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THE | NVENTI ON 1. Field of the Invent éﬁﬁﬂf'
i nvention relates to i nprovenent of a ball “mount apparatus -a NOUR +
nmet hod for nounting sol der balls, sol der bunps, or the |like, on a work
such as a substrate, a frane, or the like, and particularly relates to
a ball nount apparatus and a nount nethod which are inproved in

i nspection of surplus paf}, MUUNT APPARRTUS GND MGONT METROBO, and balls

|l eft due to a mounting error after nounting balls. The
present application is based on Japanese Patent Application No. Hei.
11- 220729, which is |ncorporated hereln by reference. 15 2.
Description of the Rel ated B3 g QRGN r ound art, there is

known a bal | nount appar at us haV| ng a ball supply portion and a work
posi ti oni ng-—Eieldoaff &he Inventiom where sol der balls are nounted on a

wor k .
) The present invention relates to improvement of a ball

mount apparatus and a mount method for mounting solder balls,
solder bumpé, or the 1like, on a work such as a substrate, a frame,
or the like, and particularly relates to a ball mount apparatus
and a mount method which are improved in inspection of surplus

10 balls or an error in ball sucking, and.balls left due to a -
mounting error after mounting balls.

The present application is based on Japanese Patent
Application No. Hei. 11-220729, which is incorporated herein
by reference. | '

16 2. Description of the Related Art.

" In the background art, there is known a ball mount
apparatus having a ball supply portion and a work positioning
portion (a position where solder balls are mounted on a work)

! and rec-iprocating between these portions so as to mount solder
20 - balls on a positioned work. In such a ball mount apparatus,
a ball inspection unit is provided for making inspection as to
whether there is an error in ball sucking or not, while a mount
head moves rélatively between the ball supply portion and the
work positioning portion.
25 In such a ball mount apparatus, generally, the
longitudinal direction of a wor;k'is regarded as an X-axis, and
the relative moving direction of the mount head from a ball

suction position to aball mount position is regarded as a Y-axis.



an.dir‘eci'procati h‘?}‘“ﬁét ween these portions so as to mount solder 20 balls

on a positioned work. In such a ball nount apparatus, a ball
inspection unit is provided for making inspection as to whet her there
is an error in ball sucking or not, while a nount head noves
relatively between the ball supply portion and the wor k posi tioning
portion. 25 I'n such a ball nount apparatus, generally, the

| ongi t udi nghid {€HdHusH theV'@itensidLOF dabat RBad-#D0fg tAkdrelativée
relative noving direction of the mount head from a ball suction

pOSI tion tmozing hxdsu(¥-paisyi ds reduegdrstedsatoamindstarize the ball
This i s because the dinension of a nount head al ong the

reI ative mountneppagasxiss (Fumkhe),ia baldudedpsrtaon anditnhasuaikighte
bal | mount apparatus. Further, a ball inspection unit has a |ight
em ssi on p6ﬁ‘tli5§|3r°éiln@°§tll|°@htandeéeﬂ;ﬂ-9bﬁ perepbioni ppstéan; digposed Hiraction

per pend| cular to.,a relative, noving course of the pount
direction perpendicular to a relative moving course of the mount

head, that is, in the longitudinal direction of the work. Thus,
the ball inspection unit is disposed on the relative moving
course (on Y-axis) of the mount head.
The ball inspection unit makes the mount head move over
10- - .a laser sensor relatively, so that the light reception portion
receives laser light projected from the light .emission portion
to thereby detect surplus balls, an error in sucking-balls, and
residual balls.. .-
Recently, however, with the increase of the area of a ivork
16 to which balls are mounted in a lump, the distance between the
light emission portion and the light reception portion in the
inspection unit -is increased. Thus, the inspection accuracy
is lowered due to diffusion of light. Further, with the
) miniaturization of balls, thé inspectibn accuracy is required

20 to be too high for the background art to cope with.

SUMMARY OF THE TNVENTION

It is an object of the present invention to provide a ball

mount apparatus and a mount method in which, in order to solve

25 the foregoing problems, a ball inspection unit makes inspection
in the lateral direction of a work so that the distance between

a light emission portion and a light reception portion in the

ball inspection unit is reduced, whereby the inspection



hea&i‘that IS, in the | ongi tudi nal direction of the work. Thus, t he

ball inspection unit is disposed on the relative noving course (on
Y-axis) of the nmount head. The ball inspection unit makes the
nmount head nove over 10 a |aser sensor relatively, so that the |ight
reception portion receives |laser light projected fromthe |ight

em ssion portion to thereby detect surplus balls, an error in sucking

bal | s, andaccuracesisipalevealtiesd from lowerinRecnd lincrieewdngr invgize ofe
i ncrease of the area of a work 15 to which balls are nounted in a | unp,

the di st anfee benileeparhee avoidedht emission portion and the |ight
reception portion in the I nspection unit is ingreased, Thus, the
i nspection accurBgyorder @ @Bﬁé%@dthﬁefP§eEP#PEsPBaeﬁF IFBﬁtPrpﬁﬁpﬁer

with the ntnlaturlz |on |1's, the inspecti ccuracy. i.s reqU|red
20 to be PHEEREUARIFOV DR MR bL WP AR Lch Conbriscs:
Cnvent o?t%rE%Q";'tVVE%v”%%mth providad i85l atesCatital B it t°of n
m: tChnaLgsV?ﬁS%g:)%ﬁc&%%ﬁ/%aﬁ% ?’J% tF) Pera F?ég?%g‘??l as‘}@)lryk SO that the
di stance hgiMefPing balls, the ball supply tray being disposed so that
a longitudinal direction thereof substantially coincides with
that of the work; a mount head disposed so that a longitudinal
10 - direction thereof substantially coincides with that-of the.
.work; and a ball inspection unit. for inspecting ball-suction
by the mount head, the ball inspection unit being disposed so
that a projecting direction of inspection-light .from the ball
inspection unit intersects the longitudinal directions
16 substantially perpendicularly; and further pro?ides a mount
method using the ball mount apparatus.
Features and advantages of the invention will be evident
from the following detailed description of the preferred

embodiments described in conjunction with the attached

20 drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying drawings:
Fig. 1 shows a perspective view of a solder ball mount
26 apparatus;
Fig. 2 shows a perspective view of the same apparatus in
a state where a mount head is located on a ball supply tray;

and



4 light emssion portion and a light reception portion in the bal
inspection unit is reduced, whereby the inspection

2 : accuracy is prevented fromlowering, and increasing in size
of the unit can be avoi ded. In order to attain the
f oregoi ng obj ect, the present i nvention provides a ball nount

appar atus which conprises: a 5 work conveying path provided in a .
| ongi t udi nal dir €dgi.oB $Hows a perapectdvenrietr dflthe same apperabust &nl; a

bal | supply tray for supplying bal|'s, the ball supply tray being
di sposed s8 fkate wherg tbhgghountnaradi isclpoatedepnod BOWRE apesitign.
coincides with that of the work; a nount head di sposed so that a

| ongi tudi nal 10- direction thereof substantially coincides with that of

t he. wor k; all_ jnspection unit. for_inspecting ball-suction
by the mount. heRE - B EREFRRIN FMEODUMENTS  {har a

Pr oj ecty ng di r echan ot iy AsRect e LLANE LTOMANG: B3kinoae o SRESHLSP UMt

i ntersects the |ongi
out the invention along with its embodiment with reference to

the drawings. Fig. 1 is a perspective ‘view schematically
showing a solder ball mount apparatus in which the present
invention is carried out. Fig. 2 shows a state where a mount
. 10 -head-is located on a ball supply tray, and.Fig. 3 shows a state
where the mount head is located on a mount position.
The solder ball mouﬁt apparatus of the embodiment is
- constituted by awork conveyifxg path 23, amount head 1, adriving .
mechanism for driving the mount head 1, a ball supply tray 2
15 acting as a ball supply portion, a ball inspection unit 3
disposed between the mount head 1 and the Ball supply .tray 2, -
and another driving mechanism for driving the ball inspection
unit 3.
i - ‘The work conveying path 23 is provided to run in the
20 longitudinal direction of a work 4 on which solder balls are
to be mounted. The direction indicated by an arrow in the
vicinity of awork 4 in Fig. 1 is the direction of a work conveying
axis, along which the work 4 moves. Incidentally, in Fig. 1,
the place where the work 4 is located is a position where solder
256 balls are to bemounted on the work 4, _that is, awork positioning
portion.
The ball supply tray 2 in which a large number of solder

balls B are reserved is used as the ball supply portion. The



15'substantially per pendi cul arly; and further provides a nount met hod

using the ball nount apparatus. Features and advant ages of the

i nvention will be evident fromthe follow ng detail ed description of
the preferred enbodi ments described in conjunction with the attached
20 draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS

In the acconpanyi ng draw ngs: : Fig. 1 shows a perspective view of
a sol der bhallnsupply2?bragppaist disposed so thaFi ghe2 lshgitudipalspective
view of the sanme apparatus in a state where a nount head is | ocated on

a ball sup@iyectagn of thedall supply tray 2 substantially coincides ¥ith
Fig. 3 shows a perspective view of the same apparatus in
the longitudinal direction of the work 4. In this embodiment,
the ball supply tray 2 is at a standstill and hence it does not
5 move.

The mount head 1 moves relatively in a Y-axis direction
between -the ball supply tray 2 of the ball supply portion and
the work positioning portion where solder balls are to be
mounted. There are two cases where the mount head 1 moves

10 relatively-in the.Y-axis direction. That'is; one is the case
where the mount head 1 itself moves while the ball supply tray
2 and the work positioning portion are left at a sfandstill,
and the .other is -the case where the ball supply tray 2 and
optionally the work positioning bortion move in the Y-axis

15 direction under the mount head 1 w-hile. the mount head 1-does.
not move in.the Y-axis direction. In this. embodiment, the
former- is adopted so that the mount head 1 moves.

The mount head 1 is attached to a Z-axis base 5 so that

j it is moveable up and down and so that the longitudinal direction
20 of the mount head 1 substantially coincides with the
longitudinal direction of the work 4. The Z-axis base 5 has
a Z-axis motor 6 and a ball screw 7 connected thereto. The
Z-axis base 5 is attached to an X-axis base 8 so as to be movable
in an X-axis direction. Incidentally, in the drawing, the
26 reference numeral 20 represents ;'=1 ®-axis base which has a®

-axis motor 21 and a ball screw 22. This®-axis driving
mechanism is used for adjusting the rotation angle of the work

4 and the mount head 1 in the horizontal plane at the work



d statfe where the nount head is |ocated on a nount position.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 5 Descri ption

wi |l be nade bel ow about the node for carrying out the invention al ong
with its enbodinent with reference to the drawings. Fig. 1is a
perspective view schematically showi ng a sol der ball nount apparatus
in which the present I nvention is carried out. Fig. 2 shows a state
where a nogbkitiBnihgagortib@acated on a ball supply tray, and Fig. 3 shows
a state where the nount head is |ocated on a nount position.

The sol der bal|l Thenx-apparkdses Sfist proenfiedi wibl ars X-axdsnmbicout @dasd a
wor k conveying path 23, a nmount head 1, a driving nmechani sm f or
driving thanduraxiendtoer 10 waith vl hall sgrewsibl aactlagrescennegteduppl y
portion, a ball inspection unit 3 di sposed between the nmount head 1
and the barespeppiyeivay 2 ball ingpehiamhemidy BvifCcaraghednvibh he vi ng

the ball inspection unit 3. ) The wor k conv%;{ln% Qath 3is
provi dét tBaldnSEEeWhd2 94 thgg# o@*i® MAtodcti%on TheaPRIIk SFXEY Wei ch

PoLoer 0o L BSsen:wil B ANkl e Sy nabrdl ol PR 80V 1

conveying ynit P& Sti0b WGy Ukide WK ba1TOViSpel PELASA A I Ye1dtidd 0 1. -

- moving axis is provided substantially in parallel with the work
conveying axis. Although this embodiment adopts a system in

10 © 'which the ball inspection unit moves, it will go well so long -+
as the ball inspection unit moves relatively. It is therefore-
possible to adopt a system in which the ball inspection unit
3.is at a standétill while the mount head. 1 is-moved over the ...
ball inspection unit 3 by the X-axis motor 9.

15 . A Y-axis motor 13 and a ball screw 14 allow the X-axis
base 8 to move between the ball supply tray 2 of the ball supply |
portion and the work positioning portion where solder balls are
to be mounted. Thus, the mount head 1 is made moveable between

! “the ball supply tray 2 of the ball supply portion and the work

20 positioning portion. The ball screw 14 connected with the
Y-axis motor 13 acts as a head relative moving axis when the
mount head 1 moves from the ball suction to the ball mounting.
The head relative moving axis intersects the work conveying axis
and the ball inspection unit relative moving axis substantially

26 perpendicularly to each other.

In the ball inspection unit 3, a laser sensor 15 is
disposed so that the projecting direction of inspection light

intersects the longitudinal direction of the work 4



t‘he place where the work 4 is located is a position where solder 25 balls

.ar et obenount edont hewor k4, that is, aworkpositioning portion.

The ball supply tray 2 in which a | arge nunber of sol der balls B are
reserved is used as the ball supply portion. The

4 ball supply tray 2 is disposed so that the |ongitudinal
direction of the ball supply tray 2 substantially coincides with t he
| ongi t udi natbditaattiaddyoperpendbcildrliyn thastleabpdiingitt sources 16efdnal |
supply tray 2 is at a standstill and hence it does not 5 nove.

The nount Hetdctingvesctdbat eveoysi are disposedi dectpagrallel widthwddre -t he
ball supply tray 2 of the ball supply portion and the work positioning
porti on whprejsetdag Hirestica of Haspectigpudiight.There are two cases

where the nount head 1 mpves 10 rel ativel)i in the Y-axis direction.. That
is, one is the cRg&cription will be made below about the procedure to

5 operate the solder ball mount apparatus according to this
embodiment. First, the Y-axis motor 13 drives the mount head
"1 so that the mount head 1 moves to above the ball supply tray
2 along the ball screw 14, as shown in Fig. 2. As soon as a
work is supplied to the work positioning portion, the mount head
10 1 moves from above the ball supply tray 2 of the ball supply "
portion down to the ball supply position along.the ball screw
7 so as to suck solder balls on its lower surface. After sucking
the solder .balls, the mount head 1 moves.up by virtue of the
reverse rotation of the Z-axis motor 6, and begins to move to
15 . above the work positioning portion by virtue of the Y-axis motor.
-13. It will go well so long as the mount head 1.moves in the
Y-axis direction relatively to the ball supply tray 2 and the
work positioning position. Therefore, the configuration may
b be such that the mount head 1 is at a standstill, and the ball
20 supply tray 2 and optionally the work positioning position may

move in the Y-axis direction under the mount head 1.

While the mount head 1 moves relatively as mentioned above,
the X’-axis motor 10 drives the ball inspection unit 3 attached
to the X-axis base 8 so that the unit 3 moﬁes in the direction

25 perpendicular to the moving direction of the mount head 1 along
the ball screw 12. At this time, the ball inspection unit 3
projects inspection light in the direction perpendicular to the

longitudinal direction of the mount head 1 so as to scan and



where' the nount head 1 itself noves while the ball supply tray 2 and
the work positioning portion are left at a standstill, and t he ot her
is the case where the ball supply tray 2 and optionally the work
positioning portion nove in the Y-axis 15 direction under the nount head 1
whil e the. nount head 1 does not nove in the Y-axis direction. In
this. enbodi nent, the former is adopted so that the nount head 1
-nmoves. inspect thHee lowent shefidcé of thit mohatl head 1Zwhetbebathete sre hat
it is noveable up and down and so that the longitudinal direction 20 of
t he nount $werplds skt eirrprsoincseekingthalle or notl.onfigudt wdows
direction of the work 4. The Z-axis base 5 has a Z-axis notor 6 and a
bal | screva 7stabmecheret hbeeballThaspectipnaundthdsdas complet@dedhs an
X-axis base 8 so as_to be noyabl e in an X-axis directi

| nci dent al RQVenent hEox e r@)f°¥%en§’5°n?‘éf H‘%B%%tﬁﬂﬂera]ft Oﬂe;ﬂ%%]s a
(1] i Shy B o s e p R Kb B
angle of tRE 4K rnerdedle, \NEHBI ulfRY &%é“xtbsxhgfmseakahopkage at
driving the ball inspection unit, the mount head 1 may be moved
for inspection by use of the X-axis motor’'9 for driving the mount
head 1.
10. .. .-If there are not any surplus balls or not any errors in-
sucking balls, the mount head 1 completes.its movement to above
- the work positioning portion as soon as- termination of the
inspection. The posture of the work 4 is recognized by . a: ..
not-shown CCD camera, and the posture of the mount head 1 is
15 = corrected. Then, the mount head 1 begins to move down bj virtue
of the Z-axis motor 6, and mounts solder balls on the work 4. ..
After mounting the balls, the mount head 1 movés up and
begins to move to the ball supply tray 2 of the ball supply
- portion.. At this time, the X’-axis motor 10 is rotated
20 reversely, and the ball inspection unit 3 projects inspection
light again in the direction perpendicular to the longitudinal
direction 6f the mount head 1 so as to scan and inspect the lower
surface of the mount head 1 whether there are errors in mounting
solder balls or not (whether there are residual balls on the
- 256 mount head 1 or not).
When there are errors in ball sucking, and if the errors

are missing balls, the mount head 1 moves to the ball supply

tray 2 again, and repeats the ball sucking operation. If there



posi tioning portion. The X-axis base 8 is provided with an

X-axis nmotor 9 and an X -axis notor 10 with which ball screws 11 and
12 are connected respectively. A ball inspection unit 3 is connected
with the 5 ball screw 12 of the X -axis notor 10. The ball screw 12
connected with the X -axis notor 10 acts as a ball inspection uni t
relative noving axis. The ball inspection unit relative novi ng axi s

I s provi dedreubsiphts Bd s N opatled lcaintwady ,t bhewnsknt headcbrldeydhegrges s.
Al t hough this enbodi nent adopts a systemin 10 which the ball inspection
unit novesaliltthe |duckedwbhllsoitiom@ not-shewhHes bhldisichepeget unit priikemoves
relatively. It is therefore possi ble to adopt a systemin which the
bal | inspemoves tmthe ball suppluttrays? agadn and wepeatsHeherband svetding i s
noved over the ball inspection unit 3 by the X-axis notor 9. 15
A Y-axis nBPEFa¥308nd a ball screw 14 allow the X-axis base 8 to nove
posi 11 ohi ng por t FERORRYPE E61 flop BEPPeRGruveRtidR, IR B FONRIAOG h
rount headp%thsisngggvn. \égafrll %hgefé%egeﬁudinal direction of a work on which
balls are to be mounted, the ball supply tray for supplying balls
and the mount head are disposed so that their longitudinal
directions substantially coincide with the longitudinal
.10° direction:of the work, and the ball inspection unit  for . -
.inspecting balls sucked on the mount head 'is. disposed so -tflat
the. projecting direction of inspection light from the ball
.inspection unit. intersects the above-mentioned longitudinal
directions substantially perpendicularly so as to perform ball
16 inspection in the lateral direction of the work. It is .
therefore possible to perform stable inspection independently. ..
of the longitudinal.length of the work.
Since inspection can be performed in the lateral
: direction of the work, the distance between a light emission
20 portion and a light reception portion in the inspection unit
can be reduced so that the inspection accuracy can be prevented
from lowering. In addition, since the apparatus arrangement
can be made as usual, increasing in size of the apparatus can
be avoided.
25 Further, if the ball inspection can be achieved during
the Y-axis relative movement of the mount head, there is no tact

loss, and it is not necessary to locate the ball inspection unit

on the course of the Y-axis relative movement. It is therefore



t'he ball supply tray 2 of the ball supply portion and the work 20
positioning portion. The ball screw 14 connected with the Y-axi s
notor 13 acts as a head relative noving axis when the nount head 1
noves fromthe ball suction to the ball nounting. . The head rel ative
noving axis intersects the work conveying axis and the ball inspection
unit relative noving axis substantially 25 perpendicularly to each other.
I n the balposstpkettorshmriter, the Yaserissenxoke}5spsthat idi spgessdidd g hat
the projecting direction of inspection |ight intersects the

| ongi t udi nad emhanceobhef tabt whme.4 6
substantially perpendicularly. Further, light sources 16 for detecting
suction errors aAJE hﬁ’%@bs‘é}del hnﬁaﬁ‘éllpél hapt heepedescriped; 4ot ild§ direction
of inspecti on [ Descri pt| on will be nade be] ow about the
procedur e REete %ﬂef‘%&f@ YHeh 3| GRFEHER |deFKRR ARl bk if 66 this

5 understood that the present disclosure of the preferred form
can be changed in the details of construction and in the
combination and arrangement of parts without departing from the

spirit:and the scope of the invention as hereinafter claimed.

10



enbodiment. First, the Y-axis nmotor 13 drives the mount head 1 so that

the nmount head 1 noves to above the ball supply tray 2 al ong the bal

screw 14, as shown in Fig. 2. As soon as a morka§“suppLL§g\to t he

wor k positioning portion, the nmount head 10 1 nnves.?ammﬂ bove theball
er

supply tray 2 of the ball supply portion down to //Mﬁ,g]’i”
] *uLves

position along the ball screw 7 so as to suck sold

| ower sur fHEART I8f CBATIMEDKIAG t he sol der balls, the nount HWea \
up by virtue of the reverse rotation of the Z-axis notor 6, and begins

to nove to 15 &bove Ahkahbrikopnti apparatjupocompmibyngizrtue of the Y-axis
not or . 13. It will go well so long as the nmount head 1 noves in the
Y-axi s directionareépnki genyeysnghpabhl provpgded inag 2oagdtuddnal wor k
positioning, position. Therefore, the confiiuration may be such that the
nount headdireStapnao0&t anwerk| Pn whdchnhbagads| argptoshspmpunt@d;2 and
optionally the work positiqQnin osition . nove in_the Y-axis

di rect iq:’on under ?i@ﬁoﬁﬁpﬂi@aﬁgig for supprﬂyl%Plaéltshes%ﬂrhal‘ljeéd“m?lri’oves
relatively,a ntioned above, t he X -axis,.nmot.or,.10 drives.the ball

i nspect i ontﬁ%[cg%l%?t LFRYEEd 'S0 that, @ )2‘-0638&1)5%%@]8 %ﬁ(ﬂﬁt‘"{ %é‘%‘ﬁquaﬁ
nmoves in't ' | : ngdi eyl 0,kh Vi direction of the
mount head IPar a8ty EoinBEiBE ALl Phat o BaTR! kG, (€10

i nspection unit.3 mount HALUSPIEREHd Thdt i Ingy ik iHL1eGir¥et ion
perpendi cular to the
thereof substantially coincides with that of said work; and
10 a:- ball inspection unit for inspecting ball-suction.by-
said mount head, said ball inspection unit being disposed so
that a projecting direction of inspection light of said ball
inspection unit intersects said longitudinal directions
substantiélly perpendicularly.
15
2. A ball mount apparatus comprising:
a work conveying path having a work conveying -axis.
provided along a longitudinal direction of a work;
! aball inspection unit having a first relative moving axis
20 Dbeing provided substantially in parallel with said work
conveying axis; and
a mount head having a second relative moving axis in which
said mount head moves from a ball éuction position to a ball
mount position,
25 wherein said second relative moving axis is made to
intersect each of said work conveying axis and said first
relative moving axis substantially perpendicularly so that a

projecting direction of inspection light of said ball

11



l'ongi f udi nal direction of the mount head 1 so as to scan and -

7 I nspect the | ower surface of the nDunt
there are surplus balls or errors in sucking balls ﬂ #ﬂy "ﬂ
shows a state where the ball inspection unit 3 has COane

novenent for the aforenentioned inspection. It will go well SO Iong as
the ball inspection unit noves relatively to the nount head 1.

Ther ef or e, inmispleodtiosungttirtetsexts saritdolon§itadinal dilrewt hon tdfesbadl

i nspection unit, the nount head 1 may be noved for inspection by use
of the x-amknﬁméwsgafmtrladrhwupagrpmmﬂmrly head 1. 10 If there
are not any surplus balls or not any errors in sucking balls, the
nount head 1 conpletes its novenent to above t he work positioning
portion as soon Ss tern1nat|on of the |nspect|on The posture of the

work 4 is recognPzed b MQUNt methods COMPTEER G RHAPS AHef t he posture of

the m)ugt head 1s'u%k:n.ng balls by a mount head from a ball supply tray;

moving the mount head sucking the balls to a mount
. position;
‘moving a ball inspection unit relatively in a direction-
perpendicular to a relative moving direction of the mount heéd
10 in which; said mount-head moves from a ball suction position-to
"the mount. position while the step of moving the mount head;
projecting inspection light in a direction perpendicular
. to.a longitudinal direction of the mount head so as to scan and -
inspect a lower surface of the mount head whether there is an
156 error in ball sﬁcking or not; and
mounting the balls on the work after completion of-

-inspection.. -

i 4. - A mount method comprising steps of:

20 sucking balls by a mount head from a ball supply tray;
moving a ball inspection unit relatively in a direction
perpendicular to a relative moving direction of the mount head
in which said mount head moves from a ball suction position to
a mount position while said mount head moves to a mount position

26 relatively;
projecting inspection light in a direction perpendicular
to a longitudinal direction of the mount head so as to scan and

inspect a lower surface of the mount head whether there is an

12



15 corrected. Then, the nmount head 1 begins to nove down by virtue—  of
the Z-axis motor 6, and nounts solder balls on the—work 4.

After nounting the balls, the nount head 1 noves up ‘\\m‘m“ \“\o nove
to the ball supply tray 2 of the ball supply W‘“\\

the X -axis notor 10 is rotated 20 reversely, and the« & | |nspect|on uni t
3 projects inspection light again in the direction perpendicular to

t he | ongit egiroal in baldi rsextkiorwy afr trwe ;nount head 1 so as to scan and

i nspect the | ower surface of the nmount head 1 whether there are errors
in mounting mounddngbdihies barl Lsoton( wihe: wark laditen qonplethan dalls on
the 25 nount head 1 or not). When there are errors in ball

sucki ng, amspﬁctth@nérrors are mssing balls, the nmount head 1 noves

to the ball I again, and repeats the b Kin
operation. | fsufﬁg%glng the I\Jlall Jgnslzpectfon urPJ.t asgaln re igtlve yI lg the

are suré) | u?iltz):%lcltslonoge%ggn gg{l §t¥%o Eg reid tl\péa %(tj)VJ. éfP&EQleén of the

mount head while the"“in:o'unt head shifts to the ball supply tray
relatively after completion of mounting; and

scanning and inspecting the lower surface of the mount

head whether there is any error in mounting the balls or not.

13



all the sucked balls into a not-shown ball di scharge unit, then noves
to the ball supply tray 2 again and repeats the ball sucking

operati on. 5 According to the present invention, the work

conveyi ng path is provided in the longitudinal direction of a work on
whi ch balls are to be nounted, the ball supply tray for supplying
balls and the nount head are dlsposed so t hat thelr | ongi t udi nal
directions substantially caBSTRAE L NISE 10 direction of
the work, and the ball inspection unit for |nspect|n bal I s sucked on
the mount head iz whipaseweyindigpath is tpreopidedcinnghei fersgibadbnal

i nspection light fromthe ball i nspection unit intersects the

above- mentdioreatiamgf @dweak on whirhekalbasasabke &t imaunteskr p@nbaddl arly
so as to perforn1ba|| 15 ingpection_in the lateral ,direction,of the work.
It is supRkeftday $6%s ﬁspelyé,nsebﬁém AR A A &&IDhALEN éﬁ@ﬂaeﬁt

per f or frod th HRY FheEongltuginads Fiest ions aapﬁ§ap%éa&5§p§§%'a°ﬁe‘é32eﬁea
i ght' em s5i.n oi201RQCLLAR @] 8:1EARYLEEPLAGN,BOKL | gRuighdihie ] papgeti on

unit pect ron accuracy can He prevented

from | owersfighedi G Prfit0ForS i AE GRS nGPBAT 85 USu @k 4 WL HBIY mount head
' -is disposed so that theprojecting direction of inspection light -
from the ball inspection unif intersects the aforementioned

10 longitudinal directions substantially perpendicularly.

[

eet Has Been Replaced

i

THIS SHEET HAS ppp N
REPLACED )
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can be made as usual, increasing in size of the apparatus can
.avoi ded. 25 Further, if the ball | e g$hi$
' nb BC

be
A o

| nspegt
t he Y§§== pvenment of the J[ak: a§§§ rgﬁﬁ%? 0SS,
and i E55= O t o | geatethe B RSHE R—tHh
course-of the Y-axis relative novenent. It is therefore
9 possi ble to shorten the Y-axis stroke, so that it is _
possi bl e to enhance the tact tine. Al t hough the invention has
been described inits preferred formw th certain degree of
particularity, it is 5 understabd tjha pfesent disclosure of the
preferred form can be changedq i n gtaifs of construction and in the
conbi nati on and arrangenent of padrts w thbut departing fromthe spirit

and the scope of the invention as hereinafter clained.
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WHAT‘IS CLAIMED | S: 1. A bal |l rnount apparatus conpr|5|ng
a work conveying path prOV|ded In a | ongituding

on whi.g
suppl yEH ‘ = y 5 i
Iongltudlnal dlrectlon t her eof substantlally coincides with that of
" said work; a nount head dlspose so that a longitudinal direction
t her eof substantially coi nci des f sgid work; and 10 a
ball inspection unit for inspecti < UCtIO by sai d nount head,
said ball inspection unit being |spose that a projecting
direction of inspection light of said baII I nspection unit intersects
said | ongitudinal directions substantially perpendicularly. 15
2. A ball nount apparatus conpri sing; a work conveying path
havi ng a work conveyi ng axis. I ded al ong a | ongitudinal direction
of a work; a ball insp lon unit having a first relative noving
axi s
21
r 5 7 \
11
8 B 20]4 ,3
22 l
3
23
o U=
1
1
12 S 1S
a::, 2
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20 “~-béi ng provi ded substantially in parallel Wwith said wor k conveyi ng

axis; and a nount head having a second reI gl‘éfx‘},s{{,n
whi ch said nount head noves froma ball suction p05| |on

mount position, 25 wherein said second rel ative novi n b?xﬁ s G fHa‘de
to I ntersect each of said work conveying axis and said first

relative noving axis s I.al | di.cul a

projecting directi onBéi?'I 1S &@fﬁﬁ‘.’ﬁq&&ﬁﬁg ﬁﬁﬁéﬁ&é’fﬁéD

i nspection unit intersects said |longitudinal direction of said wor k
substantial |y perpendi cul aABGIRACT OF ‘THE DISGQLOSUREnpunt met hod conpri sing
steps of: 5 sucking balls by a nmount, head froma baII supplf/ tray;
novi ng t he noun® WOXk Sewieydnch®atdl 1§ droyidaghtin the Jengitgrdina

direction of a work on which balls are to be mounted. A ball
supply tray for supplying balls and a mount head are disposed
5 so that their longitudinal directions substantially coincide
with the longitudinal direction of the work. Further, a ball
inspection unit for inspecting balls sucked on the mount head
is disposed so that the projecting direction of inspection light
from the ball inspection unit intersécts the aforementioned

10 longitudinal directions substantially perpendicularly.

Figure 1
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REPLACEMENT SHEET

25 SEP 2000

14



nﬁving a ball “inspection unit relatively in a direction per pendi cul ar
to a relative noving direction of the nount head 10 in which said nount
head nmoves froma ball suction position to the nount position while
the step of noving the nmount head; proj ecting inspection |ight
in a direction perpendicul ar to a Ioﬁé@tudinal direction of the nount
head so as to scan and i nspect a | ower surface of the nount head

whet her there is an 15 error in ball sucking or not; and nount i ng
the balls on the work after conpletion of i nspecti on. 4.
A mount nethod conprising steps of: 20 sucking balls by a nount
head froma ball supply tray; nmoving a ball inspection unit
relatively in a direction perpe?%gag;ar 0 a relative noving direction
of the nmount head in which said « hdad noves froma ball suction
position to a nount position while said nmount head noves to a nount
position 25 relatively; projecting inspection light in a

di rection perpendicul ar to a longitudinal direction of the nount head
so as to scan and i nspect a | ower surfabe of the nount head whet her
there is an

REPLACEMENT SHEE'I;
25 SEP 2000




12 ) ¢ error in ball sucking or not; mounting the balls
on the work after conpletion of I nspection; novi ng the bal

i nspection unit again relatively in the 5 direction perpendicular to the
relative noving direction of the nngakghead whil e the nount head shifts
to the ball supply tray relatively r conpletion of nounting; and
scanni ng and i nspecting the |ower surface of the nount head whet her
there is any error in nmounting the balls or not.

FIG. 2
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