SCLDER BALL MOUNTI NG METHOD AND APPARATUS THEREFCOR The present application

I s based on Japanese Patent Application No. 2003-182859, which is
i ncorporated 5 herein by reference. BACKGROUND OF THE INVENTION 1. Field

of the Invention The present invention relates to a solder ball 10
nmount i ng net hod and: an apparatus therefor, which have been devel oped ai m ng
principally at obtaining a single-solder--ball nmounting nmethod and an
apparatus therefor. 2. Description of the Related Art 15 A case where one
sol der ball_is nmounted on a substrate by a solder ball nounting apparatus
will be de¥ekPBE] BARL aMPANE BIG appAONISAND AEFARANGs angdabbg Mounting
head and one flux transfer head are formed so that each of these heads can
be laterally noved as 20 disclosed in JP2000-58586A. |In:-such an appar at us,
flux was deposited on a flux transfer pin at the sol der ball nDunting

time, and trandfies petesona spptirale;sh igeoaégddgfl giaggsségscgt ',};Oagtp%'?gt i onal

si ngl e-sol der-ball nounting nmachi ne denmands an

speed (regislientdfod hegsact the,abgve-described related art
apparatus, the takeout of t%gofaltr}géanégt’he i gt of: RRRYPeITRLed

5 herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Inventioen

The present invention relates to a solder ball

10 mounting method and an apparatus therefor, which have
been developed aiming principally at obtaining a
single-solder-ball mounting method and an apparatus

therefor.

2. Description of the Related Art

15 A case where one solder ball is mounted on a
substrate by a solder ball mounting apparatus will be
described. In a related apparatus of this kind, one ball
mounting head and one flux transfer head are formed 50
that each of these heads can Dbe laterally moved as

20 disclosed ;n JP2000-58586A. 1In such an apparatus, flux
was deposited on a flux transfer pin at the solder ball
mounting time, and transferred to a substrate at the
solder ball suction time.

A single-solder-ball mounting machine demands an

25 increase in operational speed (reduction of the tact




ball, and the transfer of the flux and the takeout of the solder ball can
be carried out at once but a difference 5 between the tine needed for an
operation of a flux transfer head and that needed for an operation of a

ball nounting head constitutes every tine the waiting time for the
apparatus. This causes an increase in the tact tine of the apparatus.
Al t hough the success or failure 10 of the takeout of the solder ball is

detected, the detection of the success or failure of a small-di aneter

sol der baI{.ta es nych ime. This also constitutes one of the factors of
causi ng an-if&ease! Pnthife 2heve-idescofibidd nppataidisaris 9 a exeR €,
maki ng an attenpt to detect a solder ball nounting error causes the tine

needed fortBARi &akeeust ich oper &fvon drwd behsi M I5d oo e ?EL%'E time
for carrying out a solder nounting operation. This poSes a problé 3t a

et 20 bnet o oS aear L Ene e 0N 088 A R UELoRE. b
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transfer head and that needed for an operation of a ball
mounting head constitutes every time the Waliting time
for the apparatus. This Causes an increase in the tact
time of the apparatus. Although the success or failure

100 of the takeout of the solder ball is detected, the
detection of the success or failure of a small-diameter
solder ball takes much time. This also constitutes one
of the factors of causing an increase in the tact time
of the apparatus.

15 For example, making an attempt to detect a solder
ball mounting error causes the time needed for this
detection operation to be simply added to the total time
forcarryingoutaasoldermountingoperation. This poses
a4 problem of a decrease in the operation efficiency.

20 Incidentally,easolderballmountingoperationtakesmost
time in a solder ball mounting apparatus, and the time
needed to carry out the deposition and transfer of flux

is sh i i i i
ort in the eXl1sting circumstances as compared with

that needed to carry out the solder ball mounting and

Z5 suction operations.




bal | nounting nethod and an apparatus therefor capable 5 of carrying out
even a solder ball nmounting error detection operation in parallel with

ot her operation, not causing this error detection operation to generate a
time | oss, and capable of pronoting a further increase in the operation
efficiency. 10 To solve the above problens, a first invention enploys the
follow ng neans for the solder ball nmounting nethod. First, a sol der bal
nount i ng net hod conprising the steps of supplying flux fromat |east one
flux transfer 15 head having a flux transfer pin to a predeterm ned

position on a substrate, and then nmounting a solder ball on the
predeterm ned position by at |east one solder ball nounting head having a
suction nozzle. Secondly, t$eMEalRIerobafrkpouiRghgad and flux 20
transfer head are provided alternately ona he orter, and the head

supporter internthiecenityseaitaty : t plyi .and pounting the
e s T AN T T G

sol der ball are executed alternately. Thir , a’So th
on 5 the 7 e o SR A (PELBEE et A PRBERY et b pomerint €#mABiiar i ng
the flux Loctheasullplngt e, Y thg L ux Lignefer piny an operation for
detection.operation in parallel with other operatien,
not causing this error detection operation to generate
a2 time loss, and capable of promoting'a further increase
in the operation efficiency.
lo To solve the above problems, a first invention
employs the following means for the solder ball mounting
method.
First, a solder ball mounting method comprising the
steps of supplying flux from at least one flux transfer
15 head having a flux transfer Pin to a predetermined
position on a substrate, and then mounting a solder ball
on the predetermined position by at least one solder ball
mounting head having a suction nozzle.
Secoendly, the solder ball mounting head and fiux
20 transfer head are provided élternately on a head
supporter,andiﬂuaheadsupporterintermittentlyrotates
S0 that supplying flux and mounting the solder ball are
executed alternately.

Thirdly, a solder ball suction operation by the

25 suction nozzle, an operation for depositing the flux on



on the substrate by the ball mounting head, and an 5 operation for
exam ni ng whet her the solder ball exists on the suction nozzle by which
the bal I’ nounting operation has just carried out are executed when the
rotation of the head supporter is stopped. In such operations, a first
node conprises transferring the flux to the 10 substrate and exam ning the
exi stence of the solder ball on the suction nozzle by which the bal
nounting operation has just carried out executed at the sane tine, and a

second o rd SUGK] sol der _ball, depositing the flux on the
free end o etﬁg%fél E%(eﬁ rggskglr% %i%’énﬁrigs Ry t#B 8BEdart banl fom t he
predeterrréggg &ositi,on g ecutid at the sane tine. The first anode and the
second noud SrERKEBGH ebPE t LRt eF 9 headbatradfe nbyzl he Af3agond
invention relates to an inprovenent in the nethod according to the first

i nvent i ors EARPEIR 2P BRldi BRoR®@ETA hhent fie rsmemmf i syathei 8 wWet hes 14 he
sol der ball exists on the suction nozzle by which the ball suction

oper ati orPhasHastswastred ouby whkre thellotwébaRind LbBgdlu apsfer
head and sol der ball nounting head are stopped. ZS(HA th?rdd ié\?tednt?g’n i's an

o Lo et s e s IS SRV ELEE L
the apparoai tthd $urtovbdedoWatile BySehdeh PAaLlya1g mounting operation
has 'just carried out are executgd when the rotation of
the head supporter is stopped. In such operations, a
first mode comprises .transferring the flux to the
10 substrate and examining the existence of the solder ball
mnthesuationnozzlebywhichtheballnwuntingoperation
has just carried out executed at the same time, and a
second mode comprises sucking a solder ball, depositing
the flux on the free end of the flux transfer pin and
15 mounting the solder ball onh the predetermined position
€xecuted at the same time. The first mode and the second
mode are executed alternately by each Pair of nozzles.
A second invention relates to an improvement in the
method according to the first invention, which
<0 additionally has the step of examining whether the solder
ball exists on the suction nozzle by which the ball
suction operation has just carried out, when the rotation

of the flux transfer head and solder ball mounting head
are stopped.

) , . . . .
5 A third invention is ap invention in which the first



mounti ng head having a suction nozzle adapted to suck 5 a sol der bal
thereto and rel ease the solder ball in a predeterm ned position, and a fl ux
~transfer head adapted to bring the flux transfer pin, to the free end of
which the flux is deposited, into contact with a predeterm ned portion of
the substrate and supply the flux thereto. 10 secondly, a sol der bal
nmounti ng apparatus is formed which is adapted to transfer the flux on a
predeterm ned position on the substrate, and then nount a solder ball on
the predeterm ned position by the solder ball nmounting head. 15 Thirdly,
the sol defP¥ANLHBONdisgl HEBG aRd §P URD EPRAgfatuBead namh hebvsdade ural |y
and alternately on the head supporter. Fourthly, a supply unit which

suppl i es kaddl deeubdlilng t apphe astucs | emplozzd etha fflodXd Gupply s whi ch
supplies 20 flux to the flux transfer pin, and a nmounting unit which

nounts the sol dedrat) tme tdepauhshraties @rzemai&ieaaw@h hNsbh@a e BR11
positions for the flux transfer head and ball nmounting head. A fourth

i nvent i onmeelA £ gt Rl ARRAESEA shﬂ:ﬁﬂﬁ% Av A& dy Paﬁce@dsg?aer u‘b@{ ch a“

exam ning unit Whl ch exam nes 5 whet her sucking o

the suctigngd rlc&‘lzﬁan : ErQh UL LSy r%[%é ﬁa}o(ldlot | gnall Xll n.a astop

posi tion othe s op p05|t|ons
predetermlnedpos:Lt:.on, and a flux transfer head adapted

to bring the flux transfer pin, to the free end of which
the flux is deposited, into contact with a predetermined
portion of the substrate and supply the flux thereto.

10 Secondly, a solder ball mounting apparatus is
formed which is adapted to transfer the flux on a
predetermined position on the substrate, and then mount
a solder ball on the predetermined position by the solder
ball mounting head.

15 Thirdly, the solder ball mounting head and flux
transfer head are provided Plurally and alternately on
the head supporter.

Fourthly, a supply unit which supplies a solder ball
to the suction nozzle, a flux supply unit which supplies

20 flux to the flux transfer pin, and a mounting unit which
mounts the solder ball on the substrate are allocated
in the stop positions for the flux transfer head and ball

mounting head.

A fourth invention relates to an improvement in the

25 third invention in which an examining unit which examines



transfer head and sol der ball nounting head used in the 5 third invention.
BRI EF DESCRI PTION OF THE DRAW NGS I n the acconpanying drawings: Fig. 1 is a
per spectiive view showi ng a solder ball 20 nounting head and .a flux
transfer head; Fig. 2 is a schematic arrangenent drawi ng show ng an
exanpl e of a solder ball nounting apparatus utilized by the present

I nvention; Figs. 3A. to 3D are explanatory drawi ngs showing a 15 fixed
plate and a rotary plate, wherein Fig. 3Ais an explanatory draw ng of

t hese two Bha%g; in a conbined state, Fig_3Bis a plan view of the fixed
plate, FigWPed®@eE &Nitsvmkiingy of the fsxbdepl at=ll ang Fitgs SBckSora plan
view of the rotary plate; ZOFig_ 4 is a partially sectioned explanatory
drawi ng iRoZoe Weevaionm showiay thke a¥l atherdata@erifling ] ragsfer
heads and sol der ball mounting heads; Fig. Sis an explanatory drawing in
pl an show agoxt sate orelbatHon; ¢ Fi Bl 3 L ght .side, explanat ory
drawi ng shomﬁngpg)alift nechani;ﬁ?ﬁogﬁg ggﬁgepogﬁﬁfgﬁgtFég ?PFt Eﬁﬁt
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the present invention will 5 now nt Pt kBfeof
wWith 5 third invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:
Fig. 1 is a perspective view showing a solder ball
10 mounting head and a flux transfer head;

Fig. 2 is a schematic arrangement drawing showing
an example of a soldexy ball mounting apparatus utilized
by the present invention;

Figs. 3A to 3D are explanatory drawings showing a

15 fixed plate and a rotary plate, wherein Fig. 3A is an
eXplanatory drawing of these two plates in a combined
state, Fig. 3B is a plan view of the fixed plate, Fig.
3C is a bottom view of the fixed plate, and Fig. 3D is

a2 plan view of the rotary plate;

20 Fig. 4is:apartiallysecticnedexplanatorydrawing
in front elevation showing the relation between flux
transfer heads and solder ball mounting heads;

Fig. %5 is an ¢Xplanatory drawing in plan showing
the same relation: and

25 Fig,

6 is a right side explanatory drawing showing



reference to the drawings. Fig. 2 is a schematic arrangenment draw ng
showi ng an exanple of the solder ball nounting apparatus in which the
present invention is utilized. 10 As shown in Fig. 1 and Fig. 2, a solder
bal | mounting apparatus 1 has heads 3, 4 for sucking and hol ding a sol der
ball and nounting the solder ball on a substrate 2, heads 5, 6 for
transferring flux to the substrate 2, a tool rotating shaft 10 to which
the sol der ball nounting heads 15 and flux transfer heads are fixed, a unit
7 for supgliL the solder ball to the solder ball nmounting heads 3, 4, a
unit 8 fo &&34 Wﬁﬁhﬁrbksiﬂo i 21 8 ldeansbed lheadstisn 6,1 finduad tX- Y

stage 9 (the X-Y stage 9 is shown in Fig. 4) on which the substrate 2 is
suction-supported 20 for a flux transfer operation and a sol der nounting
operation. [0013] As shown in Fig. 4, the tool rotating shaft 10 is

rotated i nt @EAALBED \DDHYCRI rpde ofF mﬂﬁnppgpghﬁﬁbzgﬁggg& SyAL a tine

by a rotating notor 23. The shaft can, l'—*l--ﬁ—the

opposite directaaincae W lemb i+d § ortlon f the
emb PdiGedlt %ﬁ%}{]@;grs&%eﬁg 9%’?{ hgp wbglll

tool rotating shaft 10, the flux transfer

nmount kng HeadspH3, e v d te atel sho in Fig. 1 and Fi g.
2, in such a manner ﬁafet&%edt\?\glg%l g Hinen tiereof with

reference to the drawings. Fig. 2 is a schematic

arrangement drawing showing an exXxample of the solder ball
mounting apparatus in which the Present invention is
utilized.

10 As shown in Fig. 1 and Fig. 2, a solder ball mounting
apparatus ]l has heads 3, 4 for sucking and holding a solder
ball and mounting the solder ball on a substrate 2, heads |
5, 6 for transferring flux to the substrate 2, a tool
rotating shaft 10 to which the solder ball mounting heads

15 and flux transfer heads are fixed, a unit 7 for supplying
the solder ball to the solder ball mounting heads 3, 4,
a unit 8 for supplying flux to the flux transfer heads
5, 6, and an X-Y stage 9 (the X-Y stage 9 is shown in
Fig. 4) on whieh the substrate 2 is suction-supported

20 for a flux transfer operation and a solder mounting

operation.
[o013)]

As shown in Fig. 4, the tool rotating shaft 10 is
rotated intermittently by ap angle of rotation of $0

25 degrees at a time by a rotating motoer 23. The shaft can




of heads can be noved vertically in an upwardly spring-urged state. The
flux transfer head 5 and flux transfer head 6, and the sol der bal

mounting head 3 and solder ball nounting head 4 are fixed in a diagonally
10 opposed state respectively. At the |lower ends of the sol der bal

mounting heads 3, 4, suction nozzles 15, 16 for sucking a solder ball and
nounting the sane on the substrate 2 are provided. At the |ower ends of
the flux transfer heads 5, 6, transfer 15 pins 17, 18 are provided. The
suction nozzles 15, 16 are connected to a suction punp, a vacuum break air
circuit, °Ff SPEEFehalie siRE2bAdekant hat POP AR te abtiracddlaerahaldll .
carry-back exam nation unit (which are not shown) The suction nozzles 15,
16 are rotated Wi hatlsddooturZ@aotafi aglshvedr pOrtiheresdrend hend vo
rotating shaft 10 is nounted with an air regul ating nmechanismincluding a

fixed platmotdtdndy aHofaryo pltaie t1415a on £ 0e0NELAs 5t he LRNRRCIAOR Of
the tool rotating shaft to the suction nozzles 15, 16. 25 The fixed plate

11 0f the 1ol 11 eGuhaking Eda o S L o SBYR 9 (e, 4004 1L Al gy shaf

10 by inserting the sanme shaft 10 into a fitting hole

outer vl 15T 1Re Fi Ra nide 2 L SRR ARE KRER OSSP A ERE a1,
32, 33, 3%f(xw33%g'“%an be moved vertically in an upwardly
spring-urged state. The flux transfer head 5 and flux
transfer head 6, and the solder ball mounting head 3 and
sclder ball mounting head 4 are fixed in a diagonally
10 opposed state respectively.
AL the lower ends of the solder ball mounting heads
3, 4, suction nozzles 15, 16 for sucking a solder ball
and mounting the same on the substrate 2 are provided.
At the lower ends of the flux transfer heads 5, 6, transfer
15 pins 17, 18 are provided. The suction nozzles 15, 16 are
connected to a suction pump, a vacuum break air circuit,
8 solder ball suction examination unit and a solder ball
carry-back examination unit' {which are not shown}.
The suction nozzles 15, 16 are rotated With the tool
20 rotating shaft 10. Therefore, the tool rotating shaft
10 is mounted with an air regulating mechanism including
a fixed plate 11 and a rotary plate 12 so as to control

the connection of the tool rotating shaft toe the suction

nozzles 15, 1s6.

25 The jixed plate 11 of the air regulating mechanism




pi pes 41, 42, 43, 44 are joined to the through holes 31, 32, 33, 34. The
connecting pipe 41 is joined to the suction punp via a swtch valve, the
connecting pipe 42 to the suction punp via the solder ball suction ao
exam nation unit, the connecting pipe 43 to the suction pipe and vacuum
break air source via a change-over valve, and the connecting pip 44 to the
suction punp via the solder ball carry-back exam nation unit. On the other
hand, the rotary plate 12 is nounted i5 on the tool rotating shaft 10 so
that the rotar late can _be rotated with the shaft 10. The rotary plate

i s rwovi&éjW%PEHQQoﬁﬁhtmﬂe%ogg,Rﬂiaﬁhégtmhﬁ@h ROl dxy BBsedd imve
joined to the connecting pipes 42, 43, and the other ends of the

connect i n§h% pssme, ska o flHe inGosust ifoit ndzzl ds0l16, 3B, Ther cont act
surfaces of the fixed plate 11 and rotary plate 12 are provided with

recesses 8pndB8tisd, no4Otbarecedwleat hrorbhia 1N df w8 Of obher bhqughy hol es
of both of these plates. In this enbodi nent, the recesses 25 37, 38, 39,

40 are fosbedf Pnlyo i nannnerteenti@gl 1SWF ages 95 of th ugh, hal 1, 32,
33, 34 of the fixed plate 11. The positions of .t g tﬁ%%gﬁgtg?}n%égﬁgft 10

PSR R A R8P T Rt ¢
pipes 41, 42, 43, 44 are joined to the through holes 31,
32, 33, 34. The connecting pipe 41 is joined to the
suction pump via a switch valve, the connecting pipe 42
to the suction pump via the solder ball suction
10  e¥amination unit, the connecting pipe 43 to the suction
Pipe and vacuum break air source via a change-over valve,
and the connecting pip 44 to the suction pump via the
solder ball carry-back examination unit.
On the other hand, the rotary plate 12 is mounted
15 on the tool rotating shaft 10 so that the rotary plate
€an be rotated with the shaft 10. The rotary plate is
provided with through holes 35, 36. The through holes
35, 36 are joined to the connecting pipes 42, 43, and
the other ends of the connecting pipes 42, 43 to the
20  suction nozzles 15, 16.
The contact surfaces of the fixed plate 11 and
rotary plate 12 are provided with recesses 37, 38, 39,
40 for regulating the "ON" time of the through holes of
both of these plates. In this embodiment, the recesses

25 37, 38, 39, 40 are formed only in inner contact surfaces



rotating shaft 10 include as shown in Fig. 2 a position

B on the |l eft side

of the tool rotating shaft 10 in which a solder ball supply unit is to be
a position F on the front side of the shaft in which a unit for
10 supplying flux to the transfer pins 17, 18 and a unit for ascertaining
the suction of a solder ball to the suction nozzles 15, 16 is to be
a position M on the right side of the shaft in which a sol der

provi ded,

provi ded,

ball rnounting unit is to be provided, and a position | on the 15 rear

of the shaft

unit (for ascertaining the

si de

£ iqgwh'éh a renﬁiﬁs exam nation _

exi stence &fF & %Ib T RIR hgdeshed Lol dér B4 Bficeiforthozbi ey ipd ate be
A sol der ball supply unit 7 and a ball suction |ift wunit 13 are
provi ded idlhe left side position B serving 20 as a solder ball supply
the flux supply unit 8 and flux supply lift unit 14 in the front
side position FTd&® \pogisdcmpositthe fero Supptyitnad Isxate thewhlivs

provi ded.
posi tion,

transfer

pins 17, 18, the X-Y stage 9 and a nmounting lift unit 19 which

support t heestbstarsise &b @bt £bnisheosot Hers@2babalbal s MOURKGHJ B L i ght

side position Mserving as 10 a solder ball nounting p03|t|on,§{ﬁese units

bei ng prowi,deqd $;d hat)fheseun

of. each

C oper at ed . Jj.ndependent |
other. As shown in Fig. 4, the so#%r%%aﬁssﬁﬁp% g%l’{é}g Q% ?fh% %r‘?ﬁlfor
taking out 350 8 R £ ONEoPY RIS LML shown in Fig. 2 a position

10

15

20

25

B on the left side of the tool rotating shaft 10 in which
a solder ball supply unit is to be provided, a position
F on the front side of the shaft in which a unit for
supplying flux to the transfer pins 17, 18 and a unit
for ascertaining the suction of a solder ball to the
suction nozzles 15, 16 is to be provided, a position M
on the right side of the shaft in which a solder ball
mounting unit is to be provided, and a position I on the
rear side of the shaft in which a remains examination
unit (for ascertaining the eXistence of a solder ball
on the solder ball suction nozzles) is to be provided.

A solder ball supply unit 7 and a ball suction lift
unit 13 are provided in the left side position B serving
as a solder ball supply pesition, the flux supply unit
8 and flux supply Lift unit 14 in the front side pesition
F serving as a position for supplying flux to the flux
transfer pins 17, 18, the X-Y stage 9 and a meunting lift
unit 18 which support the substrate 2 on which the solder

ball is mounted in the right side position M serving as

10



a solder ball storage unit (not shown) . The solder ball supply unit 7 is
fixed to a base to which the tool rotating shaft 10 is nounted rotatably.
As shown in Fig. 6, in the ball suction lift unit 10 13, a cam 20 rotated
by a notor ML presses down a roller 22, which is provided at upper ends of
the solder ball nounting heads 3, 4 urged upward constantly, via a
pressure nmenber 21. The cam 20 is forned to such a shape that permts the
sol der bal l nDunting heads 3, 4 to lower 15 and return to original

positions th |n n turn of . the cam The flux supply unit 8 is fixed
to the nonatr%{a |ng PHi oMOUBISH} T oP APkt E88I, r bhaS g Uhiats Toeimhgch i s
on the outer si hereof, and maybe a general flux supply 20 unit. The

f1 ux supmgf?lﬂ it SP4 i $ha%o thafrl | wTthes sarmn mameer apdthet @l der
ball suction Iift unit 13, and adapted to press down the roller 22

provi ded atRERBENGRIE hfs© ferrimchf othe ] ux transfer heads 5, 6, via the
pressure nenber 21 |owered by a notor M2 by utilizing 25 the cam 20. 11

The nounting |i s ushowbo iirs Bilapt ed ttqld)rga'@§dggvmp,alupp§{l glj_ qﬂ.glf c-f:s of
the sol der ball nounting heads 3, 4 and flux transfer

bal | 5 scrow and & nur Bartherors, & 8% C@é‘*r?éﬁpﬁkﬁ‘%' B8 Bhsh 4z -
a solder ball storage unit (not shown). The solder ball
supply unit 7 is_ Tixed to a base to which the tool rotating
shaft 10 is mounted rotatably.

As shown in Fig. 6, in the bal) suction lift unit

10 13, a cam 20 rotated by a motor M1 presses down a roller
22, which is provided at upper ends of the solder ball
mounting heads 3, 4 urged upward cohstantly, via a
pPressure member 21. The cam 20 is formed te such a shape
that permites the solder ball mounting heads 3, 4 to lower

15 and return to original positions thereof in one turn of
the cam.

The flux supply unit 8 is fixed to the non-rotating
portion (base) of the tool rotating shaft 10 which is
antheoutersidethereof,andmaybeeageneralfluxsupply

20 unit. The flux supply 1ift unit 14 is alseo formed in the
Same manner as the solder ball suction 1ift unit 13, and
adapted to press down the *oller 22 provided at the
uppermost ends of the flux transfer heads 5, 6, via the
pressure member 21 lowered by a motor M2 by utilizing

25 the cam 20,

11




unit and a flux application unit, the roller 22 fixed to the flux transfer
heads is pressed down but, in the nounting lift unit 19, the upper
surfaces of the flux transfer heads are pressed down directly not via the
10 roller 22 so as to inprove the accuracy. The tool rotating shaft 10 is
adapted to stop the solder ball nounting heads and flux transfer heads at
the necessesary positions 13, F, M | as the shaft is rotated
intermttently in the direction shown by an arrowin Fig. 15 2, and carry

t each kind L o8 ' t / (o BrEss ag
out each kin Oﬁ‘h@a{cﬁ\jﬁEEngA‘ﬂ?ﬂ[ g%rFf‘wE.lfaofL e?ﬁgq%ﬁeﬁqﬁ%%fﬁ;‘é“ﬁg dgﬁaé}t is a

descri bed. The position 8 on th side o
‘position g h{#g | Lesupply unit as shown In fig. ~2 111 whiCh
t he sol derbgtaeih'le és%%p?& m%Q%OEf/: gﬁ& é&%‘?@%ﬁﬁﬂ@ﬁ!b@#wfbemq 313 are
provi ded. ,I B %ﬁg sg{der all supply unit, the solder ball suction |ift
unit 13 | OvRPE EREEAHTRPSDEN NGRAT obv Hodths MOt ahef3 , tedsehdel eixal |
nmounting heads 3, 4 stop in an upper position, and sucks and holds a
sol der baPIPFPEMIReLC L tdamiEomarPlsoppirg it Wy li2i The ipasiat ban 1F on
the front side of the tool rotating shaft 10 is a position of the flux
suppl ¥ unfEX&t 230 denutbal IFsutheamaseprimitiagdmiér b whigheihe f 1 ux
suppl y unit 8 and flux supply lift unit 14 are provided. In this
unit and a flux application unit, the roller 22 fixed
to the Ilux transfer heads is pressed down but, in the
mounting lift unit 19, the upper surfaces of the flux
transfer heads are pressed down directly not wvia the
10 roller 22 so as to improve the accuracy.
The tool rotating shaft 10 is adapted to stop the
solder ball mounting heads and flux transfer heads at
the necessary positions B, F, M, I as the shaft is rotated
intermittently in the direction shown by an arrow in Fig.
i3 2, and carry out each kind of operation. A basic part
of each operation will be described.
The position B on the left side of the tool rotating
shaft is & position of the the solder ball supply unit
25 shewn in Fig. 2, in whieh the solder ball supply unit
¢¢ 7 and solder ball suction 1ift unit 13 are provided., 1In
the solder ball supply unit, the solder ball suction 1ift
unit 13 lowers the solder ball suction heads 3, 4 when
the solder balil mounting heads 3, 4 stop in an upper

position, and sucks and holds a solder ball from the

25 solder ball supply unit 7.

12




5 front position F, the flux supply lift unit 14 lowers the flux transfer
heads 5, 6 when the flux transfer heads 5, 6 stop in an upper position,
and the flux supply unit 8 supplies flux to the transfer pins 17. \Wen the
sol der ball nounting heads 3, 4 stop in 10 the front position F, the salve
position becomes a position of the solder ball suction ascertaining unit,
and the ascertainnment of whether the suction nozzles 15, 16 sucked a

sol der ball or not is made by detecting the variation of an internal
pressure and a &QOM/raL%Vin the 15 SUﬁtiOﬂ nozzles 15, 16 by using a
pressure sensor - 3TdPC8 4 FeRBok M eThECRSsF SO M bhe theo k impht atidg of the
t ool rotatkn% ngﬂt 10 is a position of the solder ball nmounting unit- In
this righf2pddi titn sve Pes M o8t afetbestppar supp Iheir20t samdtsal de? on

whi ch the solder ball is nounted is provided below the tool rotating shaft
10. In thP3llesiisth hent asCiee absingt end t,s isewhirmaly . £ The s§ Fsyr ate 2
may al so be automatically supplied and discharged. 25 Wen the % ux

transfer beads85ana slax suplplley Liight vk PAY birdpMod@e §l UX THr @§§fser
heads 5, 6 transfer flux to the substrate 12 on Fhe X-Y stage 9 by the

mount Bng £rbhic uibbitdodhe, hehahts ohid heley Balde TRHRE NG PyLlage 1
the flux transfer heads 5, 6 when the flux transfer heads
5, 6 stop in an upper position, and the flux supply unit
8 supplies flux to the transfer pins 17.
When the solder ball mounting heads 3, 4 stop in
10 thefrontpositian?,thesamepositionbecomesa;msition
©f the sclder ball suction ascertaining unit, and the
ascertainment of whether the suction nozzles 15, 16
sucked a solder ball or not is made by detecting the
variation of an internal pressure and a flow rate in the
15 suction nozzles 15, 16 by using a Pressure sensor and
a flow sensor.
The positionMon the right side of the tool rotating
shaft 10 is a position of the solder ball mounting unit.
In this right position M, the X-Y stage 9 supporting the
20 substrate 2 on which the solder ball is mounted is
provided below the tool rotating shaft 10. In this
embodiment,'the substrate 2 is set manually. The
substrate 2 may also be antomatically supplied and

discharged.

25 When the flux transfer hezads 5>, & stop in the right

13



5 When th
the right
on the su
t he basis
t he nmount
bal | was

the front
bal | npun
sol der ba
sol der ba
t he tool

exam ned

comes to

t her ei n.

suction n
25 pressu
pres' sure
keeps suc
reversely

10

15

<0

25

e solder ball nounting heads 3, 4 then stop in the position Mon
side of the tool rotating shaft 10, the solder ball is nounted

bstrate 2 as the solder ball nounting operation is controlled

on

of the height of the detected sol'der ball 10 nounting surface by

ing lift unit 19. When a failure in the suction of the sol der
proved during the solder ball suction ascertaining operation
position F, the solder ball nmounting operation by the sol der
%Bn. headsag, 4 isfnot 15 carried out but is carried out by the
C3uhPPngls nehls it eP RA fefe HRARE] Bn fertr anafe rWidnix he

stop in the position | on the rear side of

| unting heads 3, 9

6t dth PgS ¥Rtz ate, lghemotier Xbdl |stmaat B yhedds Boud taney
20 Whether a ball exists thereon or not- The rear position |
ddifle @it pddi-ti ofibkorheighitdi 0f & reslides BXAT NAG LA WY t

in

This exam nation is also carried out by ascertaining whether the
sxzifescells MWhencldexesote@r ball or not by detecting an internal

re and a flowrate in the suction nozzles 15, 16 14 by using a

sensowhad thél oy 85 Yal Wiabuhhe nd q{s’%@? %a?ﬁs%teipggs&%% t

king a solder ball, the tool rotating u

indkh Ao L taBH M O AHY LHINENE 1Y 4F HAl e JPYNELRY (IREY At on

shaft 10, the solder ball is mounted on the substrate
2 as the solder ball mounting operation is controlled
°n the basis of the height of the detected solder ball
mounting surface by the mounting 1ift unit 19. When a
failure in the suction of the solder ball was proved
during the solder ball suction ascertaining operation
in the front position F, the sclder ball mounting
operation by the solder ball mounting heads 3, 4 is not
carried out but is carried out by the solder ball mounting
heads stopped in the position next tine.

When the solder ball mounting heads 3, 4 stop in
the position I on the rear side of the tool rotating shaft
10, the solder ball mounting heads 3, 4 are examined
Whether a ball exists thereon or not. The rear position
I comes to serve as a pesition for providing a remains
examination unit therein. This examination is also
carried out by ascertaining whether the suction nozzles
15, 16 suck a solder ball or not by detecting an internal

pressure and a flow rate in the suction nozzles 15, 16

14



5 is nmade again. When the solder ball nounting operation cannot be carried
out even though an attenpt to carry out the sane operation is nade

predet ermi ned nunber of tines, the solder ball nounting heads are
erroneously stopped. Wien the flux is transferred to the substrate 10 in
this enbodi nent, the existence of thqg solder ball on the suction nozzles
by which the solder ball suction operation has just carried out is
examned in parallel wth the flux transfer operation, and the existence

of the | der: bal t he suction nozzl es by, which the solder 15 ball

nount i ngﬁgpg%aatrl?gnéh‘ggejs &r%aWPé&rmﬂn‘?sa a¥§8w EfAANed. WheR the . 50l der
ball is ppunted on_the, supb:'strate,_ the sucking of a solder ball thereto and
the depoSFiaTY S of ¥ANXRBR 1 Whdtotkagies f FuF kimgskesodide mr baddne in
parallel with the solder ball nounting operat~on. 20 An arrangenent in

whi ch t hED&otRe 1 baptaskimoy sheifit BPdi sl Gxernghl yeurirts 6 Iny f haadertodi ment
are replaced with each other may be enpl oyed so that the supplying of flux

to the fathempanspecapiny dwrtnghe §budety ansll eionpeiald berkBeopucki ng
of a solder ball to the suction nozzle and 25 the exam ning of the

exi stencksomaidee mph dler. baibemnlides b3 dRUCH LN TWEEHe ik l’iﬂi&ﬁa%ﬁ%nsm der
ball nmounting operation has just carried out are execut'ed.” These

R Fespentoe pob oo sac, PSSRSO eSO SPERLY'S T
out the same operation is made predetermined number of
times, the solder ball mounting heads are erroneocusly
stopped. When the flux is transferred to the substrate

106 in this embodiment, the existence of the solder ball on
the suction nozzles by which the solder ball suction
operation has just carried out is examined in parallel
with the flux transfer operation, and the exjstence of
the solder ball on the suction nozzles by which the solder

15 ball mounting operation has just carried out is azlso
examined. When the solder ball is mounted on the substrate,
the sucking of a solder ball thereto and the depositing
of flux on the end of the flux transfer pin a2re done in
parallel with the solder ball mounting operatieqn.

20 An arrangement in which the solder ball supply unit
and flux supply unit in this embodiment are replaced with
each other may be employed so that the supplying of flux
te the flux transfer pin during a flux transfer operation,

the sucking of a solder ball to the suction nozzle and

25 the examining of the existence of the solder ball on the

15




5 Although this enbodinent is based on a single-solder-ball nounting
appar atus, the enbodi nent can, of course, be wutilized for a

pl ural - 50l der--ball nounting apparatus. The present invention is not
limted to this enbodinent having two each flux transfer heads and sol der
ball 10 nounting heads. The flux transfer heads and solder ball nounting
heads nay be provided nore, and the nunber of the stop positions nay be
set in accordance with the increased nunber of flux transfer heads and

sol der balhctPyati ag hepds. 5 | e i pyention.propyides a sol der

bal | rmounting net ho%, V\/nere]iO% awgg'lcgger%g}g%l ﬁﬁgﬁﬁ’ﬁg }%e:g anaund gx
transfer royLded. plurally and, alternately on an intermttently
rotating E§§}§$§S%w§?g(ﬁﬁ§§| ?XﬁﬁquaHﬁoﬂrﬁmﬁ%@FBEQQhth@hﬁﬁﬂion
nozzl e, 2% aQTOﬁeration for degositing the flux on a free end of flux
transfer pET-Ahi8Fet 3fi%r 2t PInsPR FARF PHechFaYing aute tdubstamas e by
the flux transfer pin, an operation for nounting the solder ball on the
predet er nPREF 2 oSS onlBn dabstraRedyivie Ipedsithonts ngabeadncnd 25 an

operation_for exam ning the existence of the solder 16 ball by which the
bal | rounfiid@pehathés embojdistentris & sodioraaes Eﬂﬁgﬁt-%ﬁb e -8 1

rotation of the head supporter is stopped. This nmethod enables even a
m st aken BaMnt DYNEPRE DRENE | Othex BB AYneRe RN bF he ¢aLkl ed put
utilized for a plural-solder-ball mounting apparatus.
The present invention is not limited to this embodiment
having two each flux transfer heads and solder ball
10 mounting heads. The flux transfer heads and solder ball
mounting heads may be provided more, and the number of
the stop positions may be set in accordance with the
increased number of flux transfer heads and solder Eall
mounting heads.
15 The present invention rrovides a solder ball
mounting method, wherein a solder ball mounting head and
8 flux transfer head are provided plurally and
alternatelycnlanintermittentlyrotatingheadsupporter,
a2 solder ball suction operation by the suction nozzle,
20 an operation for depesiting the flux on a free end of
flux transfer pin, an Operation for transferring the flux
to the substrate by the flux transfer pin, an cperation

for mounting the solder ball on the predetermined
position on a substrate by the ball mounting head, and

25 an operation for examinihg the existence of the solder

16




5in parallel with other operation, and proves that this nethod is a

sol der ball nounting nethod which does not cause an erroneous operation to
generate a tinme loss, and which is capable of pronmoting a further increase
in the operation efficiency. 10 The followng is an effect of the

I nvention defined in Claim3. Even an operation for exam ning whether a
sol der ball exists or not on the suction nozzles by which a solder bal
suction operation has just carried out can be executed in parallel with

ot her openat i . of at i on_of the hea orter i t opped. Th
met hod pprkg%/legq% & %ﬂ?rte%gc%{aa iﬁb?'nuﬁﬁéﬁ’lgegpgrrﬁ s‘g\ %ejl‘-}slgrﬁii-'rﬁs p{)ﬁg >
carried out _in parallel wth other

operation ) hi.ng_operati.on to ,

oper at i on,oelgﬁggﬁ?ogﬁfct%%?dt §N Féeho@® tiat hosop Bekh pah kasbempinmy et hod
whi ch does, not 20 cause even an erroneous operation to generate a tine

| oss, and SWhFERARECapaBiid HiMpEbest isigablias téreeni acmebseaken thwel 1
operation efficiency. The following is an effect of the invention defined
in O ai m MOYRES DioRks r dhLomB¥®I iyl agpapatras den 25 Worme bydpsevi di ng
a ball mounting head and a flux 2 7 transfer head plurally and alternately
on an °intlek P aredtl ¢l retdhi g Iseppopiearat boH, abhec i dged YRt tfl‘P{
supplying a solder ball to a suction nozzle, a unit for supplying ?ux to
the flux treksbdr id e s0lc@UM41]l mounting method which does not

cause an erroneous operation to generate a time loss,
and which is capable of promoting a further increase in
the operation efficiency.

10 The following is an effect of the invention defined
in Claim 3. EBven an operation for examining whether a
solder ball exists or not on the suction nozzles by which
a solder ball suction operation has just carried out can
be executed in parallel with other operation when the

13 Yrotation of the head supporter is stopped. This method
proves to be a method which enables a mistaken ball
mountingoperationexaminingoperationtx:becarriedout
in parallel with other operation, and proves that this
methed 18 a solder ball mounting method which does not

20 cause even an erroneous operation to generate a time loss,
and which is capable of promoting a further increase in
the operation efficiency.

The following is an effect of the invention defined
in Claim 7. This solder ball mounting apparatus is

25 Iormed by providing a ball mounting head and a flux

17




5 for mounting a solder ball on a substrate in stop positions for the flux
transfer head and sol der nounting head. Therefore, this apparatus becones
capabl e of processing in parallel with each other various kinds of
operations for nmounting the sold@ball on the substrate. 10 The foll ow ng
is an effect of the invention defined in Caim$S. Wen a unit for
exam ni ng whet her a solder ball exists or not on the suction nozzle is
allocated in a stop position other than the stop positions for the flux

transfere pg d r ball ting_heads_uysed 15 in the invention .

defined i'n %g;é?nf]?,sjgéggl deglﬁlﬁr%offﬁounfp g apparArRtabych ddes Adt cause

an errongoy F&ﬁﬁﬁgatlﬂ@%to enerate a tinme loss, and which is capable of
&8

pr oot i i’ & ent FhREhRUBperdt b and fakcl enay inigaokhatned. 20
19 WHAT 15 CLAIMED 15: 1. A solder ball nounting nethod adapted to supply
flux fron?ht SHEAStY bRE Al §P kdanRsPal lhdad shaniaigion hbwelte ansfenipin to a
predeterﬁ$ned position on a 5 substrate and then nount a solder ball on the
predet ern?helUpdsi Y10E By Ut teatheofidusoltdern Akl poynting hegdikaving a
suction nozzle, the solder ball nmounting head and flux transfer head are
provPded OBl e NAtEING o ashdatk SURPOL L efon CHUTPEMYMrate in stop
positions for the flux transfer head and solder mounting
head. Therefore, this apparatus becomes capable of
pProcessing in parallel with each other various kinds of
operations [or mounting the soclder ball on the substrate.
10 The following is an effect of the invention defined
in Claim 8. When a unit for examining whether a solder
ball exists or not on the suction nozzle 1s allocated
in a stop position other than the stop positions for the
flux transfer heads and solder ball mounting heads used
15 in the invention defined in Claim 7, a solder ball
mounting apparatus which does not cause an errxoneous
operation to generate a time loss, and which is capable
of promoting a further increase in the operation

efficiency, is obtained.

20
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20 sucking a sol der bal | by the suction nozzle; depositing the flux on a
of the flux transfer pin; transferring the flux to the substrate

by the flux transfer pin; and 15 nounting the solder ball on the

free end

predeterrained position by the bal

execut ed

nmounti ng head, wherein the nethod are

when the rotation of the head supporter is stopped 20 2- The
sol der ball nounting nethod according to Cdaim1, further conprising

exam ni ng whether the solder ball exists on the suction nozzle by which
the ball g qnt'ggc bo has just carried out. 25 3. The sol der hal
nmount i ng Caim1l1, further conprising exam ning

whet her the solder ball exists on the suction nozzle by which the bal
suction operation has®j usPl&&% i baldut momimt inFhensthder halalp tedgintigng
met hod according to claim?2, wherein the head supporter is turned
rever sel ySUP®R Iarf yugutf ndre abl beasbabneiingk nyr aper@is aleh8 HBYE A0aI N,
when the remains exam nation unit keeps sucking the solder ball. 1
sol der bakl Iibimt trmpmefead pinotd ng peedd €é Minetes85 0t ion on a

5

10

15

20

25

substrate and then mount a solder ball on the
Predetermined position by at least one solder ball
mounting head having a suction nozzle, the solder ball
mounting head and flux transfer head are provided
alternately on a head suppeorter, comprising:
sucking a solder ball by the suction nozzle;
depositing the flux on a free end of the flux

transfer pin:;

transferring the flux to the substrate by the flux

transfer pin; and
mounting the solder ball on the Predetermined
Position by the ball mounting head,

wherein the method are exXxecuted when the rotation

of the head supporter is stopped.

2. The solder ball mounting method acceording to
Claim 1, furthercomprisingexaminingwhethmrthesolder
ball exists on the suction nozzle by which the ball

mounting operation has just carried out.

3, The solder ball mounting method acgording to

19

5. The



a first node conprising transferring the flux to the substrate and
exam ni ng the existence of the solder 15 ball on the suction nozzle by

whi ch the ball nounting operation has just carried out executed at the sane
time; a second node conprising sucking a solder ball, depositing the flux
on the free end of the flux transfer pin and nounting the solder ball on
the predetermned 20 position executed at the sane tinme; and the first
node and the second node are executed alternately by each pair of nozzles.

6. The s | grgunt d according to 25 Claimit wherein the
head supg%g%?lbgorrgrl seséf\%bﬁﬁﬁgsﬂd"q EART e P 1 Rgadd ediie ¥ vioh ¢ o8 clédebal |
nnuntlngk§§? # %t in_a qhagonall opposed state respectively and

rot at es armteanS y°Ro Hhat SPGTHECRha a2 apepdy t Wadshytae hagle of
every 90 degrees sol der ball nounting apparatus provided wth a
bal | murﬁ‘ﬂ‘gfjlﬁéhaomﬁaﬁgl%shéﬁu o Sfozederadabtedt .t o suck a sol der bal |
and release the sane in a predeterm ned position, and a flux transfer head

adapted 10 to bring a flux transfer pin, on the ends of which flux is
deposited, into contact with predeterm ned positions on a substrate, a

sol deP ball beithg mtﬂhedsomdﬁehebaolﬁd@éﬁh@ﬂﬁdITFP@}EEBOQc?:f eEshfeeLlux is
transferred to

Claim 2, wherein the head Supporter is turned reversely

to carry out the solder ball mounting operation is made

again, when the remains examination unit keeps sucking
the so¢lder ball.

10

5. The solder ball mounting method according to
Claim 2, wherein:
a first mode comprising transferriﬁg the flux teo
the substrate and examining the existence of the solder
15 ball on the suction nozzle by which the ball mounting
operation has just carried out executed at the same time;
2 second mode comprising sucking a solder ball,
depositing the flux on the free end of the flux transfer
Pin and méunting the solder ball on the predetermined

20 position executed at the same time; and

the first mode ang the second mode are eXeeuted

alternately by each pair eof nozzles.

6. The solder ball mounting method according to

25 Cleim 1, wherein the head supporter comprises two Flux

20




the predeterm ned position on the substrate, the solder 15 ball nounting
head and the flux transfer head are provided plurally and alternately on
an intermttently rotating head supporter, conprising: a supply unit
supplying a solder ball to the suction nozzle; 20 a flux supply un,.t
supplying flux to the flux transfer pin; and a nounting unit nounting the
sol der ball on the substrate, wherein the units are allocated in stop
positions 25 for the sol der baII nounting head and the flux transfer 21

head. 8. {The, e ratus. accordi to daim,7, wherein
an exani ni ng %%H} glxegéranééménrgam; w‘?ﬁeb%@kpﬁéub?g%gslaf?éé’rs gdidedas done
or not by _the uctlon ozz e is allocated in a stop position other than

t he stoéﬁxﬁl t BHS ¥t ¥hBPHQB@$}§F§F§rqﬁﬁmeéﬁéﬁﬂﬂﬁe@néarptaﬁﬁmt|ng
head. 10_.9. The sol der ball nounting apparatus according to CaimS8,

wher ei n 9R§?BPéﬁqﬁPﬁééd@ﬂuﬁbi?eﬁqnmﬁsthﬁaﬁﬁeplpdaltamny oyt dme

sol der ball nounting operation nade again, when the remains exam nation

unit keep®9keckifng verys8ldatedueks .15
5
7. A solder ball mounting apparatus provided
with a ball mounting head having a suction nozzle adapted
to suck a solder ball and release the same in &
predetermined position, and a flux transfer head adapted
10 to bring a flux transfer pin, on the ends of which flux
is depositéd, into contact with predetermined positions
on a substrate, a solder ball being mounted on the
predetermined position after the flux is transferred to
the predetermined position on the substrate, the solder
15 ballmountinghemdandthefluxtransferheadareprovided
plurally and alternately on an intermittently rotating
head supporter, comprising:

a8 supply unit supplying a solder ball to the suction

nozzle;

20 a flux supply unit supplying flux to the flux

transfer pin; and

2 mounting unit mounting the solder ball on the

substrate,

wherein the units are allocated ip stop positions

25 for the solder ball mounting head and the flux transfer

21



10. The sol der ball nounting apparatus according to Caim7, wherein two

flux transfer

di agonal | y opposed state respectively on the nmounting head supporter,
20 the stop positions are allocated by an angle of every 90 degrees.

10

15

20

head.

8. The solder ball mounting apparatus according
to Claim 7, wherein an examining unit eXamining whether
the sucking of a solder ball was done or not by the suction
nozzle is allocated in a stop position other than the

Stop positions for the flux transfer head and solder ball

mounting head.

9. The solder ball mounting apparatus according
to Claim 8, whereln the rotating head supporter turns
reverselyix:carryoutthesclderballnmuntingoperation
made again, when the remains examination unit keeps

sucking the solder ball,

10. The solder ball mounting apparatus according
to Claim 7, wherein two flux transfer heads and two solder
ball mounting heads are fixed in a diagonally opposed
State respectively on the mounting head supporter, and

the stop positions are allocated by an angle of every

20 degrees.

22

heads and two solder ball nounting heads are fixed in a

and
22



