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METHOD THEREOF  BACKGROUND COF THE | NVENTI ON The presen
i.nvention relates to a nounting apparatus for applying a flux or other
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an el ectroni c conponent or such other workpiece, as well as a
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BACKGROUND OF THE INVENTION
The preéent invention relates to a mounting apparatus for

applying a flux or other adhesive substance onto small balls, such as

solder balls, and mounting these to an electronic component or such other __

workpiece, as well as a method thereof.
~  When forming a bump on an electrode of a workpiece, to which

an electronic component is to be mounted, a solder ball or other small ball

'is often employed. Namely, a solder ball is placed on an electrode of

workpiece, and then the workpiece is heated to have the solder ball
soldered on the electrode; a bump is thus formed. In ordei to ensure the
soldering between éolder bgll and electrode, a flux is normally employed.
The flux has to be applied oﬁ either the solder ball or the electrdde, before
the solder ball is placed on the electrode. '

For applying flux, a suction head holding solder balls by a
vacuum is lowered to the surface of flux kept in a boat until the lower end
of solder Ball touches on the surface of flux. A small amount of flux is
thus transferred to the small ball. | ;Phe flux is applied on13.r no the tip end
of the small ball by controlling the lgwgring stroke of the suction head.

| As the diameter of éqlder balls getting smaller, a precise

control of stroke is required when lowering the suction head. In the

above described application procedure, however, a trivial error in the

input control data readily results in a wide dispersion in the quantity of
flux application, or insufficiency is caused in the quantity of flux
application on the solder ball. | :

Simiiar problems likewise arise when appljing a solder paste



The flux has to be applied on either the solder ball or the el ectrode,
before the solder ball is pl aced on the el ectrode. For appl yi ng
f.l ux, a suction head hol ding solder balls by a vacuumis |lowered to the
surface of flux kept in a boat until the |ower end of solder ball touches
on the surface of flux. A small anount of flux is thus transferred to the
simal |l ball. The flux is applied only nd t he tip end of the small ball by

control l'i 5'? é(ﬂﬁiaic@wae“ e Sﬁﬁogec&idﬁ{ﬁvéuﬁéﬂo@f h:%?g old et Apethie

di anet er bals getting sma a preci ro’I stroke is

required mﬁgglehémﬂ teaswstiiigediead. In the above descrl bed appl i cation
procedure, however, a trivial error in the input control data readily

results in a wide di spersion in the quantity of flux application, or
insufficiency is caused in the quantity of flux application on the sol der
bal I . _SUMMABMTO[EHTHE(IN@N’]]IONV\A se arise when applying a sol der
paste The present invention provides a mounting apparatus for
applying with precision a certain predetermined amount of adhesive
substance onto small balls held to a suction tool by a vacuum, and .
mounting the balls to a workpiece. The present invention also provides a
mounting.method therefor.. | _ |
| An invented apparatus for mounting small balls to a workpiece
comprises a suction head having a plurality of suction holes disposed in a
cértain specific arrangement for holding the small balls each at the
respective holes by a vacuum, a flat plane, layer forming means for
forming a layer of adhesive substance on the plaﬁe with a certain specific
layer thici:ness, lowering/lifting means for lowéringllifting the suction.

" head holding the small balls by a vacuum towards the layer of adhesive
substance formed Ion the plane in order to have the small balls applied
with the adhesive substance, and touch detection means for detecting a
touching of the small balls held to the suction head by a vacuum to said
plane during lowennglhftmg operation of the suction head driven by the
lowenng/hftmg means.

An invented method of 'ﬁounting -smaﬂ balls to a workpiece
comprises the steps of forming a layer of adhesive substance on the flat
plane with a certain predetermined layer thickness, lowering thg suction
head holding small balls by a vacuum to the layer of adhesive substance
in order to have the small balls getting in touch with the adhesive

substance, detecting by the touch detection means a toyching of the small

‘balls held by the suction head by a vacuum to the plaﬁe, and lifting the



2 or _conductive glue on a conductive ball of copper, gold, etc. before
nmounting the ball to a workpiece. SUWWARY OF THE | NVENTI ON The
present invention provides a nounting apparatus for applying with precision
a certain predeterm ned anount of adhesive substance onto small balls held
to a suction tool by a vacuum and nmounting the balls to a workpi ece. The
present invention also provides a noudt i ng net hod therefor. An
i nvent ed apptivat head awayp firdmngaidnplanedapba deteationr kisec ceucititizr bgethea
suction head having a plurality of suction holes disposed in a certain
speci fi ¢ &oueingdetestiohomeahs|i agdt mowmting thel| smedthbaillst applasberithve
hol es by a vacuum a flat plane, layer form ng neans for formng a | ayer of
adhesi ve @dbesiiecaubstanpe tplaawerkpidsea certain specific |ayer thickness,
| owering/lifting ans for lowering/lifting the suyction head_ holding the
smal | balls by a Uﬁ%&ﬁm&%& S¢m eﬁa@é‘r“%ﬁ%é?%é%ﬂﬂas‘??d}?c@rﬁw% on
the plane in order to have the |l balls appljed wth the adhesiye
subst ance PEREES Ghth aida¥er i adhssive Subchenbe iorped ‘on ‘2 pline with a
certain predetermined layer thickness and then lifted after detecting a
touch to the plane. Therefore, dispersion in the application quantity of
adhesive substance due to errors in the lowering stroke of suction head
may be avoidable, and an adhesive substance may be applied onto the

small balls surely with precision.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of a small ball mountihg apparatus
in accordance with an exemplary embodiment of the present invention. .

Fig. 2 is a cross sectional view of a suction head in the
mounting apparatus of Fig. 1. -

Fig. 3 is a sidewise cross sectional view of a flux reservoir in
the mounting apparatus of Fig. 1. |

Fig. 4 is a drawing of a suction head in the mounting apparatus
of Fig. 1; used to explain an opera-a'tion before application of adhesive
substance onto the balls.

Fig. 5 is a drawing of a suction head in the mounting apparatus
.of Fig. 1; used to explain an operafioﬁ of applying adhesive substance onto
the balls. | |

| Fig. 6 is a drawing of a s_uction head in the mounting apparatus

of Fig. 1; uéed to explain an operation of ‘mounting the small balls-

" provided with adhesive substance to a workpiece.



t.ouching of the small balls held to the suction head by a vacuumto said
pl ane during lowering/lifting operation of the suction head driven by the
l.owering/lifting means. An i nvented nethod of nounting snall
balls to a workpi ece conprises the steps of form ng a | ayer of adhesive
substance on the flat plane with a certain predeterm ned |ayer thickness,
| owering the suction head hol-ding smal4 bal I's by a vacuumto the | ayer of
adhesi ve BESCRIPTION ORTHE PREFERRED MNIBOBIMENHSi ng in touch with
the adhesive substance, detecting by the touch detection neans a touching
of the small bal | Nowlin the foltowing avrexempldary embodimantoof the pregeat and
lifting the o . . .3 suction head away

f r om sai dinyemtionpodespriked mith seferensa dniths dxawings-ouch det ection neans

and nounting the s | balls applied. with .
g IrrTJBfI?‘ig. , 4 WOr Iop1ece 11 such as an electronic component or.a

circuit board is placed on a guide rail 13. The guide rail 13 is for holding
the workpiece 11, clamping it to a specified location. On the surface of
workpiece 11 is a plurality of electrodes 12; on which electrode a'solder
ball 1, or a small ball, is to be mounted. Normally, the size of solder balls
range from 50 £ m to 800 £ m. Atone sidg of the guide zjail 13, a feeder
14 for feeding the solder balls 1 and a container 16 for reservoiring a
flux 2 are provided. A squeegee uﬁit 17 is for flattening the liquid
| _surface of ﬂux.2 in the container 16. Underneath the container 16, a
driving mechanism 18 for .oll)erating the squeegee unit 17 is provided.
" The feeder 14 is made of a box, which keeps the solder balls 1 inside.
Above the guidg rail 13, .a suction head 20 is provided. The
suction head 20 can move in the X direction along a driving table 21 which
contains a driving mechanism. The driving table 21 is engaged at both
ends to a driving table 23 via a slider 22; the driving table 21 nioving in.
the Y direction along the driving table 23. The drivi_ng tables 21, 23
constitute transfer means for mov‘i.ng the suction head 20 in the X
direction and the Y direction. | .
Structure of the suction head 20 is described in the following
wifh referenée to Fig. 2. An elevation member 30 is shaped without a
~ bottom, and a block 31 is housed therein. A box-shai)e suction tool 32 is
: atfached to the bottom of block 31. A slider 41 provided at both sides of
block 31 is slidably fitted to é vertical rail 42 provided inside the elevation
member 30. Accordingly, the suction tqol 32 moves sli‘_ding in relation to

the elevation member 30. At a lower surface qf the suction tool 32, a



adhesi ve substance to a workpi ece. In the above descri bed
constitution, the small balls are once plunged into a | ayer "of adhesive-
substance fornmed on a plane with a certain predeterm ned |ayer thickness
and then lifted after detecting a touch to the plane. Therefore, dispersion
in the application quantity of adhesivge substance due to errors in the

| oweri ng stroke of suction head may be avoi dabl e, and an adhesi ve substance
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t he present i nventi on. IS a cross sectional view of a

suction heg@l isncddiledowidt g saptishauni 86 by dmeans of a tube 33.9.By fhe a
si dewi se cross sectional view of a flux reservoir in the nounting apparatus

of Fig. 1. operatlon of sudtipn 4niis386, eb:(ﬂvwﬁ@emfespeeﬁve isantiogclioles 35Hsoldeant i ng

apparatus of Fi 1; used to explain an operation before application of

adhesi ve sadlden byavadwbal | s. Fig. 5is a drawing of a

suction head in the gggg[nlgngo aniga%attlhse block 31 1s pressed at an end of the
sides onto a bottom board 30a of elevation member 30 for keeping the....
lower surface of suction tool 32 in parallel with the horizontal plane.
Namely, the bottom board 30a not only restricts a lower limit position for
the suction tool 32 but it elso functions as a stopper for keeping the lower
surface of suction tool 32 horizontal. In the present exemplary
embodiment, the block 31 is kept touching at the both sides to the stopper
and the pa_rallelisﬁl of lower surface of suction tool 32 is maintained with
an excellent reproducibility.

A touch sensor 43 is provided at the touching surface formed of
block 31 and bottom board 30a. | The touch sensor 43 detects
‘'discontinuation of the touch contact between the end of side of block 31
and the bottom board 30a. Surfaces of the above two items are normally
kept touching each other, which state is broken as soon as the solder ball

| 1 held to a lower surface of suction tool 32 gets in touch with a fixed body
dunng the suction head 20 is travehng downward Namely, by
electrically sensing the state of contacting or non-contacting, whether the
solder ball 1 is getting into contact with a fixed body is detected. The
touch sensor 43 constitutes touch detection means for detecting a
touching of the solder ball 1 to a bottom 16a of a container 16 (to be
referred to later). As an alternative, a non-cohtect s'ehsor mey' be used
for detecting a change in relative positioning betvf{veen' the elevation

member 30 and the suction tool 32.



of Fig. 1; used to explain an operation of applying adhesi ve substance onto
the balls. Fig. 6 is a drawing of a suction head in the nounting
gpparatus of Fig. 1; used to explain an operation of nounting the small
balls provided with adhesi ve substance to a workpi ece. _ _

4 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Now i'n the follow ng
an exenpl ary enbodi nent of the present @ nvention is described with

reference to the drBsivided on the uppet pdrtipn bf slevAfibAl fenBdr Jocks as an
el ectroni c conponent or a circuit board is placed on a guide rail 13. The

gui de rai | cyldnder 38y whokedired 3his cunmeuted at the lohwarmenywith the dlogkesif i ed
| ocation. On _the surface of workpiece 11 is a plurality of electrodes 12;
on whi ch efeding@®f thespleyation member 30 and upper part of the block 31 are

connected by a spring member 40. The spring member 40 provides a

force for pushing the block 31 in an upward direction, alleviating the self

. weight in the end of suction tool 32. In the present exemplary

embodiment, the spring force of spring member 40 is equivalent to the self _
weights of block 31 and suction tool 32.

Now in the following, means for moving up and down the
elevation member 30 (advance/recess means) is described. At a side of
the elevation member 30 is a drive case 50 of vertically oblong shape, and
a ball screw 51 is housed vertically inside the case. Engaged with the
ball screw 51 is a nut 52, which is connected to the elevation member 30
via arod 53. At a side of the drive case 50, a rail 54 is provided vertically
to slidably supporf the slider 55 provided at a side of the_ elevation
member 30. When the ball screw 51 is rotated by a .motor 56, the nut 52
moves up or down along the ball screw 51. The elevation membef 30 as ”
well as the suci:ion tool 32 moves up or dpwn accordingly.

A flux reservoir is described with refexence' to Fig. 3. InFig. 3,

a container 16 for reservbiring a ﬂt'u.: is provided horizontally under thé
suction head 20. The container 16 has a bottom 16a of a flat plane, the
angle of which plane is adjusted to be parallel with the lowe_r surface of
suction tool 32 of suction head 20. The bottom 16a is broad enough
relative to the lower surface of suction tool 32. A squeegee unit 17 is
- provided above the container 16. The squeegee unit 17 is moved so that
its edge Sweeps to and fro on the bottom 16a by a driving mechanism 18
provided underneath the container 16. | |

The cons'tituti.on of driving mechanism 18 is described in the



ball 1, or a small ball., is to be nmounted. Normally, the size of solder
balls range from50 [err]mto 800 [err] m At one side of the guide rail
13, a feeder 14 for feeding the solder balls 1 and a container 16 for
reservoiring a flux 2 are provided. A squeegee unit 17 is for flattening
the liquid surface of flux 2 in the gontainer 16. Underneath the contai ner
16, a driving. nmechanism 18 for operating the squeegee unit 17 is provided.

e feedefonbiing. g}%ﬁ@i@&& oY HOisGlobeaPanier 36ldaRebRld fo & hupide.

Above the gui a suction head 20 1's provi The suction head 20
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driving nechanism The driving table 21 is engaged at both ends to a
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di rection. - Structure of the suction head 20 is described in the
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wi thout a bottom_and a block 31 is housed therein. A hox-shape suction

tool 32 i borizontaledirectiondopand Sre @ diresrltzaf rotadionief the mosor &dimt bot h
sides,of block 31 is sli d%ﬁléy fitted to a vertical rail 42 provided inside
the el evaforsrardeandrevryse HERGORY| v, the suction tool 32 noves . sliding in.
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which are moved up and down by cylinders 71, 72, resbectively.

When squeegee unit 17 proceeds forward (towards the right in Fig. 3) the
squeegee 75 is lowered, while the squeegee 76 which is ‘tiltin-g in an
opposite angle is lowered when the squeegee unit 17 is reversed. The
edge of respective squeegees moves in a straight line direction on the
bottom 16a of container 16 in a manner as described above, and a flux 2 is
épread over the bottom 16a to form a layer of ev_én thickness.

Clearance between the edge of sqﬁeegee 75, 76 and the bottom
16a is adjustable by adjusting the prbtrﬁsion height of rod 73, 74 of the
cylinder 71, 72. By so doing, the layer thickness of flux 2 to be formed on
the bottom 16a may be controlled to a desired value; for example, to be

less than half the iédius ofa solder- ball, which being a preferred value.

Thus, the squeegee unit 17 and the driving mechanism 18 constitute layer

forming means for forming a layer of a paste or liqui_d' adhesive substance
such as flux 2 on the bottom 16a. ‘- ' -

~ InFig. 2, a control unit 60 controls su_cfion unit 36, motor drive

_circuit 61, pressing force control unit 62 and others. While the suction

head 20 is lowering towards bottom 16a, the control unit 60 y‘vatéhes a

“signal from a touch detecting circuit 66 coupled with a touch sensor 43.

Upon receiving a signal indicating a touch of solder ball 1.to bottom 16a,



5 plurality of suction holes 35 are provided in an arrangenment :
corresponding to that of electrodes 12 on workpiece 11. The suction tool 32
is coupled with a suction unit 36 by neans of a tube 33. By the operation

of suction unit 36, each of the respective suction holes 35 holds a sol der

. ball by a vacuum Referring, to Fig. 2, the block 31 is pressed at
" an end of the sides onto a bottom bodtd 30a of elevation menber 30 for

keepi ng t bke lconerol sinif 80coatrasdhieomoton’56 B3 maanarafld alotoridiivdircuit

hori zontal plane. Nanely, the bottom board 30a not only restricts a | ower
limt posiéili ofieomathe dyins cionuito6l cdntiols the mosor H6nmt acemrdance withpper
for keeping the | ower surface of suction tool 32 horizontal. 1In the
present exesipustipndeliveradfrom the eonjorl vpit 60 keFthet prassing foxcetdontiok h
sides to tu?ﬁt S6t2(,)r)v$§.1rch is coupled to a pressing force generator 63, controls the
cylinder 38.
A mounting apparatus for mounting conductive balls on a
- workpiece is structured as described above. The operation of which _
apparatus is described in the following. Referring to Fig. 1, the suction
head 20 comes above the feeder 14. Being driven by motor 56 (ref. Fig. 2)
the suction head 20 is lowered to pick up solder ball 1 bj a vacuum at the
suction hole 35 provided in the lower surface of suctioﬁ tool 32, and then
lifted. |
Suction head 20 moves to an area abox.re the container 16 of flux
reservoir, and is lowered by motor 56 towards container 16 of flux
reservoir, as shown in Fig. 4. The lowering motion continues until the
solder ball 1 held to the lower surface of suction tool 32 comes in touch
with the bottom 16a of container 16 aﬁd the touching is detected by touch
sensor 43. As soon as the touching between solder ball 1 and bottom 16a
is detected by the toucl_1 sensor.43, the control unit 60 suspends rotation of
motor 56 to halt the lowering nl.loti-t'm of suction head 20. Up to that
moment, the lowering motion continues whole through the lowering
stroke without interruption; therefore, the solder ball 1 is plunged surely
into the ﬂpix 2 provided on the bottom 16a by a depth equivalent to the
layer thickness of flux 2. The flux 2 staying on the bottom 16a in the
form of the layer of a cérfain predetermined .thickness t is surely
frénscr_ibed onto the solder ball 1. Thus the solder balls 1 are applied at
- any time with a certain specific amount of flux 2 with.;z_recision._ |

As the block 31 is being presse&_at the bottom end of the sides



and the parallelismof |ower surface of suction tool 32 is maintained with
an excellent reproducibility. A touch sensor 43 is provided at
t,he touching surface forned of block 31 and bottom board 30a. The touch
sensor 43 detects discontinuation of the touch contact between the end of
side of block 31 and the bottom boardg30a. Surfaces of the above two itens
are normal ly kept touching each other, which state is broken as soon as the

sol der bald1altdal stopped J0ANEH t1ed b AGCHOMy SECldRitidD thedDYEIG tH2 fo W th
a fixed body during the suction head 20 1s traveling downward. Nanely, by

el ect ri calsurfsensf nuction tdodt32 48 lespit totiallyohorizoatalc OMTRé#dfore, Ahaieer the
solder ball 1 is getting into contact with a fixed body is detected. The

t ouch sensolder3baladt held: by atvaenium db auiction heles S5 are phiregdd hetoaflae@chi ng
of the solder ball 1 to a bottom 16a of a container 16 (to be referred to
later). Adona ssmedepthyso eachof thersodder balls drisrapplied waith fhuor 2dor amt i ng a
change in relative positioning between the el evation nenber 30 and the
suction t(%]uaizquantlty. :

As a touching of solder ball 1 to bottom 16a i.s detected by the.
touch sensor 43, there is no danger for the solder balls 1 to be deformed by ._.
a longer-than-necessary lowering stroke of the suction head 20. Too
much deformation caused to the solder ball may bring about clogging of
suction hole 35 of suction tool 32 by the solder ball 1., This may lead to
mounting error to-a workpiece. |

Then, the suction head 20 goes up, moves to an area above the
workpiece 11 to make lowering/lifting operation there. The solder ball 1
is mounted on an electrode 12 of the workpiece 11, by canceling the
vacuum in the suction hole 35 while raising the suction head away from
the workpiece. After the workpiece 11 is mounted with solder balls 1, the
workpiece 11 is transferred along a guide rail 13 to be sent out to a next
processing stage. A new workpiece 11 is sent in on the guide rail 13, on
which a set of the above described process steps are repeated.

For elnsuring a good solderability, a preferred layer thickness t
of flux 2 is such. that it is not less than the minimum quantity required to
be functionable as flux and less than half the diameter of solder ball.

The present invention can be embodied in various forms,
without departing from the spirit or the main feature.  The
aforementioned embodiment is only éxa-mples and not to be understood

limitedly. For example, in the above described émbodi‘inent a solder ball '_
has been used as a preferréd example of the small;ball, a flux as a

- preferred example of the adhesive substance. However, the present -



6 , Provi ded on the upper portion of elevation nenber 30 is a
cylinder 38, whose rod 39 is connected at the lower end with the block 31.
Geiling of the elevation nenber 30 and upper part of the block 31 are
connected by a spring nenber 40. The spring nmenber 40 provides a force for
pushing the block 31 in an upward direction, alleviating the self weight in
- the end of suction tool 32. In the p*rQasent exenpl ary enbodi nent, the

spring fo i Jar=TauetoNy LSt i .0t - e bl ock
30 ang sucr i BdySf SRERATbART UGN RBbLAE sif adBEbitsanEL P
up and dohetdoddéy pastel electPiehdaetitegtadlct! 65 dSSopRaBall, gold Bl bped. At
a side of the elevation nenber 30 is a drive case 50 of vertically obl ong
shape, andtlerndutivevballs) s Nuglbrig liaitedabldoniduetide Bdlds, chegprebognoed
with the ball screw 51 is a nut 52, which is connected to the el evation
menber - 30invemtion dd &l3o éffeetivedwhefn applyingvancadhesife substiancddon sa
provided vertically to slidably support the slider 55 provided at a side of
t he el evapluralityrdfemald balls andmopatingthese dxi aiworkpieced Theacope of 56,

the nut 52 nmoves up or down _al ong the ball screw 51. The el evation nmenber
30 as the present invention is shown by the claims, and not to be restricted by

the above explanations. Modifications 6;- changes in the scope of the ...

claims or equivalents thereto are all within the scope of the invention.



—_—
wel | ;as the suction tool 32 noves up or down accordingly. A fl ux
reservoummul' ) ith reference to Fig. 3. In Fig. 3, a container 16
f.or res mui” 'lrl s provided horizontally under the suction head 20.-
The cont ai ner 46 *has a=bottom 16a of a flat plane, the angle of which plane
is adjusted to be parallel with the | oywer surface of suction tool 32 of

~ suction head 20. The bottom 16a is bro enough relative to the | ower
surface ofCEAEMSn tool 32. A squeegee unit 17 is provi ded above the

contai ner 16. The squeegee unit 17 is noved so that its edge sweeps to and
fro on the botl.omAgacuntiaghpparajusdehmuwnting sprallibedls omdewoekpiecehe
contai ner 16. _ . The constitution of driving nechanism18 is

descri bed COFRRMAANEG: a

a suction head having a plurality of suétion holes disposed in a
certain specified arrangement, each hole for holding one small ball by a
vacuum;
holding means for holding a workpiecé;
a flat plane;
layer forming means for forming a layer of an adhesive
substance with a c.ertain predetermined layer thickness on said plane;
transfer means for transferring said suction head relat'ive to
said holding means and said plane so as to position said suction head
selectively above said holding means and said plane; _ .
lowering/lifting means for lowering and lifting ‘said suction
‘head having said small balls sucked thereto towards said plane on which
said layer of adhesive substance is formed; and
detection means for detecting a touching of said small ball held
by a vacuum to said _éuction head to said plane during lowering/lifting
operation of said suction head.
2. The mounting apparatus af claim 1, wherein the thickness of
said layer is not more than half the diameter of said small ball.
3. The mounting apparatus of claim 1, whei-ein said small ball is a
solder ball, and said a_dhesiv’e substance is a flux.
4. A mounting method for moﬁnting small balls to a workpiece
coﬁpﬁsing the steps of: |
forming a layer of adhesive substance on a flat plane with a
certafn predetermined layer thiékness; |

applying said a'dhesivé Substance onto said .small ball by



7 followi ng. A bracket 70 of the squeegee unit 17 is connected to a nut 77.
The n ; wWth a transfer screw 78. The transfer screw 78 is
guppoﬂl@hﬂ“ﬂlﬂ%ﬂm 79, and is provided with a pulley 80. A pulley 82
provi ded at tanvend ot shaft of a nmotor 81 is coupled to the pulley 80 of
transfer screw 78 by a belt 83. The .squeegee unit 17 noves in a horizontal
direction to and fro as a result of rotéation of the notor 81 in forward and
reverse diphfifdihens suction head RORliagusmaBerelditively ElosB & isdedl laveR dfvwo
squeegees 75,7 76, which are noved up and down by cylinders 71, 72,

respecti valdhesiWeesubstiagegiee unit 17 proceeds forward (towards the right in
Fig. 3) the squeegee 75 is |lowered, while the squeegee 76 which is tilting
in an opposite angdetectingosertenchimg éfheasdjusmgdle hallt td 7said mpdamesbyt. The
edge of respective squeegees noves in a straight line direction on the
bot t om 16debéctiemmeans; and i n a manner as described above, and a flux 2 is
spread over the bottom 16a to forma |ayer of even thi c&l;n SS. )

d earance between separafing saidssiciion bhead, upen deteetion ttgsrfpyehms by

adj ustabl e by adjusting the protrusi on height of .rod 73, 74 of .the cylinder
71 72, ppeid dedectipn means, ayay frem-eaid DiDe And pgetarring fdd G

bottom 16 ( ontyolled  to a desired value; for,exanple, to be |ess
t han hal f%ﬂﬁ%ﬁﬁ?é?l sﬁl‘gﬁfig@?l‘fﬁ?ﬁﬁmﬁﬁng%iangoﬁkmeeﬁeer red val ue. =
5. The mounting method recited in claim 4, wherein the thickness
of said layer is not more than half the diameter of said small ball.
6. The mounting method recited in claim 4, wherein said :'é,mall‘

ball is a solder ball, and said adhesive substance is a flux.



Thus, the squeegee unit 17 and the driving nechanism 18 constitute | ayer
formng neans for formng a | ayer of a paste or |iquid adhesive substance
such as flux 2 on the bottom 16a. : In Fig. 2, a control unit 60
controls suction unit 36, notor drive circuit 61, pressing force control
unit 62 and others. Wile the suction Had 20 is lowering towards bottom
16a, the control unit 60 watches a sig froma touch detecting circuit 66
coupl ed WABSTRAGTh sensor 43. Upon receiving a signal indicating a touch
of solder ball 1 tq _bottom 16a, 8
the control unit 60VEeRt ARMying ﬂmﬂé\x 98 kaptrdansa ofontainenr 16iront crcuit
61. The notor, drjve, c uit contrqls the motor 56 in accordance with

i nstructi cﬁ‘?ndéﬁclt’x)@r Eﬂhf f’oﬁb‘f ﬁ“’é@nﬁ st,appligd. bya Sﬁl“éggﬁﬁglmbrlgec‘@cﬂnt r ol

uni t 62’ Vgnotgo SlGCaOUOQ'l con a(.)i.naerIo SSI nghé Ofor?n ggp ﬁrag[egr havmg(': Oan tcr:eorltgni he
predetermined layer thickxiesg. Then, a suction head 20 holding a solder
ball 1 is lowered towards the container 16. As soon as a touch sensor 43
detects a touching of the solder ball 1 to the bottom 16a, the suction head::_;.
20 is lifted, and the solder ball 1 held to the sucfion head 20 is transferred
onto a workpiece. Thus a solder ball ' 1 may .be transferred onto a

workpiece after being applied with a certain specific amount of flux 2 with

precision.
Flig. 3
THIS SHEET HAS BEEN
| REPLACED
This Sheet Has N
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cyl i ndeg 38. A mounting apparatus for nmounting conductive balls
on a workpiece is structured as described above. The operation of which
apparatus is described in the follow ng. Referring to Fig. 1, the suction
head 20 conmes above the feeder 14. Being driven by notor 56 (ref. Fig. 2)
the suction head 20 is lowered to pick up solder ball 1 by a vacuum at the
suction hole 35 provided in the Iower suyrfgace of suction tool 32, and then
lifted. Sucgfipnyhead 20 noves to an area above the container 16
of flux reservoir, and i sltowered by notor 56 towards container 16 of fl ux
reservoir, as shown in Fig. 4. The lowering notion continues until the

sol der ball 1 held to the lower surface of suction tool 32 cones in touch
with the bottom 16a of container 16 and the touching is detected by touch
sensor 43. As soon as t{; t ouchi ng between solder ball 1 and bottom 16a is
detected by the &Quch_,s¥nsosa43, the control unit 60 suspends rotatian of
notor 56 ‘to haIE:EbQ::gmeri Aoti on Qf suction head 20. Up to that nonent,
the | oweri ng not4on C 2(' pugh the | owering stroke w thout
interruption; thereforé, 1 is plunged surely into the fl ux
2 provided on the,pg-to q equi valent to the layer thickness
of flux 2. The fl ux™3 sulﬁ onh@6a in the formof the |ayer of

% ,

a certain predete
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transcri bed onto the solder ball 1. Thus the solder balls 1 are applied at

any-tinme with a certain specific anmount of flux 2 with precision.

As the block 31 is being pressed at the bottomend of the sides

9 3la to a stopper 30a of the main body of elevation nmenber 30, the | ower’
surface of suction tool 32 is kept tgtglly hori zontal . Therefore,. all the
solder balls 1 hplz gy a~vacuumto sdéfion holes 35 are pl unged into flux 2
for a sane depth; so eacg of the solder balls 1 is applied with flux 2 for

an equal quantity. As a touching of solder ball 1 to bottom 16a
I s detected by the touch sensor 4 there is no danger for the solder balls
1 to be defornmed by a | onger-thaj- n€oatshr \f | I ng stroke of the suction
head 20. Too nuch deformatipn ca seduLQ thg sol'der ball may bring about
cl oggi ng of 30 66 '
N\ | <
touch detecting}'
suction ‘ .
. circuit
unit ' s
61\
N motor drive - T
clrcuit
\ i 62 . 463
56 pressing force pressing force
' F/ control unit generator
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sucti.on hole 35 of suction tool 32 by the solder ball 1. This may lead to
nmounting error to a workpiece. Then, the suction head 20 goes
up, “noves to an area above the workpiece 11 to nmake lowering/lifting
~operation there. The solder ball 1 is nounted on an el ectrode 12 of the
wor kpi ece 11, by canceling the vacuunéig the suction hole 35 while raising
the suction head away fromthe workpi €& After the wor kpi ece 11 is nounted
with solder balls 1, the workpiece 11 is transferred along a guide rail 13
'to be sent out to a next processing stage. A new workpiece 11 is sent in on
the guide rail 13, on which a set of the above described process steps are
‘repeat ed. F iZEor nsuring a good solderability, a preferred | ayer
“thickness t of flux i*'s Such that it is not less than the mnimum quantity
required to be functionable as flux .and | ess than half the dianeter of
sol der ball. The present invention can be enbodied in various
-forns, without departing from the spirit or the nain feature. The
af orementi oned enbodi nent is only exa?‘]a}s_ nd not B9 be understood
limtedly. For exangle, in the aboye depcrilbgd enmboti nent a sol der ball has
th

been used as a preﬂ rre?‘]ex}ﬁpl e s\l | 4 | ux a preferred
exanpl e of the adheékye ubsy ance. ",,533

L2 - JRS

7 4 43
" 1 176

75 AN 30a 164
5 )4 l30&: _ _

80 iz

16

18 . |
\ ) . e e S N o N Y N Y \-ﬂ
- 79

82 -"‘83 \ . \ p

w8

M I~g -
77777 777777



10 invention may of course be effective when applying an adhesi ve substance
| i Ke sol der paste, electro-conductive glue, etc. on a copper ball, gold
ball or other conductive balls. Not being linmted to conductive balls, the
present invention is also effective when applying an adhesi ve substance on
a plurality of small balls, and nountinrg these on a workpi ece. The scope of
the present invention is shown by the’'clains, and not to be restricted by

t he above expl anations. Modifications or changes in the scope of the clains
or .equivalents thereto are all within the scope of the invention.

Fig. 4
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-11 CLAI M5 1. A nounting apparatus for nounting small balls on a
wngkpiece conpri si ng: a suction head having a plurality of _
suction holes disposed in a certain specified arrangenent, each hole for
hol di ng one snall ball by a vacuum hol di ng means for holding a
wor kpi ece; a flat plane; 5/6 | ayer form ng neans for
formng a | ayer of an adhesive substancé with a certain predeterm ned | ayer
t hi ckness on sai d pl ane; transfer nmeans for transferring said
suction head relative to said holding neans and said plane so as to
position said suction head sel ectively above said hol ding neans and said

pl ane; | owering/lifting means for lowering and lifting said
suction head havi ng Ea d_sna bal | s sucked thereto towards said plane on
whi ch said | ayer of dhe&ivedsubst ance is formed; and detection

means for detecting a touching of said snmall ball held by a vacuumto said
suction head to said plane during lowering/lifting
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oper™®ion of said suction head. 2. The nounting apparatus of claimi1,
wherein the thickness of said |ayer is not nore than half the dianeter of

said small ball. 3. The nounting apparatus of claim1, wherein said
smal|l ball is a solder ball, and said adhesive substance is a fl ux. 4,
A mounting nethod for nmounting snmall g?éls to a workpiece conprising the
steps of: formng a layer o dhesi ve substance on a flat plane

with a certain predeterm ned |ayer thickness; appl ying said
adhesi ve substance onto said small ball by

12 bringing a suction head holding small relatively close to said |ayer of
adhesi ve subst ance;

Fig. 6
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detecting a touching of said small ball to said plane by detect

on nmeaps;
-and separating said suction head, upon detection of tb@zf&lgii ng
by said detection neans, away from said plane and transferring said small
ball| applied with said adhesi ve substance onto a workpi ece. 5. The
nmounting nethod recited in claim4, whegein the thickness of said |ayer is
not nore than half the dianeter of said small ball. 6. The nounti ng
met hod recited in claim4, wherein said snmall ball is a solder ball, and
:sai d adhesi ve subst aMOYNITING APPARATUS FOR MOUNTING SMALL BALLS

AND MOUNTING METHOD THEREOF

ABSTRACT

When applying a flux 2 kept in a container 16 onto a
conductive ball 1, the flux 2 is first applied by a Squeegee unit 17 on a
bottom 16a of container 16 in the form of layer having a certain
predetermined layer thickness. Then, a suction head 20 holding a solder
ball 1 is lowered towards the container 16. As soon as a touch sensor 43
detects a touching of the solder ball 1 to the bottom 16a, the suction head
20 is lifted, and the solder ball 1 held to the suction head 20 is transferred
onto a workpiece. Thus a solder ball | 1 may be transferred onto a

workpiece after being applied with a certain specific amount of flux 2 with

precision.

Fig. 3
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