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APPARATUS 5 TECHNI CAL FI ELD The present invention relates to an electronic
conmponent nounting apparatus for recognizing a nmark provided at a specific
| ocation on a printed circuit board, and nounting an el ectroni c conponent
on the printed circuit 10 board. BACKGROUND ART As corrrmnl

el ectroni c conponent nounting apparatusqfor nounting el ect Wmmlmmﬂ’fnts
on 15 a printed circuit board, recognizes a mark on the printe
board and positions the electronic or other conponent to be notfisiserd durl ng

t he nounting operation, for exanple, using a CCD canera or Mﬂ@”
Itml By

iIlum nation device is used, duripgsSIWREPTIEREINItion,
onto or near the object and thus illumnate the object. An ex

conventional illumination device is shown in Fig.12. This ill ur¥%®i on
device 50 has a CCD canera 51 for recogni zi ng an obj ect 59 at the top

e b0y §IEEETRONICI COMPONENIT MOV &R BARITPUSS 10 2

~ 9 AUG 2042 urality of t sources such as S or LEDs)
bel ow the CCD canera 51. An aperture 52a is forned in the m ddl e of the
il lum nation source unit 52 to capture light reflected fromthe object. 5

Wth i b 50 according to this conventional arrangenent,
a por |on oﬁﬁ%’ﬂg'ﬁﬂg ?lﬁlﬁ'tq?ed fromeach of the |light sources 53 in the

illum nation source . . .
The present invention relates to an electronic

component mounting apparatus for recognizing a mark
provided at a specific location on a printed circuit board,
and mounting an electronic component on the printed circuit

10 board.

BACKGROUND ART
As commonly known, an electronic component
mounting apparatus for mounting electronic components on
15 a printed circuit board, recognizes a mark on the printed
circuit board and positions the electronic or other
component to be mounted during the mounting operation,
for example, using a CCD <camera or sensors. AnN
illumination device is used, during object recognition, to
20 emit light onto or near the object and thus illuminate the
object.
An example of a conventional illumination device
is shown in Fig.12. This illumination device 50 has a CCD
camera 51 for recognizing an object 59 at the top center of

25 a case 57, and an illumination source unit 52 comprising a



unit 52 i
t he apert
solid arr
illum nat

rradi ates the object 59, and the light reflected therefro?ti@%%

ure 52a and is captured by the 10 CCD canera 51, as indic
ows in Fig.12. It should be noted that with this conventi onal

ion device 50, all of the light sources 53 in the illumnation

Cq0L
y

source unit 52 are turned on in use, so that light is uniformy emtted to
the object 59. 15 Recently, various matgrials having each surface
conditions are used for the el ectronic conponents and a nmark on the printed

circuit board as an object,

Thus, var

i ous inprovenents have al so been made to the illum nation 20

devi ce sopflh@dlity b$ RQHH @dauF@e%ewnﬁ]@s@cﬁ?taissg?gﬁgc\gm’b@. B3 L& B <9

obj ects havi ng various surface conditio

Fig 1l

an illTumnati‘on

and various surface treatnents are perforned.
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arrangenent . um nation source unit
63 are ar i u It c Gl T f ~ 2~ | ffierent
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sources

e sane

circle fo i r and quantity of light can be adjusted by
(B R Pt

each |ight  source grou ity of light by the sources 63 in each

unitz.5 ci
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as descri

10

15

20

25

from each of the light sources 53 in the illumination source
unit 52 irradiates the object 59, and the light reflected
therefrom passes the aperture 52a and is captured by the
CCD camera 51, as indicated by solid arrows in Fig.12. It
should be noted that with this conventional illumination
device 50, all of the light sources 53 in the illumination
source unit 52 are turned on in use, so that light is
uniformly emitted to the object 59.

Recently, various materials having each surface
conditions are used for the electronic components and a
mark on the printed circuit board as an object, and various
surface treatments are performed. Thus, various
improvements have also been made to th_e iHumination
device so that it is possible to recognize satisfactorily a
variety of objects having various surface conditions.

Fig.13 shows an illumination source unit 62 in an
illumination device according to another conventional
arrangement. In this illumination source unit 62, numerous

light sources 63 are arranged in a plurality of circles of



10 the quantity of light by the sources 63 chosen to be turned Oﬂ’t Ugozmz
sufficient, the illumnation required for object recognition canno

achi eved, and the recognition rate may drop or detection errors nay occur.
Furthernore, because all of the light sources 63 15 are di sposed on the

sanme plane in the sane direction, the illum nation angle of the |ight
becones dependent on the directivity of gthe Iight sources 63, and it is
difficult to achieve sufficient brightness at a desired illum nation angle.

Because of this, it is conceivable to increase brightness, 20 for exanple,
by increasing the nunber of |ight sources 63 or increasing the quantity of
light by %@ber’éﬁhtd%reﬁt%@?’(tﬁ'&'tstsh%g%rent‘??&? ry)ul tLl) fHﬁ H{ggh' ens
as an increase In current consunption; he ‘stabi I'i e

bri ght nesg Agr @e§e§‘3| toﬁ’ftl}?ﬁatsla bl Py t&?rg' 'éghltig?t u%&%%og‘]gfﬂ’t s

shortened service [ifeint I ght sources 63.
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half mrror_.and falls virtlcally on a mark. Besides, a second ill.um nation

light emaRRIEFY FBRPEHELOAD Light source is refracted inward by a Iight

transmtting body and falls, . on the rk. obl.i quel fromabov I.n the case
Fieanomiths ’fa REV) Pia

when the mark is fomé8NoMitisiddul! 'é‘r?*alP dsegMitphaving ang.
accor di ngIP/) the first illumnatio irradiated fromthe first Ilght
source and f-‘dﬂl”ﬂ&%rﬁ?'déP?yulnét I@ té&ﬁﬁﬂﬁﬁﬂ &b oveal hpweneds sifa
canera and i s observed distinctly by the canera. In the case when the mark

is fé medtbe soiaRtityl afi |rt§hteby }hﬁnéohhfsﬁ%ts r®8gehosence heectwaredd
illTumnation light is reflected upward and enters the canera. As descri bed
above, itorns parnicdulsdffychenti cthe wihumanadiert red wireshpboenobiewtt i ng
apparatus having a conventional illunination device to emt suitable

i |1 uni nat resagnitéesgmanoetobjeceshirviedarands the f eeeogeritiamonstand

t hereby achi eve object recognition satisfactorily. Further, the size of the
convent i ona@yagpapaousd e te chtdrre 1raife m Yy SCCCSURE OF | NVENTI ON I n vi ew of
the technical problens as described above, an object of the present
invention is to proF uhearmsloget,r braa:auasp@térmf riduent liightapparratas 68r
performng reliable object recognition and nounting tasks by conprising an
i |1 dd& nat iece stispaes @di orf dheersamiengplani @ ainl ¢hiéd | sammatdioe dtight, thean
obj ect by neans of a sinple configuration, w thout increasirig the nunber
of light $dumscasation henguentdft whe Kighitt befceaods f dgipe sdenrde camdtimet h
reduci ng the size of the apparatus. A~~~NpcD SHEET 19 Al G 2002 -5

. Accordi ngdipethpsipyesehtthevéighbns oulrerss i 8 3pr amdedt ais elddéticant cto
conponent nounting apparatus for recognizing a mark provided at a specific
| ocation echigve detficigntibrigtadind ssrat sodetsing daillaneiatadoirc aregi®nent
on said printed circuit board, said nounting apparatus conprising as a
devi ce foBéthuseradf nhisai ¢t niar ke an cieli v ail eattioon ndeeiznse hbyi gt mekisght
pat h adj ustabl e nenber being di sposed between an object to be illum nated

by tioe enfbredxlarapleanslyamnchédgingt ithe snumdeer uof tiigat soiurciew é8ght in
the direction of said object, wherein the |light path adjustable nenber

gat hers | isghjnepbhlseH ”t‘ﬁf'eefcf@éThQTl y2 oFPAGHE byareachnighli b epcd elgi.ect by
emtting light 1nci dent thereto fromthe I'llum nation source unit,

character tthﬁ;%I gﬁotvtﬂét/eat &gﬁstre%'tnttern tét@ch' ahobiRGhdenge a?ﬁ d%) He £8bSSi 0N

side of the t path adjustable nmenber has a sawtooth shaped cross

section ang isyfendeddd anfolo al bt dﬁépswbﬂr@ﬁ% Ve { Db T epPeRf Vene

di fferent |n ex o raction wherel n t t path adjustabl e nenber

gathers | gptﬂtetstsedathghereto ¥ heRecs ittéacpy HReIdi gt Sebdrel ect by

em tti ng I nci den um natiron sour unit frdm each
% [ f n fgaction.

Pre r abl %‘Hcgasshé‘étéﬁg r ?%g ﬁlfghtrf ?ﬁg Ei' W%)é a’feCéog éegh ssion side of

said fight path adj ustable menber may be divided into a plurality of

bel t - shaped subarea form ng concentric circles, and the index of refraction

on the em ssion side of each belt-shaped subarea nmay decreases as it is

closer to the center. Also preferably, the fight-transmtting surface of a

pI urallty of the subareas in the Ilght path adj ustable nmenber may be a

Y N LY Y -



A~"1E~;DcD S'rISET 1 9 AUG 2002 6 Both the light incidence S|df ansG 2002
em ssion side of the light path adjustable nmenber nmay be divided |nto a
plurality of subareas, each having a different index of refraction, and

bot h Iight-transnitting surfaces of each 5 subarea are segnents of a convex
curved surface. The light-emtting surface of each subarea may be forned in
t he shape of a ground gl ass surface. Further, the illum nation source unit
may conprise a plurality of Iight sources directed toward each 10 subarea
of the light path adjustable nmenber, and said |ight sources can be
selectively turned on. Each of the light sources may emt light with a

col or conplenentary to a color of the printed circuit board or mark

t hereon, and may conprise a pIurallty of light-emtting el enments of
different 15 colors. A first advantage of the el ectronic conponent nounting
apparatus according to the invention is that the nounting apparatus can

emt appropriate illumnation light to an object, and thus acconplish
abj ect 1 ecognidis aftoAgtsifle FOUAH ik aear@ﬁwaﬁg@aéf | SRR ddufceDBIAE Lhe
as_a deV| for on a printed

appar at ug cq e

circuit HE 'ILEH"'P?"I'WH%EW SOk ﬁg Paif'atm’“a%‘ﬁﬁs B P renber

di sposedsﬂned:mnf e aplplamwmaemmesgqmobcamd tanﬂd)argel tandim@anivncraasoly ect and
the obj egbstt PuMhérEtbre N&d; aémd tHeTH AN 86N BAgIE §s,BE piBticee domMiBs R daind east

the light not ealsy, angghepe?ore tends not to be practical.

JP 04122840 representing the closest prior art from which the invention
proceeds discloses an observmg apparatus wherein a first illumination light emana-
ted from a first light source is reflected by a half mirror and falls vertically on a
mark. Besides, a second illumination light emanated from a second light source is
refracted inward by a light transmitting body and falls on the mark obliquely from
above. In the case when the mark is formed of lustrous material such as gold
plating, e.g., accordingly, the first illumination light irradiated from the first light
source and falling vertically is reflected upward vertically, enters a camera and is
observed distinctly by the camera. In the case when the mark is formed of solder
plating, e.g., and has a rough surface, the second illumination light is reflected
upward and enters the camera.

As described abave, itis particularly difficult with an electronic component
mounting apparatus having a conventional illumination device to emit suitable
illumination to recognition objects with various surface conditions and thereby
achieve object recognition satisfactorily. Further, the size of the conventional
apparatus is rather large.

DISCLOSURE OF INVENTION

In view of the technical problems as described above, an object of the
present invention is to provide an electronic component mounting appara.tus for
performing reliable object recognition and mounting tasks by comprising an illumi-
nation source unit for emitting suitable illumination light to an objact by means of
a simple configuration, without increasig the number of light sources or the
quantity of light of each light source and with reducing the size of the apparatus.

AMENDED SHEET



i nci dence side or irradiation side of the Iight path adjustable neq@eauégmm
divided into a plurality of subareas each having a different index oOf
refraction, and thus collects the emtted light on a specific area
containing the 5 object by emtting light incident fromthe illum nation
source unit at different indices of refraction. Further, a second advantage
of the electronic conponent nounting apparatus according to the invention
is that illum nation |ight passing each subarea can be 10 gathered toward
the center of the irradiated |ight, because at |east the |ight incidence
side or irradiation side of the |light path adjustable nenber is divided
into a plurality of subareasform ngconcentriccircles, and the index
of refracti onon theirradiationsi de of each subarea bandl5 decreasesas it

i scloser to thecenter. Mreover, a t hiPrd advant age of the electronic
conponent nounting apparatus according to the invention is that light from
the illumnation source unit is refracted and directed toward the object at
all points on each light 20 transmtting surface, and can therefore be
precisely gathered on the object because the light-transmtting surface of
the plural subeceuking ip teePresgnt inganteradperstiabievidadbe eldcsramiceement of a
](c:ur;/ﬁd Suéﬁt&ﬁeunﬁrﬁyﬂamﬁrﬂﬂlﬁlﬁo@f@éogﬂﬂii?@adﬁérf(@f‘@‘/idié’ﬂ Qﬁﬁ@p@&hgﬂ&%’cio&%n\@t t

urt her, g : . . nen

aprlbd AR A0S Pmd e S0 lcfic componti §Bgﬁﬁ'?8f@§§?°°

mount i ng ,ggaﬁatas a COFdIr% { e i nven Si ot
| i ght - gatheH'T ReRres FUR MUUYNHARRIFRS SMREISHG 3567 Fadee &Y ibwmpBtiRdsahs of
the |i ghtnapleh ildjiostichtevine isringoe ighismthetjostate tiegitieriteiigidinpeses de and
5 irradi gkivpdersitisniebt fotk libeiiatbabh tﬁébhﬁ&@a@t%ﬁmﬂm%ﬁ}a@ﬂoﬁ's%%?cé nto a
pIuralltﬁ of subﬁ{eaf eaEh Qavkqg}adeiferent |ndexho& hg ngg%ﬁoné and
bot h | i gHP*FPEHEMITY oy 14 §0e et ofsalh, o WaRaMEraifdhe GhERTE aUstatonyex
curved shieme@bengatheislighs emitted thergframeme apreits areadnelidiogrseid ebjeot
Cﬁnpplnlenb_y RRItINgNigha peidealt Weraes b the illuenihfiGor SMaBE UAR, ESarkbtizbd _inﬂ_t from
the illu [ S ; . t t eci,fic area
i ncl udi ngﬂgﬁétc}g?sécez{,’”e%?%%@t g-r%gapééﬁegg'{%?Fﬁbﬁ%[b%ggghéjﬁﬁﬂs I%P?@%Pn %P’ each
| i ght t r afSPR'2 i 'AEMOET NaE R RRYtoLt p"g'\?PFii CCrPFRIERCTHRN 2By igclivisigd M40 Recause
the |i ghpheaiitytof sgbzass acth respectite difbeane indes of cefractidn) wiheeiahtaptight a
ground 9'{3@%%@?‘5&@6%6&(@& ddthéRaight 8mfttedt «Jhte%%ﬁnbagfsp%iﬁk@ﬁlnt%ﬁ}diwI tch
conponent__npunti.n r . rdin i.pvention is at. en the
P ahe " S oup b b SRRRLHIIR (RGERFClRtbed Hohlhel B MR dobrqa Bie M8 ned on
so as toC°@ppRASNY 8UbFBaL BhthesesPEstivR ditfesentdnienndi refiectinn.nt ed circuit
board form ng the
Preferably, at least either the light incidence side or emission side of said

light path adjustable member may be divided into a plurality of belt-shaped subarea

forming concentric circles, and the index of refraction on the emission side of each

belt-shaped subarea may decreases as it is closer to the center. Also preferably,

the light-transmitting surface of a plurality of the subareas in the light path adjusta-

ble member may be a segment of a curved surface, the curvature of which differs

in each subarea.

AMENDED SHEET



background thereto, an even clearer image can be obtained, and the jaageramsy
of mark recognition by the apparatus can be inproved, because the

illum nation source unit 25 conprises a plurality of Iight sources directed
toward each 1 ~J AUG 2002 9 subarea of the |ight path adjustabl e nenber,
and said |ight sources can be selectively turned on. Yet further, a seventh
advant age of the el ectronic conponent ngunting apparatus according to the
invention 5 is that the overall illumnation source unit can emt the
illumnation Iight adjusted to the col or conplenentary to the color of the
printed circuit board or mark to the printed circuit board and mark,

contrast between thBdwy khantighii nheddeirceididwaddcam itsaoP%iae of
enhanced, an even 10 clearer inmage can be obtained, and the accuracy of

mark recogiétihPYphitA @@N@ié’ﬁléa?némibal?“?ﬁﬁg’ wécw%%g%chirhicghé
source can emt light of a color conplenentary t0 a color of the printed

circuit bRty MK S08AUs el ddh! PAvidg AN ALVERE AgRJYx LT

el ectronic 15 cohponent nounting apparatus acCording to the invention is

that eactyd{ gl sRUT CongaNLEHE @ 1PAALURRLIAG cOLPfacaUP! srenigcy to

t he col or of e printe circuit Board or mark, l'um natron o
COPESIEIY A% 5 OB B DB LRS! o ° WA L BRGR] | Bl SR oy and
i rerent ODtapETSEY s 366 foPob Er bty sEnaled a¥kine FrTEEIAGER  cui
o any prifEes a1 g SR alAfE S FACE i thermore, it i not necessary
to Further, the illumination source unit may
comprise a plurality of light sources directed toward each
10 subarea of the light path adjustable member, and said light
sources can be selectively turned on. Each of the light
sources may emit light with a color complementary to a
color of the printed circuit board or mark thereon, and may
comprise a plurality of light-emitting elements of different
156 colors.

A first advantage of the electronic component
mounting apparatus according to the invention is that the
mounting apparatus can emit appropriate illumination light
to an object, and thus accomplish object recognition and

20 mounting operations satisfactorily, because the apparatus
comprises, as a device for recognizing a mark on a printed
circuit board, an illumination device with a light path
adjustable member disposed between an illumination source

unit for illuminating an object and the object to which the

25 illumination is to be emitted, where at least the light



19 AU G 200Z 10 provi de separate |ight sources for each color, for

exanple, red, green, and blue, in an illum nation source unit conﬂrgi §p592002
such |ight sources, the nunber of |ight sources can therefore reduced, and
reduction in the size and weight 5 of the illum nation source unit can

t her eby be pronoted. BRI EF DESCRI PTION OF THE DRAWNGS Fig.1 is a schematic
obl i que vi ew showi ng the overall configlration of a nounting apparatus
according to 10 a preferred enbodi nent of the present invention. Fig.2 is a
vertical descriptive section view of the illum nation device provided in

t he above nounting apparatus. Fig.3 is an oblique view of the illumnation
device. limdiiderces sidlean on evirp&diatian| usidati of sthecelighitt ipathe
illumnation device. Fig.SAis a plan view of the |ight path adjustable
menber i natihestabliei raénonedeis cdividgdSBnts an pilriaite Vofeve @batrBad i ght
pat h adj ustabl e nenber, and Fig.5C is a 20 section view through Iine X-X in

Fig. 5A. Fegch | havisast izon difpar showviimgid e @Rt hefagtiein fi alild onhas obj ect
during illumnnation by the illumnation device. Fig.7A is a schematic view

?Lr ﬁgdi IOIn@m I%iszgg&gﬁgwfm unghti Brivl dpébdtic apPECRD A nIflethievel ¥
5 object by emitting light incident from the illumination source
unit at different indices of refraction.

Further, a second advantage of the electronic
component mounting apparatus according to the invention
is that illumination light passing each subarea can be

10 gathered toward the center of the irradiated light, because
at least the light incidence side or irradiation side of the
light path adjustable member is divided into a plurality of
subareas forming concentric circles, and the index of
refraction on the irradiation side of each subarea band

15 decreases as it is closer to the center.

Moreover, a third advantage of the electronic
component mounting apparatus according to the invention
is that light from the illumination source unit is refracted
and directed toward the object at all points on each light-

20 transmitting surface, and can therefore be precisely
gathered on the object because the light-transmitting
surface of the plural subareas in the light path adjustable
member is a segment of a curved surface, the curvature of
which differs in each subarea.

25 Yet further, a fourth advantage of the electronic



11 according to the mrror surface condition of a mark, and Fi g.??gi AUE 2002
schematic view of an illum nation source unit in which |ight sources are
sel ectively turned on according to the mrror surface condition of a
printed circuit board. 5 Fig.8 is a partial section view of a |ight path
adj ust abl e menber conprising in each subarea a curved light-transmtting
surface. Fig.9 is a section view of a |light path adjustable nenber divided
on both sides thereof into a plurality of 10 subareas. Fig.10 is a plan
view of an illum nation source unit according to an alternative enbodi nent
of the present invention. Fig.11l is a circuit diagramof an illumnation 15

ci roui t_acggphBadit Ui iR 2 pptHie e?é‘@e%ﬂﬁ t@f tHe | m\?ﬁﬁmon

i nvention. Fig. 12|sasect|on vi ew show ng t he ering of t on an

obj ect durisigrid{ WG ielk A1 gL et 'éﬁgb@%@?ﬁ LG’&Vb%%e%Pe 9. 13

is a pI an view of an i"l'lumnatio rce unil in further convention

(11 umnat | gg, 45} G BT, MFERETR CARRY NG QY THE KNS ;g%g%gg%red

enbodi nent o resent inventlon S descrlb

reference o hitr 3ot 2Uig 2 AHLTARKINY hLILSS, eF' ' idel S dha

schemati c I 'que view O e overal I' configurati

oresent i rilHA s ARRIEE 3t ruReC Tigh 892&3{1%%@@?&6%333%% Bef' dre'ne
posi t1on tiddsd '%“%'%Pi‘a??wapé B A foseRaRenliBa B e EEeBbnent
on the pri, ntc?dxC'orfClrjé rac roorl'l 1%nJh80r{Puu Itglfrllpt g%asrnqtlﬂmg surfaces of
each subarea are segments of a convex curved surface.
Yet further, a fifth advantage of the electronic
10 component mounting apparatus according to the invention
is that light from the illumination source unit can be
diffused and emitted to a specific area including an object,
without dropping the light gathering effect of each light-
transmitting surface with a specific index of refraction,
16 because.the light-emitting surface of each subarea is
formed in the shape of a ground glass surface.
Yet further, a sixth advantage of the electronic
component mounting apparatus according to the invention
is that when the light sources of the illumination source unit
20 are selectively turned on so as to emphasize the contrast
between a mark and the printed circuit board forming the
background thereto, an even clearer image can be obtained,
and the accuracy of mark recognition by the apparatus can
be improved, because the illumination source unit

25 comprises a plurality of light sources directed toward each



10 conprises an illum nation device 10 for illum nating the mark 9 ¢dnpg rpg02
mar k recognition operation. It should be noted that the surface condition
of the object to be recognized (that is, the mark 9), may be variously
conprised. For exanple, the surface nay be coated with 15 solder (a
so-called solder mark). This illum nation device 10 is included in a head
unit 15 together with a CCD camera (see9Fig.2) for imaging the mark 9. This
head unit 15 is controlled by an x-axis drive unit 17, and y-axis drive
units 18A and 18B for noving 20 the x-axis drive unit 17 in the y-axis
direction, which are part of an two-axis (x-y) robot. The illum nation

devi ce 1OSU@rﬁIt6ﬂ|sofrd€\@ fligbt ypablavadjustpbiat stenmibeni arnmbsaididiabtt he
head unit 15 is driven. Fig.2 and Fig.3 are a vertical cross section and a
25 parti abbyrees okl el $glectively tespect iorel y, showing the 1 9 auc
2002 13 overall configuration of the illumnation device 10. Wth this

i |lum nation deviceYkdt far0brcansrev dhthoadelgreetge exbghiet edecitsopiovi ded
at the top center of a cylindrical case 12, and bel ow the CCD canera 11, an
i |l um nat com p osmtemuuntih g sagipsposiads watleoxdihgr alo tth eofird v @hticapur ces
3 on a base plate 4. Opposite the illum nation source unit 2 and on the

em s5i on g8 dehhbetkef ,0wmeraphtil patinadjiost abberekatinf foxn adimbt ithe t he
path of light emtted fromthe Iight sources 3 is affixed at the | ower part

of the caneud?instion U9ghal tadpistedt bos theefesIed eghpsiemintdme 1d ght
path adjustable plate 5 is disposed proximally to the illum nation source

unit 2 sotfibatolbghéf fth@mpateidolielir 60U ¢asapd Cap rﬁ%rﬁfibctﬁ@tbﬁrﬂ'é‘d(ed up.
Apertures 4a and 5a for passing light reflected froma mark (not shown in

the Figs. girdWitCbbardd apﬁav'rﬁ%cikon é@ﬁtpésﬂt BRtGEEHI tthRPapfhas bhey obj ect

to be illumnated by the illumnation I'ight during the mounting operation,

are fornmedrididdeclitobit Pablradi élﬁhabﬂheér@@% ﬁ aa%ﬁmceasetcﬁ# abgeh of the

illum nation source unit 2. It should be no hat sone of I'i ght

soupges ScPs8réf Pr‘?f'atgﬁdcb'?\ g 3 C}%lﬁ‘éQ:Id | pRet B du/HE P B?On}ark

conplicated. Wth an | umi nation device '10 thus conprised,” a portion of

the 11 gnt £ ¢ W FRRIN O NEnbl dibpRftUfteRs dal BBE ith pHELEY, Podatise unit

2 |rrad|a es e printed circul
each light source can emit light of a color complementary to

a color of the printed circuit board or mark thereon.
Yet further, a eighth advantage of the electronic
15 component mounting apparatus according to the invention
is that each light source can internally produce the color
complementary to the color of the printed circuit board or
mark, illumination of this complementary color can be
directly emitted from each light source, and illumination
20 light free of color irregularities can be emitted, because
each light source comprises a plurality of light-emitting
elements of different colors. As a result, contrast between
a mark and printed circuit board can be reliably enhanced
suitably according to the surface condition of any printed

25 circuit board or mark. Furthermore, it is not necessary to



board, and the reflected |ight passes the apertures 4a and 25 5aq gnAuG 2002
captured by the CCD canera 11. This CCD 1 9 AU G 2002 14 canera 11 is
connected to an imge recognition apparatus 16. Reflected |ight fromthe
obj ect captured by the CCD canmera 11 is passed to the inmage recognition
apparatus 16 as an electrical signal, and is recognized as an imge as 5
the result of a specific image recognitli®bn process. An arrangenent of a
plurality of the light sources 3 in the illumnation source unit 2 is shown
in Fig.4. In '"this preferred enbodi nent, for exanple, white LEDs can be
used as the light sources 3. As will be known fromthe 10 figure, these

| i ght soyrreeside aseparaedegéighh sodrcesl forbaaetplcatler4 for @ yamplety of
the circles with different dianeters (that is, in concentric circles), thus
form ng freud, | igglete souramdgr blpe, 3Ain 3Ban 30 and n3iohhe sldgtde sountie group
3A on the inside-nost circunference is disposed 15 around the aperture 4a

in the ceaydvmprotinbeshate Ihhhtesduraes t hhe irght seurefe | gietps SDreest he
out si de-nost circunference i s disposed along the outside perineter of the

base pl atgad. thideefo thtrespuceds ampdred$elIon hASEhéi gite SONHCH dighps 3A
to 3D are disposed perpendicularly to the 20 base plate 4 and directed

toweg d t hef thehtllaaiith dowssdU el whit BafPtReed bie by griemidtlewri nation
source unit 2. It should be noted that the |ight sources 3 are arranged in

concentric circles in this illum nation source unit 2 so that illum nation
light wwth uniformillumnance is 25 emtted fromail directions with

respect t@RY pe @Ei%'m&m'rmr% éo% AME2DRAWIRIGEhe CCD canera 11

However , any arrangenent can
Fig.1 is a schematic oblique view showing the

overall configuration of a mounting apparatus according to
10 a preferred embodiment of the present invention.

Fig.2 is a vertical descriptive section view of the
illumination device provided in the above mounting
apparatus.

Fig.3 is an oblique view of the illumination device.

16 Fig.4 is a plan view of the illumination source
unit in the ilumination device.

Fig.5A is a plan view of the light path adjustable
member in the illumination device, Fig.5B is an oblique
view of the light path adjustable member, and Fig.5C is a

20 section view through line X-X in Fig.5A.

Fig.6 is a section view showing the gathering of
light on an object during illumination by the illumination
device.

Fig.7A is a schematic view of an illumination

25 source unit in which light sources are selectively turned on



used insofar as illumnation of uniformillum nance can be obtain cﬁ 46 2002
light path adjustable plate 5 as used in this 5 preferred enbodi ne g
shown in Fig.SAto Fig.SC. Fig.SAto Fig.SC are, respectively, a plan view,
obl i que view, and section view of the Iight path adjustable plate 5. This
Fi ght path adjustable plate 5 is fornmed in a disk shape froma transparent
acrylic resin. The em ssion side of theqllight 10 path adjustable plate 5 is
divided into three belt-shaped subareas 6, 7, and 8 form ng concentric
circles, and a lighttransmtting surface 6a, 7a, and 8a, each form ng a
different angle to the planar direction of the |ight path adjustable plate
5 is foremtomdiesghtof theesnibhedrt -shefede lconbitiens of &, maadk 8.aMd
opening 5b is also provided in the |ight path adjustable plate 5 fromthe
ci reunfer gngi 2B S6r hasehtdwr=aot viwar oft Ae cHONeIn@fidhediabé waithin
adjustable plate 5 for accepting a bolt 13 (see Fig.2) when the light path

adj ust abl il ellél’itS ST ed heet %%I‘é&ﬁ‘?vé?%e?@rﬂ_éﬁ 'dﬂ@c&b?ﬂ?ﬁpt tong

surface 6a of the belt shaped subarea 6 at t I nsi de-nost circunference on

the em Ss't B ﬁ‘iﬁ?o?fs?h?aéégébnllﬁﬂbﬁ%fj%t iRte a&ﬁre |'tS atyr face

substanti a Iy par al | to the planar direction o t pat h adj ust abl e

Eleﬁgsﬁap\émdl lsﬁb:[argal g;]andlr%némP%“Z%iZéze%{égﬁge@oez\lﬁt?Joﬁe%a(l)@qt% out5|de
of the b%ﬁgﬁ@ﬁ%@cﬂé%@rﬁ% aésmgpﬁmgl Al BaYtPeblba ! 8 1, Lfgqp! anar

di rection i's Tight path adjus n thi's preferre

enbodi nmen | i on of the light-transmtting surface 7a 5
in the beF gﬁﬂ?rﬁ %rﬁ reg %hlrggélr?fal | er than the angle of inclination of

Shoul d be. ELEQZ”% Eélﬂ?@” fZ‘ESP%?Cé{; ?Qé@iﬁ%?’n%ﬁt'%%ﬁﬁﬁfi. %ﬂiﬁ%iﬁ?ﬁeand
H‘é‘ﬂ”‘;ﬂ"aé“gaéwﬁére??g@? Fiseh; BERGE. RIS CRRalsRl dhuB' K cold®by Totm ana

appr xi mat el respectively. Furthernore, while a transparent acrylic
resi is ﬁ%&af%? Sthe |i ght path adj ustabl e plate 5, the invention shall

oy oansm oot S iq LApABE, N BRLLB T, BAGHS 08, urE™
T %*t%iﬂeﬁ%v%é%rﬁ@ iR B ey ' ©
bel ow vmtt|1mr/%fnetr|grl]]ce to Fig.6.
Fig.11 is a circuit diagram of an illumination
15 circuit according to a further alternative embodiment of the
present invention.
Fig.12 is a section view showing the gathering of
light on an object during illumination by a conventional
illumination device.

20 Fig.13 is a plan view of an illumination source

unit in a further conventional illumination device.

BEST MODE FOR CARRYING OUT THE INVENTION
A preferred embodiment of the present invention

25 is described in detail below with reference to the



As shown in Fig.6, when all of the light sources 3 in the illumi naysdWwe 2002
source unit 2 are turned on, light incident fromright above subarea 6C at
t he outside-nost position of the light path adjustable plate 5 is refracted
25 angle at light-transmtting surface 6¢c as indicated by the 1 9 AUG
2002 17 solid arrows with this illum nation device 10. The light incident
fromright above subarea 6B is refracteti2angle at light-transmtting
surface 6b. As described above, because the angle of inclination of
light-transmtting surface 6b is 5 smaller than that of light-transmtting
surface 6¢c to the outside thereof in this light path adjustable plate 5,

the angl eg et omepreaffird fegutrBiss | ight-transmtting surface 66 is smaller
than the angle of refraction of light-transmtting surface 6¢c. 10

Furthernore, |ight Fmgwem r ewhd @hitiabewej §URANER WP Ao Rt tH deohsigle- most
circunference of the Tight path adjustable plate 5 passes the l[ight path

adj ust ab'@o(ﬁtfﬂ%tﬁrétl‘@r‘i hoys bephg rafeaet&didY. t&sem'_d &i@bﬂgranﬂmﬂﬁﬂqi oht

surface 6a I's, the angle of refraction is 0) a resu

from the SbbuRditid O SREGPANIG' 13, d12brbRSrAaES St Bk RS

adj ust abl e | iS concentra n a specl fIbC area on e sulrface f
?EE"ﬁi ek P Pdﬁ“?‘oﬂ?%@‘?ﬂ%ﬁ?“ﬁh%ou?;,hé"‘?ﬁed Tiogne SEREEHAL DR bl (%?2"
5. o . . . . . . . . . 14
S e SbREARIn fevigeobhions | (P DaLBpTLDT Rt gl clb!, Por
oPos L b BB AR B B e B b p R e
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on the meite oPTnted CHRMILE SRR Fhadibl o At HRHIR Fie ARABLAHLS] b 10
on e preAMURrasLupn bULRE AW 96 VARBunt Ooff ot i BUnedbne 1B &) ect

recogni tion w thout increasing the nunber of |ight sources or t ut put 10
of each |Gk sgur‘i'é,”rhgldr@v?fﬁodtecr%%[]?tr'f-’rﬁb QPESRII P Bat dé S?’OUP‘? be

noted that the surface condition of the object to be

recognized (that is, the mark 9), may be variously

comprised. For example, the surface may be coated with
15 solder (a so-called solder mark).

This illumination device 10 is included in a head
unit 15 together with a CCD camera (see Fig.2) for imaging
the mark 9. This head unit 15 is controlled by an x-axis
drive unit 17, and y-axis drive units 18A and 18B for moving

20 the x-axis drive unit 17 in the y-axis direction, which are
part of an two-axis (x-y) robot. The illumination device 10
can thus move freely above the printed circuit board 14 as
the head unit 15 is driven.

Fig.2 and Fig.3 are a vertical cross section and a

25 partially exploded oblique view, respectively, showing the



construction for adjusting the path of the illumnation light. It SQQW@jﬂR
al so be noted that a specific illumnation control nmeans (not sho %
Figs.) can be provided for this illumnation device 10 to adjust the output
15 of the light sources 3 or turn on only part of the light sources 3 in
the illum nation source unit 2 opposing the light path adjustable plate 5
according to the surface condition of tA8 printed circuit board 14 and the
mark 9 thereon. Fig.7A and Fig.7B are descriptive section views of 20 an
illum nation device 10 in which part of the |ight sources 3 are selectively
turned on according to different surface conditions. On condition that the
surface obvigraliecdn®igeration rof ther flhaeirsatb rme evind ieNWh tAisark 9
on a 25 ceramic printed circuit board 14 is coated with sol der, when 19

AUG 2002 {9ulm it tiion erdévbdefrom a direq Donc@tmernaobtmsefamgl ebﬁeclthe
optical axis of the CCD canera 1 1 (see Fig.2), the illumnation l'ight wll

be totall yeteldmaied Wst iprolideadt adl thenadp 98k rABredNG t@gnﬁq?aeafrfefa

11. In this case, therefore, 5 only the light sources 3 ging to the

light souggedr 99p hdsee g ﬂheatcb@ chdeanopd  cl pcq”fujﬁ?ﬁs?.cﬂﬁe

turned on so that 'the illunmination light is totaIIy Feflect
surfgce ofoifiedaiit92ang @i $Ees el Wit ke y
Fig.7A. 10 Furthernore) on co%gltl on that t sur agz @#ﬁe print e(rP

circult bag t Haks BIBR! 47 0 PpoHiEbAfte ?gﬁ'ﬁ?ﬁ?aﬁ%d ddQPctnahip sopper

mark i s forrred on a printed circliit board rom gl ass epoxy, only the

| LONT SOURGRS SnDEhANd MdskRohNS i ¥h S Fe 1 AYRR W@%Itgﬁg?g%fﬁ@&'g 4)

15 at the e circunference are turned on as nthis

cace, nechARATS) (6t AR KA 7 T R 10 g
sources 3 is affixed at the lower part of the case 12 using

10 bolt 13. In this preferred embodiment, the light path
adjustable plate 5 is disposed proximally to the ilfumination
source unit 2 so that light from the light sources 3 can be
efficiently picked up. Apertures 4a and 5a for passing light
reflected from a mark (not shown in the Figs.), which is

15 provided on the printed circuit board as the object to be
illuminated by the illumination light during the mounting
operation, are formed in the light path adjustable plate 5

and the base plate 4 of the illumination source unit 2. It
should be noted that some of the light sources 3 are

20 omitted in Fig.3 to avoid making the figure too complicated.
With an illumination device 10 thus comprised, a

portion of the light from each of the light sources 3 in the
illumination source unit 2 irradiates the printed circuit

board, and the reflected light passes the apertures 4a and

25 5a and is captured by the CCD camera 11. This CCD



enters the CCD canera 11. On the other hand, light incident to thﬁeﬁw h02
is randomy reflected, and part of the 20 light enters the CCD canera 11.
As a result, the mark 9 is seen brighter than the printed circuit board 14
in the background. By thus selectively turning on the |light sources 3 of
the illum nation source unit 2 to enphasize the contrast 25 between a mark
9 and the background printed circuit bohfd 1 9 AUG 2002 20 14 according
to the surface condition of the printed circuit board 14 and nmark forned

t hereon, an even clearer inmage can be obtained by the CCD camera 11, and
the accuracy of mark 9 recognition by the apparatus can be inproved. 5 Yet
further, chenemasdiloisscommécteéd togan patagedresoahidiphatemaratusvi ded
into three subareas 6, 7, and 8 in this preferred enbodi nent, but the
present ihéenRefledtad hghtbdreml ithet exbjdor eapipred the ¢hessC@Dsi de
of the light path adjustable plate 5 can be divided into only 10 two or

nor e thanctlmeeasdlaiegsasise gait thel amagbene dogriigto hnap pEratudanet hr ee
subareas, light fromthe illum nation source unit can be even nore

efficienthy eancerdcatied|osighalohardt isspreboafitAted Pasnkaf ithagl taoard
and mark by setting a different angle of refraction for 15 the

l'i ght-trafsai td 00t %uréa@se@ﬁfi%amasg@afee@ogmtm piddéskrom the ,
illum nation source unit is refracted at a different angle of refraction at

each light-transmt WG EHiGEMe AP &f EHUlral ARPIPEH 8t B dHt 4y aon
light can be emtted for obj%gt erecogni t?g#. azogﬁn alt?ergtdiﬂc}n ofmta}hegl i ght

path adj ugt bl &!idtfmii 8 atiOMNs brEedurit T S 's!r&t\k/rp%th§1 4stpbhgipl ate

25 conprises a plurality of subareas 26 formed in concentrfc circles. The

LL?P; ;:te r Wfﬁ??ﬁe@gﬁ@%‘?ﬁ"%@"?f fRAChe RURpFE, 2Qhite® EETENcHH H&urved

used as the light sources 3. As will be known from the

10 figure, these light sources 3 are arranged on a circular

base plate 4 in a plurality of the circles with different

diameters (that is, in concentric circles), thus forming four

light source groups 3A, 3B, 3C, and 3D. The light source

group 3A on the inside-most circumference is disposed

15 around the aperture 4a in the center of the base plate 4,

and the light source group 3D on the outside-most

circumference is disposed along the outside perimeter of

the base plate 4. The light sources 3 comprising these light

source groups 3A to 3D are disposed perpendicularly to the

20 base plate 4 and directed toward the light path adjustable
plate 5 mounted below the illumination source unit 2.

It should be noted that the light sources 3 are

arranged in concentric circles in this illumination source

unit 2 so that illumination light with uniform illuminance is

25 emitted from all directions with respect to the optical axis



25 thereof differing in each subarea 26. The refractive index of 1 9 AUG
2002 21 eachsubarea 26 decreases as it iscloserto the center.\Wena §igat 2002
pat h adj ustabl e pl ate25 thusconprised isused,light fromthe illum nation
source unitis refracted ateachpoint of each light-transmttingsurface26a so
that it5 is directed toward the object, suchas theprinted circuitboardand
mark. As a result, lightfromthe illunm h&tion source unit can be mnutely
concentrated on the pririted circuit board and nmark. A further alternative
version of the light path 10 adjustable plate is shown in Fig.9. Wth this
i ght path adjustable plate 27, both the |light incidence and em ssion sides
of the Ii gffittipat € @8 usaebé ea pl 4t eHYWerve i aimedarrdogeeh entheped sebar eas
28, 29, and 30 forming concentric circles. Each of these subareas has a
| i ght-traossd timsofldr saisf dldanideatidde, ofanch iFoam edtlimiad mge acadirf fipe ent
curvature. Anong them light-transmtting surfaces 29a and 30a being a
segnent obbdatpevEx curve. The refractive index of each subarea 28, 29, and
30 decreases as it is closer to the center. The light gathering effect of
this Iight 20 path adjugthablpath abdjdétadler pabee Saast hidedf ia kthgdt path
adj ust abl e pl ate havi ng subareas forned on only one side of the plate, and
can gore ghbiferpatl ¥ngBoEAM eAteid ighbwan inh igr B ad fF'irg:.‘S'G. hory & gnd
mar k. Though not specifically shown in the figure, the 2
i ght-trapgngtgi a g3yl 1 gh thiadju pl J AUG
2002 22 cgﬁngiébﬁgcgsié;d?%c?@é%{elgﬁgkiﬁ Etﬂ?]aagéé?{'hgibq?g,geav?%%'h aglzjr}%und
gl ass sur l gL gt j 1 1 S gnlhE can
e o ttedora s it B IRE) 1198 po e R P bl SRS 981
light to e t | Egh § ng, eff getL . Of,
Iight-trahg?nhtﬁﬁfg}}ss%?ég%ep %5? ng égsgéelf:'?l%r% %‘ef%agtqlg%s'i'f\é}gg ifgom @
mai nt ai ne rat not h { t o] eq; ferred
?rsag%g%gﬁct?iﬁgaﬂic & sk ethLE aém‘{‘@%ﬁ]ﬁn NS a2Po8E PRE g@?\?t mo

enbodi nen using white Ds as e | ight” sources
T ygi nat ponpsolgRgstdble 2plate 5 is divided into three belt-shaped
subareas 6, 7, and 8 forming concentric circles, and a light-
transmitting surface 6a, 7a, and 8a, each forming a
different angle to the planar direction of the light path
adjustable plate 5, is formed in each of these belt-shaped
15 subareas 6, 7, and 8. An opening 56b is also provided in the
light path adjustable plate 5 from the circumferential
surface thereof toward the center of the Ilight path
adjustable plate 5 for accepting a bolt 13 (see Fig.2) when
the light path adjustable plate 5 is mounted to the case 12.
20 The light-transmitting surface 6a of the belt-
shaped subarea 6 at the inside-most circumference on the
emission side of the light path adjustable plate 5 is a
surface substantially parallel to the planar direction of the
light path adjustable plate 5, while the light-transmitting

25 surfaces 7a and 8a of the belt-shaped subareas 7 and 8



10 the present invention shall not be so.limted. For exanple, a Ili PtAUG 2002
source such as an LED that emts any of the colors red, green, and ue can
be used. Fig.10 shows an illum nation source unit 42 conprising such a

i ght source. In this illum nation source unit 42, the light 15 sources 43
are arranged in concentric circles wwth each |light source 43 containing

LEDs capabl e of enmitting red, green, or1Blue. The illum nation source unit
42 can produce light with the col or conposed of RG with brightness and
chroma adjusted by controlling the current supplied to each 20 |ight source

43. As a result, the illum nation source unit 42 can emt light in a
pluralitypofsitiomed. offort hexanpt s deveh thiee belteghistp @d sablarea d argr een
printed circuit board, it is therefore possible using an illum nation

sour ce uninchpediust canppiessidic cangle ‘toedhe2pllairgdt ,dirleastion, dfhenlisght
with the color conplenmentary to 1 9 AUG 2002 23 green (that is, to turn

only the right ipghth sdijesisaiolns ,plate el gbyh gt drite dod Mbesd iGh B¢ t
board, which forns the background of the mark. Insofar as the mark is not

gr eeni sh, thgean@d’ dfi ghtlindusimaif nee hegherdfaMdhibeng skadade wathe 5
CCD canera, and an even clearer image wth enphasi zed contrast between the

pringed cifcthé bedfdsmapgmrkubditdie Pbigi §ethiIErT {REAMAS éWgFé’”iB'g“ on

that the mark on the printed circuit board is red, $or exanple, “iIt

li kewi se {dcnessiBhe bf tihe enofiteahshwittiHg outfecgregy afyW bipe |ight

sources, control the current supply to each Iight source to produce

"blue-gregqitsiighpelttabed i hrgatgwi th the color conplenentary to red,
and t hus darken the pri nt Eg Ci rcwét anrd form ng the background to the

mark. 15 It is al solpos§bg¥_§rdt 0 @érphﬁ%ité% t hlehgpntmalsttm%t \tlvceﬁ'{]%fé]ﬁ#)ai nt ed

circuit board and mark mng the color conplenentar the col or of
D o BB DI AN BT o B AP Hex(rhyt Wilthof e 1

10 belt-shaped subareas 7 and 8 other than the belt-shaped
subarea 6 at the inside-most circumference are set to 1 mm
and approximately 3 mm, respectively. Furthermore, while a
transparent acrylic resin is used for the light path
adjustable plate 5, the invention shall not be so limited,

15 and a light path adjustable plate made, for example, from a
transparent or semi-transparent glass or plastic can be
alternatively used.

The light-gathering action of the light path
adjustable plate § in the above-noted illumination device 10

20 is described next below with reference to Fig.6.

As shown in Fig.6, when all of the light sources 3
in the illumination source unit 2 are turned on, light
incident from right above subarea 6C at the outside-most

position of the light path adjustable plate 5 is refracted

25 angle at light-transmitting surface 6c as indicated by the



20 possible to turn on the red and blue Iight sources of the illumn@atiyan2002
source unit 42 and control the current supply to the |light sources to form
a bluish-violet light, that is, the light with the col or conplenentary to
yellow. As a result, the mark is darkened, while the bl uish-violet
illTumnation 25 emtted to the printed circuit board is picked up by the
CCD 1 9 AUG 2001 24 canera, resultingtn the contrast between the printed
circuit board and mark bei ng enhanced. As thus described, it is possible
with an illum nation source unit 42 conprising, for exanple, R& 5 |light
sources 43, to produce the color conplenentary to the color of the printed
circuit bsailtd ormanks bwidbnt ttols i Hgunhien atiomendesippl y100 tTitee | ilgght
sources 43, and thereby enhance the contrast between the printed circuit
board andimeidkenfsfromesight abevexzuberea GB paptefracie dwmgbéeater 10
i mge, and the accuracy of mark recognition by the apparatus can be

i nproved. |igret-itkansimittimg saufaeceudd. o deschised bdovéi ebat@®ri se a
| i ght source capable of emitting a plurality of colors, such as a 3-in-1

type LED, tiae arnglahtoflSirrolinadidar ofr orgiet t@anlRental vy eepheEBRrysto the
color of the printed circuit board or mark. This 3-in-1 LED contains an RGB

threg col gm&far atrhgahaltonsst efmightltedhsmitéiny Usalrkh¥eOfe €0har SHY
controlling the current for each color to adjust the brightness and chrona.

20 Fig. 114 I G ' a OMA egpli hibkumg [ iHLui t
cont ai ni nguzagﬂga tg‘lé:ﬁnec?# E%{D. ml'f\é; %Wa%ﬁn%@é&b#oﬂlggg :yr} ?Hés:

i1 Iumi nat bgﬁu@i ré"f“ﬁef‘i‘%cft'iéncflifg?ﬁg_gi gifglrﬁfgbéﬁ@% ﬁ&rﬁggeﬁrwc@ T Y

color. In s circult 45, al are connected In series. The

25 curren t S -1 Br E i r ed ~far : Auc
Z002 25 c% oér]ﬂ\c%‘r EIEEA}Ey?Q% i#Fér‘#ngﬁ ggnet:%n(??gh gé* 4ggihﬁ Eﬁ?@gmlltﬂm ation
circuit 4§urY\'éS|é a8 illumnation circuit 45 in which LEDs are connected in

series as note aboVe,_power consunption is relatively low 5 Wth an
o JOonat Lo sour e Pl ares B ol ddnuce b blgfel Both o o,
|1 ght soupees, Ada "B Ot L iFePihRi82-M &S Ei AT e?8%h dB 61 Lhhe 1ight
path adjustable plate 5 passes the light path adjustable
plate &5 without being refracted by the light-transmitting
surface 6a (that is, the angle of refraction is 0°).
15 As a result, light from the illumination source unit
2 that has passed the light path adjustable plate 5 is
concentrated in a specific area on the surface opposite the
illumination device 10. That is, by gathering the light from
the illumination source unit 2 through the light path
20 adjustable plate 5, this illumination device 10 can
illuminate the printed circuit board 14 and mark 9 thereon
with an appropriate amount of light when positioned
opposite the illumination device 10 on the optical axis of

the CCD camera 11 (see Fig.2). In addition, because the

25 light path adjustable plate § is disposed proximally to the



forma conplementary color. This can result in color 10 irregul ariqtg ag9goz02
rai nbow of colors reflecting fromthe surface of the printed circuit board
or mark, on condition that the surface of the printed circuit board or nark
i s uneven, for exanple, because different colors emtted fromdifferent
angles thus reflect at correspondingly different 15 angles. Wth an

illum nation source unit conprising 3-in8L LED 47 |ight sources, each |ight
source can be driven to emt light already adjusted to the color
conplementary to the color of the printed circuit board or mark.

[I'lum nation 20 with no color irregularities can thus be emtted, and, as a

result, thRUGRI & BTN PSR t heipr DNt gy pﬁré:Ubtreffe?Fsdar@'n{?éwiﬁm%Pe

reliably enphasized according to the surface condition of t printed

CLoou b DIR groffikanf o PeERT S o1t b Sl UALIRb BP0 P A BR Y I 22

having a 3-1n-1 LED as descri bed s n

necessaryt royihd i r f eagh o] r iuel W, L Lght
sour ces a#l ngeééyeg, Baeﬁtﬁfrfggtecfﬁgncpﬁr?kﬁ% gngqgéldé%]ica r(z)af\'i%t%e(gﬁ thb
i1lum nat in‘?Qr?Q%” ce unit can be pronmoted. 5 In the above-descri bed

enbodi ment's” of he invention, a fluorescent Light or light bulb can also be
fRanSai so be one emtiy KNgnetaren @atefe "W ot dlEmihdtien

| . AN T 1 0 ol I -~
sour ce. w BT U chPord erol8indet b dfiSoRaTEdE Entbadfritnt CahaftPon of
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10 of each light source, and without requiring a complicated

construction for adjusting the path of the illumination light.

It should also be noted that a specific

illumination control means (not shown in the Figs.) can be

provided for this illumination device 10 to adjust the output

15 of the light sources 3 or turn on only part of the light

sources 3 in the illumination source unit 2 opposing the

light path adjustable plate 5 according to the surface

condition of the printed circuit board 14 and the mark 9

thereon. Fig.7A and Fig.7B are descriptive section views of

20 an illumination device 10 in which part of the light sources

3 are selectively turned on according to different surface
conditions.

On condition that the surface of the mark 9 is a

mirror surface, such as condition that a mark 9 on a

25 ceramic printed circuit board 14 is coated with solder, when
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nmounti ng apparatus for recognizing a mark provided at a specific |ocation
on a printed circuit board, and nounting an el ectronic conponent on said
printed circuit board, sai d nount i ng apparatus conprising as a device for
illumnating said mark: an illum nation device having a |light path

adj ust abl e menber where at |east eitherlQhe |ight incidence side or

em ssion side thereof has a sawtooth shaped cross section and is divided
into a plurality of subareas with respective different index of refraction,
10 which one at the inside-nost circunstance of the |ight path adjustable
pl at e nedbght hisveemitted afro mulastdimeicdiop pdr aln ebtwséhanglendo theection
of the light path adjustable plate nenber, wherein the light path

adj ust abloegp tiemder aixdsdi gfos¢H ebetGedh a0a0bg eat 4d(eed | |F€qu Izt edthe the
emtted light and an illum nation source unit for emtting light in the

di recti onllefm$abadi ®hj Hetht avidl gbiéhBtDBaIH?/ghéfmfd:té@dwﬁh@F@ub@Faﬁm@II?DGCI fic
area including said object by emtting [ight incident thereto from

i 'l um natrj ®nigpYreRt&nirig ftremCed ®4nidven subanfaghiad cldye F eRBeefbye,
different index 20 of refraction. 2. The electronic corrponent nount i ng

app® at up sy 38l inghb ScﬁluﬁbélsﬁBlbé/V@@fgﬁ rrq]atfo tpastight RYuide didlp.

i nci dence si‘de or em ssion side of the t path adjustable nmenber is

di vi ded igo(geB! w.geut)ya@ftméel tr siftpad o%{b%ﬁﬁ@u%ﬁér@r{ﬂé‘gaFé’”ﬁ?rrHéUC

circl es, andtheln x of refraction on 1 AUG 2~2 28 the em ssion side

of each behtsahaned tHBA! AR HIPRESASES Y t.s' fofhfseT olifebiEacatt phe 3. The

el ectroni ¢ conponent nounting apparatus as 5 set inclaiml or 2,

wher ei n ts'l‘?rf'dh&é‘ frtﬁ%s??lé?kngeﬁwcf Hiek¥d & 'H?aiHéVC@th@Spfé'Pé‘r??s I n

the Iight pat ustable me ris'a segnme curved surtace

curvatureagfswxgw fi f_-i&!’?Al.n each subarea

10 Furthermore, on condition that the surface of the
printed circuit board 14 is a near-mirror surface, such as
condition that a copper mark is formed on a printed circuit
board made from glass epoxy, only the light sources 3
belonging to the light source groups 3C and 3D (see Fig.4)
16 at the outside circumference are turned on as shown in
Fig.7B. In this case, the light incident to the printed circuit
board 14 is totally reflected, and substantially no light
enters the CCD camera 11. On the other hand, light
incident to the mark 9 is randomly reflected, and part of the
20 light enters the CCD camera 11. As a result, the mark 9 is
seen brighter than the printed circuit board 14 in the

background.
By thus selectively turning on the light sources 3
of the illumination source unit 2 to emphasize the contrast

25 between a mark 9 and the background printed circuit board



10 4. The el ectroni c conponent nounting apparatus as set forth iW%'A@JiG"?UﬁZ
wherein both the Iight incidence side and em ssion side of the |ight pa

adj ust abl e nmenber are divided into a plurality of subareas, each having a
different index of refraction, and both light-transmtting surfaces of 15
each subarea are segnents of a convex curved surface. 5. The electronic
conmponent nounting apparatus as set for® in any of claims 1 to 4, wherein
the light-emtting surface of each subarea is formed in the shape of a
ground 20 gl ass surface. 6. The el ectronic conponent nounting apparatus as
set forth in any of clains 1 to 5, wherein the illumnation source unit
conpri ses 1é paeardipgotol thet ssvfiaces chindition 26 tbeapdirtet sibawia of
the light path adjustable nmenber, 1 9 AUG 2002 29 and said light sources
can be selbsxaidely¢ mndemank fornfed ¢hecernmm amoepemetiemret ingage
apparatus as set forth in claim®6) wherein each of the |light source can 5
emt |ightcari e cobbaimedpbgntmeaCy Docancerar1 ¢f ahd e ndedugiarcguidf board
or mark thereon. 8. The el ectroni c conponent nounting apparatus as set

forth in ehark g, rediegeitiady ahd appagatusovased el fmgyédes a
plurality of light-emtting elenments of different colors.
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in this preferred embodiment, but the present invention
shall not be so limited. For example, the emission side of
the light path adjustable plate 5 can be divided into only

10 two or more than three subareas. In particular, when
divided into more than three subareas, light from the
illumination source unit can be even more efficiently
concentrated on the object, such as the printed circuit
board and mark by setting a different angle of refraction for

15 the light-transmitting surface of each subarea so that light
from the illumination source unit is refracted at a different
angle of refraction at each light-transmitting surface. As a
result, appropriate illumination light can be emitted for
object recognition.

20 An alteration of the light path adjustable plate is
shown in Fig.8. This light path adjustable plate 25
comprises a plurality of subareas 26 formed in concentric
circles. The light-transmitting surface 26a of each subarea

26 is a segment of a curved surface with the curvature

25 thereof differing in each subarea 26. The refractive index of
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0@ belt-shaped subareas 28, 29, and 30 forming concentric
circles. Each of these subareas has a light-transmitting
15 surface 28a, 29a, and 30a, each having a different
curvature. Among them, light-transmitting surfaces 29a and
30a being a segment of a convex curve. The refractive
index of each subarea 28, 29, and 30 decreases as it is
closer to the center. The light gathering effect of this light
20 path adjustable plate 27 is greater than that of a light path
adjustable plate having subareas formed on only one side
of the plate, and can more efficiently concentrate light on
the printed circuit board and mark.
Though not specifically shown in the figure, the

25 light-transmitting surfaces of this light path adjustable plate
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illumination source unit can be emitted to a specific area
including the object while diffusing the light to the extent
5 that the light gathering effect of each light-transmitting
surface having a specific refractive index is maintained.
it should be further noted that while the above-
noted preferred embodiments are described using white
LEDs as the light sources 3 of the illumination source unit 2,
10 the present invention shall not be so limited. For example,
a light source such as an LED that emits any of the colors
red, green, and blue can be used. Fig.10 shows an
illumination source unit 42 comprising such a light source.
In this illumination source unit 42, the light
15 sources 43 are arranged in concentric circles with each
light source 43 containing LEDs capable of emitting red,
green, or blue. The illumination source unit 42 can produce
light with the color composed of RGB with brightness and
chroma adjusted by controlling the current supplied to each
20 light source 43. As a result, the illumination source unit 42
can emit light in a plurality of colors.
For example, when the recognition mark is on a
green printed circuit board, it is therefore possible using an
illumination source unit 42 thus comprised to emit "red"

25 light, that is, the light with the color complementary to
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CCD camera, and an even clearer image with emphasized
contrast between the printed circuit board and mark can be
obtained.

Furthermore, on condition that the mark on the
printed circuit board is red, for example, it is likewise
possible in this embodiment to turn on the green and blue
light sources, control the current supply to each light
source to produce "blue-green" light, that is, the light with
the color complementary to red, and thus darken the printed
circuit board forming the background to the mark.

It is also possible to emphasize the contrast
between the printed circuit board and mark by forming the
color complementary to the color of the mark and thereby
darken the mark. For example, if a mark is made with
yellow adhesive on a white printed circuit board, it is
possible to turn on the red and blue light sources of the
illumination source unit 42 and control the current supply to
the light sources to form a bluish-violet light, that is, the
light with the color complementary to yellow. As a result,
the mark is darkened, while the bluish-violet illumination

emitted to the printed circuit board is picked up by the CCD

11&22333|[:vU4 ~ " 9sI 109 & ()- & ()3 11096 & () -
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apparatus can be improved.

The illumination source unit can further
alternatively comprise a light source capable of emitting a
plurality of colors, such as a 3-in-1 type LED, as a light

15 source for producing the color complementary to the color
of the printed circuit board or mark. This 3-in-1 LED
contains an RGB three color LED, and can alone emit light
in a plurality of colors by controlling the current for each
color to adjust the brightness and chroma.

20 Fig.11 is a circuit diagram showing an exemplary
illumination circuit containing such a 3-in-1 LED. The plural
3-in-1 LEDs provided in this illumination circuit 45 are
composed of RGB LEDs arranged in a row by color. In this
circuit 45, all of 3-in-1 LEDs are connected in series. The

25 current flow to these 3-in-1 LEDs 47 is controlled for each
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consumption is relatively low.

5 With an illumination source unit 40 as shown in
Fig.10, each light source 43 emits only one color, red,
green, or blue, and different colors of light from the light
sources 43 mix on the printed circuit board and mark to
form a complementary color. This can result in color

10 irregularities or a rainbow of colors reflecting from the
surface of the printed circuit board or mark, on condition
that the surface of the printed circuit board or mark is
uneven, for example, because different colors emitted from
different- angles thus reflect at correspondingly different

15 angles.

With an illumination source unit comprising 3-in-1
LED 47 light sources, each light source can be driven to
emit light already adjusted to the color complementary to
the color of the printed circuit board or mark. Illlumination

20 with no color irregularities can thus be emitted, and, as a
result, the contrast between the printed circuit board and
mark can be reliably emphasized according to the surface
condition of the printed circuit board or mark.

Furthermore, with an illumination source unit

25 having a 3-in-1 LED 47 as described above, it is not
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the size and weight of the illumination source unit can be
promoted.

5 In the above-described embodiments of the
invention, a fluorescent light or light bulb can also be used
as the light source of the illumination source unit. The light
source .can also be one emitting light with different colors
or wavelengths. In selecting this light source, it is also

10 possible to select a light source with the color or
\gavelenglh suitable to the surface condition of the printed
circuit board or mark thereon so that the CCD camera can
capture a clear image.

Yet further, when a filter is disposed between the

15 illumination source unit and the object, such as the printed
circuit board and mark, for the purpose of obtaining
illl.Jmination light with a desired colaor or wavelength, for
example, this filter can be processed for use together with
the light path adjustable member.

20

AMENDED SHEET
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member where at least either the light incidence side or emission side
thereof has a saw-tooth shaped cross section and is divided into a
10 plurality of subareas with respective different index of refraction,
which one at the inside-most circumstance of the light path adjustable
plate member have a surface substantially parallel to the planar

direction of the light path adjustable plate member,

wherein the light path adjustable member is disposed

15 between an object to be illuminated by the emitted light and an
illumination source unit for emitting light in the direction of said
object, and gathers light emitted therefrom on a specific area including

said object by emitting light incident thereto from the illumination
source unit from each of the subareas at the respective different index

20 of refraction.

2. The electronic component mounting apparatus as
set forth in claim 1, wherein at least either the light
incidence side or emission side of the light path adjustable
member is divided into a plurality of belt-shaped subarea

25 forming concentric circles, and the index of refraction on
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adjustable member is a segment of a curved surface, ‘the

curvature of which differs in each subarea.

10 4, The electronic component mounting apparatus as
set forth in claim 3, wherein both the light incidence side
and emission side of the light path adjustable member are
divided into a plurality of subareas, each having a different
index of refraction, and both light-transmitting surfaces of

15 each subarea are segments of a convex curved surface.

5. The electronic component mounting apparatus as
set forth in any of claims 1 to 4, wherein the light-emitting
surface of each subarea is formed in the shape of a ground

20 glass surface.

6. The electronic component mounting apparatus as
set forth in any of claims 1 to 5, wherein the illumination
source unit comprises a plurality of light sources directed

25 toward each subarea of the light path adjustable member,
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and said light sources can be selectively turned on.

7. The electronic component mounting apparatus as
set forth in claim 6, wherein each of the light source can
emit light of a color complementary to a color of the printed

circuit board or mark thereon.

8. The electronic component mounting apparatus as
set forth in claim 7, wherein each of the light sources
comprises a plurality of light-emitting elements of different

colors.



