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relates to a sucking failure detec

i ng devi ce for detectingwhet lter
objects to be transferred by a sucki ng head is suckkd AU cki ng
hol es of the head, and nore particularly to a sucking failure
.detecting device used for a sol dering ball supplying device in which

a sucking head 10 operates to transfer soldering balls froma sol dering

bal | supplying unit _onto a BGA (ball qgrid arra ubstrate by
sucki ng sol dering balls SHEEING Fﬁ%ﬁ;'ﬁ'g ING, qE%QI:‘,:SFCase, t he
sucking failure detecting device detects whether any one of t he

sucking holes fails to suck the soldering ball. 15 2. Descriptionof the
Prior Art “A's ' Pk i ce has a sucking
head . whi ch has a pIurQ Eﬁéha NBab -THE k EN gSiéuck sol dering balls
t hereonto c¢or ndgn o] | ated BGA sustrate. Mre

speci fi cal ',ﬁfé o " eﬂéfSﬁucked onto the sucking holes 20  of

the head, and trangfecr 8Avent foh NBe BSesUBL! 8t Buckihga@R¥i208e deteclfinghe
soldering balls is not transferred to the BGA substrate, no conpkete
el ectrode g&vieenedr! kritR@tirgathéthet hebhestt &bt be tradeferbadrByi &
unacceptable. Hence, it is essential to detect the failure in sucking
t he sol der sugkbay! head o ssuakesl ohtiochsucking Bat&sngf hichee head t dhmade

If this failure occurs, it is : necessary to suck the soldering balls
all over aparticularly to a sucking failure detecting device used for a

| soldering ball supplying device in which a sucking head
10 operates to transfer soiaering balls from a soldering ball
supplying unit onto a BGA (ball grid array) substrate by
sucking soldering balls onto the sucking holes. 1In this.case,
the sucking failure detecting device detects whether any one of

the sucking holes fails to suck the soldering ball.

15 2. Description of the Prior Art |
A soldering ball supplying device has a sucking head
which has a plurality of sucking holeé to suck soldering balls
thereonto corresponding to an associated BGA sustrate. More
specifically, soldering balls are sucked onto the sucking'holes
20 of the head, and transferred onto the BGA sustrate. If any one
of the soldering balls is not transferred to the BGA sﬁbstrate,
no complete electrode is formed thereon, that is, the resultant
base board is unacceptable. Hence, it is essential to detect
the failure in sucking the soldering ball onto any one of the
25 sucking holes of the head. If this failure océurs, it is

necessary to suck the soldering balls all over again.



Heretsofore, in order to detect whether any one of the sucki ng hol es
fails to suck the soldering ball thereonto, an i mage processing
device is utilized. Mre specifically, the sucki ng head havi ng the
sucki ng hol es adapted to suck the 5 soldering balls is made of a
transparent material such as gl ass through which 1ight passes.
.And_ reflecting neans and di ffracting neans i mage the shades of the
sol dering balls, -and t he i mage processing device detects the shade.
However, the, - __above_detecting nethod is di sadvant ageous in thgt kt.is
10" necessary to. ERFPEOLPERatiVe ?d?ﬁtF?c%fEeSEtVEﬁFhﬁgaﬁQYsﬁﬁﬁ Q& the

flecti hs_and. diffracti @nd N addi tion th i
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head is |imj par erj,aly s a
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t he ~sucking head is made of a light-shielding material (except
sucki ng hotmRsohf§Rr ewhlichantighe ppatseensor Apdeckafibetiag means! i ahd
emtted fromthe |light source passes through the sucking hol es of the
head, wher@hffractinghmepnsi image ythietsiaderdfatthe? solderingodia Misct bad any
one of the sucking holes fails to suck the obj ect thereonto.

-2- the image processing device detects the shade. However, the

above detecting method is disadvantageous in  that it is
10 necessary to employ relafIﬁely intricate optical means such as
reflecting means and diffracting means, and in addition the
image processing device is expensive, and that the material of
the suckihg head is limited to a transparent material such as
glass.
15
SUMMARY OF THE_ INVENTION
In view of the foregoing, aﬁ object of the invention is
to provide a sucking failure detecting device in which a light
source and a photosensor are employed as means for detecting
20 the failure in suckihg the objects to.be transferred, and the
sucking head is made of a light;shielding material (except
sucking holes thereof), and the photdsensor detects whether
light emitted from the light source passes through the sucking
holes of the head, whereby it can be positively determined at
25 low cost whether any one of the sucking holes fails to suck the

object thereonto.



Toisolve the above problens, there is provided a sucking failure
sdetecting device built into an apparatus which transfers an object by
sucki ng the object onto a sucking hol e of a sucking head of the
apparatus, the detecting device 5 conprising: a light-emtting device
emtting |ight and di sposed on a novenent path of the sucking head,
-and.a light-receiving devi ce di sposed inside the sucking head which
is made of -1ight -~ shielding material, the light-receiving device
receiving the light emitted by the |jght-emtting device an assing
Thiough C10 - the TouckPRyehaine abdbe 'Brobfens’ ™ tnergoler Bretiist N o
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enbodi nent of the invention will be described Wth reference to the
acconpanyiong ammeigimt fpakh bf Xhe duckimpeRali iamd VA el goVtd@e Bvin
sol dering ball supplying device whi ch enpl oys an enbodi nent of t%e

i nvent i ondeviiop dispeosed inside the sucking head which is made-8£f light-
shielding material, the light-receiving device receiving the
light emitted by the light-emitting device and passing through

10 the sucking hole.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view shbwing a soldering ball
supplying device which is an embodiment of the invention;

15 Fig. 2 is an explanatory view showing a state that a
sucking hole of a sucking head fails to suck a soldering ball
thereonto; and

Fig. 3 is an explanatory view showing a state that all

the sucking holes of the sucking head have sucked the soldering

20 balls thereonto.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment of the invention will be
described with reference to the accompanying drawings. Fig. 1
25 is a perspective view showing a soldering ball supplying-device

which employs an embodiment of the invention. Fig. 2 is an



exﬁlanatory view for a deécription of an operation of detecting t he

frai lure in sucking holes of a sucking head fails to suck a sol dering
bal | . Fig. 3 is an explanatory view for a description of the
fact that all the sucking holes of the head 5 have sucked the sol dering
balls. . In those figures, reference nuneral 1 designates a

- -bal | supplying unit; 2, the sucki-ng head; and 3, a strip which has
three BGA substrates (a BGA strip) The soldering bal | suPrlying
device operates as follo hown i.n Fi sol d ba s 4
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t he sucki ng hea odi nent shown 1 n

I'i ghts- em haivad st@%iede the doldering Bl 1goUr ce -6, and the Ilght-rece|V|ng
device is photo-sensors 20 7. The light source 6 is, for instance, %

tungsten |ight bulth, those fighegen rdfBrterdnd hunieddle 1l d&elgn/atéb adall

constant in the gquantity of output light. The light source 6 is
di sposed eupplying umivenme)t yhe suakinte eade rndiehd & dtriguovhischramgeer
that it faces the bottomwall 8 of the sucking head 2 in which the

25  suckithgeleol BeAarsulisrnates hdaei BGAt estxip prr edThe asoldeximgi rbpll

- hole formng wall 8", when applicable). On the other hand, the
supplying device operates as follows: As shown in Fig. 3,

10 soldering balls 4 in the 5;11 supplying unit 1 are sucked onto

the sﬁcking holes 5 which are formed in the sucking head 2.

The soldering balls 4 thus sucked are transferred to the BGA
strip 3.

The sucking failure detecting device of an embodiment

15 according to the present invention comprises a light emitting-

device which is provided outside the sucking head 2, and a

light-receiving device provided in the sucking head 2. 1In the

embodiment shown in Fig. 1, thé light-emitting device_is a

light source 6, and the light~receiving device is photo-sensors

20 7. The light source 6 is, for instance, a tungsten light bulb,

halogen light bulb or the 1like, which is constant in the

quantity of output light. The light source 6 is disposed on a

movement path of the sucking head 2 in such a manner that it

faces the bottom wall 8 of the sucking head 2 in which the

25 sucking holes are formed (hereinafter referred to as "a sucking

hole forming wall 8", when applicable). On the other hand, the



-4- . l'ight source may be placed far away fromthe present

.detecting . device and an optical fiber or the |like may be used for

| eadi ng the light emtted by the |ight source. The
sucking head 2 is in the formof a box nade of 5 | i ght-shi el di ng
material. The bottomof the box 8 faces the | i ght source 6. A

- predet erm ned nunber of sucking holes 5 are formed in the bottom wall
8, permtting the transm ssion of l'ight. The box-shaped sucking head

iy, B S sl LR Bt
A CONNSC il oo, and WACBL; RO c8bL eLolie, TR hal b3 GoaRcELed doathe

COUp| [ ng us no perm rance

ent er e};} hlgé{sig;é%?s}f)} W}%‘Q&#}f? é?ﬂ}% ng outlet 12.

The sucklng usi ng ard 9 1n the upper 15 portion above
the coupling outl @thel Zsudihikd héa&SQd ited fﬁei?hé form &t Oéegogtﬁ@tf‘a%el(iof’el ow

t he difusing board 9 vacuous and t diffuse light. In

embod§ menty, i gie-oH i sy xﬁmeéldlaeu S The boaadﬁ 8f aha ok Whifacdd agke

. plate or acrylic plate. In the case where the |light source 6 is*
great in tlhigghtuadurdge &. 2AOpretegbimihkbd hugberdoff satkinfordled Hayrde
omtted. . On the top wal | of the box-shaped sucking head 2,

phot osensdrexmedvhimhthas bottom hiagd sknspermityifpeithg dbrtemsnd sieiteectofven
extremely weak light) are provided. In the present

enbodi mentlighthe The bpKosbaprdossickiage hstnst odli baesanTiepanimgerinfits
photosensors 7 25 may be only one; however, in order to achieve the
sucking sidefiwglhre E'é?e&ﬂ%n@péfsat#%ﬁ“%lthnmgﬁ sovpldag qutiet 12 -

10 which is coupled to a vacuum system (not shown). A connecting
| tube of light-shielding material is connected to the coupling
outlet 12, thus not permitting the entrance of light to enter

the sucking head through the coupling outlet 12.
The sucking head 2 has a diffusing board 9 in the upper
15 portion above the coupling outlet 12, which is used to keep a
closed space 16 below the difusing board 9 vacuous and to
diffuse light. In the embodiment, the diffusing board 9 is
made of a milky white glass plate or acrylic plate. In the
case where the light source 6 is great in the quantity of
20 light, the light diffusing board 9 may be omitted. On the top
 wall of the box-shaped sucking head 2, photosensors 7 which has
high sensitivity (being able to detect even extremely weak
light) are provided. In the present embodiment, the
photosensors 7 are photodiodes. The number of photosensors 7
25 may bé only one; however, in order to achieve the sucking

failure detecting operation with high accuracy, it is



-5- . o preferable to use several photo-sensors 7.

Now, the operation of the sucking failure detecting devi ce thus
constructed will be descri bed. First, some of the soldering
balls 4 in the ball 5 supplying unit 1 are sucked onto the sucking
holes 5 of the sucki ng head 2 by evacuation. The relatively | arge
arr ow shown in the left part of Fi-gs. 2 and 3 designhates the '
evacuation - which is perforned to suck the sol dering balls.

Thereafter, t he sucki ng head which has sucked the soldering balls 4

onto 10 . Hlféf%‘iﬂ'?k]iend:%d}s@ FeReTRl RPHATSAIRNT y/ (right and left) by a
7-axi s drive motor MY +EPr BREFBFLPHe ol LY | AGBATE 4N deterhifc
moverent  fevice e seonaialrd v Rt DT 2ed (G Tats over
it s detectad if AT He SoaR et hol s EoraqsiiR g 4 AN SHb B

ball's.sThe detertiQn dRYLbe eabl Istid oiid ehidesucking®@ded IS Oei bfe

noved 1 n the "above-descri bed manner, or by 20 tenporéarily stopping it

over the |ighikSRymeRad2 by evacuation. | fThd Relaiti velgf aairge agy¥elw §RbnoONe
sucki ng hol e 5 has no soldering ball, then light |eaks through it, so

that the in theckefy pawtucf iRigkes ezt eadd 3Thiesigimites stlas elawbdatiohi 9.
2. That is, if, when the head 2 is noved over the light source 25 6, any
one of the whidh ngs hperforfedf toheukadh?2 ddexring balls. Thereafter,
the sucking head which has sucked the soldering balls 4 onto
10 the sucking hole 5 is moved horizontally (right and left) by a
| Y-axis drive motor (not shown), and vertically (up and down) by
a Z-axis drive motor 10, to transfer the soldering ball 4 onto
the BGA base board 3.
While the head 2 is moving along a Y-axis movement
15 guide 11 towardg the BGA strip 3, it is caused to pass over the
| light source provided in the path of movement. At this moment,
it is detected if all the sucking holes 5 have sucked the
soldering balls. The detection may be carried out while the
head 2 is being moved in the above-described manner, or by
20 temporarily stopping it over the light source 6.

If, in this operation, even only one sucking hole 5 has
no soldering ball, then light leaks through it, so that the
sucking failure is detected. This state is as shown in Fig.

2. That_is, if, when the head 2 is moved over the light source
25 6, any one of the sucking hoies 5 of the head 2 has no

soldering ball, light enters the head 2 as indicated by the



sofdering ball, light enters the head 2 as indicated by the

.3 6- arrow (extended-:upwardly in Fig. 2), and then is
di ffused by_ the diffusing board 9, so that it is detected by the
phot osensors 7 which are conposed of photodi ode. The |ight t hus
detected is converted into an electrical signal, whichis 5 applied to
--an anplifier, so that it is determned-that at |east one of the
sucki ng holes has no soldering ball, and an "NG (failure)" signal is
applied to a control unit. In response_to t he NG signal, #n t%e
so1der|ngQﬁﬂqwst&ﬁﬁ%ﬁ¢@9d%§V%%d1thn Fig. gdvedd®t Wen ns AbRFnge eﬂ& to
t he BGA. strl st.oppe and 10 t he. sol deri ng _bal,l ked
over agai rk aifrds Aﬂ)(gq?zphegcas§OWh§P8% o &t h&S otﬂgﬁeﬁgﬁg, ¥ 86 t he
sucki-ng hoI r|n S in
Fig. 3 no H1Q qserr} n"i‘stt ar ce "Lf?lss (gtl ?F\éhlﬁ%@hoﬁ%. rIt‘he ?ﬁﬁﬂt

sucki ng heafl, gea&%@é‘ﬂrsd 5%91%&%@ R?;%O??xné%éthc%& 5138839 Qﬁll:thI »

and no NG sign I's applie the contro uni t t he suc

head 2 is Jgyetkd &d 'a?l ﬁﬁgﬁk&éﬂ 3s@Sthat it iils ideternihdde¢ndfbadi IBALL as
was descrlbed above, detected when at | east one of the sucking

hol es of tdife heBdthe qulﬁ.ﬂgS holéesiChabhaics o siEdértndgabhl150 andtan hene
soldering balls 20 4 are regularly supplied at all tines.

I n the enbpghiiknte phaigrial tilseapptaapdanyi agcoitwdhgunit. Int response to
detecting neans provided outside the sucking head 2 Is the |ight
source 6, thml NGes&gnmhjcknethengqidaniqgcbahbdsupplylngtdﬂysmgklhgehead
2 is the photosensor 7; however, 'the
movement of the sucklng head to the BGA strip 3 is stopped, and
10 the soldering balls are sucked all over again.

In the case where, on the other hand, all of the
sucking holes 5 have the soldering balls, respectiveiy, as
shown in Fig. 3 no light from the light source 6 is allowed to
enter the sucking head 2, and accordingly the photosensors 7

15 sense no light, and no NG signal is applied to the control
unit. Hence, the sucking head 2 is moved to the BGA strié 3 as
it is. In the embodiment, as was described above, it is
detected when at least one of the sucking holes of the head
fails to suck the soldering ball, so that the soldering balls

20 4 are regularly supplied at all times.

In the embodiment shown in the accompanying drawing,
the first detecting means provided outside the sucking head 2
is the light source 6, and ﬁhe second detecting means provided
in the sucking head 2 is the photosen.sor 7; however, the

25 invention is not 1limited thereto or thereby. It may be

modified as follows. That is, in an other embodiment, the



25° sinvention is not limted thereto or thereby. It may be
modified as follows. That is, in an other enbodi nent, the

-7- | i ght-receiving device may be provided outside the
sucki ng head 2, while the light emtting device nmay be provided

i nside the sucki ng head 2. Accordingly, in the other enbodi nent, the
-tight-receiving device nust be provided in a dark room 5 The
effects of -the invention will be descri bed. Firstly, with the

phot osensol LaPE-HeERLYERs devIe may ng Broxnyet-etBF Linethe SR b Fesdly
the head f3i! Snife tne 1346K LNELORLECheliNENRET Beogldeiiila haldike HinCE,
6f “the i Hven i'S ower“in d 0

the device ™ '1 on much i tecting operation cost
than - BRi AGNYRA 0923l RS- sifg dRu GRp bodiment,  t
Secondl y, ?he éegice of the invenfﬁgﬁﬁﬁé ot Based Ger embodimentsq e

detecting lﬂ?hﬁhﬁgééiQRn Ohéeibang§E|Be,EQb%iBéﬁtin a da#SRRRES W th the
enpl oyment of not only the imge processing 15 device but also the

reflegting means amHedéffeatsi 88 €R8NSnventionThalli be Heece#eveds of th
invention is sinplified in structure as nuch. :
Firstly, with the failure detecting device of the
inventioh, the light source and the photosensor are used to
detect when any one of the sucking holes of the head fails to
suck the object (such as a soldering ball). Hence, the device
10 of the invention is much i8wer in detecting operation cost than
the conventional image processing device.
Secondly, the device of the invention is not based on
a method of detecting the shades of soldering balls. This fact
dispenses with the employment of not only the image processing
15 device but also the reflecting means and diffracting means.

That is, the device of the invention is simplified in structure

~as much.



-8- . 9 WHAT IS CLAIMED | S: 1. A
met hod for detecting a sucking failure of a sucki ng_head conprising steps
of : sucking a plurality of objects onto each of a plurality of

sucki ng hol es of the sucking head:; transferri jﬂ!ul‘mﬂﬂmumjuuﬁi
whi | e hol di ng the objects; emttiag light to ucki ng

head in which the sucking holes are fornmed during t he transferrlng st ep;

and WERDY d3 IRBTMED 1iSsht if the |ight passes through the sucking

hole, to thereby detect the sucking failure of the object. 2. A nethod
for detecting a sucking failure of a sucking head, conprising steps of:
sucking a pIurallt of objects onto each of a plurality of sucking hagles
of the sdckind fespod €07 ﬁF%E%@W@@F@%%& & &dd 2nAPFELRE| gf’—ﬁ@ t he
obj ect s; IaC| t he ucklng head and the objects in a dark space;

em tting9 m@ﬁ?4i3§n:g$ de of the sucking head to a surface of the

Step: and - ekt Eﬁut dgRe PPoeRes PBRP pastbt A BIfrRIRER 88k ng
hol es, t%&gm_rr@md:fetsegf the Ml% fRidair e of the object.

transferring the sucking head while holding the objects;

emitting light to a surface of the sucking head in which the
sucking holes are formed during the transferring step; and
detecting the light if the light passes through the sucking

hole, to thereby detect the sucking failure of the object.

2. A method for detecting a sucking failure of a sucking head,
comprising steps of: |

sucking a plurality of objects onto each of a plurality of
sucking holes of the sucking head;

transferring the sucking head while holding the objects;

placing the sucking head and the objects in a dark space;

emitting light from an inside of the sucking head to a
surface of the sucking héad in which the sucking holes are formed
during the transferring step; and

detecting the light if the light passes through the sucking

holes, to thereby detect the sucking failure of the object.



