UNrT FORFSUPPLYI NG SOLDER BALLS BACKGROUND CF THE NTI ON 1. F| el d of the
I nvention 5 The present invention rel at esgo%;a of a
unit for supplying solder balls or the like used i or
mounti ng sol der balls, solder bunps or the like ona:chip or as strat

The invention was chiefly developed with the primary object of at% 3
ball supply unit in a BGA (Ball Gid 10 Array) solder ball nount par
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Rel ated Art 15 In appara us,. sol der balls
are usually put in a ball tray, and picked up fromthe ball tray by a nount
head. After picking up has been repeat ed, soI der balls get fewer in the
ball tray. As a result, theBhGEH NYENTRON t he nmount head is
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10 -Array) solder ball mount apparatus.

The present application is based on Japanese Patent
Application No. Hei. 10-376863, which is incorporated herein
by reference.

2. T iDt] e 11 lated !

15 | In a BGA solder ball mount apparatus, solder balls are
u'sually put in a ball tray, ‘and picked up frotn the ball tray
by a mount head. After picking up has been repeated, soider
balls get fewer in the ball tray. . As a result, the efficiency
of suction onto the mount head is 'i_t'npa_ired,.-'- so that ‘the

20 performance is reduced. Therefore, solder balls are usually
.supplied when solder. ba'lls in the ball tray get fewer than a
predeterntined amo_un't:. Since it is troublesome to supply solder
balls by manual operation, a large-sized ball hopper is provided,
and solder balls are supplied from the hopper to the ball_ tray

25 by a required amount 'by their own gravity, compressed-—air
delivery or the like. _

) A background-art solder ball supply unit delivers solder

balls forcibly. Therefore, when solder balls are supplied into

a ball tray, cempressed air or the ‘like for supplying the solder

30 balls blows into the ball tray so that disarray is caused in



the ball. tray. In such a manner, there used Yo arise scattering in the
density of solder balls in the ball tray® - It is therefore necessary to
pause the running of the solder ball nount apparatus in order to |level the
density in the ball tray, so 5 that there has been also a problemthat the
performance is reduced due to the pause of the running. SUWARY OF THE
INVENTION It is an object of the present invention to provide a unit 10
for supplying solder balls or the Iike which can supply only a required
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even by use of conpressed air or the like, solder balls or the like in the
bal | tray araebkessargutoapduseethedednndng pifatheosoliderhdall mopno t hat
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provided a upblubel 8HBPLY BHeSphdse bE theCeWpni®iglg: a primary hopper for
storing a nunber of solder balls; a ball tray for storing the solder balls

to be 25 sucked on a nmount head; a secondary hopper provided near the bal
tray; a ball supply path connecting t he prinar¥ hgaﬁgr and the secondary
hopper so as to supply the sol ) means for vibrating

e e T

vibration. 30 es of the I nvention w
evident f) - for supplying solder balls or the like which can supply only

a required small amount of solder bélls.
It is another object of the éresent invention to provide
a unit for supplying solder balls or the like which can solves
.a problem when solder balls or the like are suppllied into a ball
15 tray even by use of cémpressed air or the like,-solder balls
or the like in the ball tray are blown out and one-sided to a
place of the ball tray so that there arises scattering in the
density of the solder balls or the like. 'Accordingly, it is
possible to keep the solder balls or the like uniform in the
20 ball tray without pausing a solder ball mount apparatus.
| In order to achieve the above object, according to the
present invention, there is provided a unit for supplying solder
balls comprising: a primary hopper for storing a number of
solder balls; a ball tray for storing the solder balls to be
25. sucked on a mount head; a secondary hopper provided near the
ball tray; a ball supply path connecting the primary hopper and
the secondary hopper so as to supply the solder balls; and
vibration means for vibrating the secondary hopper to thereby
supply the solder balls to the ball tray by vibration.

30 Features and advantages of the invention will be evident



fromthe followi ng detail ed description of the preferred enbodi nents
described in conjunction with the attached draw ngs. 5 BRI EF
DESCRI PTI ON OF THE DRAWNGS I n the acconpanying drawi ngs: Fig. 1 shows a
front view show ng an enbodi nent of a BGA sol der ball nount apparatus; Fig.
2 shows a partially sectional right-side view 10 showi ng an enbodi nent of
a unit for supplying solder balls or the like; Fig. 3 shows a partially

pl an view showi ng a rel ationship between a secondary hopper and a bal |

tray; Fig. 4 s nshi bet ween
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hopper and the ball tray. DETATLED DESCRI PTI ON OF. THE PREFERRED EMBODI MENTS
20 Des&x@wings.wi | | be made under about an enbodi nent of the present
i nvention with reference to the drawings. First, description will be nade
about the outline of a BGA sol der bal I rnount .apparat us using a unit for
suppl yi ng ssol der balls or b j ’ how ng an

enbodi rrent§of a BGA 25 P%&r E\RE er%Ibypg)gféIE Ep%nu . 21is a

partially sectional Ini ghte acdempadyingodragiagsemrbodi ment of a unit for
supplying solder balls or the I ke used in the BGA sol der ball nount

apparatus. The BGA Eépdel shows mﬁﬁpnapwaeutsmm amembbdieattlofla BGKl a

sol der ball Suggdéruga&lzmtognwnIa%gagcg%ugr-esent invention 3

Fig. 2 shows a partially sectional right-side view
10 - showing an embodiment of é unit for supplying solder balls or
the like; |
Fig. 3 shows a partially plan view showing a relationship
between a secondary hopper and a ball tray; '
Fig. 4 shows a partially front view shbwing a‘relafionship
15 between the secondary hopper and the Ball tray; and
Flg 5 shows a partlally sectional left-s :Lde view showing

a relatlonshlp between the secondary hopper and the ball tray.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS
20 Description will be made under aboﬁt an embodiment.of tﬁe
'present invention with reference to the drawings. First,
description will be made about the outline of a BGA solder ball
mount apparatus using a unit for supplying solder balls or the
like. Fig. 1 is a front view showing an embodiment of a BGA
25 solder ball mount apparatus, and Fig. 2 is a partially sectional
right side view showing an embodiment of a unit for supplying
solder balls or the like used in the BGA sol&er‘ ball mount
apparatus.
The BGA solder ball mounﬁ apparatus has a mount head 1

30 and a solder ball supply unit 2 to which the present invention



i s apptied. The nount head 1 is nade novable‘only in the Z-axis direction
(up/ down direction) by a head driving motor 3. Therefore, though not
illustrated, a nount stage is |located just under the nount head 1. 5

In Figs. 1 and 2, the reference nuneral 4 represents a ball tray in which
sol der balls to be sucked onto the nmount head-1 are stored. .The inside of
the ball tray 4 is made to be a solder ball storage portion. As shown in
Figs. 2 and 5, a ball residue detection sensor 11 is attached to a position

which is 10 . at predet grmi_ned .hei ght. and_npear._ t h ttqm on t.he | guer
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tray 4 is nounted on a rotation shaft 9 attached 15 to a fable 8 for

det ecti ng t HEhdmeéforesittioaghmdthialluberbhaed,ta apubatcaragedls kdcatéd Jadt

angl e between a horizontal position and an inclined position. An air
cylinder 10 yrderdehedneunrt ikeady nit for reciprocating (rocking) the ball

tray 4 bgtween th 4 zont.al ition and t inclined.pgsition. 2
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| in the inclination d_irection inside the ball tray 4, while a
ball supply inlet 12 is opened near the bottom on the opposite
side.

The ball tray 4 is mounted on a rotation shaft 9 attached

15 to a table 8 for detecting the ball residue so that the ball
tray 4 can rock at a fixed angle between a horizontal position
and an inclined position. An air cylinder 10 is used as a
driving unit for reciprocating (rocking) the ball tray 4 between
the horizontal position and the inclingd positioﬁ.

20 The air cylinder 10 is attached to the table 8, and a rod
‘of the air cylinder 10 is connected to the bottbm side of the
ball tray 4. When the rdd of the air cylinder 10 is extended,
the ball tray 4 is brought into a horizontal state_with' the
rotation shaft 9 as a fulcrum. On the contrary, when the rod

25 of the air cylinder 10 is contracted, the ball tray 4 is brought
into an inclined state. 1In the embodiment shown in Fig. 2, the
rod of the air cylinder'lo is in the extended state, and the
ball tray 4 is in the horizontal state.

The ball tray 4 of the solder ball supply unit 2 is made

30 capable of reciprocating motion between a solder ball sucking



4 ©  position under the nount head 1 and a stand-by position by a bal
screw 6 rotated by a ball tray noving notor 5 as shown in Fig. 2, as well
as by the table 8 the ball tray 4 is attached to. The ball tray 4 in Fig. 2
isin the solder ball sucking 5 positionin front. |In Fig. 2, the
reference nunmeral 7 represents a connecting fitting for connecting the bal
screw 6 and the table 8 to each other. In Figs. 1 and 2, the reference
nuneral 13 represents a |arge-sized primary hopper for storing a nunber -of

sol der bal | ol ¢ 0in Wifid ke mHifBRAY 113nkS a0k ERAGEHY! BoB1B]8h! bnat O
have no inflfuence on the elevating operation of the noun ea . A

not - shown ceallestedwasl rouaped binid badlceragcheding mdcoPrs &ar ghbappen 13.
The conpressed-air supply unit has a conpressed-air circuit having an

el ect r omagn@iig> - val 6 Wedllss byrphestahle|id the baldpityaygisbsdattached.
The conpressed- ajir cictcuit is connected_to a,control It provided |,
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hopper 1 abax the like. The hopper 13 is disposed in a position to have
no influence on the elevating operation of the mount head 1.
A not-shown compressed-air supply unit is connected to the
primary hopper 13. The compressed-air supply unit has a
compressed-air circuit having an electromagnetic valve for
15 compressed air for suppiying solder balls. The.compressed-
air circuit is connected te a control unit 'provi'ded separately.
When the compressed-air supply unit obtains a signal
indicating the residue shortage of solder balls from the control
unit provided separately, the co‘mpressed-air' supply unit
20 releases the electromagnetic valve of the compressed-air
circuit for a predetermined period' of time so as to deliver
compressed air to the primary hopper 13 in order to supply a
predetermined amount of solder balls. Although compressed air
is used as means for pressurizing and delivering solder balls
256 in this embodiment, compreesed nitrogen or the 1ike may be used.
| In Figs. 1 and 2, the reference numeral 15 represents a
secondary hopper, which is provided adjacently to the ball tray
4. The primary hopper 13 and the secondary hopper 15 are
_ connected to leach other through a ball supply path 14. The ball
30 supply path 14 is constituted by a flexible tube or the like.



connected to each other through a ball supply path 14. The ball 30 supply
path 14 is constituted by a flexible tube or the like. 5 The ball supply
path 14 is forned into a substantial S-shape starting downward, thereafter
bent upward on the way, and turning downward again. Owing to this shape of
the ball supply path 14, solder balls are prevented from noving fromthe
primary 5 hopper 13 to the secondary hopper 15 only by their own gravity.
The secondary hopper 15 is fornmed into a box for storing sol der balls

tenporarily. Bl %%%gﬁga%gﬁh§ﬁﬁoﬁgaEXrﬂ83p§P8$5 ?§QE§h££Hie§ Qﬁape
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22 are formed in the secondary hopper 15. The ball supply inlet 24 is
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and conpressed air delivered at 20 the sane tine collide against the
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opper 15 is fixed to left side of the ba
10 . supply inlet 24 and a ball discharge outlet 22 are formed in
the secondary hopper 15. '
The ball supply inlet 24 is formed at the forward terminal
of the ball supply path 14. Inside the secondary hopper 15,
the ball supply inlet 24 is inserted to an upper portion of an
15 innef wall which does not face the inner wall in which the ball
discharge outlet 22 is formed. Therefore, the ball discharge
outlet 22 is not on a secondary hopper inner wall 25 opposite
to theball supply inlet 24. Accordingly, solder balls supplied
from the ball supply inlet 24 and compressed air delivered at
20 the same time collide against the seconaary hopper inner wall
'25, so that the solder balls and the compressed éir are damped
- down. |
The ball discharge outlet 22 is opened in a position which
.is a little higher than the ball supply inlet 12 of the ball
25 tray 4 and lower than the bottom of the secondary hopper 15.
The secondary hopper 15 is fixed to the left side of the ball _
tray 4. The ball supply inlet 12 of the ball tray 4 and the
ball discharge outlet 22 of the'secondary hopper 15 are
connected to each other.

30 . The bottom of the secondary hopper 15, the ball discharge



tray 4. The ball supply inlet 12 of the ball' tray 4 and the ball discharge
outlet 22 of the secondary hopper 15 are connected to each other. 30

The bottom of the secondary hopper 15, the ball discharge outlet 22, and
the ball supply inlet 12 of the ball tray 4 connected to the ball discharge
outlet 22 form successively slight downgrade. As a result, when vibration
iI's given to the secondary hopper 15, solder balls in the secondary-hopper
15 5 are supplied into the ball tray 4 gently in accordance with the

vibration. The:Pat! o3 ayndoVhLa9 [¢ ' +U$8d,@S +ReVi tiL@QSqurce
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4 and the sermmtedyedoppethdSbadyedechdbfgevotblebe2ralfbem8suepessivalyi ng
forward and backward under the nount head 1 so as to generate vibration.
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the ball trayibratims. backward to the stand-by position. The ball tray 4 is

tilted in the 20 stand-by position, and the residue of solder balls in the
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10 .with the table 8 repeats moving forward and backward under the
mount head 1 so as to generate vibration. Therefore, although
the ball tray 4 and tﬁe secondary hopper 15 vibrate integrally,
an ultrasonic vibrator may be provided in the secondary hopper
15 so as to vibrate only the'secondary hbpper 15 as another
15 embodiment. | |
| Description will be made under about the procedure for
operating the solder ball supply unit. After solder balls have
been sucked By the mount head 1, the ball tray 4 moves backward
to the stand-by position. The ball tray 4 is tilted in the
20 stand-by position, and thé-residue of soider'balls in the ball
tray 4 ié detected by the ball residue detection sensor 11. When
a signal indicating that the residue of the solder balls is short
is obtained, the electromagnetic valve of the compressed-air
circuit is réleased for a predetermined period of time (about
26 2 seconas in this embodiment) so that a predetermined amount
of solder balls are delivered from the primary hopper 13 to the
secbndary hopper 15.
In parallel with this motion, the mount head 1 moves down
so as to moﬁnt solder balls on a substrate or the like. As soon

30 as the mount head 1 moves up after the mount has been finished,



of- sol der balls are delivered fromthe primary hopper 13 to the secondary
hopper 15. In parallel with this notion, the nount head 1 noves down so as
to nount solder balls on a substrate or the Iike. As soon 30 as the nount
head 1 noves up after the nount has been finished, 7 the ball tray 4
moves-forward to just under the nount head 1. After the novenent, the bal
tray 4 repeats noving forward and backward under the nount head 1 so as to
generate vibration. OMng to this vibration t he secondary hopper 15 and
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slightly. In backwardgendért hkelmbint riegad 1 se e Ul eferigratg welbratdiesn t he
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secondary hopper
' 10 the ball tray 4 is evacuated from just under the mount head 1.

Whether there _is or not suction failure is confirmed by
a sensor (not shown) provided on the table 8 supporting the ball
tray 4 when the ball tray 4 is evacuated. If there is suction
failure, mis-sucked balls are discharged. If there is no
15° suction failure, the ball tray 4 is evacuated, and the residue
of solder balls in the ball tray 4 is detecteci again. If the
residue of solder balls is short again, solder balls ar_é
supplied to the ball tray 4 in the above-mentioned manner.
The following effects can be obtained according to the
20 present invention. -
. A secondary hopper connected to a primary hopper through
a ball supply path is provided near a ball tray so that solder
balls or the like are supplied frdm the secondary hopper to the
ball tray by vibration. Accordingly, differently from the case
25 where solder balls or the like are delivered directly from the
primary hopper to the ball tray, there is no fear that solder
balls in the ball tray are blown out and one-sided to a place
of the ball tray, even when compressed air or the like is used
for supplying the solder balls. It is therefore possible to
30 supply a small and proper amount of solder balls or the like.



bal | traybyvi bration. Accordingly, differently fromthe case 25 where

sol der balls or the like are delivered directly fromthe prinmary hopper to
the ball tray, there is no fear that solder balls in the ball tray are

bl own out and one-sided to a place of the ball tray, even when conpressed
air or ‘the like is used for supplying the solder balls. It is therefore
possible to 30 supply a small and proper anount of solder balls or-the
like. 8 Sol der balls or the Iike are supplied fromthe secondary hopper

gradual |y by vibrat] idnd § :RQssL.pl Lred
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vibration neans is'to vibrate the ball tray as well|l as the secondary
hopper, sol ¢elypa requiredesinakd amouht dfildoldey baklsrade the flake.byAs

vi bration for supplying _solder balls at the same tine. is,therefore
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In additgon,q . s ﬁQP eSa'H pause a supply unit of solder balls
or the I?kedté(#eﬁlelr ort%ot e \;\q%rk 0 leteaa-‘e%'g. Al t hough the invention has

been described i nwhieh @nrealfdteidd AeAhy idte e¢ebtate €lRgbae10iray as well .
particularity, it is 15 wunderstood that the present disclosure of the
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at the same time. It is therefore unnecessary to provide any
10 .means for leveling solder balls separately. In addition, it
is also unnecessary to pause a supply unit of solder balls or
the like to perform the work of leveling.
Although the invention has been described in ifs
preferred form with a certain degree of particularity, it is
15" understood that the present disclosure of the preferred form -
cah be arrangement of parts without departing from the spirit

and the scope of the invention as hereinafter claimed.



1. A unit for supplying solder balls conprising: a primary hopper for
st.oring a nunber of solder balls; a ball tray for storing the solder balls
to be sucked on 5 a nmount head; a secondary hopper provided near said bal
tray; a ball supply path connecting said prinmary hopper and said secondary
hopper so as to supply the solder balls; and vibration neans for vibrating
sai d secondary hopper to 10 thereby supply the solder balls to said bal

tray by vibration. 2. A unit for supplying solder balls according to
claim1, m%mlm&@ﬁgon means vi brates said ball tray.- 15 3.
A unit for Supprying solder balls according to claim1, wherein a first
bal | supply inletiforned ahité forwsugplgtifignablaersdadllalch ingrath is

exposed froma .first inner wall of said secondary hopper, and a ball

di scharge outl et RoPriuapyyheppercfen|slorbag|as nwnker dHaalderybalslsor ned
on a second 20 inner |1 of said secondary hopper I ch does not face
said first inner ?]:fv}’.ray IRT AFPTLBE g%%p?‘?‘r‘%‘?@ tBaPFss‘é‘Elﬁ%‘Scﬂ%g to
claim 3,5 whgrgiinsahdafal | discharge outlet is fornmed at a higher 25
position than a positioh of a second ball supply inlet of said ball tray

which is connected secsadidrpahbpgescpadgededt hebr Said bAlAnitirafygr
suppl yi ng sol der balls according to claim2, wherein said vibration neans
conprises a ball aball3suppdypa¢neeppecting said primary hopper and said

secondary hopper so as to supply the solder balls; and
vibration means for vibrating said secondary hopper to

10 - thereby supply the solder balls to said ball tray by vibration.

2. A unit for supplying solder balls according to

claim 1, wherein said vibration means vibrates said ball tray.

15 3. A unit for supplying solder balls acéording to
claim 1, wherein a first ball supply inlet forxﬁed at a forward
terminal of said ball supply path is exposed from a first inner
wall of said secondary hopper, and a ball discharge outlet for
supplying the solder balls to said ball tray is formed on a second

20 inner wall of said secondary hc;pper which does not face said

.first inner wall.

4. A unit for supplying solder balls according'to
claim 3, wherein said ball discharge outlet is formed at a higher
25 position than a position of a second ball supply inlet of said

ball tray which is connected to said ball discharge outlet.

5. A unit for supplying solder balls according to
claim 2, wherein said vibration means comprises a ball tray

30 moving motor.
-
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