting surface
of the compesvnemgntamegiay efore hgightt hdeshokdonalafe e iconsecttiona
nuneric value 20 of 80 (in a position 0.48 nmm above the nmounting surface).
portions 1is previously known, height data outside the
10 measurement region is translated into a specified value that
is not recognized as correct height data by means of a
height translation table in a height data inﬁutting stage.
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 the
component recognizing method of the first embodiment of the
present invention, showing a state in which a head section 7
that has sucked an electronic component 2 as an example of
the object by a nozzle 7a, which corresponds to one example
25 of a component holding member, obtains height data of the

electronic component 2 while moving with constant velocity

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



The inclination Al is detected-according to the follow ng (Expression 2).

18 Decenber 2002 - 51 8, _ ~~tan-' CSi S z S, =2x~|V xS~,1-§x X%¥~2§62
=~NXS~- SXZ~- ~NXSyy- Sy’ © N = ~ ~ ~~X=Y=~ y x Sx =-~Pex~Y~xx §PRCEPL 02 p_,
3") X Yy X SXZ = ~ ~ P~~Y).x X2 y X Syr =~P(x~.Y)XxYv y x S~ _ ~ ~ P~x~
Y~ X XTy X ----- Expression 2 It is assuned thatp(x,y) -1 when H(x, y) >

THL.5 It is al so assunedthatp(x,y) - O when H(x, y) <- THL. Next,

i nSt epS6D, t he positions of the | eads 2azare detected on the basis of the
conponent shape information and the rough position of the conponent 2. That
I's, as showmn in Fig. 12A the position in which each |ead 2a exists 10 is
esti mat ed bg usi ng the rough center and inclination of the conponent 2

obt ai ned #nhetgptseetasditfe sSAciitrarftPdepth BeteREIDGdAFRephpAThile of
conponent shape inforpation transmtte fron1§he mai n control section 200,

and a smalrew FRIRE SEEOT ndUdi P eadhiPeadS2a- £298et22 THS SAEATTRRGow 15
01 15 SchyplgtoexgrrLe, M ONIReLY, (YR LHIES 28 2008 23R e O
component 2. That is, in Figs. 1 and 14 are shown a
5 mounting apparatus main body 1 of the electronic component
mounting apparatus, an electronic component (abbreviated to
a component hereinafter) 2 to be mounted by the present
apparatus, a tray 3 on which the components 2 are placed, a
tray supply section 4 that serves as a component supply
10 section for automatically supplving one of the components 2
placed on the tray 3, the head section 7 that sucks the
componenf 2 by the nozzle 7a in the mounting stage and
thereafter vertically moves a nozzle elevation shaft for
supporting the nozzle 7a by means of a servomotor 7m for
15 vertically moving the nozzle elevation shaft, thereby
mounting the sucked component 2 on a printed board, a robot
5 on the X-axis side (abbreviated to an X-axis robot
hereinafter) that moves the head section 7 in the X-axis
direction and constitutes part of an X-Y robot 600, robots
20 6a and 6b on the Y-axis side (abbreviated to Y-axis robots
hereinafter) that move the head section 7 in the Y-axis
direction and constitute part of the X-Y robot 600 with the
X-axls robot 5, and a three-dimensional (abbreviated to 3D
hereinafter) sensor 8 that serves as an example of the
25 height detection sensor of the height detecting section 602
of Fig. 14 and captures the height image of the component 2.

The reference numeral 9 denotes the printed board to be



18 Decenber 2002 52 wi ndow 501 is internally, sanpled, the-eby detecti ng
the center position 502 of each |ead 2a. As an exanple of e s

is executed to sanple the height data every other pixel héﬁﬁ% ”ftbr%x#"gg
direction until the obtainnment of 5 the height data of the | ast pixel in
the X-axis direction, proceed to the second pixel by skipping one pixel in
the Yaxis direction, sanple the height data every other pixel in the X-axis
direction until the obtainnment of the h¥l ght data of the last pixel in the
X-axis direction, simlarly to the 10 aforenenti oned manner, for the whole
area inside the small w ndow 501. For the conponent shape information,

t here have be pre or|I stored_the information of the size of the
body 2p of© Pﬂg e@ofh gﬁeﬁ? e%%l%ht body mndth and body depth) t he
nunber of the Ieads hI ead Ien h: ead 15 vvldt g % itch an qn,
necessary for cal cuw Fing"t po % i SRR St % ch Sach-FAdrYi EBSI I“8¥d 2a

exi sts. sucilf By S ﬁé‘fdcé’éé{?&%tp@)s' AP ooJ &h§1§8gﬁ ?”5{ 4%

obtai ned froma | ead positions he coor ead "cént er

POSi ti 0nS}onbtgs ABBvES tRe? 3DV istNser £XRlfd ”315‘9 %?t ?mkgt ‘é"g'rc@htehe

correct center and inclinati on of the component cal cu fromall
the | ead pespbhens. 2Fors exappheedt BE QﬁﬁieBDp@%h%bQ“ 4 s ophai nedibycthe
arithnmetic mean of all the lead positions, while the i nclination can be
expressedihyge eb@ainshHapsd b | 3DesehO3r 0Bt di Nesubye€Bégutat ispFctaee
respective mddle points between the | ead center positions of the | eads 2a
that are bocatsdinppdsi timdpesrh edodr behehtacr(ipes ittHensdyo2pthe 18 eBdsenber
2002 53 and approxi mating four mddle points. Fig. 13 shows an exanpl e of
the resul e85 dfhecallératdontde termpingnobiai neddcdyeccoppanentaml is
inclination of the conmponent 2. In Fig. 13, the straight |ine 504

r epr esent BOBRESANCH nat | SREGLTERAE PTHpeHeNn©®, thRd PRiRESSCIAT hont s
Sgg of four straight |ines 505 perpendicular to the straight |ine 504 and
cent eFCFPREST ftPhEOthéb@él 92 nE‘Pr‘PWl‘PBur | eads 2a | ocated on the

| eft-hand side and E\]he four, | eads ?cat ed on the ri.ght- ha d si de Becorre
the center position 8§8rd|%%?e§°8rs fb‘c ICR e%fa@ p.z vtk o asté1 |3i or der

to conparg BQS fi rqst egggghmarbt Wi tcﬁ 1?1"._@1;185[6'[ on i . 402, ob%%Dned

by capturl ng th ‘ectronrc corrponen by "t he™pri OFArt
camer a 'St§92ﬁ?g&bﬁ%hy §B@!‘“be'&e§&91b§& i H6€a1P BEisks 102c

correspondi ng the projections 2c are existing between the inages 102a of

two leads 2a, it ispigquired hosexesHtecavieq Seckeadnzenvkny proegss” for
removi ng the noises 102c so as to prevent the influence of the noises 102c

whén det e@Di ngeridrer | rBageseli@da M tihe | Tadsiz2a. dThec20on maghcléizay oknt he

| ead 2a | ocated at the hindnbst end is conpletely included in the noise
102b cor r espendengnto imhevlprd) etwd osyabemsnd & heemiooedud:toi:s Poegtiired to
execute a "lowcontrast |ead detecting process" (inmage enphasis process) in
order to EgBEHEEVEhPPuxitdWallabreEl pbAdofta h8SDS I Inaftrmt ed’at the
hi ndnost end. _Dependi ng on the capabilities of the "noise | ead renoving

process” &R t1ﬂ€ Thék CEFTVRaSS | ALRIEAQN e PreR e’E" thehdPesensgor 8

ntici .
antic patege provided. Fig. 3 1s a schematic view (sectional 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 1laser beam changes, consequently
generating a polygon surface origin signal 20. In Fig. 2
25 and Fig. 3 are shown the X-axis robot 5, the head section 7,
the sucked component 2, a semiconductor laser 10 for

generating the laser beam, a light collecting and shaping



18 Decenber 2002 54 a state of recogni zed position. displacenent and
nonrecognition, leading to the issue that the reliabilitygirddm®sr20d2 is to
be herein noted that the noises 102c and the noise 102b are supposed to be
the object is of brightness 5 approxi mately equal to that of the inmages
102a of the leads 2a. In contrast to this, according to the first
enbodi nent, it is executed to preset the height neasurenent region capable
of detecting the height positions of tis 10 | eads 2a about the nuneric
val ue of 128, that is, the reference plane of height nmeasurenent in the
hei ght neasurabl e regi on, and the height nmeasurenent is executed only
within the range of this height neasurenent, reg%ggﬁ Therefore, only,the

i ght

hei ght s ofenrse lileafRr 2&£%dE4EAS ndlhde SR h S8t &Y r &gFon can

be detected, while the heights of the projections 2 n d_.qut si de
the hei ghROhEIRMr BHERPL r &6 éﬁrar%cafﬂﬂ”g%t @8?e&?s?ﬁe?pe%aagge,gﬁ%lsgéﬁ%ﬁnogn Fi g.

of t ho | CHHSS 3 S50 LR SR Cpt i BECTTRRE ST o CERE® Aol o8 T65c a0 tha noi se-

of the le S, é nof ses 2c and the noise

L7 L O S S B g o o

urement regi 3D sensor 8 according to the

cogponent , £ ££0ORL 2 NGa et DOgl Pf ok ey T 1 21 rerbadimegt i gherefore, fhe 3D

sensor 8 €ct’s her the noises 102c nor the noise 102b. That is,

thi s enbodi nent neeggeopgi hher shbeheRoksewhead FeMehag 15r aness chaoretshe
"l owcontrast | ead detecting process”, which nave 18 Decenber 2002 55

been neededef @pttiba1prdaath add . tifher eher e,ader dosgrar mechanwtehlyheswnidor art
met hod, the first enbodi ment has not only the effect of reducin% t he i mage
processi ngyt ithie pdlyajeso mheref f 22t isf apgridrdcatpgrpemd boihyrvetrelGhability
of 5 recognition. Therefore, according to the conponent recagni zi t hod
of the fircempenboti Aehhatt he héﬁgﬁvbﬁ§§§uréﬁéﬁ?lpégﬂ@ﬁséépé@@eaSFP cting

t he height positions of the | eads 2a about the hei%ht ngﬁ%ﬁ{ nen% E'ference
pLane wit BhAt10EQEHS hERghtr HEkRG ¥} e 1A8Hiton( §82 b €6&T en® "t he hei ght

detection is executed only within the range of this hei asyrengni
regi on. WLBRerhikeagy r HAREREMYI BRI ythe ?ﬁﬁ%to?’tH%K?Q%%ggzggﬁocated

he proj 6aTPareB SHAF L5 B0e| BERed Buki S TRE ot GHE - nasirarent i egi o

'~ her ght “neasur enment regi on
becoms  heRArebdohu; SURESr The TadsrBa™ ol BETT pack Bmi o orexi St g on
the nDuntkﬂﬂm%H%%%C%‘grér¥%éﬂ§garﬁigcthe focusing lenses 16a and 16b

15 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 the

20 semiconductor laser 10 has its beam shape collected and
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 velocity, so that the laser beam impinging on

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

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



1

conponent 2, correct recognition can be achieved wi thout 20 erroneously
recogni zi ng the projections 2b and 2c and the |ike as theﬁ%ﬁgds éa,(%%e

el ectrode or the like. Consequently, the positional infor eGeMBer
connection portions such as the | eads 2a and el ectrodes existing on the
nmounting surface of the electronic conponent 2 can be 25 correctly
obt ai ned. Therefore, by executing the nounting of the el ectronic conponent
2 on the basis of the positional informpion of the connection portions
obtai ned correctly 18 Decenber 2002 56 the el ectronic conponent 2 can be
mounted nore correctly. Fig. 14 is a detailed block diagram of a conponent
recogni zi ng apparatus for inplenenting the conponent recognizing nethod of
the firstpenpediddeniarbyl ntdi g.he 4compenanin 2ontarsl sbdsi onefbectbanr ol s
the operation of the whole el ectronic conponent nounting apparatus shown in
Fig. 1. Féigbkamsifdeative dont Ebe semppBrRnEor rvt sfepespdsion dmef PERe head
section 7_of the el ectronic conponent nounting apparatus via the servo 10
control | et’B0R"End Exetia eBhehéosueinenlepesispda  ahd tountThr) BEDENe

el ectroni ¢ conpon 2 on the printed board 9. -The conponent shape

i nf or mat i gﬁa{ i g@’e %ﬂ“?ﬁéec&%%ﬁp%ﬁ%ksoc}u%ﬁ [%‘%h%%b boey i At h,
body depth)., t n er_.of the |eads, |ead _|ength, ..lead wdth .lead pitch,
15gand sooén %%iﬁﬁggiﬂEﬁﬁr%ﬁ}%h%oﬂ%oﬁeﬁt‘fsfgg§§qﬁﬁﬁ1%§9i%yﬁﬁ%ﬁ%n??ted
fromthe Eggpggﬁgg shapg information storage section 620 of the main
control section 856 2" work menory 302 of the conponent recognizing

apparatus via a systemdus 20d.and:ae 2190CE HRAR ¥ S0% it dhe et gbt

i mge i nput of 20 the electronic conponent 2 and the positional detection
of the el gel gBHC HGRHRNENt ah BN PREHAT. app] R PAST thONGbmBBIEEE | oN
result of the electronic conponent 2 is inputted fromthe inmage processing
control sehtitonds2kHeo dojedmi N MRNtIdersSasd AN 208p ¥l Bed hE€oRs POt EntIBHOr Y
306 and used for 25 position correcting calculation. in the X-, Y-, and
6d0r ect i opsrphedippderilggtohéhel echponestcdnpbatnis2tba ¢hgecd by Preart
i~t~a=-~ 9 ~'J'| OOrfi'_"OL11T1CF '-' ~E? OLM&Z' ~tICr1 OF the "Ny' 1 Ae

18 Decenb&P 2B 575 elcopstsuict edorponehre aoglemeg tap patiatisibyb e heesai n
control section_200. Then, on_the basis of the results of the position (X
Y, 6) cor FB&t PRGYEIPcHLAFPEnl2t ABAnANA EORAPPBEREeRti on 200 rotates the

nozzle 7a in the 6-djrection so as .
%he reference numeral 19 denotes a light-receiving

device (photosensor) for sensing the input of light thereto,
15 while the reference numeral 20 denotes a signal for
informing the outside of the input of 1light into the
photosensor 19. This signal changes when each mirror
surface of the polygon mirror 12 comes into a specified
angle, which is the so-called origin signal (surface origin)
20 of each surface of the polygon mirror 12. Further, in the
case of a polygon mirror 12 having, for example, 18 sides, a
signal is to be outputted 18 times per rotation every time
the mirror surfaces rotate at regular intervals of angle (at
angles of 20 degrees in the case of 18 sides). This is

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



5 to correct the rotational position of the electronic conponent 2,

i ncorporates the correcting calculation results into the ntin Etion
of the electronic conmponent 2 in the X-Y directions so as eﬁ%vgaﬁﬁ® head
section 7 in the X-Y directions and nmounts 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
‘el ectroni ¢ conponent 2 is noved on the:¥7axis 5 by the rotation of the
servonotor 24. The height data i nput of"the 15 electronic conponent 2 is
executed by the head section 7 that is sucking the electronic conponent 2
and noving with constant velocity above the 3D sensor 8 fromthe | eft-hand
si de towapdihbeprilght £bandospdasatiteroef avepseupnsocti tReseasoec22onWhen
the head section 7 passes at the side of 20 the reference position sensor
22, the reéfighénte phsi PEONisi gpahs23fi snglueépuwhidht possiblm dbheursage
processi ng control section 21 of the output. In the X-Y robot 600 i ncl uding
t hi s X- axitber glzste Syhete sbhevdasent sdmeri$0&ppkéedt € ttiee posinpborak
control of the X-axis, Y-axis, 0 25 axis, and nozzle elevation axis. In
parti cul arhes gpeosveseBdés shgagledft the ksagpsetimgehmener péfechéve
information of the position of the head section? 7 en the ~X-axis and a
18°Decenb&P RV SE r EPERENF pBSKEi oY isital  FRERPLRRL XY aiayinghi ERe

carries the informati on of, the fact that the head section 7 has co into a
hal ght - medeTFORBRE Lot P isbe GG NI /i (IRRTTP L ™ A1 1l e cORe P ofeSent | on
307 of the_i e. processi control section 21 so as to informthe

cont rol sggtggg ggs?%eg?n?g?ngg?o%y%ﬁ%mﬁsed far neasuring the start timng

of taking in the heif@fter%%tc% i“{}telg ; 5 diRge, nﬁ%?éytgogtrﬁtee){]%&g% ng'igga

control section 307. As descri ve, according to

det ecti onpaensar B:0fmdd el PhindehecihNogeehboakdnaite 41 ghitregei ving
system for measuring the | aser beamreflected on the object includes two

systens (ahehansBleAtandta chedinelmddsuradd Ng Ly vakhat i oarbhenehkeehkban of
the | aser beaminto consideration, thereby ensuring reliability. 15 The

| i ght - r eceeningnsiystenspaspkiby teableisegdalrscdet ¢esps) by78hen®SDEbl7a and
17b by neans of preanplifiers 310a and 310b, convert the signals into
12-bit di gt aFepaesgepitador Bgr tbeenseméchefdghtocal pabation asensatyyvet he
conversion into the 12-bit digital data is effected in this case) by neans
20 of A-DIe¥A¢er tdrs Wahal s§feseaFrgi tal FE®nverters) 311a and 311b, and

input the data into . .eight calculating sections 312a and 312h of the inmage
processing control S&ctfiidn 21. thRe lgSPYgBRM FraF 15 PS2BBRL Stemt Fye

(LRI g0 LARULLI N, 3, R0LNARN SUET A0S O1LOLD AR, LB R st e
cocK SeTessito el AL JEIN Ui AR ATCE hocknd B Lo for
the Dbottom surface of the compconent 2 is irregularly
reflected on the bottom surface of the component 2. In this
case, assuming that the projected point is a point A, at a
20 height Q on the bottom surface of the component 2 and a
point B, at a height H from the bottom surface, then the
irreqularly reflected laser beams are collected by the
focusing lens l6a and each focused on a point A, and a point
B, on the semiconductor position sensitive device 17a.
25 Consequently, an electromotive force is generated at the

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

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



18 Decenber 2002 59 generates a horizontal synchronization si gnal (HCLR)
required for taking in the height data on the basis of th face
origin signal 20, and inputs the signals into the timng @%ﬁ %ﬁagégp?

307 of the inmage processing 5 control section 21. The PSD signals that are
obtained fromthe 3D sensor 8 of the height detecting section 602 through
the preanplifiers 310a and 310b and digitized by the A-D converters 31la
and 311b are converted into 8-bit heighgglO data by the height cal cul ating
sections 312a and 312b. A channel selecting section 303 conpares the height
data“of the two systens (channel A and channel B) with each other in real
time, and selects the height data that seens to have the higher certainty
in accor d@fce \iPehneadh t iTRengcuRrn S exawpl el i fepeddvicsi ore s tzace
occurs in the height calcul ati n% stage of the channel A, the nuneric val ue
of 255 reﬁp@%’ﬁtein%@ PrEPIBHdORRN hp ids ddiSFeRceo %t e heeght tlat BO &Rt the
channel A. Therefore, .in such a case, the value of the channel Bis

sel ect ed. 2P §&Eh RS e Han®Rf s e?I’IFEPPCFhEe’éde&Bn&Pﬁalpq}éﬁje% gfid2gHe t hen
the nuneri c. v% of, 255 tﬁ out a;qthe hf ght data. If the hel%U
data of bSPAYhd chihhefs thEv e @%ﬁ deRFR nﬂpléqﬁ&m+aF e of
the h h b | s d h ht dat

g hei ght %to?ieﬁfts ﬁ;&%ﬁto'}ecl%'ﬁ%'lnec a S Q4 'é%ogc P&? % ]P?]‘t.o R~

outputted el selectlng seetion

| mage memgry 395 gﬂllﬁ te aQﬁ!iaB' H sttQ ch%QtEEJeQaJ %h%“t::% 41% the el ghts

measur enent regio nto an 1 nval | zero, for exanple) by a height

transl atipgintl8pRecemiesr2002e, assur@ﬁuéeoéﬂapi‘ 304 E*'@xgsttrp“dﬂ @ et he
hei ght data into the inage nenory 305 is controlled by the timng control

section 3@énithadudtioly $e61t bn seehisaniIe7 derete/esTkhe g efer enee pgsition
signal fromthe X-Y robot 600, thereafter counts 5 the encoder signal 25 as

a predet eamidned headfsect bomre determined according to the following

10 expression.

X, = LI,/ (I, + I,)
X = LI,/(I, + I,)
Therefore, a distance H' between the point A, and the point
B, on the semiconductor position sensitive device 17a in Fig.
15 5 is determined by the following expression.
H' = x, - x

A B

Based on the thus-obtained height H' on the PSD, the
aforementioned height H is determined.
A mechanism for capturing a 3D image in the
20 electronic component recognizing apparatus of the first
embodiment will be described next with reference to Fig. 4.
Fig. 4 is an explanatory view of the output
signals from the 3L sensor 8 of the electronic component
recognizing apparatus of the first embodiment. In Fig. 4
25 are shown the component 2, the X-axis robot 5, the head
section 7, the 3D sensor 8, the PSD outputs 18a and 18b, the

polygon surface origin signal (rotation amount signal) 20,



novenent distance, thereafter generates a vertical synchronization signal
(VCLR) and inputs the signal as a height data taking-in s t _si.an i nto
the i mage nenory 305. The reason why the predeterm ned he gﬂﬁggwp%%ﬁboi
novenent 10 distance is counted by the encoder signal after the reception
of the reference position signal in generating the vertical synchronization
signal (VCLR) is that it is generally inpossible to correctly nount the
reference position sensor 22 in a heighjgdata taking-in start position. 15
The height data stored in the image nmenory 305 is subjected to i nmage
processi ng operation by a CPU 300 that operates according to a program and
subj ected to positional detection and so on of the el ectronic conponent 2
that is the Dbpgetptocbesirgogonzedl FbetpoongZam asrsferedcenpbdhetpoogram
20 nmenory 301. The conponent shape information {the conponent body size
(body hei gépsobody @bdt hpfbouyndephh) imaghernonbesing teatsoll eadtiengt h,

| ead width and so on) in the conponent shape information storage section

0' 20 t hat 21508t dhiengrafrrqjeemere$ &8l on edour 68PGEIERE ddgpoHieninage sors
previously transmtted fromthe main control section 200 via the 2-pcrt
menory 30% 9r|>%ra>f30'3 t KOPR& ght | drmgefiemsice TReSpbsPRi ohigdtalet écti 6AYof t he

obpect to,be reco ed IS 61 18 Decenber 2002 executed the Pa5|s of
Uhe conpohBRRTERARe T of RAPF o SACRRSCH bEAR BB, chttaoglt bé’*no B8 that

the wor k [ used as t e for storlng ter
result |nn§>r<r§c%?| %é ttﬁe E%m |S§§%%oglet ecattl otnh of > 1fe o Q 9 %g

reconi zeg.fe: deseried above, Wienthe i g fgta%m onttegbte used

in the he t translating sectlon hat serves as an

noi se renpyhLpg Sect i, eh@%db&a”§h§th£P %%bocéé¥vbﬁo£@§t fmd gpesggggonent
recogni zi ng veI00|ty can be inproved. 10 Fig. 15 shows functional nmeans

i ncluded kBnthe1peogreum neger Yoot o1 ifrig. tAd, LRI 24pr RGRESEAY ar ea
determ ni ng neans 401, a center-of-gravity detecting nmeans 402, an

i ol i nat i encdeeectsiiggate s d@ﬁpuﬁté@adremsmheomnbﬁdaﬁ|zmaneans 204 .t hat
functions as one exanple of a 15 connection portion position detecting
means, anlébj ethecemfareane i meimenatli 0B O0fet @erohgs nedres 45 nt habnfuadti ons
as one exanple of a connection portion center and inclination detecting
means, a ReF§hendatatbri ppRAGrABaAAsCADBONANhel §RPIRE aHRY AP aERS e setti ng
means 407, and a threshold val ue 20 cal cul ati ng nmeans 408 These are each
constructed of sof t i &F Shgml X isrnerRent ef2 ot2gr &R 956%?ee¥|H@5neans

dth I d f
ent or and i OFT HERT bPRet éﬁm”ﬁ%%%?stﬁﬁi oo ca ﬂé Sren SevR Bl ng
Togne 401 gxecunes 25.L0go0ner bLon. oL Bken, 900 oL Bl g,pd0.1 oL deteLning
t

e pr OCeSSI ng area |1 n I mage rrem)ry accor |ng cenber

2002 62 The %@%ertr?é gra t&yr@%%cts “9n£'€ 492 t%e%ae& éé"@tf&?t‘?r

calculation of Step S5C of Fig. . The T nclination detecting means 403

executes thg ivMd | péroPical eyl atrucm s@£v§t@@o§6§sofco%tg-ott%d SHyhenkead
position detecting neans 404 executes the operation of Step S6D of Fig. 10

for cal cukativag ddreceasidd oeslin Wei cls thell eadswda eest fuomidetgeven
center and inclination and the conmponent shape information of the object
and det ecthibrglehfacerft ethepdsidd osscofot he Lpadsb2direction around its
20 center axls, the operation of a 0-direction rotation use
servomotor is also controlled by the servo contrcller 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 1s

also controlled by the servo controller 6C1.

When the compcnent 2 picked up from Eth

tcay 3 13

[N



10 The object center and inclination detecting neans 405 executes the
operation of Step S6E of Fig. 10 for calculating the corr cent er. d
inclination of the object fromall the |ead positions. . ﬁ%éeﬂﬂpaﬂFx@gta
clipping nmeans 406 is a neans for 15 searching a specified region and
calculating a clipping height |level. For exanple, a clipping value is
preparatorily obtained by the height data clipping neans 406 before
detecting the | ead 2a inside the small wndow 501 including the | ead 2a
shown in Fig. 12A. Then, by renoving 20 the noise height by neans of this
clipping value, the |ead position can be correctly detected. In this case,
the calculation. of the clipping height Ievel is executed for every | ead,
and t herelmorved t he cthpXrgxlievetobas &,vathed aratamdef or2deachs| ealdvays
Therefore, the optimum noi se height 25 renoval in accordance with each | ead
2a can be ®¥Eow exh Fheofler ghtgneadnslaatdigmalabb® 3BtphagemednehsBr or

~ ..~ ~~..c_~..~ ~Lla-m_a~~v.: ~ a.~.~c 1._1.._.._ _ ...
_m~~_=1. equigaBe@ndnbée 20D2s63 27 arsl aftiheg SeefgforPBOZoPitte i lof a
command fromthe operator. The threshold val ue cal cul ati ng neans 408 forns
a | um nan&@Afiirogf am oPAhetBadiie of2¢he thaki ndit e TSLLEBFESe I TG ke

hei ght dat a inwegg? gosition as described above and thereafter sets a
t hreshol d S/ e f BpArdfind e % o2t i BROFBFFIBAs PO BE sutf EctBY t o

hei ght detgect i f l g, _the | : fr. t NOi bj ect i
el g devaction, ol LorSOpl 2 o(heLeags 28 Liam Lhe ol se el el I
3,501 N9 AR Qleddiey dof eollon dange Ploddic el U diansladg septi on

304 of Figd. I'n this case, the conmponent shape | nfornation stores

therein thedatiesd QN el drdalied fld4anion o headiustienlo it thedei ght
15 detection region. Fromthe viewpoint of the CPU 300 that can rewite the

hei ght transl akieflbablie wn the bagide obrbheskphar mritanb1 t Bechebghtol
transl ation table can be regarded as a nenory for the CPU 300. The CPU 300
wilitt es t hevi&thidottattthemyilgnadesi gnati ng addresses, thereby allowi ng the
hei ght 20 translation table to be set. Therefore, the height translating
section 304 can preset the béhght hewasurdrenoweyi onf capabitéoof odet@ut i ng
t he height position of the | ead 2a about the hei ght neasurenent reference
pl ane wi t 9L ¥IRN hédightotreashir e rashi dmsigs y e R ghendmm thatis al | s
25 within the range of this height measurement region is outputted to the
subsequentCHTVHE L e ddbFexdeut Fiigy B0 WEINghBUGERESL i DRI GHPY ST t he

f the height 18 Decenber 2002, 64 t_regian. in thi ,
e o the RSO CReaRy, 296 CRUIEE: P AP SRR IFE L 1o

25% can be handl.ed As (g el tisdatilfé,‘-n fﬁg%%&‘? tondhecdd " sty ihedigent,,

t He hei ght” ctoordi nate axi's 1s taken
rotation of the polygon mirror 12 after the passing of the

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

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

25 mirror 12 rotates and the X-axis robot 5 linearly moves when

capturing the 3D image, each with constant velocity. If

these conAditiors arza AisnrdersA shaon =ha razclohinn foiv=zl



5 direction fromthe object_toward the 3D sensor with the nuneric val ue of
t he hei ght ~-neasurenent reference plane set to 128, for t

conveni ence. Assumng that the resolution in the directi2ﬁ3§€§ﬁ@¥%ﬁP02 10
dun, then the neasurabl e region becones about 1.2 mm Fig. 16 shows the 10
setting of the height translating section 304 that Iimts the height
nmeasurenment region to, for exanple, 0.5 mmon this condition. That is, in
Fig. 16, if a nuneric value (digital vajuye) of 78 to 178 is inputted as

hei ght data to the height translating section 304, then the value is 15
translated into the sane value as the input value, so that the nuneric
value (digital value) of 78 to 178 is outputted. However, if a nuneric

val ue (di §ital Parub}xehatni §hgohoskaprnérlt RAA Yersigad Aéregtéansr othan 78
and a nuneric value (digital value) that exceeds 178 and not greater than
20 255 arEPEnpiR t £B2 @S %éﬂ gPe FRPEUEES heS héiPghT2EY aRSICREFRGIs e i 6304,

then the yalues are_transl|ated so that, the value of zero is outputted in
each case¥? ﬁgPéngﬁ,anqgiﬁﬁhqxnyt %dfﬁsﬁﬁeﬁFﬁﬁrtiﬁFq&ﬁgh? rEagdr enent

regi on mhe? t he height gea urggent regggp that is qQSiqu tolbetQSIi

subj ect ed°to Hefght “detect FoR"T3°Ht evi ousTy KfGUn A SEEF SIFRFPG- 9, it

i Scproper e LS. hei ght i tahl e, Spegjfi I fa
exanpl o, GRORCRRESoREPLBnT?ulY, abbaPaiEL 02 KBY, %5555 BEbbRTr =t ot

obj ect ensgrgphie Hel o IBAUNGIRN ] eGh Ok I Remd P PO rELE, 94 bhdl S
required to execute an adjustnent for narrow ng the height measurenent

regi on sozthat ke ool 58s i echel SmaY¥el yied d50md heoteraiht s aeassk epent
region 5in Step S3. For this reason, it is proper that the operator may

pr epar at obil ythet 3® senssruld Harirehatige ngrobhement pohedakyastenecespandi ng
to the input value of the height translation table inside the height

transl ati Agrseetri onn30drdenmtan werhat a1 panélrod5Ghant oot hies canponet
shape 10 infornmation storage section 620 so as to narrow t he hei ght

melsur enefifier eqporatonl e hee gpolvigems| airvart Y etbatt iy weiasing7
inside the programnenory 301 of Fig. 15 may rewite the height translation
tabl e i nsPa&iffeé lHeigit tFAMETIRT NG SRt FBHNWAGE Jihet PR OHfof hERgbove

dj ust 1 d i;nsjde th t sh i ti

et on 68636 & SRaoRal OO LI P 200 aRaE nE2. BEFPORBRGFy 2306,

Ther ef di t t I, i Zi t f_th i rst
ermbodi nenEret I WS Bht SHERKG oHBARL20 S o0tian CHDaRT rof SHEBEL PhaTER
hei ght hti f I he [ -

ol ane w (A nCEnS RCFGRY SEatur ablo PegTon e BPGOAr by PRATNErghT To°

transl ati pgesecti-an;:3@4,. and the hei ght detection is executed only within
the range of this height nmeasurenent 25 region. Wth this arrangenent, only

the heights of the Irgads 8a idcat efeibpbinivde theinghd fneasueesertonegi on
can be detected, while the heights of the projections 2b and 2c 1ls
oe~em~er raaponenitocatead wutshdeltdepbsighbnatasigteneion egpamitasd hegt
detected. Therefore, even though the projections 2b and 2c that becone the
noi ses exitbe rdureatiinarsdorzd, s¢metr ofesccording to the electronic
component recognizing method of the first embodiment is
20 effective. This electronic component 2 has four leads 2a
provided on the left-hand side and four leads 2a provided on
the right~hand side, which are projecting sideways from its
body 2p as bent downward. In terms of a plan view, there
are sideways projecting projections 2c between the first and
25 second leads 2a and between the second and third leads 2a on

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

side, and a large projection 2b i1s sideways proiecting above



and so on existing an the nmounting surface of the electronic 5 conponent 2,
the correct recognition can be achi eved w t hout erroneoushyorgco Wéﬂbﬂg t he
proj ections 2b and 2c as the | eads 2a, the el ectrode or the PFRE"
Consequently, the positional information of the connection portions such as
the | eads 2a and el ectrodes existing an the nounting surface la of the

el ectronic 'conponent 2 can be correctly obtained. Therefore, by executing
the nmounting of the electronic conponeny,2 on the basis of the positional
information of the connection portions obtained correctly, the electronic
conponent 2 can be nounted mare correctly. 15 The present invention is not
limted to the first enbodinent and is able to be inplenented in a variety
of nodes. ther kkaapbet ileacheltirist enborliWerally hevheilgbpingansimneng
section 304 may be constructed of a circuit of, for exanple, two types of
conpar at of$isndtiewH ®f BéRA§rovirmscEmeRcad by Gt thar eonpaderiesd adsed it
is acceptable tq make one conparator of the two types of conparators

i nval i dat P81 he CRBPGRE N Gat BBk the Mi%E SM5PecE Ly dBoBRtERe ERr gl d

val ue for separati t he noi se object fromthe | eads 2a and make the ot her
conparatoﬁeﬁﬁﬁ@ﬁe%ﬁ%cqqﬁP%ﬁﬂiﬁﬂp %%I%F%ﬁm?ﬁ Y BECSEHREDel APVFVRgual to
the threshql d_value as valid, tgergb%Pgﬁgdycgnglaﬁgig;lar function.. |nstead
of “the first 2hnodidtent; 5568P&|ng ¢ n18_" Lenbe ‘%oﬁ@“@?egec&ﬁf?
erbodi ”E”tth%‘;:e- tihe aofféﬁ{%éé‘%@é‘{ﬁ O0nohPehE: Sfa%t”%'égqnofu%i & 2 gfd ng

t he hei gh ta 1nto an 1hage nenory, setting the héeight nmeasurenent Tegion

through anahyigheLf e eia dat@grandegephachng Hha-heirght 4ol a 04 side
the 5 neasurenent region with a specified val ue when the neasurenent region

that is desioeet e il etiee to heightagiatecii e candtx Bonths, as
predeterm ned. Specifically, this nethod is applied, for exanple, to the
case wher eephesfantid énpodi peatabsenaktlaphbhed obegayse: oha0b) @sdiod that,
beconmes a 10 noise is included in the hei ght nmeasurenent regi on expressed
by. &t he 8- hLitt idatgermhihe motf spehmighedi soncbnstimbl éimkcoondi ngharo ane
nodi fication of the present invention, instead of the provision of the
hei ght tr &esikatimhgcereRgonishs4 thehespegha i cambonenbt i 60of exeadlensewy 16a

and 16b of 15 the light-receiving systemfor focusing on the PSDs 17a and
17b so t h&e“Hy dflﬂré‘&n‘i At PSS O ST 99 SRaem Réhpidsdatite 20Ge i s

h dt vt hei ght t [ t by f ' ly th
7ot ot i on L GRE- | | bOS S SPHanecH heF 3t “Pocterig e TRITERti on
l'i ght f 0 . ' i d t [ |
or dor Lo TTEx 15 CH (RE ABEQREEadih cHont "PhgrOn CAEBREBmA s 13 ne

ohjgect, a;spegigl @djustment nechanismis needed in this nodification.
According to tHe conponent recognizing nethod of 25 the present invention,

the hei ght neasuremepiqregi ph gappblerof detesii Ny therdied ©9fdn postddans of
t he connection portions about the hei ght neasurenent reference plane within
t he the positions of the leads 2a and the positions of the
projections 2b and 2c that become noises of the electronic
component 2 shown in Fig. 6 and the height measurement
20 region according to the electronic component recognizing
method of the first embodiment. This first embodiment uses
the B8-bit image processing, and therefore, 256 numeric
values ranging from O up to 255 can be handled as height
data. According to the first embodiment, the reference
25 plane of height measurement, where the beam diameter of the

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

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



18 Decenber 2002 68 hei ght neasurable region is preset, and the height
detection is executed only within the range of this heig sur

region. Wth this arrangenent, only t a heights of the cgﬁwg%fpﬁﬁﬁggﬁéions
| ocat ed i nside the hei ght neasurenent 5 regi on can be detected, and the,
hei ght of the noise object such as a projection |ocated outside the height
measurenment region is not detected. Therefore, even though a projection or
the like that becomes a noi se exists near the connection portions such as
the | eads and el ectrodes existing on tA& 10 nmounting surface of the

el ectroni ¢ conponent, correct recognition can be achieved w thout
erroneously recogni zing the projection or the |ike as a connection portion,
so t hat e _posi tiqnal __i.nformatj he_conpnect i-.Qn rtiQns on.th

nount i ngttg‘ﬁl’sf g‘é%neg ﬁreale eecn?oim?é(;I @%ﬁ%o%gngﬂga%ebgrfgggbrr%glgt ?13?1 hiecai ned.

Theref or %oo%iﬁé%%utai%% itig DU | 19 ?ltxet Derehecir BQEECEQBHOEEB&%Q he

basis of the position ormation of the connection portio tal ned

correct| yorbe 8hect r 09k ErGOMBRNEI §8AsHE BRUNIBRNTOF G £OT E 86! Igiven
According to the conponent recognizing apparatus 20 of the present

i nventi ofhet heurier Oht vERASHr eienhipr @ opssapabhenel deirecthag i el ght
positions of the connection portions about the height nmeasurenent reference
pbane w thilet bE MMeitghit FRAFE=AHIS @ UppeImRiseseehddyw ibhehrRonsendrdrPVi Ng
section, and the height detection of the connection portions 25 is executed
only w tlwiadueheoff ah®)@ bdhathirepresghit sredsursaBantenayi phandV ofi hieight
arrangenent, only the heights of the connection portions |ocated inside the
hei ght nEessuaement tr8 it apeer POOPabgerefi sAScahabe ré¢preseats Wwhid e t he
hei ght of the noi se object such as a projection | ocated outside the height
nmeasur eneRPer8§iSén P8dnot tHerebyedeXFReFRIDY e, L% e ¥ Htigh M@ AFH*$E 160j ect

ol cct r odGSGRTL Bi o RIS HHGUTR ey 2 PRESI0F FRABRecePaiie damforont
18 co objtBet IOt ne"i TRe 3% JOMGLY| GROPOH PO oo CPRECEL nEosad Fronal
| nf o mat ol e connegbhon pard i gneusucha% they! 9ads A 104! egt rodes

exi sting on the nmountihg surface of e el ectronic conmpo can

correct| y,GRkal RRGa TS HQN% s M LXEC Wi R tTOWignG Qfhthkhe gt ronic
conponent on the basis of the positional information of the connection

portions cHraidtad, Cidtedd", dhelad ectkaoni grcagpesehe eafele thatmeheat ed
nore correctly. Fig. 19 shows an el ectroni ¢ conponent nounting apparatus to

be used fherightcampnerdblecpgoiahngnaetited @t drhepeoitpicrend £ mbhet i3mg

met hod of a third enbodi nent of the present invention. 20 Fig. 19 shows a
fmdunt i ng sERs@Tat ase mphysiodl 1y ofleternired r dapenddnpormant theumobtigal
apparatus, an el ectronic conponent 2 (occasionally abbreviated to_a
conponentS¥§éied nadeekgnt ocbe et etP bySeREOHr esentn moURPRAGLappat&Pus as
shown in Fig. 25, a tray 9a on which the conponents 2 are 25 pLac%%, a tray
suppl y s&QGOGR A L3 $VRSTERNLC cEAPBARRR supPPyPe&LFi BRI PGy 10 the

UL Ot Tl AP Y0 IS SOl £ acedh O S U, HBo IS
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



70 Ss~ sucks the conponent 2 in the nounting stage, a robot 5 on the X-axis
side (abbreviated to an X-axis robot hereinafter) that nnﬁiﬁ t he hgﬁ@
section 7 in the X-axis direction and constitutes part of egember ?,
robots 6a and 6b on the Y5 axis side (abbreviated to Y-axis robots
hereinafter) that nove the head section 7 in the Y-axis direction together
with the X-axis robot 5 and constitute part of the X-Y robot, a |um nance

i mage sensor (one exanple of |um nance jgrage capturing nmeans) 3, a height

i mage sensor '(one exanple of 10 height i mage capturing neans) 8 which
corresponds to the above three-dinensional (3D) sensor 8 or height
detection sensor 8, and a printed board 9 on which the conponent 2 is to be
mount ed. Mheeshuainaahceegiage isensoruirethdtohoeheidghts iathgehsrngom@ s e
provi ded bel ow the transport path through 15 which the head section 7
(nozzl e 7a8PIipassestesst faasparndeche icaisvriert L 3 rom ¢heé hegy adaaighthe
printed board 9. Fig. 21 is a bl ock di agram showi ng an i mage processing
syst em f oF*EAETRBF AT OPN&GE ts Sfs B, CHME F el PPHELRBT n§ScHRSGILRSE t i on
21 is 20n§onstructed of two separate blocks of a height inage interface 30A
and an i Séeﬁrocessing section 30B. The reason why the inmage processing
co%trol section 21 i

separated_i nfo_t bl ocks i.s that the |image .
processi ng section 08 i sgr é‘(fui ?ed%f%w%@ars%arsgaw\ﬁntgh ?h@%?%‘?ﬁ%aﬁ@é i mge

I e L A T Y R R P
can be shapgdoR¥nt 18cD8REVPRL R9PR0d1lof the Ffirst embodiment.

First, in Step S1, the component 2 is sucked to
the nozzle 7a of the head section 7 from the tray 3 under

10 the control of the main control section 200.

Next, in Step S2, the operator decides whether or
not the height measurement region requires 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 measurement region is required,
then the program flow proceeds to Step S3. If the
adjustment of the height measurement region is not required,
then the program flow proceeds to Step S4. In Step S$3, the

20 adjustment of the height measurement region is executed only
when the height measurement region that is desired to be
subjected to height detection has been previously known.
The adjustment of the height measurement region is executed
by narrowing the height measurement region so that the

25 projections 2b and 2c¢ are excluded from the height
measurement region in, for example, the case where the

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



the two sensors and the section (height inmage interface) 30A that cannot be
shared. A main control section 31 controls the whole syst of the

el ectroni ¢ conponent nounting apparatus shown 5 in Fig. 19 %%?“%%5@8?e,

t he ‘imin control section 31 controls the position of the head section 7 of,
the el ectroni c conponent nounting apparatus via, for exanple, a servo
controller 32 and executes the suction of the el ectronic conponent 2,
transport of 'the electronic 10 conponeg% 2, and nounting of the electronic
conponent 2 on the printed board 9. The*tonponent shape information of the
el ectroni c conponent 2 (body hei ght, body w dth, body depth, the nunber of

| eads 2a, the pitch of the | eads 2a, and so on) stored in a conponent shape
informati gl st QLeEEnserti BRi &Rt 3haaghrehenfRireggent bal tHechi@nis3ka by
transmtted via a 2 port nmenory 45 to a work nmenory 44 of the inage
processi ngiseelloncBRBkiand dHy eg: st At | baalvepasithiconadadiet Bt ban tofe t he

el ectronic conponent 2 is executed. The results are received fromthe imge
processi nglsettonnc3@Bmpionanite 2 28dpdite nproiycdboand 2bsexhd o2ct lidmat
correcting calculation of the position (X, Y, 8) in nounting the electronic
conponent p@senbitiebpromeedobear do9ecta.the X-axis robot 5 and the Y-axis
robots 6a and 6b, the servo controller 32 executes positional control of 25
thé X-axis, Y-axis, NAX&xi sinarffemz2le etlsatsaivaxicsntralpartied arls an
encoder signal 25 of the notor of the X-axis robot 5, which carries the

i nfor mat i 6ANEFOLREIpEY tGeh BRI e8nPEeENBEECtE002 22X e ReadPE&dsi Gif 7 on

he X-axi i_qi i |, 23 f, X-axi s, which i th
| or mat | SRCoFSAAE Y R RIS FRETeckEBRoSY had Fare P nesea AR
Tage 1 IPYE Shar LS an ans Qu MLed: { A Lhealel bt gRAS ,LSLT age S

30A so as i'nf ormthe hei ght” i'a erface
to be adjusted should be decided b'y the operator
10 according to the shape of the electronic component 2 and
then, the operator may preparatorily incorporate the

decision into the component shape information in the
mounting information that 1s necessary for the mounting
program (refer to the description of Fig. 14 with regard to
15 the component shape information) which component shape
information has been stored in a component shape information
storage section 620 of the main control section 200. In the
case of the normal component 2, it is preferable to execute
the height measurement by driving the servomotor 7m for
20 vertically adjusting the nozzle elevation shaft under the
control of the servo controller 601 via the main control
section 200 so that zero adjustment amount 1is achieved or
the height measurement reference plane of the height
measurement region coincides with the mounting surface of
25 the component 2 to thereby vertically adjust the nozzle
elevation shaft that supports the nozzle 7a for the

adjustment of the height of the lowar end -£ the rnczzlzs 7a,



information and used for neasuring the start timng of capturing the height
imge. In the height image sensor 8, the |ight-receiwving ten1%
measuring the |l aser beamreflected on the 10 él ec¥ronic ¢ §RNPe2%%at i s
t he object includes two systens (a channel A and a channel B) taking a
variation in |laser beamreflection into consideration, thereby ensuring the
reliability. The light-receiving systems anplify feeble signals detected by
PSDs 17a and 17b by neans of 15 preanpli Elers 33, convert the signals into
12-bit digital data (in order to ensur e” ei ght cal cul ati on accuracy, the
conversion into the 12-bit digital data is effected in this case) by neans
of A-D converters 34, and output the signals 18a and 18b to the height
i mage i nt eyonaeRuRAl yTheo 0t yGThPOtRE T @ipb2eind GRNGI 1SRNt byr Fokat iRy and
i nputs a pol ygon surface origin signal 20 to a clock generating section 35
by means dhet heranmiiiani sen sisuentn FrgfeBenddie slaek gefer ahenghgeghiton 35
generates a reference clock (CLK) required for wwiting the height data into
a nenory, TEE syeremeaites ey iay.i z3ant gleneyadhr ghiez abmpensngnahatHEERL iregui r ed
for takln in the height data on the basis of the polygon surface origin
si gnal , § MpRAFNE hedsnghaesti aso consgdpsedntier BROONTB the Iselegheli mge
|nterface section 30A In the helght i mage interface 30A, the I2-bit data
of X he tW§Q§E9ﬂ§ﬁ§|%ﬁnﬁHQH?'ﬂPOﬁﬂHhe6he|ght |nage sensor 8 are converted

|nto 8-bit height d a in ight calculatin section 36, A channel
sel ecting section 3 aI%s F%Q ﬁé@ﬁﬁn$ g 8aF8n6F°9hé”Im5h%y§@éﬁt

h I h I B h th I d | ect
hei gntdats rI‘naCl o % e FRE ebAEr @%rtIaZ%rﬁ P STt etuith each
t Far. h
clalmcﬂlgatl ng st age tgqf ‘IrI1 Pm gnheIﬁ%Py%%gﬁ%%ergiﬁéH%Z IInFo? 22% ?g%r eS8t i ng

the abnor rjrdoh drt 9%%%@et015@8rﬂgtgbﬁ dafa ©le t henehamnel iAroTherebare, in

such a case, the value of the channel B is selected. |If "both the channel s

exiu bit thechnaemal fyal tpe abuRbdngt MeB G 15 M@Hrﬁaq/@I HEmOfy 2395l S
outputted as the height data. If the height data of both the channel s have

nor mal valstessed henhar 8 thitet heigieandaahyeant ble skeaghteldat aeafi ghathnghe
channels is outputted. Atimng control section 38 outputs to the inmage
processi ngrsectddne 30Bm e dk aGlsK)sida 20dhdhiez adtdalessynohitbei Zatikas
signal (HCLR), a vertical synchronization signal (VCLR), which represent
the tim ngids rdrdhig date edi dite dweslifies avsilvage mam)by 3gadf frba i mage
processin ectlon 30B. The vertical synchronization signal (VCLR) is

gener at ed PSR P AHe 393 -gi n signal 23 25 fromthe X-axis robot 5 and

hereaf Ler counting g, pr edgt egplpedshepd, moyerens, st gfige By Lhe gngoder
is detected by the 3D sensor 8. The detail is shown in Step
S6A through Step S6E of Fig. 10 as follows.
Next, in Step S7, the component 2 is mounted in
the specified position of the printed board 2 on the basis
20 of the height position information recognized by the 3D
sensor 8 under the control of the main control section 200.
Fig. 10 shows in detail the position detecting
procedure of the component 2 from the height data in Step S6
of Fig. 9.
25 First, in Step S6A, a processing area is

determined from the size of the component 2 stored in the

componer* shape information. For example, the sizes in fthe



18 Decenber 2002 74 In the image processing section 30B, the height data
outputted fromthe channel selecting section 37 is storedEJBto t he bggge
menory 39. The height data stored in the i nage nmenory 39 1& %ﬂ%ﬁ%%@ to

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

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

el ectronic conponent 2 that is the object to be recognized. The programis
stored in a programnmenory 41. The shap&7infornation (external height,
external wi dth; external depth, 10 the nunber of |eads 2a, the pitch of the
| eads 2a, and so on) representing the geonetrical features of the

el ectronic conponent 2 are stored in the conponent shape information

storage sgehixal 3ha of-axie mMHEiredrRinOloSethé opr3desIhegshape iafeorsmi i on
is previously transmtted fromthe main 15 control section 31 to the work
menory 44 twoa time2- por Largeoras 4bnher saret @it hehé npolmpohentte hebghtthisgrage.
The positional detection of the electronic conponent 2 that is the object
to be recoegmered i Sigxetlbeshowst herbatasgolarheishape S0Af teken as &0 Fig.
26 shows a state in which an inmage of the bottom surface of the conponent 2
i s capt ur éFarprgg@ipi ERdproges heng uarpaance tiemagaesensomm 3thangizige of
| um nance | mage sensor 3 is provided by a one-dinensional CCD 70 arranged
i N3t he Y- &Fs RSN 2 25 s} ﬁgﬁh’é iThggefaEnsbhas eRpEGses HF i nage
of the entire botfom surface of the conponent 2 il e, movi ng. t he conmponent
o i the RInE oI TERT 1 B B ruheCHSOREN hodd Tat b g oGk ER o0
section 7..n Fig. 26 arg.sho an_image-form ng.lens_47 and an .

88 YAt Eag B TR ndAF SRBL P21 AEE GRSt nE SompGRent T2, Fhe

illum nati"on sys
rectangular window 500 that is the processing area to be

roughly two times as large as the size of the image 202 of

10 the component 2.
Next, in Step S6B, the processing area as shown in
Fig. 17 is internally sampled to form a luminance histogram
as shown in Fig. 18 on the Dbasis of the luminance
representing the height data in each position. Thereafter,
15 a threshold wvalue is calculated and set by the histogram
method in order to separate the height data of the
connection portion that is the object to be subjected to
height detection, or, for example, the leads 2a and the
height data of the noise object from each other in this
20 luminance histogram. In this case, a ratio between the area
of the bar graph portion on the left-hand side of the
threshold wvalue of the histogram and the area of the bar
graph portion on the right-hand side of the threshold value
of the histogram becomes equal to a ratio between the area
25 of the background region of the processing area and the area
of the object in Fig. 17. Therefore, the calculation of the

threshold value by the histogram method 1s executed as



Fig. 22 is a block diagram show ng an image 5 processi ng system of the

| um nance i mage sensor 3. The main control section 31, seﬁ¥@ [of0) trg@b Pr
32, X-axis robot 5, Y-axis robots 6a and 6b, and imge pr g%ﬁﬁkfr ?ion
30B have constructions simlar to those used for the aforenmentioned hei ght

i mge' sensor 8, and 10 therefore, they are denoted by, the sane reference
nunmeral s and no description is provided.-for them The imge signal received
by the one-di nmensional CCD 70 of the |um nance image sensor 3 is outputted
to a lum nance image interface 54. The f8ni nance i mge sensor 3 15 operates
on the clock (CLK) transmtted fromthe |um nance i mage interface 54, and
the image scanning timng i s synchronized with the horizontal

synchroni zafiiionssi gpakst HChRYegidhe ihbraai 8590RE bBRULEedst gethenlinabnance
image 20 interface 54 is converted into 8-bit digital |um nance data by an
A-D converitrgyicdeb @l imefe hbRoegnvenked, dakages aulapuld edet@ theougnge
processi ng section 30B. The clock generating section 56 generates a
reference sampdk ngCld) regulsedifhoervelsi rgchhenafthenenikdsedidetaibat o a
menory 25 and outputs the clock to a timng control section 57. The timng
control sectd oth&7 Yoakpet sdiwe¢thieon magedprideesisi sigogemt | off 30B: t hmagkock
(CLK) and the horizontal 18 Decenber 2002 76 synchroni zati on signal
(HALR), tiatd okk Berngdt he AN ninglidegpal ofortist obhaget Wetaf drawem i ened
data into the image nemory 39 of the inmage processing section 30B. The

hor i zont al* SyAtcfeey ZutIonval ghals( L RFDRs CgBRBFAERE &8R0T tPhethRe head

section 7 that is sucking the electronic. conponent 2 a_di stance of

one |ine SPIRE HFniSHER echégéagéﬁbﬁF §n§c€6F8iRaﬁtﬁngﬁ§§§2é&n9%of£e

nmovenent in the Xaxis directiogn,of the head secti.on 7, the anmount being
P S0t ST ghall A% ria1 hes eRcoddr ZA e ¢ har diy o

i nfornmed by

el °f roim 3 Srety "
prevent | ng, e SPOUL! o0y ahRBLNQL Ididla CARIULEG, | TRAS, The,yert] oa

synchroni zatl on signa transmtte e"timng control sectlon

57 d o theydmge mamRinedd k3 ggaer ghedabyaregel vi ngpihe r@hiegi ni$i ggk 23
fromthe X-axis robot 5 and thereafter counting a 15 predeterm ned head

movenent dirdAree iRy the encadess Sidnal added Tioddenhd MBgeomr eeesgiggrsection
30B is inputted |um nance data fromthe |um nance image interface 54. The

| um nance rdatda esdcatt r chkedllnyirdrece| Bekt6ELK), drfte 2Reharddzant aklue
synchroni zation signal (HCLR), and the vertical synchronization signal
(VCLR) andrestadresd $hit @ft hehe negeareodr yh39. hiheodramnabbendatle stdded in
the i mage nmenory 39 is subjected to image-processing by the CPU 40 that
oper at es &AW HERIESERE Spitdgr dMage &eteo condesgonpdsit tondhe25eadsect i on
of, the el ectronic conmponent that is the object to be recogni zed, The

2
pﬁﬁbranlisT SRR tHhE prokian? fre bRy FRISTIHE toh P ISTV Nt of® ( &Rt er nal
hei ght, eﬁgggdﬁgd tol%eD%%%n%%&e%%%%d value.

Next, in Step S6C, the window 300 of the
processing area 1is internally sampled to roughly detect the
center and the inclination (an angle of inclination relative

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

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

2 can be obtained. Fig. 118 is a view showing an operation



77 wi dth, external depth, the nunber of |eads 2a, the dianeter of the |ead
2a, the pitch of the |l eads 2a, and so on) that represent t4d~5a
features of the electronic conponent 2 and are stored in ﬁ%@egﬁﬁgﬁﬁgﬁ
shape 5 information storage section 3la of the main control section 31 are
previously transmtted to the work nmenory 44 via the 2-port nenory 45 prior
to the lum nance image input. The positional detection of the electronic
conponent 2 that is the object to be regggnized i s executed on the basis of
the 10 shape information. The |um nance*rnmage sensor is not limted to the
af orenenti oned one-di nensional CCD 70, and a one provided with, for

exanpl e, a two-dinensional CCD 71 as shown in Fig. 27 may be used. 15 A

| um nance fdRySLIRNSANg3' tBEOViEeEhW t8ntdiS dN®- didrEnsi Miadn CEF 7k he
captures the inmage of the entire bottom surface of the conmponent 2, when
the i mage @imgdreercompdnenineridi T ssmpling ohtedrbyekbenyl ladmianadtdoan
systens 48 from both sides while being stopped as sucked by 20 the head
section 7, Ass acapxangdeow ft theat wamiliensi anali sCEReC¢L teida tiche ampdge-thar m ng

| ens 47. Fig. 23A through Fig. 24B explain the coordinate systemof the

hei ght i ndtfel Eenstatas, evany i atpartpixehr inFihe Z3BxanddiirgctigeB sk lt he

i mges captured by the sensors 3 25 and 8, respectively. The reason why the
inége capttiteddyimentuehahbe neagbtsdaser of dihe hkadiei Bhrel ndge Weénsor 8
can be subjected to posjtional detection by the ident;cal 18 Decenber

2002 78 i MagE T ot EESF M RecProfRcEane-exahpI 6P Amdye Hr 0B ¥s STHPHHESNS)

30B is that_the. height ordipnate is.set_ wwth the direction from:t

conponent %p%hgfxfg ﬁﬁeﬁgﬁiggfa¥bﬁa%&rﬁﬁélﬁgfgﬁ@xwﬂﬁbéﬁ§%n§8ﬁg§tpégﬁ¥ﬁve.

Ine, Su SSRGS copenenl, Sucsy han,fbe UOUILLOgSULCRCS, o by,

! e Py B U e skl o s Sz ch 8, BT, ooy e

surd ace 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 (%, y) from the image 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 Y addresses, the height data in the specified position
can be read from the image memory 305. Then, according to

the following (Expression 1), the center position (Xc, Yc)

20 is calculated.

————— Expression 1



10 nmounting conponent is normally nmade of a netal, and if such a conponent
is imaged by the |um nance i nage sensor 3, then the Iunln 58 Ofbtﬁﬁ
nmount i ng surface becones the highest. Wth this arrangene ??ﬁa%ﬂ 8%5 A
or B captured by the |um nance i mage sensor 3 or the helght i mge sensor 8
can be 15 subjected to positional detection by the identical inage
processi ng nmeans (image processing section) 30B. Fig. 23B shows the image A
of the electronic conponent 2 of -Fig. 2 captured by the | um nance inage
sensor 3. In this inmage A the whitest 88rt|ons (having 20 high | um nance)
al and cl1 show the tips 2c and the root portions of the | eads 2a of the
conponent 2, while the gray portion (having |ow | um nance) bl shows the
mai n body 2b of the conponent 2. Fig. 24B shows the inage B captured by the
hei ght 25 i nage sensor 8, and the whitest portion (having a great height)
a2 in thi g4 Meyges8Buskawshihe pt(ixps y2c=0fl Whenl gads 2a of Thhe conponent 2,
while the gray portion (having a nedium 18 Decenber 2002 79 height) b2
shows the Inniiz kady 2ksahethehaanpdxenty) 2= ThehenoH (Ror {7} opsTBL.t he | eads
2a, which do not exist within the range of detection of the height inage
sensor 8, lar echvict cdsnedlBE hepglesentsgdhas ihdidatlel vylu to begse24B. 5
Fig. 24A shows the height nmeasurenent region. This is the 8-bit image

re%i on, anfd theklefoskoldsBapufecad crdlafdsar avgngg $¢Dnfor uheo 2BHOEEN be
handl ed as hel ht image data. In the present enbodi ment, the helght
coor di nat &%axis qg?@%ﬂ?l%hﬁfﬁ@%ﬁ?%%%? nPPFbHPEhe eF ecfPBNFEEFBIConpiifent 2

that is t t t d the h th f I f
o ght * medeRtER 1 T Sesre Eadbo1 58 Cohha %’scraaﬁe%?s%r & 040 248,
f th T f 2 f
eggresglig£ h%ﬁéﬁggye?hﬁgﬁgﬁecgﬁ?yggggf?ﬁ Eg 2%??3% §§%%9agge ®or the

i ke. Assumiigidial Jhe,d esahutiian by Wl esdi grao%dhelrgha el then

t he neasu |'e regi on becones a 1.2 nm e el ectronic co
regogni zi n@gnmihodoando20 meynti ng mehhoghyi |h, bes deserided nexinance

sequentially from Steps S11 to 520 according to the flowhart shown in Fig.
20. representing the height data in each position. The
threshold value 1s set to a value slightly lower than an
estimated height of the leads 2a that seems to be the object
to.be recognized by internally sampling the window 500 that
15 is the processing area. Otherwise, a fixed value may be set.
For example, according to the first embodiment, the numeric
value of 128 of the reference plane of height measurement
corresponds to the mounting surface of the component 2, and
therefore, the threshold value THL is set to a numeric value
20 of 80 (in a position 0.48 mm above the mounting surface).

The inclination 0, is detected according to the

following (Expression 2).



S11: The el ectronic conponent 2 of the conponent supply section 4 is sucked
by the head section 7. S12: A decision is nmade either to.ﬁ¥§§¢gﬁ%éﬂﬁ%obead
25 floating inspection of the electronic conponent 2, i.e.; e

i mage- capturing by the height inmage sensor 8 or to execute the other
operation, i.e., the e-capturing by the | um nance 18 Decenber 2002 80

i mge sensor 3. If the operator of the equipnment presets the information
for making this decision in the conponeg% shape informati on storage section
3la carrying the geonetrical 5 informatton of the conponent 2, then the
equi pnent -can be automatically operated. The program fl ow proceeds to Step
S13 whenh executing the lead floating inspection or proceeds to Step Sl1l4
when not executing the inspection. S13: The nozzle 7a that is sucked the

el ectronic 10, c gnt noves above the height inage sensor 8, and the
hei ght | m#ye ﬁZﬁ// tures the height inmage of the el ectronic conponent
2, or the threé:-di Si position data. Subsequently, the programfl ow
proceeds t§H= S>e(WSS§ S}%S )I'he nozzle 7a that is attracting by suction 15

t he electronl conpone 2 noves aSove t he | um nance i mage sensor 3, and
the | uni nan f —§é MaSgaptifes the |uninance i mage of the el ectronic
conponent Eizsgﬁrgyodlnen5|onal position data. Subsequently, the program
fIOM/proceedé ép’ S15. 20 S15: The lum nance inmage or the hei ght inage
IS processed 3% Eg 3nnnn i mge processing section (one exanple of inage
proce55|n éi BB/ *t*her eby detecting the two-di nensi onal position
|nfornat|on of” the el ectronic conponent, or X, Y, and B of the electronic
conponent.2,—§§§§¥Qx)0&)ls deci ded whether the inmage is the height imge or
the | um nance i mage. The program fl ow proceeds to Step S17 in the case of
the hei ghtgi g yrp§vto Step .. - 18 Decenber 2002 81 S20 in the
case of the [ ncé 1 nmage. S17: The height image is processed by the

i mage processi f n 30B, thereby calculating the positions of three

| eads to by Br % H’Ycontact with the board when 5 the electronic
conponent 2 is”ndunted on a theoretical imginary surface and expressing

t he i magi nf&;ytguﬁp(ueybyx)a nuneri cal expression. Then, the distances of all

the |l ead positwrors (X, Y, Z) fromthe imginary surface, i.e., the | ead
floati ng anobunts are cal cul ated. Subsequently, the 10 program fl ow proceeds
to Sstep s28. ===== Expression 2

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

Next, in Step S6D, the positions of the leads 2a
are detected on the basis of the component shape information
and the rough position of the component 2. That 1is, as
shown in Fig. 12A, the position in which each lead 2a exists

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

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

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



S18: It is decided-whether or not each lead floating anmount is exceeding

t he predeterm ned reference value. The program fl ow proce oSt 19
when it is decided that the |lead floating anount in at |e§§@e§ﬁB§T§%°§
detection point is exceeding the reference value or proceeds to Step S20
when not. S19: If the lead floating anount is exceeding the predeterm ned
reference val ue, then the conponent is disposed of as an abnor nal

conponent, and the processing is 20 co eted. That is, the nozzle of the
head section 7 transports the el ectroniT conponent 2 to a disposal site and
di sposes of the el ectronic conponent 2 there, and the processing ends. S20:
When the conponent is determ ned as the one 25 to be subjected to | um nance
i mge proaeasbng $0he idatintequandy neampaddf| oshéngoanuigdesgletectitan) in
Step S16 or when the conponent is-determ ned as the normal conponent 18
Decenber 2602e82 puisaseohedd X |@at eaghadeadt 2ias néts exceexlamglée hefr éherence
value in Step S18, the nozzle of the head section 7 transports the

el ectroni sanpdpdgentl 2 bdat eramitashr Ho9 saapleoubte tied gditecdabai evesponent
2 in the specified position 5 on the board 9, and the processing ends. As
descri bedo&b6Ve Piedoridi g & ol1ael g ke e wehil the eb&eipsang of
conponent 2 that only requires the two-di nensjonal positional detection is

subBj ect ed tP6 e F\ho-H TferRt ohBP PESTt Foe! ddt ebff oh By Ae &S °6F 1PRe 10

| um nance_i mage sensqr 3, and fhe electronic conponent 2 is nountedon the
board 6 ¢ FFOUGRE e SpecRacoeb IR fobi TF M Me oP P BeR L BRL of SX-16, Yand 8
on the basis _of;. i,nt.or 1LQn. t.he. e n r .t ele onj.c
conmponent %%iiSS dtlh}é%%t_rlggllﬁi ;%gnpﬁ%e tﬁ}r eﬁe.é-l n%n%?%%a?v%% i ?l"gﬁgl bgg%‘gc :non
such as t Qﬁeege%&&gnuqégeweﬂeﬂht% 1t Rk "o%%lki'iﬁﬁgntth% £ ead ‘i’llqutn'tnga*'a
inspection, the three-dinmensional positional t detectionis e ecuted by
nmeans of Gie thel ghlstd PG ISENSOFhd RDakDhe gnLLEeei SN f'acRiPhrihergormanent 2
viewed froma 20 specified direction, so that not only the positional

i nfoor mat i @Foekm¥ntYonatd mArbidr,al &or t BRehehght idxer nBtsDile ot hehemkhoat i ng
of the lead tips 2c can be obtained. The el ectronic conponent 2 having a
floati ng Weadow p02c oFothéehki kemapeedispaspd ahfasmbheéocabnaheak tanponent,
and only the 25 nornmal conponent is nounted on the board 9 through the
execut i onbeent e epegieticsnadly strrect tbe dhfxrmetigndog. thike si@ased Wwhg t he

two types of image sensors 3 83 18 Decenber 2002 _
body 2p of the component 2 (body height, body width, and

body depth), the number of the 1leads, lead length, lead
15 width, lead pitch, and so on, necessary for calculating the
position in which each individual lead 2a exists.

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

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

25 lines 503 obtained by calculating the respective middle
points between the lead center positions o©f the leads 2a

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



and 8 are selectively used in different ways as above is that a significant
difference exists in the processing speed. That is, the h

velocity in the case of the |um nance i mage sensor 3 is, oﬁeggﬁﬁ%ﬁ@b24oo
mmsec, 5 and a tine required for the inmage input is 150 nmsec in the case
of an electronic conponent 2 of a 60-mm square. On the other hand, the head
novenment velocity in the case of the height inage sensor 8 is, for exanple,
80 nmsec, and a tinme required for the 'gage input is 750 nmsec in the case
of the 10 el ectronic conponent 2 of a 60-nmm square. As described above, by
using only the lum nance i mage sensor 3 for the electronic conponent 2 that
requires neither the lead floating anbunt detection nor the |ike, the inmage
i nput ti mandanaperasetheeihg t fernebymaldbai ngintes .15 prieductBvidhowso ba

i mproved. When only the height imge sensor 8 is used, the inmage input tine
i ncr eases easmpoppafedtive t heshit s upithardeulEgernsensorth8 thoseobhatnad
reduction in tine is achieved as conpared with the prior art exanple),
however, t€RErecid cROteiroanchgiimsipectiaon ahdtke opmeanshe achi évedidther eby
allomnng conponent mounting to be executed with high reliability. The

| umi nance 13madéss érfsil atard s> Hei PR ¢ 9RRJES sERB 0k 8L ERME e | ABepBAdent | y
sel.ectivel y used in dlfferent 25 ways according to the shape feature of the
el ct r oni E%‘Qﬁﬁ@ﬁént 2.2 eéyllof iR Gtoper? ‘?oolfse“?Lﬁ’e FGrPRIREe

h d- | 1 nmb
2009 84 13 WA ch%tep{eewﬁgé. ﬁﬁﬁi?‘%naﬁo BaF 1 oA i obtTonoof €5, TBRa A1 s
adequal e, gRd it il BRCTpkO (RAGE Scblae okt egdiciznshonal pastbgnal

detection by neans o I mage sensor or t roni c

component gy 'F@@@hérﬂf §1<§é eSﬁ&O’Ehﬁ GRUERONGRS Ofa BRLAEM | o tqur ray)

having a nunber of bunp el ectrodes on the bottomsurface, and the like. The

| um nance digiage h3@asofi & apdcbhe heldhtehtBge p3RATALN8 Eddrdhdised of
i ndependent|y selectively in different 10 ways according to the inspection

i Ltens to heeexecudisedaqn the el ectronic conponent 2. For exanple, in the
case where the lead floating inspection of the electronic conponent 2,
shape defect i nspectlron thfis' tbeebunmnelendendesaokxmhelelemheonf¢rst
conponent of the BGA type and the like are 15 required, it is pro er to use
t he hei ghtembegd&esdnseitiy ftéve t Aeiexeantonabf itpwe hi 88- diferisi

posi tional detection of the electronic conponent 2. By settin the helght

coordlnat&aQ%ﬁﬁ%%%ﬁtqﬁu?Hﬁﬁﬁﬁﬁn%QHﬁﬁﬂRﬂﬁ%qﬁﬂ~tQﬁaEHQec§|%% FgénPFﬁ@r

el ectronic 20 onent 2 tomar he i, mage sens, eco
posi tive, 3fre ﬁggpﬁﬁmﬁﬁﬁgéiﬁaﬁﬁ gﬁang e%%ht ggbpcg and

the lumn data _ohtai fromthe | um nance i gage sen r an be
pr%cessed%b anggentchfs nﬁggglr5€e§s|n5roéctléﬁnioga fls %grggg ment

al | ows th%e%@v “e‘?{“{rﬂé 'ﬁ‘id&% bfoQQ”H?“'t%ou%%%d%“%a?" éhfeégﬁﬁ‘ggd to
processi ng o be execute y a common program According to the present
inventionedh@ddiinanGl se lead removing process" for removing the
noises 102c¢c so as to prevent the influence of the noises
102¢ when detecting the images 102a of the leads 2a. The
20 image 102a of the lead 2a located at the hindmost end is
completely included in the noise 102b corresponding to the
projection 2b, and therefore, it 1s required to execute a
"low-contrast lead detecting process" (image emphasis
process) in order to execute the positional detection of the
25 lead 2a located at the hindmost end. Depending on the

capabilities of the "noise lead removing process" and the

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



18 Decenber 2002 85 image capturing neans and the height i mage capturing
nmeans can be selectively used in different ways in accordﬁ§ﬁg%é%gégzgef
shape features and inspection itens of el ectronic conponents, 1hereby

all owi ng the positional detection of the 5 electronic conmponent to be
rationally executed. The recognition and nounting of electronic conponents
that require the three-dinensional positional detection for the detection
of the lead floating and the |like can bggexecuted by the height inage
capturing neans with nuch higher speed 10 and higher reliability than in
the prior art exanple. According to the present invention, the two

di nensi onal positional detection is executed by neans of the | um nance

i mage capeur stgteeas f greadunidestt rors Lt conpohkswlacengiith sntly na-

t wo- di mensi onal positional detection is 15 adequate. In the case where
posi ti onaFeEBEPEEEPBNn siARPERTt oL® hathedf T8 9r it tar thexamsild abd iégui r ed
on the basis of the_jnformation, the electronic conponent can_be nounted on
t he boardr?aPSGSh t he é?e&&t%@nqﬁrq%ﬂaQﬂkﬁQiEF%H ?reetFen 69¢Cxandy, and
8 . 20 On_the ot her d,_ for_the el ectranic_conponent that. requires
three-dinﬁh?iBﬁéFep&gggigﬁﬁ HRRQRTDN%s ?h%h%F§%¥?6%?c°%oPﬁ&% P etRat
reguires lLead fl i N ction, the three-di nensi | siLtiona
degectionaggrg%é§§%829b?qﬁégnéoo%qﬁﬁaQéﬂéﬂﬁ %%&ﬁﬁfcgggﬁrgﬁg%hgaﬁgagﬁ t he
entire 25,surface of the electronic conponent viewed fromthe specified
direction, so that not only the positional information of X, Y, and A but

al so the height infanmibarrasi8 Pecenbers, 2082-8649hqt heof | @aki ngiekit he
| ead tips can be obtained. The el ectronic conponents having a floating | ead

tip and thepbuikeedan he dissposemhtefd aso appesaml teeMpengntsmeasdremkeytt he
normal conponent can be nounted on the board through the
region capable of detecting the height positions of the
10 leads 2a about the numeric value of 128, that 1is, the
reference plane of height measurement in the height
measurable region, and the height measurement is executed
only within the range of this height measurement region.
Therefore, only the heights of the leads 2a located inside
15 the height measurement region can be detected, while the
heights of the projections 2b and 2c located outside the
height measurement region are not detected. Therefore, as
shown in Fig. 8B, the image 202 of the electronic component
2 having only the images 202a of the leads 2a can be
20 captured. That is, the noises 102c and the noise 102b that
have been disadvantageously detected by the prior art are
located outside the height measurement region of the 3D
sensor 8 according to the component recognizing method of
the first embodiment. Therefore, the 3D sensor 8 detects
25 neither the noises 102c nor the noise 102b. That is, this

embodiment needs neither the "ncise lead removing process"

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



5 execution of the positional correction of X, Y, and 8 when positional
correction is required. According to the present |nventlcwh t he eI§®Bﬁonic
conponent that requires lead floating inspection and the Receraper
subjected to the height neasurenent for the lead 10 floating inspection and
the like, and the positional detection required for the correction of X Y,
and B can be sinultaneously executed, as described above. Therefore, the
recognition and nounting of the electroggc conponent that requires the

t hr ee- di nensi onal positional detection n be 15 executed with higher speed
than in the prior art exanple that requires the two recognition processes
by nmeans of the CCD canera and the height sensor. Furthernore, the

t hr ee- di mprenonatededi thoanathslepedbironars. exeatidreddar ,t henerjorgsiwdnace of
the 20 el ectronic conponent, and therefore, the | ead floating inspection
and t he | Wwié&hcamebe rexec atrded maithiodhi giver fdosir ampoidiavenitn Hase ot @mlar t
exanpl e in which the height detection is executed on a specified line. If

t he hei ghtthiemegfef ekt aofakeduiciny the hahghtnZ@daﬂﬁyEQRmﬁmnihgtnEdme and
the |um nance i nage data obtained fromthe |um nance inmage capturing neans
are procedded B fEed | ddnt ireFarkeRgde prlaeeesiing mides e ldiabdildgu hethei ght
18 Decenber 2002 87 coordi nate system of the height inmage so that the

di Pect i on HECOITENE OB -ect r oni ¢ conmponent tomard t he hei ght i mage capturing

neans becones positi en the |na roce ing control section can be
ooy ueed bog t HiaramEy HecdRESd E%m g&eaeapsatbﬁ%@na&mn

program A LQurt hogmbadineat, of the present 1nuention il | he deseried in
concrete below w th erenceto e %ravm ngs 1g. T %H ovvs an electronic
conponent QYR Ngapable of detecting the height positions of the
leads 2a about the height measurement reference plane within
10 the height measurable region is preset and then, the height
detection is executed only within the range of this height
measurement region. With this arrangement, only the heights
of the leads 2a located inside the height measurement region
can be detected, while the heights of the projections 2b and
15 2c located outside the height measurement region are not
detected. Therefore, even though the projections 2b and 2c
that become the noises exist near the leads 2a, electrodes
and so on existing on the mounting surface of the electronic
component 2, correct recognition can be achieved without
20 erroneously recognizing the projections 2b and 2c and the
like as the 1leads 2a, the electrode or the like.
Consequently, the positional information of the connection
portions such as the leads 2a and electrodes existing on the
mounting surface of the -electronic component 2 can be
25 correctly obtained. Therefore, by executing the mounting of
the electronic component 2 on the basis of the positional

N

information of the connection portions obtained <orrsctly,



10 apparatus to be used for a conmponent recognizing nmethod and the
conponent inspecting nmethod of the fourth enbodi nent of t [ esen
invention. Although Fig. 1 shows the first enbodi nent, tﬁgfggﬁg??ﬂ%ppgns
shown in Fig. 1 are the sane as this fourth enbodi nent and thus, Fig. 1 is
used here for 15 explaining the fourth enbodinent. In Fig. 1 are shown a
nounti ng apparatus main body 1 of the el ectronic conponent nounting
apparatus, an el ectronic conponent (abhyeviated to a conponent hereinafter)
120 to be nounted by the present apparatus, 20 which is as shown in Fig. 40
al t hough denoted by the reference nuneral 2 in Fig. 1, the tray 3 on which
the conponents 120 are placed, the tray supply section 4 that serves as a
conponenttiseippl gcsechioncédopomenvnitcaml by msouppt d nge tdhecaomonent 120
pl aced on the tray 3, the head 25 section 7 having the nozzle that sucks
t he conponent |20 i Aigheldouat endeseaged bheckobbagbamnofhe Xeomgbsestde
(abbreviated to the X-axis robot hereinafter) teat nores the 18 Decenber
2002 88 heR@PgRtiiB® 7 dnPaudEue axifordi rEeRiomentn®onddiet ut esmpanendf t he
X-Y robot, the robots 6a and 6b on the Y-axis side (abbreviated to Y-axis
robots heF@FeRRtet)dtRathadvel t Hee nehes SR et t he Y-axis direction
32? constitute part 5 ﬁi thﬁ -Y.robot, and ype,heigpt de%&ction*se sor 8,
ch corresponds t o™t Bé9thiée- ditfeMABh£fO S+ s3fSorOB oY hePBht Ot frage

8, [ i i ght i f_the. 120. The.
T sl GE AR HEE ORI IE, Ly 0 SRSl e
h : I L db
corponcridghaids Wenheccemonent 420 BLaget, onLDc LS Lcaushed o

t he head section transporte IS direction

driven bycdhierdtaxi nk0bgbs3taBave oiche thel ghicLdet ecddon,sensores, the
hei ght image of the conmponent 120 is captured by the height detection

sensor 8.eT&et#bn{bei gbinpohange abuaitned bwddwe dieisghtvidet eghé onssensor 8
is subjected to software processing to recogni ze and i nspect the vol une or
shape of eashrollarplé&vhl iand okxbentaphethealsunmprel ectraadesrt?20azamd t he
conponent |120. If the inspection results are normal, then the conponent 120
i s 20 noundentingao$pébief ieded qrasinticoroomonlea tprd rmire dt o ap di Wt ednboded ot her
hand, if any of the bunp el ectrodes 120a has an error i'n ternms of volune or
shape, th?s corfithesomprdans: disdg@sed ipfformagionps i(§han expranaforyhei ew of
the X-axis robot 25 5 of _the el ectronic conponent nounting apparatus. The
head sect FoRPTREREL PPEYsaBkilR§AYhBeEsRponBAtY 1989FE, nBoeY gﬁpghber%%is by

the rotation of th t 18 002 89 24. The hei ght, dat

nput o TREPRbrTneie 120F" eS80 APt et RBAd CEEtYort S PR TR
Ki t t L2 j W th t it t

7 gt “dctati Fon BEnsor 87 r on s et R Tonar %t ST o0  hind

side 5 OTrbhEsALLOLA SEASRT i YBRBOhDRLNSSELSECLIM rhaRassesspbrile side
gl n sensor 22, an origin signal 23 I's outputted to informthe

I mage progeseisg 620t bel tE8CHEOR 24n0kolNgeHLBHI 200 to a work memory
302 of the component recognizing apparatus via a system bus
201 and a 2-port memory 306, and the height iImage input of

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

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

directions when mounting the electronic component 2 on the
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Jolab controlling *he overaticn of the whole



It is to be noted that the reference nunerals 18a 10 and 18b denote out put
signals fromthe PSDs, the reference nuneral 20 denotes tﬂf go“xgﬁ § rface
origin signal, and the reference nuneral 25 denotes the e 8 &% 3W . The
construction and operation of the height detection sensor 8 will be
described in detail below by way 15 of an exanple that enploys the
principle of operation of triangulation. Fig. 29 is a sectional view of the
hei ght detection sensor 8 perpendiculargyo the Y-axis, while Fig. 31 is a
sectional view of the height detection sensor 8 20 perpendicular to the
X-axis. In Fig. 29 and Fig. 31 are shown a sem conductor |aser 10 for
emtting a |l aser beam a light collecting and shaping lens 11 for -

col | ecti nglantdrehapi mypnponentaseuriidan spgEofagon by rtbe ®2ifocoscanii ng
the | aser beaminpinging on this mrror surface by 25 nechanical rotation,
a hal f nmi seetied foP0partThal,y Pranghe t biasd sandf pdittd akkyules| ext i fget he

| aser beam and a m.rror 14 for reflecting_ |ight, 18 Decenber 2002 90
There ar ePEF4E18RowWR /an' FA) fRr 0t ing ehhPgbat iRy opk? cBRIPatR$EOthat
the | aser beam nechanically swung by the polygon mrror, 12 is applied
perpendicﬁ?&FP?nt&nﬁ%er% 2ﬁ?glﬁézf ﬁtgﬁslt et%%béé%%Fe?%ﬁﬁ%i g Pénses

16a and 5_16b that focus the reflection (scattered Light) of .the |aser beam
i ngi g SO (S HR6H SR 1 CATC U8 oty bk 4202061 CRE CORFOREAL 120

and seri Cauetanhes LLa ARISkLVe devigen Lably @4ialed 0PSB, o

Serve as position ectin evi Ces 0on each

of pnich Beoleaserihonm Yhali has, | 9p! baedaad; £6h | eck st afebhegoggponent

120 is focused via the focu enses 1l6a an and have a function for

generati ngnan xelvecd {i&ctsigal s€on s ekat ad vl thd hea ROséddon0f 7t hg kaeused

light. The reference nunmerals 18a and 18b denote the output signals of the

PSDs 17a ard HrkBridns tdrid mAge;s tiee | asett beait edbhpeteit om thethe

sem conductor |aser 10 has its beam shape coll ected and shaped by the |ight

call ect i ngprand fskapipogilténn df. theepeahted, bbhedl &ser beam passes t hrough

the half mrror 13, 20 reflects on the mrror |14 and inpinges on the

pol ygon mirror 12. Te pdeygerhetrrimand? i r ¢hat i Xgawish xdst at as

vel ocity, and consequently the | aser beaminpinging on the mrror surface

i s swung. EFRERD t fROYAserteahfdfosee Tptrcal patar i 4 Schatgel by the FO

| ens 15 is applied 25 perpendicuylarly to the henjspherical b el ectrode
SRERE th Bht otP

120a of tKeS Oriént CIBBONERH t4hi $ST SFIERE I OF | F i"E¥ Scu ¥n“*fe PSDs

17a and 1§%t\élte}.otnh%g Qc(fmlJeSISneq:\flo?n% %Sr sz\ﬁa aq‘g\elggight data input of the

15 electronic component 2 1is executed by the head section 7
that is sucking the electronic component 2 and moving with
constant velocity above the 3D sensor 8 from the left-hand
side toward the right-hand side of the reference position
sensor 22. When the head section 7 passes at the side of

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

25 axis, and nozzle elevation axis. In particular, a motor
encoder signal of the X-axis, which carries the information

of the position of the head section 7 con the ¥-axis 2and a



18 Decenber 2002 91 The PSDs 17a and 17b generate the output signals 18a
and 18b capabl e of neasuring the height of the |aser refl i ng_,sur. e of
t he hem spherical bunp el ectrode 120a of the conponent 12@?6?F$5P?n%bgﬁcase,
the | aser beamis reflected on the polygon mrror 12 and thereafter applied
to the hem spherical bunp el ectrode 120a of the conponent. 120 that is the
object. The | aser beamis applied consistently perpendicularly to the

hem spherical bunp el ectrode 120a of 10gghe conponent 120 that is the
object by the FA lens 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 thefasansphepiésiobuApIrpéctirote th20X -eKkishe Whdpo et 1EZ0, thehe
peri pheral surface of the hem spherical object corresponds to a sheer wall
for the héngarmgeiert idn skasdecs .that fhe |ead BeariPs apphfed aeand
around this portion, then no reflection |ight can be obtained fromthe 20
heni spher t28P BbPECh tamP TR GeEaEctI G ¥ i P+ F B¢ n3r € o1 PREEPSES tP7& and

degr ees. of ShiPaceiRGie TRE TEhstV b (5 hot B0 GhPBREBEPHg AP Hetiur acy

degrees o PrBCREEpIAg St Eur acy.
Th l e_i h in Fi_q. B, . A b ) f ,
shgun in ErEctals Thscl bad | Bhort Tph et urrRG Bhe SortngRorSE nat®

heni spher i Gab huRBoRl eghg 0de d 205l e coupgnenhe 120: by: t heuhgightye

detection 18 Decenber 2002 sensor the accuracy 1s increased by

prepar at oghkyngaligultdd Nge BgrBdhdBar in¢apaklee QfaAtRdMd PG ¥aki drdat on
the basis of 0 and subjecting only the neasurenent height"H (X Y) to

vol unetri eigahgukbahtepsloskytwbgnisbhe sanpling 5 point X Y exists within
the region of the radius r fromthe center of the hemni spherical bunp
el ectrode 120a whil é&si nidsradilbedsamibong, t hecsomdiing egbton. the height
10 detection sensor 8 of the height detecting 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 variation in reflection of the
laser beam into consideration, thereby ensuring reliability.
15 The light-receiving systems amplify feeble signals detected
by the PSDs 17a and 17b by means of preamplifiers 310a and
310b, 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
20 of A-D converters (analog-to-digital converters) 3lla and
311b, and input the data into height calculating sections
312a and 312b of the image processing control section 21.
The polygon mirror 12 is consistently rotating and inputting
a polygon surface origin signal to a clock generating
25 section 309 by means of the mechanism shown in Fig. 5. The
clock generating section 309 generates a reference clock

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



In Fig. 31 are shown a photosensar 19 for sensing the input of [ight
thereto, and a signal 20 for informng 10 the outside of i | i ght
to the photosensor 19. This signal 20 changes when each nHﬁ%#e%fzgé% of
the polygon mrror 12 cones into a specified angle, which is the so called
origin signal (surface origin) of each-mrror surface of the polygon mrror
12. Further, in the case of a 15 polygon mrror 12 having 18 sides, a
signal is to be outputted 18 times per ggtation every time the mrror
rotates at regular intervals of angle (afl angles of 20 degrees in the case
of 18 sides). This is called the polygon surface origin signal 20 of the
polygon mrror 12. 20 The hei ght detection sensor 8 of the fourth ‘
enbodi nengehasattws syst etomfzd?S1ci r synthroflizatdpnangeigmal i s (HGDR)ded
principally for conpensating for no return of the reflection light to the
PSD i n t erpsudfreandics; wdliiohg pbssibkyhedghts data hen chse hheie vie theser
beamis 25 applied to the conponent when one systemis enployed. It is
somet i mesPRBIYEOSS f BeX Fyee t @rpidevi delgmalbe 26k ndRe Syudds, theciicrd sy

havi ng the sane neanj ng, and w n 18 Decenber 2002 93 accordingly,,

descri pti 6RERI Itlheoetlﬁﬁ‘m dernorrt heedak?s 8P7t RE R IPRCENPT RESSdice

w Il herein be de tq one _exanple of the height neasuring nmethod of the
heRi spherF@QItrﬁganﬁe@téloélc&rlode 120a of the conponent 120 that is the object

to be me d by t f nent i d i duct 0Si ti &'t'

dgvi ges ?IngBg) 1)7/a an al%,ﬁ aglérg% %53 rgétgog§gtchogéts%ﬁoséc%hgt%@fsng:] :o !si% on
ce: ) o : ( i o

Eggrsr::;l\ét?sfq‘g\é?%gn%e ff \rl\%grlr?t Fﬁ%lgk%lngcﬁ%gﬁ%ﬁllﬁgt%écgllggcﬁd(?ng @é& é el

direction) RerpAndielar 0t he gheeh o ang wesig kG824 diawn sand
applied to the hem spherical bunp el ectrode 120a ‘of the conponent 120 is

i rregul ar lypniefdtestsed3pnat heidhesi spheircatodbebian elrf r 9dei 42@aignt this
case, it is assuned that the projected points are a point Al at a height 0
onot he botdadm sy f abe dfe iidi: hesl sphetiwal shunpoakec2zdeardi®?0a1and a 2poi nt
Bl at a height Hfromthe bottom surface, or the | owernost portion of the
hen spher ickhannsinps el ect inge s&28aon2@ Ohecompageab arthe riedi@ct edakasef beans
are collected by the focusing | ens 16a and each focused on a point AZ and a
poi nt B2 &het fevcs @rsd@ifuctdramesi i and aiginnade fewidd (GasH) offger 1in
Consequently, el ectronotive forces are generated at the point AZ and the
poi nt B2, '§¢lostimRu enfr SRLeAts de | behgRtt dkéR dithtatof SaePdi K E2Xfd
currents | arﬁ. |4 are taken out, of a point D. Tf%% currentcs 11 andFl,
depend on iLt9hRe Cefsapatintdt 26G9reance with each timlng. For

15 example, 1f a division by zero occurs in 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 1is selected. If both the channels exhibit the

20 abnormal values of 255, then the numeric wvalue of 255 is
outputted as the height data. If the height data of both
the channels have normal values, the arithmetic mean value
of the height data of both the channels is outputted. The
height data outputted from the channel selecting section 303

25 is stored into the image memory 305 while translating the
height data outside the height measurement region into an

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



conponents-proportional to a distance xA between the point AZ and the point
C and a di stance between the point A2 and the point D, V\még Sg}ﬁb&lfobfnts
|2 and 14 depend on resistance conponents proportional to a arerance %8
between the point B 5 and the point C and a di stance between the paimt B2
and the point D. Therefore, assum ng that the Iength of the sem conductor
position .sensitive device 17a is L, then xA and xBin Fig. 37 are

determ ned according to the follow ng eygressions. 10 xA = LIB/ ( 11 + 13)
xB =114/ ( lz + 14 ) Therefore, a distance H between the point A2 and the
point B2 on the sem conductor position sensitive device 17a of Fig. 32 is
determ ned by the followi ng expression. 15 H - x,~ - xB Based on the

t hus- obt aiseed iloai g4 .H Toe tHeomRSY achetlbei ght ghki datlet enfionddhe Ammershani sm
for capturing a height imge will be described next with reference to Fig.
28. 20 | nmEmgr 280y el sshemmtzo begch Rynthel téméngogortrofl tdestpeseift’.

el ectroni ¢ _conponent nounting_apparatus, a reference position sensor 22 for
i nfornm ng The nBiRiBEnt FORtEeEt i HACLIORF Ihe rF@ERE Pos t it gAnce
capturing the height, i e _on the X-axis robot 5, _a reference position 25
si gnal 23 PRS- HL9F0r it FfP hETRBI FiconkT 61 28865 ofP 1 SFeFREBTHEESiTRITOTS t he
heqp section 7 at th% si_de o& t?és referqugﬁgQ§ition ensor 22 n._encoder
24a of a §6Fbreffoﬁgr nﬁ%?ﬁa DREenber® 202" 95 A X-5653 S r%ﬁﬁ)lQQ' and
an encoder, sj l. 25 tted fr od . en t he ‘59-@5 ent 120
pi cked upn\‘or%)cﬁqh{ét te trc{al%tt%?llctse'traril:gl;gc#e{%&%gﬁ t%r%f%xﬁe\s@byathe -afo;alr obot

>, the 5 QEE65n245 tiBnd! Yoy Sa 01 Vivig,zh hea £ACAGRL & 9pRL (ssﬂg?-{)lﬂ' sgétiaon ”1

AB- phase, Z-phase or equivalent to this) 25 to the main cont

Due to thediafl idadla th&inRf-aneRea rit0Sllyhan Shakalthé3 ikS g8l ¥Rhok@ Bhe.main
control section 21 when the conponent 120 passes at the side of the
reference TBeposehbon SaNBOrthd?, pireeerelatined pashdli ofeof idhe morgarent 120
relative to the reference position on the X-axis can be cal cul ated by the
maidn cont rddls tsectd onl L1 aeurntdidt hoy hetsegnahso@8r 25igBalt he fotehrer tiand,
the anount of rotation of the 15 polygon nmirror 12 located inside the

hei ght detrstardi Ferort® ine fagimgicn et ignved-ans tt Hiey ERnaget i fdee
origin signal 20 to the main control section 21 while the mrror is .
rotating, V&fFidfed arbiifth I ITRGqoN B9k poY§Edh nitfrofhes afitter it s

o R e, SIS oot on eeney Z0cealen el omins,
oAt on ol S Rolaan iy ar, L2 MSRTaT 4 Rpanert ;e Lakalgel
e e e PR an b ey ol i sprpar Sl digd ot
to 1image processing operation by a CPU 300 that operates
according to a program and subjected to positional detection
and so on of the electronic component 2 that is the object
to be recognized. The program is stored in the program
20 memory 301. The component shape information {the component
body size (body height, body width, body depth), the number
of leads, lead 1length, lead width and so on} 1in the
component shape information storage section 620 that is
storing the geometrical features of the component 2 1is
25 previously transmitted frém the main contrel section 200 via

the 2-port memory 306 prior to the height image input. The

positional detection of the obj=sct to be recognized 1is



L~ ~~) 18 Decenber 2002 96 axis robot 5 |inearly noves when capturing
the height i mge, each with constant velocity. If these c LL
di sordered, then the resolution (pixel size) per pixel inﬂ?ﬁgaﬂﬁgéé%p?al
and vertical directions of the height image 5 to be captured is to vary
according to the fluctuation in velocity. This is an error factor in terns
of neasurenent accuracy. Therefore, in the el ectronic conponent nounting
apparatus of the fourth enbodi ment, thejeight inmage is captured into an
i mge nenory 34 (see Fig. 33) located 10 inside the main control section 21
by the hei ght detection sensor 8 having the aforenentioned construction.
Further, in order to watch and control the consistency of the operation of
t he pol yg@xemiutregd ar? theatbasisotét ithg tagipoaleny whape dnsiamatvisdtrocasy
with the operation of the 15 head section 7 driven by a notor such as a
ser vonot ordesayd besl yrovesur f&cd sortiqgibe siqjiesl e hfthehevgpok yyemony r8oe2 12
and the encoder signal 25 of the notor are used. A block diagramof Fig. 33
showi ng t & YRt 3 She uetare &Prt BEoFANY co®t roits@adicit Brewylt pben
described 20 next. The main control section 31 controls the whole system of
the el ect U CEAPondst RBEATLAGRAppRREREEISRoVRYE | T8 gOPIeCEor texaRPl e,
the. main control. sectign contrals th osition of the head section_ 7 of the
el gt’ct r oni & B LorFSHent SmHRTH &Eﬁ) dgfeus R q‘-fl'ber X “re'jr%\nij(e)?%bon
controller and_e es.t Suci. i of_ t l.ectr oni nt._.120,
Cransport A me 5l CRrbnt? CopoNEhe 20 S o8 Tocenber: H000 07 andes
nount i ng ek ecty.oni oneat :Qat bnted 9.
shape infg%ﬁgﬁﬁbng§b6{y ﬁgig F% HggyTiﬁgtﬁgaggdgﬁgggFﬁﬁﬁtﬁ%eﬁﬁggér %?g
hem spher i«Galn D egd1odesy12Qa, rastt hendi @Rt lorforidie: hﬁ@&é@h@fiﬁgl
bunp el ectrode 120a, the pltc% of the hem spherical bunp el ectrodes 120a,
and so onyvefodite elsactgoning wargonent 120 to be nmounted stored in a
conponent shape information storage section 3la of the main control section
31ds transmtted viBi@. 24for shoesorfurds: iaorch 110mstns edingitwoded wank tiesor y
44 of the image processing control section 21, and hei ght inmage input of
t he el ect romigrasompmery 3Q0 aAdEFpasi tlidenalompatisdnidor afradms sletaonkc
conponent 120 are executed. The results are received fromthe inmage
processi nFEHEHGH e credRS 2 £ 0lira @ hECRIBErPT IS  ABADYy &5 ofitd Nk B 30
correcting cal cul atjon of the pasition (X, Y, 8) in nounting the electronic
conponent 420 ofi™t HEPHREPhodRES % P tWﬁF%@aﬁpg'rdﬁoﬁe %bhﬂo?hﬁlggaxis
robots 6a and 6b, a servao c rol.l er executes_positional cagntrol. of the
20 % axi o SAeskind S8 CARY RAAT o Tranron a%! <N n SgarELal 8F, T he
t.or enc 1:0 . the X-ax| whi | e i nf or mat f the
gglsfti on g%%{%%%gj ecl?%lognrb7 %%1%%0 - aé%ge%?]{cfg d1’ hzn%)gr}l?sg’l n és)ﬁggn%*?gggf rom
the X-axi syer¥d£huk@r idesi dde o) 9 £BEE Oy Ahedfle d@Strhdat rlhie: hogd 29
section 7 has cone into a height nmeasurenent start position, are inputted
to the i nBge: PERLERSSE NG FCANt EGANSEEL bRNPEEtEBnaATeh@ eirnfH{dN 1 HEL Coat L &h

section of the above information

detecting means, a height data clipping means 406, a height
translation table setting means 407, and a threshold value
20 calculating means 408. These are each constructed of
software as examples. The center-of-gravity detecting means
402 and the inclination detecting means 403 serving as one

example of center and inclination detecting means.
The processing area determining means 401 executes

25 the operation of Step S6A of Fig. 10 for determining the

processing area 1in the image memory 305 according to the

o s

th

Flia e s omm = D



18 Decenber 2002 98 and used for neasuring the start timng of taking in
the height data into the inage nenory 39. In the height dﬁ Bg{xjmg@er sor 8,
the lightreceiving systemfor. neasuring the | aser beamre ed on t he
conponent 120 includes two systens (a channel A and a channel B) taking a
variation in reflection of the |laser beaminto consideration, thereby
ensuring reliability. The light-receiving systens anplify feeble signals
detected by the PSDs 17a and 17b by neaps of preanplifiers 33, convert 10
the signals into 12-bit digital data (in order to ensure height calculation
accuracy, the conversion into the 12-bit digital data is effected in this
case) by neans of A-D converters 34, and input the converted data into the
i mage processi ng corfhelcerendi-onf-Xiravihey pHEbayoning meaamyZ 24343 d8cutes
consistently rotating and inputting a polygon surface origin signal 20 to a
cl ock geneitst igantsactdadruds tipmednSteb 186 wdchagi-smlshown in Fig. 31. The
cl ock generating section 35 generates a reference clock (CLK) required for
witing the height dEt®& iREdiRrpbipendefeciéner R #B2i s&scaIterp the
synchroni zation signal (HCLR) required for taking in the height data on the

basi s of tIE P3N SHYXLE Ggidf SitgRal®80°TafdSi-nglit's the signals into
S0cti on 51 convert o B (HAGIRH 11 AR SSI5 ard TRH (L TS St et on
channel  sSTHSa Tig b ol of 197 cS65ar B8t hedhe Gt it a gy ieuL4Ohad et
Conl ) e Pt (e h YR SIRCAC 19098 PRaPYiSEnTeBh BholidghaRiop e 11

certainty ddy aceer defefom bAqCRGR 1ddRgHherOr s RAEEPE B okha®iBhVicH oMby
zero occurs in the height 5 calculating stage of the channel A, the nuneric

val ue of 25 d@epraseridngtibgy amordaiddyy dos igliver oF the heigh xdata of

t he channel A Therefore, in such a case, the value of the channel B is
seltkected. |If both thEhehannets erxhtbrt ahHe iabAdnewlionaldesse aifi rikbGnedden t he
nuneric value of 255 is 10 outputted as the height data. If the height data
of both t OThaxesugelsavehaorordramiares oft hetapi thoRet icf mEdg -valle H¥rt he
hei ght data of both the channels is outputted. The height data outputted
fromthe ckErfel2EdledhihFaersorrgtas atbrigliimas ke ahdddee ebbegt 39.

The storing of the 15 height data into the imge nenory 39 is controlled by
the tinmin %?ltarlglf é@ct'e@ﬁi FPSHHOMS i ng control section receives an

i gi i | f - axi bot 5,.th f h d i I
25 95 pr odet ef m netl hake €36 HBR= nbbEHERES aFSCaRCA Po Weror e s 421 ca

20, synchr opi ' si_gn , . 1np t ' . as hej . dat a
tgki?s_ng-i n %%ﬁﬂ%n& ?h?éyt%g)ji n%g érrrgrm%%l? 3831%Hggﬁgpght§da%%9%%r€d in
the imge gy 39he1subj ected toek&ﬁﬂﬁ.epro%ess'c'igp?)(n% CPLL #0Qct hat g
operates according to a program and subjected to positional detection and
so on of 2A5rdper £i@et P LHRONSAttHhdihpit idaddh e 10Rieetg tiedes 406

recogni zed. The programis stored in the programnenory 41. The shape
i nf or mat i apefexd etdpakchéhghttheexleadal2an thhdide the small window 501
including the lead 2a shown in Fig. 12A. Then, by removing
20 the noise height by means of this clipping value, the lead
position can be correctly detected. In this case, the
calculation of the clipping height level 1is executed for
every lead, and therefore, the clipping level has a varied
value for each lead. Therefore, the optimum noise height

25 removal in accordance with each lead 2a can be executed.

The height translation table setting means 407

. . . . - T B i -, - . - -
LS e eSO ] PSR DR L Il e wel (SR PN~ LiiSwiws -t ggy.. L



18 Decenber 2002 100 external depth, the nunber of hem spherical bunp

el ectrodes, the dianeter of the hem spherical bunp electr th i toh of
t he hem spherical bunp el ectrodes, and so on) that is sto?gﬁyﬁc?'ﬂgep)&&

geonetrical features of the electronic conponent 5 120 are transmtted from
the main control section 31 via the 2-port nenory 45 prior to the height

i mage i nput. The positional detection of the object to be recognized is
executed on the basis of the shape inforgation. It is to be noted that the
work nmenory 44 is used as a place for storing 10 the shape information and
the internediate result of the object to be recognized in executing the

posi tional detection of the object to be recognized. Fig. 34 shows a
conponent ABERSLAGIPLoSEFH O HhapB &het beshsi gift alecemmpnd feomorti® 15
Next, reference will be made to the steps (S31 through S37) shown in Fig.
34. Step S®PETMYETconponent 120 is sucked by the nozzle 7a (head section

7). Step S32: The height data  of the conponent 120 is 20 taken in. Step
533: The positions oﬂthégﬁﬁﬁ Y251 boipCel 2t dBears04 08t fogas a

comonent 138358 et ol e o0 e SRNRL! ot Pl ge 350k S SR T

S;giSS:Eje%et é:(re%%;ntﬁot‘?j g:g%eﬂ' %/%%ﬁng BLes 384 A0¢ Sggi%i§ﬁe8583éésclgiﬂesd
above and thereafter sets a threshold value for separating
the connection portions to be subjected to height detection,
or, for example, the leads 2a from the noise object in this
luminance histogram.

10 Fig. 16 is a height translation table showing a
setting example of the detection range of 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 is
outputted to the subsequent process, thereby executing the

height detection only within the range of the height



18 Decenber 2002 101 of the hem spherical bunp el ectrodes 120a i s nornal.
Step 536: When all the electrodes are all normal, the co ;
nounted in the specified position of the printed board thgﬁ§%%3%%%9pfv%en
the Vol une of at |east one of the hem spherical bunp el ectrodes 120a is
abnormal, the conponent 120 is not nounted and di sposed of. Fig. 35 shows. a
position detecting procedure of the hem spherical bunp el ectrode 120a of
the component 120 10 according to the hejght data. Next, reference will be
made to the steps (S41 through S44) shown in Fig. 35. Step S41: The
processing area is determ ned according to the size of the conponent 120.
15 The size in the X- and Y-directions of the processing area is set, for
exanpl e, tmeasiimesent Irmogjenas the thie cfasthe dompbnethel Zo-toit t heager een.
Step S42: The processing area is internally sanpled to obtain the center of
t he conponéﬁ@cﬁﬁg}nandZg62@UﬂﬁédﬂcWﬁqusnéﬁmqaﬂﬁufn@ﬂsébdﬁd fren? ean
inertia around the center of the conponent 120 _are obtained for the

obt ai nment Pef h#edle| iafat £BA. TREILE s datRe paffEPKRISRIt He® cSMFonehESE20 i s
approximated to . an ellipse, and the najor. axis thereof is determ ned as the

i ncl i nati oR™BPILAENEonpbhentN©5IND0 COSTHINGES: FRESpokT t TGS the the
hem_spherical b | ect 1204, i ti mat ed t basi f .th iti
and® 16 DOMERGEAOB005 A02 st TPESHF (T ghpbReNt 20 8t 45kl FAPegi on
i t. F .sh i_nf i '

5 S5 FOr L S9SN SOUDIBNY 340 B cpBige oo

hem spheri ¢al bygp elgct fRdessaxel2082, 418, Hia8%e0f t R8shRmhgpherdicaknBum
el ectrodes 120a, the dianeters of the hem spherical bunp el éctrodes 120a,

and i nf or mdsiutaduw red tae ol eadtitdmdot heepositt iioh woeqs, eaghen néhyi dual
hem spherical bunp el ectrode 120a exists. Step S44: The positions of al
t he hem sphefdsimlable region becomes about + 1.2 mm. Fig. 16 shows the
10 setting of the height translating section 304 that limits
the height measurement region to, for example, + 0.5 mm on
this condition. That is, in Fig. 16, if a numeric wvalue
(digital wvalue) of 78 to 178 is inputted as height data to
the height translating section 304, then the wvalue 1is
15 translated into the same wvalue as the input value, so that
the numeric value (digital value) of 78 to 178 is outputted.
However, if a numeric value (digital wvalue) that is not
smaller than zero and not greater than 78 and a numeric
value (digital wvalue) that exceeds 178 and not greater than
20 255 are inputted as height data to the height translating
section 304, then the values are translated so that the
value of zero is outputted in each case. Therefore, in
executing the adjustment of the height measurement region
when the height measurement region that is desired to be
25 subjected to height detection is previously known in Step S3
in Fig. 9, it is proper to change this height translation

table. Specifically, for exampls, when the operator decides



10 bunp el ectrodes 120a are correctly detected. In connection with the
above-nmentioned center detection and inclination detectiongf %ﬂgaggﬁgonent
120, Figs. 36A, 36B, and 36C will ‘be described. In Fig. 36A tre processi ng
area determ ned by the 15 size of the conmponent 120 is expressed by a

wi ndow. In Fig. 36B, the processing area is internally uniformy sanpled in
the, X-direction and the Y-direction at predeterm ned steps, thereby

obtai ning the center and inclination of gshe conponent 120 as shown in Fig.
36B by a 20 cross. In Fig. 36C, the position in which each individual

hem spherical bunp el ectrode 120a exists is estimated by using the center
and inclination of the conponent 120 and the conponent shape information
transmttethétom nhéspacbi2tcemterls sbdet i BL, rerbwarmmil region in

i ncluding only one hem spherical bunp electrode 120a is set. This smal
region is 3Pl 8d ©F dddectIt hit céht ERdpdsPE §p GXadvde B TETBFRBBENR002
103 hem spherical bunp el ectrode 120a. Fig. 37 shows a hei ght neasurenent
regi on. ThEQT| fAFBIRG LhEge ¢ LY bon MR rEREPES oF 891286 SRuNEPRE vEPfes

i f 0 t 55 hand| ed hei ght data. 5 According.to the
gent eriBtaaRe) Sefe 2ro Akl tahar gt Ihe A S s T RO TERTLER 1om
the. object.to.the hei detect i d the ref | th
herane rotihosheR, B3, Obol RELY £0a 3800 ooty SEG e S50 5EnE, 8PErRok N,

f i . | f d.2 1 : i gh for
ooy ooet o fBRC r i IS 0o o Al a2 Bl 966 1EnBRgiHE NHITbuEBLE |

l'ike. Assughnget habrtB8pbRaPHYLI €5 | Bhiheidhhect90uof BHei gbhel ShdQqHM the
nmeasur abl e regi on becones about 1.2 mm A volunme detecting procedure of

the hem spheaheabtlbnbiiaplel aclsiere th0mhaidHt berdescad ey sextivht Bo4g
reference to Figs. 38A and 38B. In Figs. 38A and 38B, there are

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

memory 306.
Therefore, according to the component recognizing
apparatus of the first embodiment, the height measurement
20 region capable of detecting the height positions of the
leads 2a about the height measurement reference plane within
the height measurable region 1is preset by the height
translating section 304, and the height detection 1is
exXecuted 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



V: sum of heights of hem spherical bunp el ectrodeg; d¢ ggmbﬂ@o% radi us of
heni spherical bunp el ectrode 120a, 0: critical gf?e at which | aser beam
refl ected on hem spherical bunp el ectrode 120a can be received by PSD, 25
r: radius of circular region nade when PSD |light-receiving critical, angle
is projected on X-Y plane, H (X, "f) : height data at point (X, ~_r) , 18
Decenber 2002 104 (X, Y): sanpling point in small region, and (Xc, Yc):
center coordi nates of hem spheri cgh bunp el ectrode 120a obt ai ned t hrough
processing of Fig. 36C. The procedlure is conprised of Steps S51 through 5
S59 shown in Fig. 38A. Step S51: Y-address is |n|t|aI|zeglréomﬁn as shown
in Fig. 38B, and there is set V= 0., Step Sg Xead#Pess 1s initialized to
Xmn as shown in Fig. 38B. 10 Sh&p §R3sVACH eC| sion is_npgeand gRc-X)2 +
(Yc- Y)2 <r2. If thj e\;&wesfs“-‘r% S SatISfIE o3 éhého?ﬁe program fl ow

pr ocee ‘g‘gdStcsﬁv . If this §x hgagho not satl Sfl gebtt@%farrpl i ng

poi ntt 3(3 i's to p shoeat ed®but’si de th eglémifof 'ne bunmp el ectrode

120a. re,fedre Pﬁe hei ght 15 A@t\;adéha(“)( \{?) at suc %qramnrﬁ@ ﬁ0| nt is
5 &35 st e S54: The

not aﬂ’(?e to V, angdy,pheopssgram flow proceedsa 0P
sanpl i a@o‘baco’(‘ 1\1() exi stsﬁ%\ smdent:h’éqregl on of th\g Lagd ugl FhA ‘bout (Xc,

Yc), and therefor stﬁlaqhépg data H Yhaa\/\h@daﬁ th| s sanmpli,pg poi nt
(X Y) 2@ is® I@i“gﬁ y accur at & \__Trwcee:fqé‘r *°the hei gzht dasa 24 (3¢ i s added
to V, thereby tigge \6OT ctions the
Ompone U‘Pd? ng the Prc’je nsequenter
5 ecoqanl xe. ©° 5
OneO\lle r or he ll L oOnS Suc‘n a
ery ode ritl0

the electr anection PO

10 Y

15 . r aﬂd

20 comp



Step S55: A predetermined increnent Sx is added to the X-address, thereby
updating the X-address. That is, the sanpling point is shj nﬁ?’
address Sx in the X-axis 25 direction. Step S56: The prozfé‘];[ég% oergpgzps S53
through S55 will be repeated while increasing the increment Sx until the
18 Decenber 2002 1 105 X-address exceeds the maxi num val ue Xmax. Step S57:
I f the X-address exceeds Xmax, then a predeterm ned increnent Sy is added
to the Y-address, thereby updating the ¥-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 will be repeated while increasing the
increment Sy until the Y-address exceeds the maxi num val ue Ymax. |f the
Y- addr ess sexmeeds eyivad imehén vhe pProgramddndw pnyessdent o Stepe S5 20 Step
S59: By rrultirg)lgi ng Vthat is the sumof the height data of all the
sanpl i ng Fsithes Hpraenad S tarda g dhes fegidiig dediantintehanyémage BEMPKE, bunp
el ectrode 120a is obtained. A shape eval uating (shape recogni zi ng)
pr ocedur e SEF9MG heh e ghdr | RapSHEPeR ecrAd@d 1Z504aR | 2palyeser iofed
with reference tp Figs.,39A and 39B. I.n Figs. 39A and BEB, t here are E
shape evaltﬁ‘aﬁi%‘ﬁl%? uéaBF'hé‘ﬁ‘l pifetidEdi"% efetetbada %08“‘5’61%? Fg‘(ﬁi us of
hem spheri cal buq‘g Iectrogle 12(%51 tg‘:c cri tiscal .afn%I e a‘;alvmei chW aser Eeam
refd ect ed "5t HEM %'h ri ¢af BBnp e1%8tt rdde SP564 ¢ ﬁl be’¢€etei vE& ]P)y , 25
r: radius ' r%g'rgﬁf j {Eaéit[e e §% i&?t- e.sfqg':?-vé rdd hcalyangl e
IS proj ectrg%a%lnlr - pllgeﬁ(g%&lglpo: h%\éc])rd;%glolcaava ubeéo elég}%tacgto poi r%%?x
detection cannot be predetermined. Specifically, this
method is applied, for example, to the case where the first
embodiment is not applied because an objecf that becomes a
10 noise is included in the height measurement region expressed
by the 8-bit data and the noise height 1is 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 16éb of
15 the light-receiving system for focusing on the PSDs 17a and
17b so that no object that becomes a noise enters the
! measurable range 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. In
order to flexibly set the height measurement region in
conformity to the object, a special adjustment mechanism is
needed in this modification.
According to the component recognizing method of
25 the present invention, the height measurement region capable

of detecting the height positions of the connection portions

about the height measurement reference plane within the



18 Decenber 2002 106 Y), H (X, Y): neasured height data at point (X YY),

(X, Y): sanpling point in small region, and (Xc, Yc), ce i es of
hem spherical 5 bunp el ectrode 120a. obtai ned t hrough progggé?%gﬂ%gtﬂﬁg.

36C. The above Hpo is the theoretical value when the bunp el ectrode 120a is
assunmed to be a hem sphere. The shape conmes closer to the hem sphere as the
difference between this theoretical value and the neasured val ue approaches

10 zero. The procedure is conprised of 68eps (Steps S61 through S69) shown
in Fig. 39A. Step S61: Y-address is initialized to Ymn as shown in Fig.

39B, and there is set E = 0. 15 Step S62: X-address is initialized to Xmn
as showmn in Fig. 39B. Ste

‘ S63: A deci si i d XC- -+ (Yc-Y)2 <
r2. 1If thheigh r@géﬁ&ﬁapégsaﬁgéppeagckﬁé%gﬁkzag%ongﬂPéﬁgﬁéﬁ%ﬁésggéng)Step
S64. If this expr ion.,is not .satisfied, 20 the. L. i X, i
Do be | oeaFea e EEde Sy HRAPAR SHE HETES iy B o R rkteel) P

hei ght data H (X : S a | j oint_+s i.gnored: om 4t from
t he objecfegﬁoéhe Zﬁégé eva.%a?%%%&ggﬁ%ngﬁe %?%gra |§gfg?g8eg%§ ?geStep
S65. 25 S g ing ' X Xi h DS 8@ tof the
radius r %%%&?Q%iSF'$%§?€g%%§tﬁ£$%$%¥£,l?%%dﬁeﬁgﬁf %ﬂf%ﬁfi?gf“iq omnég by

thigs sanpliRg ROIdYn (Fe dblectedd Bacerer ROt dP7che RodBky agestate.
Thg heighfe?%éoretféal valugckﬁo'is obt ai ned on the basis of the height

data H (Xgu¥h ass SiophoidcSien H6datandotne idbsehet dredahie mefa durement
di fference between hpo and H (X, Y) is obtained. This value is added 5 to
E, therebydgidat iing Mot AepeSibd . A Mreaddicaray reckn ridreermnta $xcdiecdded t o
t he X-address, thereby updating the X-address. That is, the sanpling point

i s shiftedmhytionel pkielr tlsat SketomeheaXnaiise exists near the connection

portions such as the leads and electrodes‘existing on the

10 mounting surface of the electronic component, correct

recognition can be achieved without erroneously recognizing

the projection or the like as a connection portion, so that

the positional information of the connection portions on the

mounting surface of the electronic component can be

15 correctly obtained. Thérefore, by executing the mounting of

the electronic component on the basis of the positional

information of the connection portions ocbtained correctly,

the electronic component can be mounted more correctly.

According to the component recognizing apparatus

20 of the present invention, the height mneasurement region

capable of detecting the height positions of the connection

portions about the height measurement reference plane within

the height measurable region is preset by the noise removing

section, and the height detection of the connection portions

25 is executed only within the range of this height measurement

region. With this arrangement, only the heights of the

connection portions located inside the height measurement



direction. 10 Step S66: The processes of Steps S63 through S65 will be
repeated while increasing the increnment Sx until the X-address exceeds the
maxi mum val ue Xmax. Step S67: If the X-address exceeds Xmal® Deeaepbeg 2002
predeterm ned increnent Sy is added to the Y-address, 15 thereby updating
the Y-address. That is, the sanpling point is shifted by one address Sy in
the Y-axis direction. Step S68: The processes of Steps S62 through S67 wil |
be repeated while increasing the increnendg Sy until the Y-address exceeds
t he maxi num val ue Ynax. |f the Y-address 20 exceeds Ymax, then the program
fl ow proceeds to Step S69. Step S69: The value E that is the sumof the
absolute v s of the differences between Hpo and H (X, Y) of all the
sanmpl i ng pg]%érhelsorbe%%rﬁg%et%%t%%ﬁ? at¥ohl¢athie eighe shapee oiotdhe dbigct

el ectrode t is.preferahble to execute the volune detection and the
shape eval tﬁ?%ng%fgt ﬁl'é%B%ﬁngPe Gdes P ik e dreiahriorte: songuoerent

120 in an ipderyal ifrogyth %%%n til 8 Decenber 2002 108 el ectronic
conponent 120(ﬁi’)y t e nlg%{él gi% ee(g'd sérg’ﬁr OFFf r BHER he-heBibonentnasigppl y

section 4 ofpidre: eh£CLRONEELEO t nti.ng apparatus to the nounting of
t he electronft conponent 1%580%QgﬁggpPg%#édjf%éF§3§pQ§QWtﬂ?ﬁqﬁ%ﬁs such

T T

t he el ectronic conponent 120 occurring when

conponent x20 itinet helbnteowat feompéRene) ectd QS C?@Bgﬁ”itcigﬁ”ué act gj(r]e' ng
process to the el ectronic conponent assenbling 10 process can be Fou

i medi at el ydeferes twiethmuntdmgrodou d1e, a&@ﬁgﬂrﬂi%gcmr}mtsﬁ%% %&t fgfer
printed board 9. Therefore, the defective conponent can be di sposed of and
onl'y the ndifal 1ékectasonhc asomporteinn 186r tamn be seourtiee @Ret ey i

board 9, so that the reliability of the electronic 15 conponent assenbly
can be inpr IS idle qinnertiign pistEEiOEEENSY the Ak LaPHE t he
t wg-di nensi gnal, hej ght i nage, data of the object by moving the object (for
eﬁgﬁg!e, d%iﬁ?%ﬁﬁ%é%onﬁﬁﬁgﬁ%?gin<¥he Ehe ecoontpeagperslictd@ t oft hehe
scanni ng diggety Qi of égﬁ%onent can be correctly obtained.

by executing the mounting of the electronic component on the

Therefore,

basis of the positional information of the connection
portions obtained correctly, the electronic component can be

15 mounted more correctly.
Fig. 19 shows an electronic component mounting
apparatus to be used for a component recognizing method and

the component mounting method of a third embodiment of the

present invention.

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

25

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

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



20 | aser beam or noving the height detection sensor in the direction

per pendi cul ar to the scanning direction of the |aser beanaqﬁ;% ﬁér bly
scanning the | aser beamon a onedi nensional straight |ine e po ygon
mrror 12. On the other words, the height image of the botton1port|on of
the 25 el ectroni c conponent having a plurality of bunp electrodes in the
bottom portion of the conponent can be captured as two-di rensi onal hei ght
i mge data by neans of a height 18 Ded€@nber 2002 109 detection sensor
whi | e obt ai neng the hei ght inage data of the bunp el ectrodes on surfaces
parallel to a reference surface (for exanple, the bottom surface of the
conponent ) aols | FRAI RAondracal e Bna_ dolatiban ferqend cpbasete e 5
ref erence Surface. SCrib Ove, according to thé present invention,

the pluralify Qiaﬁygpsﬁééc‘iéﬁgﬁévﬁéic?&@&ﬁ S0 e, POt QmPafd i o Lt dhe
el ectroni c conponent can be totally neasured, and the vol une and/or shape

of each inghyt dhakel0 dHeMhel@CLEedeogan ba comé egt-hyidetrelediono 4at the
el ectroni c conponent can be determ ned to be good or no good. Imrediately

bef ore t hecomsini tugeof phhe efF eahront crawdponsstiotod ddhearpt 64 ech boay d;- t he
vol une detection and/ or shape recognition of the bunp el ectrodes, that is,
t he515 conartsi erideor { alonsecaamtdd #ohivreed.s Wohothi Searriaagement ,thdie
defect such as the dropout of the bunp el ectrodes of the electronic
conponent woeear rihey hhed tsemisieor t7 ngnt Héeel ¥cexbai dicenidoenttdgahehe

el ectroni c conponent manufacturing process to the el ectronic conponent
assenbl i ngWpbhpEBeessaraf beLPBuARRRIIMENR 2 EIYtdatarte athdhfodmY F@bert t he
el ectronic coqE%Pent on the printed board Ther%Tore t he defectiyve

conponent &ant ‘PR RARGOSsEBAGR RIS y (PRR FSamR Sl et Lofie 286 /poHede can

Component SOSEHBL] SoB A bes | i SR TACKNAR nGT B0t A CBameBRIE e OF 1

)b t
ot fom ~ 18° %%%Eﬁﬁleri%%oggf%"—‘a%t Bl RG EIER  ERPESBANOT e
total ly meaguked, tﬁﬁ@elé‘ﬁné&%%lﬁ (8Bf¢h s'e'i‘x@'o‘i-' dgrab, buim: fltechEpder £aR be

correctly detected, so that the anount of solder constituting the bunm

el ectrode gansbe cwaratridaécfy et e ptEhn helch byh@deghpdredther is
conponent inspecting nethod for determ ning the el ectronic conponent to be

abnor mal when Hehenatol ik, ofTanylwdindridounga g esdnafess deiectied hyighe
conponent recogni zing nethod does not fall within the 10 predeterm ned
range of rémemxﬁu&anadna&ﬂaﬂﬁInndwid@dnbe&ewttbantbeHSpancphythheonthed to
be good or ood. | medi ately before the nDuntlng of the electronic
co#%onent Gﬁl e e sestdont He Wolkzake déd eppisegsofot heaparprel Bler ode,

that is, the connection portion can be
component 2 from the tray 4a to the printed board 9.

Fig. 21 1is a block diagram showing an image
processing system for the height image sensor 8.

The 1image processing control section 21 is

20 constructed of two separate Dblocks 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 the

25 luminance image sensor 3 shown in Fig. 22, and therefore,
the control section 21 is separated into two units of the

section (image processing section) 30B that can be shared by



15 achieved. Wth this arrangenent, the defect such as the dropout of the

bunp el ectrodes of the el ectronic conponent occurring “heQBBE%Qﬁﬁﬁﬁthg t he
el ectronic conponent in the interval fromthe electronic CoO hen

manuf acturi ng process to the el ectronic conponent assenbling process can be
found 20 in the assenbling process for nounting the electronic conponent on
the printed board. Therefore, the defective conponent can be di sposed of
and only the normal el ectronic conponent’kan be nounted on the printed
board, so that the reliability of the electronic conponent assenbling can
be 25 inproved. According to the conmponent recognizing nmethod, the
plurality b I d a n t (o] ti er
200z 111 Bpec HEB FelEbes: andokhindaredn dher bk ThRdeatirenrdtha ThE
shape of e i pdi vj.du Hop.gl ectrode can be correctly detected, so that
t he shape gﬁQEOP g¥bgo§étgt§?an the bunp el ectrode can be quantitatively

eval uated. 5 Then, by ag@phi NGohbheoLOMRORENS, | NBPERINMG R hedef Ofhole
determ ning the el ectronic conponent to be abnormal when the shape of any

of its bunpygkest b¥damelal veiwetbbic tOESHIRONeRbuk LG NAZhaga ks hedohal | s
outside the predeterm ned range of reference, the el ectronic conponent can

be %0 correeat!| yiget erd nedrdo hexegadc: ,or the gnatin |aoredicl elsychébar e3the
nounting of the el ectronic conponent on the printed board, the shape

eval uat i oncohtirbésburgheel gotgidden t et itthe t hmeadnneettiom poftiof, cahebe
achieved. Wth this arrangenent, the defect such as the 15 dropout of the
bunp el ect Ed@EE roh ich e QFIRSEENGN IO UNGTHIEH e3P DCEHT | ep mhEDI t eaaBPERL i Ag t he
el ectroni c conponent in the interval fromthe el ectroni c conponent

nmanuf act ur iS6F Vigr o 1T e el%ectawhi cexofpbaent thesefBFEH professhean be
found in the assemhling process for, nounting the electronic 20 conponent on
the print e®HGEFE 1 her 6FBPR e He &efec??%%gﬁ%ﬁﬁongﬁt C beegﬁ§86§8&cof

and .only the normnal ectronic conmponent .can be mounted on the printed
bogrod, so (PP g%’l abiti f‘\?mdgggﬁeore%l etgler o%f%c%%%]o%e%?m%%%eerﬁiﬂ ? ng can
be i nprove : f oveqde I i C i-ned

w th any oﬂgm%?nﬁﬁgﬂﬁgﬁg%ng%ggdiﬁ@%t?gl Qﬁ%%%?%ﬁ%%%Pa#?ﬁggagggar%gggg%or
uses. 18 Lecamheli 2QQ%pHdent 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 wvia a 2-
port memory 45 to a work memory 44 of the image processing
section 30B, and three-dimensional positional detection of
the electronic component 2 is executed. The results are
received from the image processing section 30B via 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
tb, the servo controller 32 executes positional control of
25 the X-axils, Y-axis, B-axis, and nozzle elevation axis. 1In
particular, an encoder signal 25 of the motor of the X-axis

robot 5, which carries the information of the position of



Al t hough the present invention has been fully described in connection with
the preferred enbodi nents thereof wth reference to the aﬁf@&%&%@r
drawings, it is to be noted that various charges and nodi I ons are 5
apparent to those skilled in the art. Such changes and nodifications are to
be understood as included within the scope of the present invention as
defined by the appended clains unless they depart therefrom 18 Decenber
2002 113 Clainms: 1. A conponent recogniid ng nmet hod enpl oying both a

| um nance i nage capturing neans for obtaining | um nance i nage data of a
surface of an el ectroni c conponent vi ewed froma specified direction and a

hei gh 3D f b i gh
mmge. dat alBf A0t FHTE Bt he Bl LT of A mISent eV PEREATT R Sped 1 ed
g' rection, f)@&g EXECYL Spomgicqpa%agggggt QA Cifnf%gﬁa%llgﬁt rocl;“t_cneCO?BQQent

y using tow |nen5|ona osi tTohal detection M nance i mage

capturing gRans Qe Hu-ee-didens OﬂahaQOEbﬁboﬁi'todeat pREals bym%%gcgﬁgeét

i mage capturing means, tvvare processi ng means g the

i mage dat asEQr§0pré@pt:€ioW %eessé\@tgpu@tea_hﬁoCQ'mor}?éﬂgH@Cﬂ%@' 'ﬂﬁt@?EQ@Q as
claimed in claiml1, wherein the |um nance i mge capturing neans and the

hei ght i mageacapt W4 ngo Neams rar ecHdeppqtdenthygseliaekirraby woed accendi ng
to a shape feature of the el ectronic conponent. 3. The conponent
recogni zi ngnifethedias chmdnmedsedt doai mudasuring the start timing of
capturing the height image.
In the height image sensor 8, the light-receiving
system for measuring the laser beam reéflected on the
10 electronic component 2 that 1s the object includes two
systems (a channel A and a channel B) taking a variation in
laser beam reflection into consideration, thereby ensuring
the reliability. The light-receiving systems amplify feeble
signals detected by PSDs 17a and 17b by means of
15 preamplifiers 33, convert thelsignals into 12-bit digital
data (in order to ensure height calculation accuracy, the
conversion into the 12-bit digital data is effected in this
case) by means of A-D converters 34, and output the signals
18a and 18b to the height image interface 30A. The polygon
20 mirror 12 1is consistently rotating and inputs a polygon
surface origin signal 20 to a clock generating section 35 by
means of the mechanism shown in Fig. 3. The clock
generating section 35 generates a reference clock (CLK)
required for writing the height data into a memory,
25 generates a horizontal synchronization signal {HCLR)
required for taking in the height data on the basis of the

polygon surface origin signal, and inputs the signals into



wherein the | um nance image capturing neans and the hei ght inmage capturing

nmeans are i ndependently selectively used according to an j i htemto
be executed on the el ectronic conponent. 4. The conponent+splg§§e3'ﬁ#e§?rqgé

method as clained in any one of clainms 1 through 3 18 Decenber 2002 114
wherein the | um nance i nrage data obtained fromthe | um nance i mge
capturing neans and the height image data obtained fromthe hei ght i mge
capturing nmeans are processed by an ideh®ical image processing neans by
setting a height coordinate system of the height inmge data so that a
direction directed fromthe el ectronic conponent toward the height inmage

capturingtggaﬂgi ﬁ%ogﬁéﬁgp§5k%¥?ﬁcg.S%Qgiggnggﬂgnt recogni zi ng net hod as

clainmed in any one o ai ms rou wherein the el ectroni c conmponent

is constructed so thal @ PIHYRYHE Yinlgd 830 A ePRRRECHKRT 1hLeT-Sides of a
body of the conponent and tips of the | eads are to be nounted on a board.

6. A conpgrerihdTord | Bgs TBhB0dnbak tbHAFSRE tHHY 19 GhteCihii Csenppenant
froma conponent supply section onto a board and nounting the electronic
conponent agR tdhevkoared, in® reethad hedmgd siat@ in a height calculating
5 section 36. A channel selecting section 37 compares the
height image data of the two systems (channel A and channel
B) with each other in real time and selects the height data
that seems to have the higher certainty in accordance with
each timing. For example, if a division by zero occurs 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 wvalue of the channel B 1is selected. If both the
channels exhibit the abnormal values of 255, then the
15 numeric value of 255 is outputted as the height data. If
the height data of both the channels have normal values, the
arithmetic mean wvalue of the height data of both the
channels is outputted. A timing control section 38 outputs
to the image processing section 30B a clock (CLK), a
20 horizontal synchronization signal (HCLR), a vertical
synchronization signal (VCLR), which represent the timing
for storing the height data into an image memory 39 of the
image processing section 30B. The vertical synchronization
signal (VCLR) 1is 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.



selecting either one of a |um nance image capturing nmeans for obtaining

| um nance i mage data of a surface of the el €ctronic conpg t vie rom a
specified direction or a height imge capturing neans, co ??ﬁ@ﬁfﬂ?ggé

sensor, for obtaining height inmage data of a surface of the electronic
conmponent viewed froma specified direction in a transport path of the
el ectroni c conponent; executing positional detection of the electronic
conponent by using the |uninance i nage ¢é4pturing medns or the height inage
capturing neans in transporting the electronic conponent fromthe conponent
supply 18 Decenber 2002 115 section onto the board by subjecting the

i mage data to softwefe prace: .dgyhW@e%?Pﬂ&i%%ckﬁ%n?L?@éfoﬂh% qggggp@nt on

the board on the basis of informtion obtalned through the positi

det ecti on.qzta Thetparpanent rs@URhieNdcRBAREY ased@i dl iskcelidinm 87 wherein
the positional detection of the electronic conponent 1s executed by

sel ecting sidhed 1ideo | tiné NnanEGe | MBYSr ¢aPbUr i MTHeNBRAFher date heighdd | tmge

capturing neans according to a shape feature of the el ectronic conponent.
8. The conplememnhagounikinbgymetchoiks asubljactred ito clddge 6processing by a
5 CPU 40 that operates according to a program, thereby
executing the three~dimensional positicnal 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
on) 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-port
memory 45 prior to the input of the height image. The
positional detection of the electronic component 2 that is
the object to be recognized is executed on the basis of the
shape information.

20 Fig. 26 shows a state in which an image of the
bottom surface of the component 2 is captured (image-picked)
by the luminance image sensor 3, and the luminance image
sensor 3 is provided by a one-dimensional CCD 70 arranged in
the Y-axis direction.

25 This luminance image sensor 3 captures an image of
the entire bottom surface of the component 2 while moving

the component 2 in the X-axis direction by means of the head



wherein the positional detection of the el ectronic conponent is executed by
sel ecting either the |um nance image capturing means or tréq?&? § R@@ge
capturing neans according to an i.nspection itemto be execu on 3
el ectroni c conponent. .
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information storage section 3la of the main control section
31 are previously transmitted to the work memory 44 via the
2-port memory 45 prior to the 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
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.

A luminance image seﬁsor 3'" provided with this
two-dimensional CCD 71 captures the image of the entire
bottom surface of the component 2, when the image of the
component 2, which is illuminated by the illumination
systems 48 from both sides while being stopped as sucked by
the head section 7, is captured on the two-dimensional CCD
71 via the image-forming lens 47.

Fig. 23A through Fig. 24B explain the coordinate
system of the height image sensor 8, and in particular, Fig.
23B and Fig. 24B show -the images captured by the sensors 3
and 8, respectively. The reason why the image captured by
the luminance image sensor 3 or the height image sensor 8

can be subjected to positional detection by the identical



oMt=! -&10%0& ()-nl!v -&10%0& ()-m!8 -&10% o' o0& () - nﬁ'h -&10%0& ()-ml
t10% o0& ()-!F10% o& ()- 10}oPl! F10% u& ()-10% u& ()--

10' 0" o! M -&10% 0' 0& ()-ml! -&10%00& ()-nl! -&10%0& () - n@ @_eég%p%rgpoz
1'10% u-u& ()- !'10% u& ()-9y%d0% u& ()-!9y%d0%uué& () -

1'10% u& ()-3s10% u& ()-9\z[ <oP1! Y010% u& ()-s*&10% u&' ()-!s*&10%uué& () - F&'
0% u& ()-!#&10% u-u& ()-!&10%u& ()- \*9ijklavk@ 10-u 10-u 10-u S

10% u&' ()-1s5910% u& ()-7&10% u& ()-Y5@ 0% u& ()-!Yis! 10% u-u& ()-1}" Z’\<\/K@
I S&109&' ()-/!8 S&10% : & ()-/!{S&I0%& ()-/<

1'10% & ()-Fs10% & ()-!Y10% & () -Z; nopWUE@ @ 10

image processing section (one example of image processing
means) 30B is that the height coordinate is set with the
direction from the component 2 that is the object toward the
height 1image sensor 8 positive. The surface-mounting
5 component surely has the mounting surface, and by setting

the height coordinate axis in the direction from the
component 2 that 1is the object toward the height image
sensor 8, the mounting surface can be positioned in the
highest position. The mounting surface 'of the surface

10 mounting component is normally made of a metal, and if such
a component is imaged by the luminance image sensor 3, then
the luminance of the mounting surface becomes the highest.
With this arrangement, the images A or B captured by the
luminance image sensor 3 or the height image sensor 8 can be

15 subjected to positional detection by the identical image
processing means (image processing section) 30B.

Fig. 23B shows the image A of the electronic
component 2 of Fig. 23A captured by the luminance image
sensor 3. In this image A, the whitest portions (having

20 high luminance) al and cl show the tips 2c¢ and the root
portions of the leads 2a of the component 2, while the gray
portion (having low luminance) bl shows the main body 2b of
the component 2.

Fig. 24B shows the image B captured by the height

25 image sensor 8, and the whitest portion (having a great
height) a2 in this image B shows the tips 2c¢ of the leads 2a

of the component 2, while the gray portion (having a medium



10! A S&L0%& ()-/!hS&L0%& ()-/! mB&L0%& ()-/!vS&L0%& ()-/! wS&10%& () -/ pge

I rP1@! 10% 0& ()-! s9%0%08& () - g! 9% 0%08& () - gFF

1 10% 0& () - &10% o0& () -1yZ10% o& ()- 101 @!!1"""aBl@! 103 |0 December 2002
S&109% 0&' ()-$10% 0& ()-1110% 0& ()-1!10% o0& ()-!P

Yg&10% o' 0& () -1y10% 0& () - " #####$S$aB1@ ' 10° 3! 10% o0& ()-3 1

10% 0&' ()-1/10% 0& ()-*@10% 0& ()-!* @10%0& ()-13(!10% o0& ()- S$$$98686 %%
UV7s10% & ()-!'GLO% & ()- 10'0'o0 10'0'0 /9

10' 0' 0! 9! 10% o' 0& () - 3710% 0& () - @' 10% 0& () - 09K 98MA &&&A?UVT! t | 109R?& () -t
110% d& ()-! %40%t& ()-@10% & ()- !'10% & ()-|

110% & -l L ] +30% & - % ' -4 109K z T &1 ' -
ol g‘)(xé‘é?%{‘\/'é(ﬁ:}zg %?‘3%@% Qrge/‘rﬁ?ﬁﬂ LAY OUK 9 - {n&L0BL &) ai@ <2 &104& () - @
10t 3&9" ! 104 &+ ()o3Y4 02 & €) thé‘y‘igé’{@s(ba YL Q %y 6)3 ho¥ Q% & (AtBTh10%e& () -
£+ +A+ B ] KT 10t 389" 1 1894.0% & () -, | &4 0UKKE' (

1'10% & () -83R%e & df) - 4&6108%% o4 ) 'oflotihé-oha,lﬁh% ﬂa(cjé/\/xggﬂségt 8, are not

/st10% & ()-Y %iO@G&f()-!Y(%iO%&'()-!v$%10%&'()-!&&10%&'()-f!&%iO%PP&'()-
hOO 1111! 1#iéWwedls haQHMWE (habglB¥VBhE)icat@d BO c2 in Fig. 24B.

5 Fig. 24A shows the height measurement region.
This is the B8-bit image region, and therefore, 256 numeric
values ranging from 0 up to 255 can be handled as height
image data. In the present embodinment, the height
coordinate axis is set in the direction from the electronic

10 component 2 that 1is the object toward the height image
sensor, the reference plane of height measurement is
represented by 128, and its range 1s set to 8 to 248, for
the sake of convenience. The values of 0 and 255 are used
for expressing the error that "height data is not correctly

15 obtained" or the like.

Assuming that the resolution in the direction of
height is 10 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 S11 to 520 according to the flowchart shown in Fig. 20.

S1l: The electronic component 2 of the component
supply section 4 is sucked by the head section 7.
S12: A decision is made either to execute the lead

25 floating inspection of the electronic component 2, i.e., the
image-capturing by the height image sensor 8 or to execute

the other operation, i.e., the e-capturing by the luminance
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image sensor 3.

If the operator of the equipment presets the
information for making this decision in the component shape
information storage section 3la carrying the geometrical

5 information of the component 2, then the equipment can be
automatically operated. The program flow proceeds to Step
S13 when executing the lead floating inspection or proceeds
to Step S14 when not executing the inspection.

S13: The nozzle 7a that is sucked the electronic

10 component 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 S15.

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 S15.

20 S15: The iuminance image or the height image 1is
processed by the common image processing section (one
example of image processing means) 30B, thereby detecting
the two-dimensional position information of the electronic
component, or X, Y, and © of the electronic component 2.

25 S16: It is decided whether the image is the height
image or the luminance image. The program flow proceeds to

Step S17 in the case of the height image or Jjumps to Step
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S20 in the case of the luminance image.

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

5 the electronic component 2 1is mounted on a theoretical

imaginary surface and expressing the imaginary surface by a

numerical expression. Then, the distances of all the lead
positions (X, Y, Z) from the imaginary surface, i.e., the
lead floating amounts are calculated. Subsequently, the

10 program flow proceeds to Step S18.

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

15 detection point is exceeding the reference value or proceeds
to Step $20 when not.

S19: If the lead floating amount is exceeding the
predetermined reference value, then the component 1is
disposed of as an abnormal component, and the processing is

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

S20: When the componént is determined as the one

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

when the component is determined as the normal component
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whose lead floating amount is not exceeding the refegence

value in Step 518, the nozzle of the head section 7

transports the electronic component 2 onto the board 9 and

mounts the electronic component 2 in the specified position
5 on the board 9, and the processing ends.

As described above, according to the third
embodiment, the electronic component 2 that only requires
the two-dimensional positional detection is subjected to the
two-dimensional positional detection by means of the

10 luminance image sensor 3, and the electronic component 2 is
mounted on the board 9 through the execution of the
positional correction of X, Y, and 6 on the basis of the
information.

On the other hand, for the electronic component 2

15 that requires the three-dimensional positional detection
such as the electronic component 2 that requires the lead
floating 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 only the positional
information of X, Y, and 0 but also the height information
of the floating of the lead tips 2c can be obtained. The
electronic component 2 having a floating lead tip 2c¢ or the
like are disposed of as the abnormal component, and only the

25 normal component is mounted on the board 9 through the
execution of the positional correction of X, Y, and 0.

The reason why the two types of image sensors 3
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()-ggé\% are selectively used in different ways as above is
that a significant difference exists in the processing speed.
That is, the head movement velocity in the case of
the luminance image sensor 3 1is, for example, 400 mm/sec,
5 and a time required for the image input is 150 msec in the
case of an electronic component 2 of a 60-mm square. On the
other hand, the head movement velocity in the case of the
height image sensor 8 is, for example, 80 mm/sec, and a 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 luminance
image 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
allowing 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
component 2. For example, it is proper to use the luminance

image sensor 3 for the normal lead-less electronic component
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to which the two-dimensional positional detection of X, Y,
and 0 is adequate, and it is proper to execute the three-
dimensional positional detection by means of the height
image sensor 8 for the electronic components with leads, the
5 electronic components of BGA (Ball Grid Array) having a
number of bump electrodes on the bottom surface, and the
like.
The luminance image sensor 3 and the height image
sensor 8 can be used independently selectivély in different
10 ways according to the inspection items to be executed on the
electronic component 2. For example, in the case where the
lead floating inspection of the electronic component 2,
shape defect inspection of " the bump electrodes of the
electronic component of the BGA type and the like are
15 required, it is proper to use the height image sensor 8 for
the executlion of the three-dimensional positional detection
of the electronic component 2.
By setting the height coordinate system of the
height image so that the direction from the electronic
20 component 2 toward the height image sensor 8 becomes
positive, the height image data taken in by the height image
sensor 8 and the luminance image data obtained from the
luminance image sensor 3 can be processed by the identiéal
image processing section 30B. This arrangement allows the
25 controller to be commonly used and allows the image
processing to be executed by a common program.

According to the present invention, the luminance
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image capturing means and the height image capturing means
can be selectively used in different ways in accordance with
the shape features and inspection items of electronic
components, thereby allowing the positional detection of the
5 electronic component to be rationally executed. The
recognition and mounting of electronic components that
require the three-dimensional positional detection for the
detection of the lead floating and the like can be executed
by the height image capturing means with much higher speed

10 and higher reliability than in the prior art example.
According to the present invention, the two-
dimensional positional detection is executed by means of the
luminance image capturing means for the electronic component
to which only the two-dimensional positional detection 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 execution of the positional correction
of X, ¥, and 6.

20 On the other hand, for the electronic component

that requires three-dimensional positional detection as the
electronic component that requires lead floating inspection,
the three-dimensional positional detection is executed by
means of the height image capturing means on the entire
25 surface of the electronic component viewed from the
specified direction, so that not only the positional

information of X, Y, and 6 but also the height information
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of the floating of the lead tips can be obtained. The
electronic components having a floating lead tip and the
like can be disposed of as abnormal components, and only the
normal component can be mounted on the board through the
5 execution of the positional correction of X, Y, and 8 when
positional correction is required.

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

10 floating inspection and the like, and the positional
detection required fér'the correction of X, Y, and 8 can be
simultaneocusly 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 requires the two recognition processes by means of the
CCD camera and the height sensor.

Furthermore, the three~dimensional positional
detection 1is executed on the entire surface of the

20 electronic component, and therefore, the lead floating
inspection and the like can be executed with higher accuracy
than in the prior art example in which the height detection
is executed on a specified line.

If the height image data taken in by the height

25 image capturing means and the luminance image data obtained

from the luminance image capturing means are processed by

the identical image processing means by setting the height
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coordinate system of the height image so that the direction

from the electronic -component toward the height image

capturing means becomes positive, then the image processing

control section can be commonly used and the image
5 processing can be executed by the common program.

A fourth embodiment of the present invention will
be described in concrete below with reference to the
drawings.

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

15 explaining the fourth embodiment.

In Fig. 1 are shown a mounting apparatus main body
1 of the electronic component mounting apparatus, an
electronic component (abbreviated to a component
hereinafter) 120 to be mounted by the present apparatus,

20 which 1s as shown 1in Fig. 40 although denoted by the
reference numeral 2 in Fig. 1, the tray 3 on which the
components 120 are placed, the tray supply section 4 that
serves as a component supply section for autcomatically
supplying the componenﬁ 120 placed on the tray 3, the head

25 section 7 having the nozzle that sucks the component 120 in
the mounting stage, the robot 5 on the X-axis side

(abbreviated to the X-axis robot hereinafter) that moves the
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head section 7 in the X-axis direction and constitutes part
of the X-Y robot, the 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 direction and constitute part
of the X-Y robot, and the height detection sensor 8, which
corresponds to the three-dimensional (3D) sensor 8 or height
image sensor 8, for capturing the height image of the
component 120. The reference numeral 9 denotes the printed
board to be mounted with the component 120.

When the component 120 placed on the tray 3 1is
sucked by the head section 7 and transported in the X-axis
direction while being driven by the X-axis robot 5 above the
height detection sensor 8, the height image of the component
120 is captured by the height detection sensor 8. The
(height) image obtained by the height detection sensor 8 is
subjected to software processing to recognize and inspect
the volume or shape of each of a plurality of hemispherical
bump electrodes 120a of the component 120. If the
inspection results are normal, then the component 120 is
mounted in a specified position on the printed board 9. On
the other hand, if any of the bump electrodes 120a has an
error in terms of volume or shape, this component 120 1is
disposed of.

Fig. 28 is an explanatory view of the X-axis robot
5 of the electronic component mounting apparatus.

The head section 7 that is sucking the component

120 is moved on the X-axis by the rotation of the servomotor
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)--7d aB7<E The height data input of the component 120 is executed
by the head section 7 that is sucking the component 120 and
moving with constant velocity above the height detection
sensor 8 from the left-hand side toward the right-hand side
5 of the origin sensor 22. When the head section 7 passes at
the side of the origin sensor 22, an origin signal 23 is
outputted to inform the image processing control section 21
of the output.
It is to be noted that the reference numerals 18a
10 and 18b denote output signals from the PSDs, the reference
numeral 20 denotes the polygon surface origin signal, and
the reference numeral 25 denotes the encoder signal.
The construction and operation of the height
detection sensor 8 will be described in detail below by way
15 of an example that employs the principle of operation of
triangulation.
Fig. 29 1is a sectional wview of the height
detection sensor 8 perpendicular to the Y-axis, while Fig.
3l is a sectional view of the height detection sensor 8
20 perpendicular to the ¥X-axis. In Fig. 29 and Fig. 31 are
shown a semiconductor laser 10 for emitting a laser beam, a
light collecting and shaping lens 11 for collecting and
shaping this laser beam, a polygon mirror 12 for scanning
the laser beam impinging on this mirror surface by
25 mechanical rotation, a half mirror 13 for partially
transmitting and partially reflecting the laser beam, and a

mirror 14 for reflecting light.
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There are also shown an FO lens 15 that changes
the optical path so that the laser beam mechanically swung
by the polygon mirror 12 is applied perpendicularly to the
component 120 that is the subject, focusing lenses 16a and

5 16b that focus the reflection (scattered light) of the laser
beam impinging on the hemispherical bump electrode 120a of
the component 120, and semiconductor position sensitive
devices (abbreviated to PSDs hereinafter) 17a and 17b that
serve as position detecting devices on each of which the

10 laser beam that has impinged and reflected on the component
120 is focused via the focusingllenses l6a and 16b and have
a function for generating an electric signal correlated with
the position of the focused light. The reference numerals
18a and 18b denote the output signals of the PSDs 17a and
15 17b.

In this case, the laser beam emitted from the
semiconductor laser 10 has its beam shape collected and
shaped by the 1light collecting and shaping lens 11.
Thereafter, the laser beam passes through the half mirror 13,

20 reflects on the mirror-14 and impinges on the polygon mirror
12. The polygon mirror 12 1is rotating with constant
velocity, and consequently the laser beam impinging on the
mirror surface is swung. Further, the laser beam whose
optical path 1is changed by the FO lens 15 1s applied

25 perpendicularly to the hemispherical bump electrode 120a of
the component 120, and this reflection light is focused on

the PSDs 17a and 17b via the focusing lenses 16a and 1lé6b.
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The PSDs 17a and 17b generate the output signals 18a and 18b
capable of measuring the heigﬁt of the laser reflecting
surface of the hemispherical bump electrode 120a of the
component 120.

In this case, the laser beam is reflected on the
polygon mirror 12 and thereafter applied to the
hemispherical bump electrode 120a of the component .120 that
is the object. The laser beam is applied consistently
perpendicularly to the hemispherical bump electrode 120a of
the component 120 that is the object by the FO lens 15
constructed of three elements existing between the polygon
mirror 12 and the hemispherical bump electrode 120a of the
component 120.

When measuring the height of the hemispherical
object such as the hemispherical bump electrode 120a of the
component 120, the peripheral surface of the hemispherical
object corresponds to a sheer wall for the height detection
sensor 8. If the laser beam is applied to and around this
portion, then no reflection light can be obtained from the
hemispherical object, and no reflection light returns to the
PSDs 17a and 17b. Therefore, it is preparatorily checked
through an experiment how much degrees of surface angle the
measurability holds while keeping an accuracy. The angle is
0 shown in Fig. 38B, as described later.

Therefore, as shown in Fig. 38B described later,
when measuring the volume of the hemispherical bump

electrode 120a of the component 120 by fthe height detection

10
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sensor 8, the accuracy 1is increased by preparatorily
calculating a radius r. capable of obtaining wvalid data on
the basis of 0 and subjecting only the measurement height H
(X, Y) to volumetric calculation only when the sampling
5 point X, Y exists within the region of the radius r from the
center of the hemispherical bump electrode 120a while
internally sampling the small region.
In Fig. 31 are shown a photosensor 19 for sensing
the input of light thereto, and a signal 20 for informing
10 the outside of the input of light to the photosensor 19.
This signal 20 changes when each mirror surface of the
polygon mirror 12 comes into a specified angle, which is the
so called origin signal (surface origin) of each mnmirror
surface of the polygon mirror 12. Further, in the case of a
15 polygon mirror 12 having 18 'sides, a signal 1is to Dbe
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 1is called the
polygon surface origin signal 20 of the polygon mirror 12.
20 The height detection sensor 8 of the fourth
embodiment has two systems of PSD circuits. This
arrangement 1is provided principally for compensating for no
return of the reflection light to the PSD in terms of angle,
which possibly occurs in the case where the laser beam is
25 applied to the componeﬁt when one system is employed.
It is sometimes more effective to provide three or

more systems, technically having the same meaning, and
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) measured by t aforementioned semiconductor position
sensitive devices (PSDs) 17a and 17b, as represented by the
semiconductor position sensitive device 17a, with reference
to Fig. 32.

10 In Fig. 32, the laser beam that is scanned from
the FO® lens 15 1in the direction (Y-axis direction)
perpendicular to the sheet plane where Fig. 32 is drawn and
applied to the hemispherical bump electrode 120a of the
component 120 is irregularly reflected on the hemispherical

15 bump electrode 120a. In this case, it is assumed that the
projected points are a‘point A, at a height O on the bottom
surface of the hemispherical bump electrode 120a and a point
B, at a height H from the bottom surface, or the lowermost
portion of the hemispherical bump electrode 120a.

20 The irregularly reflected laser beams are
collected by the focﬁsing lens 16a and each focused on a
point A, and a point B, on the semiconductor position
sensitive device (PSD) 17a. Consequently, electromotive
forces are generated at the point A, and the point B,, so

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

currents I, and I, are taken out of a point D.

The currents I, and I, depend on resistance
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and the point C and a distance between the point A, and the

gnce‘x between the point A,

point D, while the currents I, and I, depend on resistance
components proportional to a distance x, between the point B,
5 and the point C and a distance between the point B, and the
point D. Thereforg, assuming that the length of the
semiconductor position.sensitive device 17a is L, then x,

and x, in Fig. 37 are determined according to the following
expressions.

10 X

A LIJ/(I]. + I3)

Xy = LI,/ (I, + I,)

Therefore, a distance H' between the point A, and
the point B, on the semiconductor position sensitive device
17a of Fig. 32 is determined by the following expression.

15 H' = x, - X

B
Based on the thus-obtained height H' on the PSD,

the height H is determined.

A mechanism for capturing a height image will be
described next with reference to Fig. 28.

20 In Fig. 28 are shown a main control section 21 of
the present electronic component mounting apparatus, a
reference position sensor 22 for informing the main control
section 21 of the reference position for capturing the
height image on the X-axis robot 5, a reference position

25 signal 23 for informing the main control section 21 of the
passing of the head section 7 at the side of this reference

position sensor 22, an encoder 24a of a motor 24 for moving
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the X-axis robot 5, and an encoder signal 25 outputted from
the encoder 24a.
When the component 120 picked up from the tray 3
is transported on the ¥X-axis by the X-axis robot 5, the
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 to the fact that the reference
position signal 23 is given to the main control section 21
when the component 120 passes at the side of the reference
10 position sensor 22, the relative position of the component
120 relative to the reference pbsition 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
8 is consistently given as the polygon surface origin signal
20 to the main control section 21 while the mirror is
rotating, and the amount of rotation of the polygon mirror
12 after its passing through the reference position can be
20 calculated from this . signal and the reference position
signal 23.
In this case, the amount of rotation of the
polygon mirror 12 increases in proportion to its wvelocity,
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 senscor 8 of the fourth embodiment, it is

presupposed that the polygon mirror 12 rotates and the ¥X-
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axis robot 5 linearly moves when capturing the height image,
each with constant velocity. If these conditions are
disordered, then the resolution (pixel size) per pixel in

the horizontal and vertical directions of the height image

5 to be captured is to vary according to the fluctuation in
velocity. This is an error factor in terms of measurement
accuracy. Therefore, in the electronic component mounting

apparatus of the fourth embodiment, the height image 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©of the
operation of the polygon mirror 12 that 1s rotating
basically with constant velocity with the operation of the
15 head section 7 driven by a motor such as a servomotor, the
polygon surface origin signal 20 of the polygon mirror 12
and the encoder signal 25 of the motor are used.
A block diagram of Fig. 33 showing the internal
structure of the main control section 31 will be described
20 next.

The main control section 31 controls the whole
system of the electronic component ﬁéunting apparatus shown
in Fig. 1. For example, the main control section controls
the position of the head section 7 o0f the electronic

25 component mounting apparatus via, for example, a servo
controller 32 and executes the suction of the electronic

component 120, transport of the electronic component 120,
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7 on the X-axis and the origin signal 23 from the X-axis,

which carries the information of the fact that the head
25 section 7 has come into a height measurement start position,
are inputted to the image processing control section 21 so

as to inform the control section of the above information
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In the height detection sensor 8, the light-
receiving system for measuring the laser beam reflected on
5 the component 120 includes two systems (a channel A and a
channel B) taking a wvariation in reflection of the laser
beam into consideration, thereby ensuring reliability. The
light-receiving systems amplify feeble signals detected by
the PSDs 17a and 17b by means of preamplifiers 33, convert
10 the signals into 12-bit digital data (in order to ensure
height calculation accuracy, the conversion into the 12-bit
digital data is effected in this case) by means of A-D
converters 34, and input the converted data into the image
processing control section 21. The polygon mirror 12 is
15 consistently rotating and inputting a polygon surface origin
signal 20 to a clock generating section 35 by means of the
, mechanism shown in Fig. 31. The.Clock generating section 35
generates a reference clock (CLK) required for writing the
height data into the memory, 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 into the image processing

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

A channel selecting section 37 compares the height data of
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example, if a division by zero occurs 1in the height
5 calculating stage of the channel A, the numeric value of 255
representing the abnormality is given to the height data of
the channel A. Therefore, in such a case, the wvalue of the
channel B 1is selected. If both the channels exhibit the
abnormal values of 255, then the numeric value of 255 is
10 outputted as the height data. 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 37
is stored into the image memory 39. The storing of the
15 height data into the image memory 39 is controlled by the
timing control section 38. The timing control section
receives an origin signal from the X-axis robot 5,
thereafter counts the encoder signal 25 as a predetermined
head section movement distance to generate a vertical
20 synchronization signal (VCLR), and inputs the signal as a
height data taking-in start signal into the image memory 39.
The height data stored in the image memory 39 is subjected
to image processing by a CPU 40 that operates according to a
program and subjected to positional detection and so on of
25 the electronic component 120 that is the object to be

recognized. The program is stored in the program memory 41.

The shape information (external height, external width,
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the diameter of the hemispherical bump electrode, the pitch
of the hemispherical bump electrodes, and so on) that 1is
storing the geometrical features of the electronic component
5 120 are transmitted from the main control section 31 via the
2-port memory 45 prior to the height image input. The
positional detection 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 §lace for storing
10 the shape information and the intermediate result of the
object to be recognized 1in executing the positional
detection of the object to be recqgnized.
Fig. 34 shows a component‘mounting procedure by
means of the height detection sensor 8.
15 Next, reference will be made to the steps (831
through S37) shown in Fig. 34.
Step S831: The component 120 1is sucked by the
nozzle 7a (head section 7).
Step S32: The height data of the component 120 is
20 taken in.
Step $33: The positions of the hemispherical bump
electrodes 120a of the component 120 are detected.
(For the detail, see Fig. 35.)
Step S34: The volumes of the hemispherical bump
25 electrodes 120a of the component 120 are detected.
(For the detail, see Figs. 38A and 38B.)

Step S35: It is decided whether or not each volume
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&10%& () - GLbA410% gkep S36: When all the electrodes are all normal,
the component 120 is mounted in the specified position of
the printed board 9.

5 Step S37: When the volume of at least one of the
hemispherical bump electrodes 120a is abnormal, the
component 120 is not mounted and disposed of.

Fig. 35 shows .a position detecting procedure of
the hemispherical bump electrode 120a of tﬁe component 120

10 according to the height data.

Next, reference will be made to the steps (541
through S44) shown in Fig. 35.

Step S$41: The processing area 1is determined
according to the size of the component 120.

15 The size in the X- and Y-directions of the
processing area is set, for example, two times as large as
the size of the component 120 on the screen.

Step S42: The processing area 1is internally
sampled to obtain the center of the component 120, and a

20 product of inertia and a second moment of inertia around the
center of the component 120 are obtained for the obtainment
of the inclination. That is, the pattern of the component
120 is approximated to an ellipse, and the major axis
thereof is determined as the inclination of the component

25 120.

Step S43: The position of the hemispherical bump

electrode 120a is estimated on the basis of the position and
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posture of the component 120, and a small region is set.

For the shape information of the component 120,
there are preparatorily stored the body size of the
component 120, the number of hemispherical bump electrodes

5 120a, the sizes of the hemispherical bump electrodes 120a,
the diameters of the hemispherical bump electrodes 120a, and
information required fo; calculating the position where each
individual hemispherical bump electrode 120a exists.

Step S44: The positions of all the hemispherical

10 bump electrodes 120a are correctly detected.

In connection with the above-mentioned center
detection and inclination detection of the component 120,
Figs. 36A, 36B, and 36C will be described.

In Fig. 36A, the processing area determined by the

15 size of the component 120 is expressed by a window.

In Fig. 36B, the processing area 1is internally

. uniformly sampled in the,6 X-direction and the Y-direction at
predetermined steps, thereby obtaining the center and
inclination of the component 120 as shown in Fig. 36B by a

20 Cross.

In Fig. 36C, the position in which each individual
hemispherical bump electrode 120a exists is estimated by
using the center and inclination of the component 120 and
the component shape information transmitted from the main

25 control section 31, and a small region including only one
hemispherical bump electrode 120a is set. This small region

is sampled to detect the center position of the
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hemispherical bump electrode 120a.

Fig. 37 shows a height measurement region. This
is an 8-bit image region, and therefore, 256 numeric values
ranging from O 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 to the height
detection sensor and the reference plane of the height
measurement 1s expressed by the numeric wvalue of 128, for
the sake of convenience. The values of 0 and 255 are used

10 as the height data for expressing the error that "height
data is not correctly obtained" or the like. Assuming that
the resolution in the direction of height is 10 um, the
measurable region becomes about + 1.2 mm.
A volume detecting procedure of the hemispherical
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
1204,

0: critical angle at which 1laser Dbeam
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,

H (¥, Y): height data at point (X, )

’
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| Step S52: X-address is initialized to Xmin as
shown in Fig. 38B.

10 Step S$53: A decision is made on (Xc-X)? + (Yc-Y)?
< r*., If this expression is satisfied, then the program flow
proceeds to Step S54. If this expression is not satisfied,
the sampling point (X,' Y) is to be located outside the
region of the bump electrode 120a. Therefore, the height

15 data H (X, Y) at such a sampling point is not added to V,
and the program flow proceeds to Step S$55.

, Step S54: The sampling point (X, Y) exists inside

| the region of the radius r about (Xc, Yc), and therefore,
the height data H (X, Y) owned by this sampling point (X, Y)

20 is highly accurate. Therefore, the height data H (X, Y) is
added to V, thereby updating V. |

Step S55: A predetermined increment Sx is added to
the X-address, thereby updating the X-address. That is, the
sampling point is shifted by one address Sx in the X-axis

25 direction.

Step $56: The processeé of Steps S53 through 855

will be repeated while increasing the increment 3Sx until the
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X-address exceeds the maximum value Xmax.

Step S57: If the X-address exceeds ¥Xmax, then a
predetermined increment Sy 1s added to the Y-address,
thereby updating the Y-address. That is, the sampling point

5 is shifted by one address Sy in the Y-axis direction.

Step S$58: The processes of Steps S52 through S57
will be repeated while increasing the increment Sy until the
Y-address exceeds the maximum value Ymax. If the Y-address
exceeds Ymax, then the program flow proceeds to Sfep 559,

10 Step $59: By multiplying V that is the sum of the
height data of all the sampling points by an unit area per
sampling point, the volume of the bump electrode 120a is
obtained.

A shape evaluating (shape recognizing) procedure

15 of the hemispherical bump electrode 120a will be described
with reference to Figs. 39A and 39B.

In Figs. 39A and 39B, there are

E: shape evaluation value of hemispherical

bump electrode 120a

20 R: radius of hemispherical bump electrode
120a
0: critical angle at which laser Dbeam
reflected on hemispherical bump electrode 120a can be
received by PSD,
25 r: radius of circular region made when PSD
light-receiving critical angle is projected on X-Y plane,

Hpo: theoretical value of height at point (X,
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comes closer to the hemisphere as the difference between
this theoretical value and the measured value approaches
10 zZero.

The procedure 1is comprised of steps (Steps S61
through S69) shown in Fig. 39A.

Step S6l: Y—-address is initialized to Ymin as
shown in Fig. 39B, and there is set E = 0.

15 Step S562: 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, then the program flow
proceeds to Step S64. If this expression is not satisfied,

20 the sampling point (X, Y) 1s to be located outside the
region of the bump electrode l20a._ 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 S65.

25 Step S64: The sampling point (X, Y) exists inside
the region of the radius r about (Xc, Yc), and therefore,

the height data H (X, Y) owned by this sampling point (¥, Y)
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is highly accurate. The height theoretical wvalue Hpo 1is

obtained on the basis of the height data H (X, ¥Y) as shown

in Step 564, and the absolute value of the difference

between Hpo and H (X, Y) 1is obtained. This value is added
5 to E, thereby updating E.

Step S65: A predetermined increment Sx is added to
the X-address, thereby updating the X-address. That is, the
sampling point is shifted by one address Sx in the X-axis
direction.

10 Step S66: The processes of Steps S$63 through S65
will be repeated while increasing the increment Sx until the
X~-address exceeds the maximum value Xmax.

Step S67: If the X-address exceeds Xmax, then a
predetermined increment Sy 1is added to the Y-address,

15 thereby updating the Y-address. That 1s, the sampling point
is shifted by one address Sy in the Y-axis direction.

Step S68: The processes of Steps $62 through S$67
will 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 S69: The value E that is the sum of the
absolute values of the differences between Hpo and H (X, Y)
of all the sampling points becomes the evaluation wvalue of
the shape of the bump electrode 120a.

25 It is preferable to execute the wvolume detection
and the shape evaluation of the bump electrodes 120a of the

electronic component 120 in an interval from the sucking the
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component mounting apparatus to the mounting of the
electronic component 120'on the printed board 9.

5 With this arrangement, the defect such as the
dropout of the bump electrodes 120a of the electronic
component 120 occurring when transporting the electronic
component 120 in the interval from the electronic component
manufacturing process to the electronic compbnent assembling

10 process can be found immediately before the mounting of the
electronic component 120 on the printed board 9. Therefore,
the defective component can be disposed of and only the
normal electronic component 120 can be mounted on the
printed board 9, so that the reliability of the electronic

15 component assembly can be improved.

Furthermore, the height detection sensor 8 can
capture the two-dimensional heigh£ iﬁage data of the object
by moving the object (for example, electronic component) in
the direction perpendicular to the scanning direction of the

20 laser beam or moving the height detection sensor in the
direction perpendicular to the scanning direction of the
laser beam while linearly scanning the laser beam on a one-
dimensional straight line by the polygon mirror 12. On the
other words, the height image of the bottom portion of the

25 electronic component having a plurality of bump electrodes
in the bottom portion of the component can be captured as

two-dimensional height image data by means of a height
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| bottom portion of the electronic component can be totally
measured, and the volume and/or shape of each individual
10 bump electrode can be correctly detected, so that the
electronic component can be determined to be good or no good.
Immediately before the mounting of the electronic
component on the printed board, the volume detection and/or
shape recognition of the bump electrodes, that is, the
15 connection portions can be achieved. With this arrangement,
the defect such as the dropout of the bump electrodes of the
electronic component occurring when  transporting the
electronic component from the electronic component
manufacturing process to the electronic component assembling
20 process can be found immediately before the mounting of the
electronic component on the printed board. Therefore, the
defective component can be disposed of and only the normal
electronic component can be mounted on the printed board, so
that the reliability of the electronic component assembly
25 can be improved.

According to the component recognizing method of,

the plurality of bump =2lactr-2zs orangzd oo ol Lotten
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portion of the electronic component can be totally measured,

and the volume of each individual bump electrode can be

correctly detected, 50 that the amount of solder

constituting the bump electrode can be quantitatively
5 evaluated.

Then, by adopting the component inspecting method
for determining the electronic component to be abnormal when
the volume of any of its bump electrodes detected by the
component recognizing method does not fall within the

10 predetermined range of reference, the electronic component
can be correctly determined to be good or no good.

Immediately before the mounting of the electronic
component on the printed board, the volume detection of the
bump electrode, that 1is, the connection portion can be

15 achieved. With this arrangement, the defect such as the
dropout of the bump electrodes of the electronic component
occurring when transporting the electronic component in the
interval from the electronic component manufacturing process
to the electronic component assembling process can be found

20 in the assembling process for mounting the electronic
component on the printed board. Therefore, the defective
component can be disposea of and only the normal electronic
component can be mounted on the printed board, so that the
reliability of the electronic component assembling can be

25 improved.

According to the component recognizing method, the

plurality cf bump clectrodes arrangad ~n the hobbor norti
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of the electronic component can be totally measured, and the
shape of each individual bump electrode can be correctly
detected, so that the shape of solder constituting the bump
electrode can be quantitatively evaluated.

5 Then, by adopting the component inspecting method
for determining the electronic component to be abnormal when
the shape of any of its bump electrodes detected by the
component recognizing method falls outside the predetermined
range of reference, the electronic component can be

10 correctly determined to be good or no good.

Immediately before the mounting of the electronic
component on the printed board, the shape evaluation of the
bump electrode, that 1is, the connection portion can be
achieved. With this arrangement, the defect such as the

15 dropout of the bump electrodes of the electronic component
occurring when transporting the electronic component in the
interval from the electronic component manufacturing process
to the electronic component assembling process can be found
in the assembling process for mounting the electronic

20 component on the printed board. Therefore, the defective
component can be disposed of and'only the normal electronic
component can be mounted on the printed board, so that the
reliability of the electronic component assembling can be
improved.

25 Each of the above-described embodiments can be
combined with any one of the other embodiments in accordance

with the purposes or uses.
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image data of a surface of the electronic component viewed from a
specified direction, for executing positional detection of the electronic
component by using tow-dimensional positional detection by the
luminance image capturing means or three-dimensional positional
detection by the height image capturing means, and

a software processing means for subjecting the image data to software

processing.

2. The component recognizing method as claimed in claim 1,
wherein the luminance image capturing means and the height image
capturing means are independently selectively used according to a

shape feature of the electronic component.

3. The component recognizing method as claimed in claim 1,
wherein the luminance image capturing means and the height image
capturing means are independently selectively used according to an

inspection item to be executed on the electronic component.

4, The component recognizing method as claimed in any one of claims 1

through 3,
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wherein the luminance image data obtained from the luminance image
capturing means and the height image data obtained from the height
image capturing means are processed by an identical image processing
means by setting a height coordinate system of the height image data so
that a direction directed from the electronic component toward the height

image capturing means becomes positive.

The component recognizing method as claimed in any one of claims 1
through 4,

wherein the electronic component is constructed so that a plurality of
leads are projecting from sides of a body of the component and tips of

the leads are to be mounted on a board.

A component mounting method for transporting an electronic component
from a component supply section onto a board and mounting the
electronic component on the board, the method comprising:

selecting either one of a luminance image capturing means for obtaining
luminance image data of a surface of the electronic component viewed
from a specified direction or a height image capturing means, containing
a 3D sensor, for obtaining height image data of a surface of the
electronic component viewed from a specified direction in a transport
path of the electronic component;

executing positional detection of the electronic component by using the
luminance image capturing means or the height image capturing means

in transporting the electronic component from the component supply
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section onto the board by subjecting the image data to software
processing; and
mounting the electronic component on the board on the basis of

information obtained through the positional detection.

The component mounting method as claimed in claim 6,

wherein the positional detection of the electronic component is executed
by selecting either the luminance image capturing means or the height
image capturing means according to a shape feature of the electronic

component.

The component mounting method as claimed in claim 6,

wherein the positional detection of the electronic component is executed
by selecting either the luminance image capturing means or the height
image capturing means according to an inspection item to be executed

on the electronic component.



