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BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a solder ball
nounting 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

A case where one solder ball is mounted on a
substrate by a solder ball mounting apparatus will be
described. 1In a related apparatus of this kind, one ball
mounting head and one flux transfer head are formed so
that each of these heads can be laterally moved as
disclosed in JP2000-58586A. In such an apparatus, flux
was deposited on a flux transfer pin at the scolder ball
mounting time, and transferred to a substrate at the
solder ball suction time.

A single-sclder-ball mounting machine demands an

increase in operational speed (reduction of the tact

whiix UL 200bncbinprated he



t he ,t akeout of the flux and the nounting of the solder 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 opergt}i b 2§85 a
flux transfer head and that needed for an operation of a ball nounting
head constitutes every tinme the waiting tine for the apparatus. This
causes an increase in the tact tine of the apparatus. Although the success
or failure 10 of the takeout of the solder ball is detected, the detection

f th - il |- di bal | _tak h tine.
Thi s al s eBa i1 ut B e TBP YR SSoreetr SoARr R AT nBPRAeA FhSrhe |
tact ti f .t 15 ,F l,e, Ki t t to_detect
sol der | BEPE AREERG Crt ofPEaddulk ¢ RS itk HBGHEE SR Shi Ehaicterteen
operation t be_sigp¥ﬁ}added to the total time for carrying out a solder
nount i ng Bﬁgrlart i BR & poéds farpedhl Bhtoff It Heapsadd ¢ ntatke opbr atfi on

effic!enc¥. 20 I ncidentally, a solder ball nounting operation takes nost
time in atbsl geddsy PabbRambappainiad, cahdt lvance mit redddf ¢ venarry out
t he deposition and transfer of flux 1is short in the existing circunstances
as corfparkdtwiadn tthHae reieded nteedad yfout &he spedert ibat| obuat i Aguand 25
suction operations. 2 13 JUL 2005 SUMVARY OF THE | NVENTI ON
transfer head and that needed for an operation of a ball
mounting head constitutes every time the waiting time
for the apparatus. This causes an increase in the tact
time of the apparatus. Although the success or failure
10 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 attémpt to detect a solder
ball mounting error causes the time needed for this
detection operation to be simply added to the total time
for carrying out a solder mounting operation. This poses
a problem of a2 decrease in the operation efficiency.
20 Incidentally, a solder ball mounting operation takes most
time in a solder ball mounting apparatus, and the time
needed to carry out the deposition and transfer of flux
1s short in the existing circumstances as compared with

that needed to carry out the solder ball mounting and

25 suction operations.



The ;present invention ains at providing a solder ball nounting nethod and
an apparatus therefor capable 5 of carrying out even a sol der bal
mounting error detection operation in parallel with other operatijPpfil 20ibt
causing this error detection operation to generate a tine |oss, and
capable of pronoting a further increase in the operation efficiency. 10 To
sol ve the above problens, a first invention enploys the follow ng neans
for the solder ball nmounting nethod. First, a solder ball nmounting nethod
conprising the steps of supplying flux fromat |east one flux transfer s
head having a flux transfer pin to a predeterm ned position on a substrate,
and then nounting a solde% hA qﬁr'r"'nﬁ g 'Ed position by at |east
one sol der ball nounting H H—HE e. Secondly, the
sol der ball nounting head and flux .20 transfer head are provideﬂ-t
alternately onld$heBH®S&ibpot PHERHAG™ R HrRad FsdPRdY £ e it 2r APt | y
rotates so that supplying flux and nounting the solder ball are executed
al ternat @31 1 TRPEMGBA NG BEItAR A balrd SuktaRMA5FLAET i Bheke e c2padiktion
nozzl e, an operation for depositing the flux on 3 13 JUL 2005 the free
end ob tKef flapcryang eoydi newan oper &9 bdefor beddnsrarun hgnigheefdnxe t o t he
substrate by the flux

detection operation in parallel with other operation,

not causing this error detection operation to generate
a time loss, and capable of promoting a further increase
in the operation efficiency.

10 To solve the above problems, a first invention
employs the fellowing means for the sclder 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.

Secondly, the solder ball mounting head and flux

20 transfer head are provided alternately on a head
supporter, and the head supporter intermittently rotates
so 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



transfer pin, an operation for nounting the solder ball on the substrate
by the ball nounting head, and an 5 operation for exam ning whether the

sol der ball exists on the suction nozzle by which the ball mountj fig 2005
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 existence of
the solder ball on the suction nozzle by which the ball nmounting operation

has just,gargigd guly cuf, gdeaty d Re- sa0R i e, andha . s6cond  oode,
der F , qﬁﬁe Pree end of

conprises sucking a so a depositing “the fTux 6n

the flux transfer .pi d 15 untji ng t.,he solder _ball on th redet.er m ned
posi 1 of PHRERGEEARE (H° s ERH el 1S ¢ UV E AT nd ¥ hé e SR E Tde
are executed %Iternatel IPbgﬁeach fair of nozzles. A gﬁcond i.nventi.on

rel at es HEEHE PpP e L ARt hBd FCUR ARG £ P ¥ £t Piedvient i on,
which 20 additionally has the step of exam ni ng whether the sol der bal

exi sts & t hBesusiibdt hazel Py WimeclP 2 hé BRerntdng i e afper &MSn das j ust
carried out, when the rotation of the flux transfer head and sol der bal
mourd i ngHeealt igme Be pppEam sl Agt Wbt havehicors ¢ kdenr badkht €8 sitrs whi ch
the first 4 13 JUL 2005 invention is fornmed into an apparatus, in which
sol der lpal threoanitnigo appaz atesbgnph bgd the Halllawbng mranoperation
has just carried out are executed 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
on the suctionnozzle by which the ball mounting operation
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 on the predetermined position
executed 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
20 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 kall mounting head

are stopped.

25 A third invention is an invention in which the first



First, the apparatus is provided with a solder ball nounting head having a
suction nozzle adapted to suck 5 a solder ball thereto and rel ease the

sol der ball in a predetermned position, and a flux transfer hegad RWiajifi%ed
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 solder ball nounting apparatus is
formed which is adapted to transfer the flux on a predeterm ned position
on the sifsthatismynand tfhemeduintca sl sppaba tusn tile wh kdbt soni died
position by the solder ball nounting head. 15 Thirdly, the sol der bal

mount i ngyheadranch £ idy dppashenheadpany spronNedEd 1ol owahlgy reewinal.t er nat el y
on the head supporter. Fourthly, a supply unit which supplies a sol der

ball to the spfiken ReZZlagparkkws SWBsHEEAWEEH suBBlicsr @1l ux to
the flux transter pin, and a nounting unit which nounts the solder ball on

the subsirale e RLLOCAed;rld) 4 NEnskan RORLLIANS hohddal ki duapsher

head and"H _ unting "hea fourth invention relatés to an inprovement
[0 Booe? “amdel SXEL U e B SAR PRl BBy, U2,
done or grqttadiesteaérlnj?%%tde%oasdfti:Rg%qalaln% .anfilux 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



stop position other than the stop positions for the flux transfer head and
sol der ball nounting head used in the 5 third invention. BRIEF DESﬁﬁLP&kCN
OF THE DRAWNGS In the acconpanying drawings: Fig. 1 is a perspéat i ew
showi ng a solder ball 10 nounting head and a flux transfer head; Fig. 2 is
a schematic arrangenent draw ng show ng an exanple of a sol der bal

nmounti ng apparatus utilized by the present invention; Figs. 3A to 3D are
expl anat ory drawi ngs showing a 15 fixed plate and a rotary plate, wherein
Fig. 3A ihetheeXHR8akeiok it gWbitg tof et BeSIRid wopRhat syl gr@ copicngsh

state, Fig. 3Bis a plan view of the fixed plate, Fig. Cis a bottomview

of the fixed pLa a Ei 3D kS ; I i of : | at.e; . 20
Fig. 4is a pglret ?‘%ﬁ yaggg!t igoo]i’le OLetxp %ngtlg;byé/%‘rgg\(}vi ﬁéf&‘f%i?&%} 1 gl gvtnatal‘ on

howi | ation b f fer heads and soLd I i
heads: “rrg o 1 e A AR SFER s § am G S SR BRC I RGN G T O Re Bt T at | on

and 25 Fig. 6 i.s a.right side explanatory draw ng show n 6 .13 JUL 2005 a
[Tt me- CATSAPFoN SFQoPREr SBAIGe B IR LA MAYA L HRGL PRl A 266 BESERPTI ON
OF THE PREFERRED EMBODI MENTS A node of enbodi nent of the present invention
will 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 solder 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
a plan view of the rotary plate;

20 Fig. 4 is a partially sectioned explanatory drawing
in front elevation showing the relation between flux
transfer heads and solder ball mounting heads;

Fig. 5 is an explanatory drawing in plan showing
the same relation; and

25 Fig. 6 is a right side explanatory drawing showing



5 now be described wth an enbodi nent thereof with reference to the
drawings. Fig. 2 is a schematic arrangenent draw ng show ng an ﬂﬂgﬂﬁ5of
the sol der ball nounting apparatus in which the present inventi

utilized. 10 As shown in Fig. 1 and Fig. 2, a solder ball nounting
apparatus 1 has heads 3, 4 for sucking and hol ding a solder ball and
nmounting 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 bal
mounti ng, heads %Ee@Hanﬂé%fé Ebansf edohaads waeaf 's’iﬁ;dtlénumi[f’z h@fl@uppl ying
the solder ball to the solder ball nmounting heads 3, 4, a unit 8 f
supplying flux to the flux transfer heads 5, 6, and an X-Y stage 9 (the
X-Y stage 9 is showmn in Fig. 4) on mhlch the substrate 2 is

sucti on- SUBRQ 0

oper at i on. =fF664 ; = 3

rotated internmtte b n | e of ro t|on of 90 25 degr ees at time
by a rotatingArBRe AT ¥ﬁ§°scﬁlﬂ§t??neaﬂf e5e PIREeDE04 DV BbaRSa 1 b @
rotated in the opp03|te direction as well. On a side surface of a | ower

por t Fon T6¥W t Heet oBR SGhiheidhg "ttt an, eRbqdimentandtaraedds it and

sol der ball nounting heads 3, 4 are provided alternately as shown
reference to the drawings. Fig. 2 1s a schematic

arrangement drawing showing an example 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 1 has heads 3, 4 for sucking and holding a scolder
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

i5 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 which the substrate 2 is suction-supported

20 for a flux transfer operation and a scolder mounting
operation.

[0013]
As shown in Fig. 4, the tool rotating shaft 10 is
rotated intermittently by an angle of rotation of 90

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



5in Fig. 1 and Fig. 2, in such a manner that the two pairs of heads can
be noved vertically in an upwardly spring-urged state. The fl ux tbfgmﬁer
head 5 and flux transfer head 6, and the solder ball nounting hdd nd
sol der ball nounting head 4 are fixed in a diagonally 10 opposed state
respectively. At the |ower ends of the solder ball nmounting heads 3, 4,
suction nozzles 15, 16 for sucking a solder ball and nounting the sanme on
the substrate 2 are provided. At the |ower ends of the flux transfer heads

5, 6, transter 15, pigs 12+ 48 &1 e, PRI P8R0 sHhee SUELL 1977 £5,4%1 16 are

connected to a suction punp, a vacuun1br§gﬁ alr circuit, a solder bal
Cuhi ch-ar e not O6ndued 0 $nd Er e 8 b 31 senal RETERED SR FRothe (oo
i th an KPR SCGRRat R b Onah Fenf et AT E5e P R88 pPar 6 A0 A%%0r ary
plate 12 so as to control the connection of the_ tool rotating shaft to the
sucti on badzmeyntinggheadisthe 4iadR PHAY 2ded 3L teid &k £ Lo gl SRPHE
mechanism 8 13 JUL 2005 is nmounted on the tool rotating shaft 10 by
i nseriingn Fig sdmarmshaf19102inio aufdh t4 M@ okes Bbathhe o PadA& tion
not to receive the rotation of the tool rotating shaft 10, an outer wall
of the foXedhdads l&alpei e 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
solder ball mounting head 4 are fixed in a diagonally
10 opposed state respectively.
At 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 suctionnozzles 15, 16 are
connected to a suction pump, a vacuum break air circuit,
a 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 teool
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 to the suction

nozzles 15, 16.

25 The fixed plate 11 of the air regulating mechanism



5 provided wth through holes 31, 32, 33, 34. Connecting pipes 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 switch valve, the connectiygumqmﬁ 42
to the suction punp via the solder ball suction 10 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
sol der ball carry-back exam nation unit. On the other hand, the rotary

plate 12;is moypted; Jdr ehd heobaol- S04 atinng shakt 10 sgyt haisdheinQfary

plate can be rotated with the shaft 10. The rotary platé is provided with
connect i i B2 R Catd PRE D Rort Shai"d TR %oRoect PRE pERed 42, 43
(o the Z0,s¢rLion astzlen a5 In, e et act o0 e 8l s Lpged o e
regulatig&xthe "ON' tinme of the ghrough ques of both of theseprates. I n
this enbédiakht 1GheaPecedses 28232 38, W IG3%FE Pordked ot yPPA%ner
contact surfaces 9 13 JUL 2005 of the through holes 31, 32, 33, 34 of the
fi xeds pl g videdThd tdost bronghothehest 8dl: PR atd dg 3Raf t CPARRFERNGer ve
as stop positions for the solder ball nounting heads

pipes 41, 42, 43, 44 are joined to the through holes 31,

32, 33, 34. The connecting pipe'dl is joined to the

suction pump via a switch valve, the connecting pipe 42

to the suction pump via the solder ball suction
10 examination 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

can 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



53, 4 and flux transfer heads 5, 6 fixed to the tool rotating shaft 10

I ncl ude as shown in Fig. 2 a position B on the |eft side of the tooI
rotating shaft 10 in which a solder ball supply unit is to be p g

position F on the front side of the shaft in which a unit for supp y|ng
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 nounting

nit s b e ouidethnandia posiiian | 00, 1he 1 rene sidedl pihe shal

I n which a remai S exam nation unit or ascertalnlng e eX|s ence of a

sol der 3 on the solder ball suction nozzles) is to be provided. A

sol der ball- supply unit 7 and a ball suction lift unit 13 are provided in

the left side position serV|ng 20 as a_sol der ball supply gos 1§§§ t he
I

flux supply uthQ3E&ﬂlFHBP%u% Fhie o uhi Foratingnsh ition
F serving as a position for supplying flux to the flux transfer pi ns 17,
18, the %erweage sy amipcs Wbhanisgor the spldembadi knosippbprg heads
substrate 2 on which the solder 25 ball is nounted in the right side
posi t3 on 3V sérwang dduxl0tiandEe?00zadssdldef balkenmpunti fdreogiad on,
these units being provided so that these units can be operated
i ndepsnde:rdﬂa/tﬁ)hgeaﬂ*aﬁt heo. iAs sidenaisnshiojn 4int Aégsol2der duas i tsiuppl y
. 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
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 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
15 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 prowvided.
A solder ball supply unit 7 and a ball suction 1lift
unit 13 are provided in the left side position B serving
20 as a solder ball supply position, the flux supply unit
8 and flux supply lift unit 14 in the front side position
F serving as a position for supplying flux to the flux
transfer pins 17, 18, the X-Y stage 9 and a mounting lift
unit 19 which support the substrate 2 on which the solder

25 ball is mounted in the right side position M serving as

10



5is aunit for taking out a solder ball one by one from a solder bal
storage unit (not shown) . The solder ball -supply unit 7 is fix dﬂ@ﬁ@ﬂ}
base to which the tool rotating shaft 10 is nounted rotatably. 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 sol der
ball rmounting heads 3, 4 urged upward constantly, via a pressure nenber
21. The cam 20 is formed to such a shape that permts the sol der bal

mount i ng heads by 4 g1 | OMEEuhE 1Y FRISER 1% OF kg dgk RSk kisong clihgy eof in

one turn of the cam The tlux supply unit % I's fixed to t%e non-rotating

portion S f, the tool,raqtatj af 0, ich.ls t r. side
t her eof , &%%)d‘?%%gdbe gogenjgrlgl% fl E)El%sslsj%pl &’%’ot%ﬂi t‘lf.'a he k??ux%g%%%%ﬁﬁclfft
unit 14 i;s also formed in_the sa manner as the solder ball suction lift
unit 13, peRd Yooﬁréﬁ%cﬁoaﬁhfﬁé'roller 22 provided at the
uppernost ends of the flux transfer heads 5, 6, via the pressure nenber 21
lovered by a ndtorSWBy 1@ i§igind. e neodd@ndali s¥PRIY2BOEt The
mounting lift unit 19 is adapted to press down upper end surfaces of the
sol de¥ bdld awunitnd deatsking suidaf Iand deandfar]l hends by, @snpy faamt or
M3, and enables a precise position control operation by utilizing a bal

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 mounted rotatably.

As shown in Fig. 6, in the ball suction 1ift unit

10 13, a cam 20 rotated by a motor M1l presses down a roller
22, which is provided at upper ends of the solder ball
mounting heads 3, 4 urged upward constantly, via a
pressure member 21. The cam 20 is formed to such a shape
that permits the solder ball mounting heads 3, 4 to lower

15 and return to original positions therecf 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
on the outer side thereof, andmay be a general flux supply

20 wunit. The flux supply lift unit 14 is also formed in the
same manner as the solder ball sucticn 1ift unit 13, and
adapted to press down the roller 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



5 screw and a nut. Furthernore, in the solder ball suction wunit and a flux
application unit, the roller 22 fixed to the flux transfer heads i% L7005
pressed down but, in the nmounting lift unit 19, the upper surfaceé 0¥ltme
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 necessary
positions B, F, M | as the shaft is rotated intermttently in the

directi on sho®hebyncumnaithay liinf Fignit513 ianddaptgdotto eacds ki ddwof
operation. A basic part of each operation will be described. The position

B on thepwft shdesofr fdeek08lf Hotcatld dDdeEhdf] 1 snduResidHg ale 8list Bg the
sol der ball supply unit as shown in Fig. 2, in which the sol der bal

supply yni 7 ugt i it It ar. rQyi < In the
sol der ga?b%%&ﬁ?%ﬁé?g t rquéo%%grgbaiglnbgu%tr?ggblri %%' SE}CP %é?g\%grs t he

| d ' A : - | h 3, 4
top | naR-gonete Hestiiont it eih eI ARL PR oY b R LA BRI 1 %5

| d bal | | it 7..12.13 JUL_2005_ T g F t he .f t sid
of the BUIY G i ha {746 CFE HRBEErL FOnt OF PREITUR DR VC AT and
and 11 URTEppRDS i3 £ Gt 2B L SRR BB Lt m Ehes To118% FPPY T 8

to the flux 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.

15 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 a position of the the solder ball supply unit
as shown in Fig. 2, in which the solder ball supply unit

20 7 and solder ball suction 1lift unit 13 are provided. 1In
the solder ball supply unit, the solder ball suction lift
unit 13 lowers the solder ball suction heads 3, 4 when
the solder ball 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 qgsjuq_imﬁﬁ
and the flux supply unit 8 supplies flux to the transfer pins 1 When t he
sol der ball nounting heads 3, 4 stop in 10 the front position F, the sane
position beconmes 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 achl OWS AL LR kg 1S dr?E 042! 88 e oP BLRY v
g '¢f n Eb ?he ri # S|ge of the

pressure sensor OW sensor. e positio

tool rota aft 1Q is. p03|t of he sold bal | ting unit. 1In

Lhi's rigﬁ?lap%%if‘?olnsm R kR ThO SRS, S RRET @%%%@ﬁﬁ% on

mhlch thﬁﬁéplder ball is nnunted is rQV|ded b Iom1tq$ t rotath? shaft
In t 1 SbobtREne S Akt 8aBR AR 2 i s 1Bt Rt diR g . Jﬂ% SURBdif ate 2

nay al so be automatically supplied and discharged. 25 When the fl ux
transf er Waddd$ sncs fdtwp siupp by Fidhtunid 13 3ue poOYi$editi dm Mhitthe f1ux
transfer heads 5, 6 transfer flux to the substrate 12 on the X-Y stage 9
by the nﬁmq:tnhgpomiftiqni tF,19thFhd ek gpupely $dlfderubpakl bbuhoWed s
surface is then detected.
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 the front position F, the same position becomes a position
of the solder 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 tocol rotating shaft 10. In this
embodiment, the substrate 2 1is set manually. The
substrate 2 may also be automatically supplied and

discharged.

25 When the flux transfer heads 5, 6 stop in the right

13



.5 Wien the solder ball nounting heads 3, 4 then stop in the position Mon
the right side of the tool rotating shaft 10, the solder ball is nounted
on the substrate 2 as the solder ball nounting operation is colfir LI BB on
the basis of the height of the detected solder ball 10 nounting surface by
the mounting Iift unit 19. Wien a failure in the suction of the sol der
ball was proved during the solder ball suction ascertaining operation in
the front position F, the solder ball nmounting operation by the sol der

bal | ”Dug%c%é‘ﬂt%%d%d% %ﬂei gt E?g??éféﬁ%%‘é%?%, g € S QUlr Yy thge

solder b nmount i ng eads stopped in the position next tine. Wen tl
he fool 1o Shing BT FELE 13 nef SRt pk F et nivnedih Suh g ¢
coms o Lbrbo LR (shi 11 504 oPShaF afrly A rETAARE. B3 HROFB A i
therein. This examination is also carried out by ascertaining whether the
suction ridizfese 155 Gbesudewesbrder ball or not by detecting an internal
25 pressure and a flowrate in the suction nozzles 15, 16 14 13 JUL 2005
by usPng a predther thassp lgrir &b aldwnsansbingvwherd hie3 r efmthenegdiihat i on
unit keeps sucking a solder ball, the tool rotating shaft 10 is turned
rever sel yin drite gpo sdtttiemptM ton chhey raghtt hei del dér tha Itamlnt® hg tdper at i on
shaft 10, the solder ball is mounted on the substrate
2 as the solder ball mounting operation is controlled
on the basis of the height of the detected solder ball
10 mounting surface by the mounting l1ift 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 solder ball mounting
operation by the solder ball mounting heads 3, 4 is not
15 carried out but is carried out by the solder ball mounting
heads stopped in the position next time.
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
20 whether a ball exists thereon or not. The rear position
I comes to serve as a position for providing a remains
examination unit therein. This examination 1s also
carried out by ascertaining whether the suction nozzles

15, 16 suck a solder ball or not by detecting an internal

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

14



.5 is made again. Wien the solder ball nounting operation cannot be carried
out even though an attenpt to carry out the sane operation is nad%
predet ermi ned nunber of tines, the solder ball nounting heads ar 8 JUL 2005
erroneously stopped. Wien the flux is transferred to the substrate 10 in
this enbodi ment, the existence of the solder ball on the suction nozzles
by which the solder ball suction operation has just carried out is
exanm ned in paraIIeI with the flux transfer operation, and the existence

of theygol|,darm bal %PBsH?PréUEEh%%f‘OJ&&eﬁ BY Wit 5B sohdesn 1pnhal |

nmount i ng”operation ‘has just carried out is also exam ned. \Wen the sol der

bal | i Lalqtn&d 8;1 6 UBR AL ¢ 1% 9Ol 2 g2 Al dpf i, ter eto and

t he dep03|t nsfer pirn are done

parall e |_der_bal un erati 20 An rran [

whi ch thB s&"d?a par q%’Lfb%l ﬁhj‘ﬁ ﬂ& gsfl gplrf"uerﬁ? § 't r#%‘ggﬁﬁodu ment
are repl aced mnth each ot her may be e 0 f so that. the sue&ﬁgtng of fl ux
to the PFGeMRENS? eFapiTY QT nyPE FP&)@ 3%% érme’é}%{PgnOpet $§88ki ng of

a solder ball to the suction nozzle and 25 the exam ning of the existence
of the &6l Badeagadn -t hhem tlze j5p lziyps balidt Mo HokRBeCRF Wt ATt he
sol der ball nounting operation has just carried out are executed. These
oper at i opanarte bepsardied oruer eMercafholgd can e supe tepe?ArEdns in
the respective positions at once.
out the same operation is made predetermined number of
times, the solder ball mounting heads are erroneously
stopped. When the flux is transferred to the substrate
10 in this embodiment, the existence of the solder ball cn
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 existence of
the solder ball on the suction nozzles by which the solder
15 ball mounting operation has Jjust carried out is also
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 are done in
parallel with the solder ball mounting operation.
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
to the flux transfer pin during a flux transfer operatiocn,

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 Al.t hough this enbodi nent is based on a single-solder-ball nounting
appar atus, the enbodi nent can, of course, be wutilized for a

pl ural -sol der-ball rnounting apparatus. The present invention is hdUL 2005
limted to this enbodi nent 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 balic ARt idgzRqadS K5 JRE A €%y | HYERLON Y PYI RS & SPhder
ball rmounting nethod, wherein a solder ball nmounting head and a fl Ox

transfer 4 rqvi de r er el | nt erqu ntly
rotating #E%gagjlgoplgr '?1 ea{rg,i qe‘ﬁ%%l ?e&lrﬁ/f)gﬁﬁ s%%:ti ogng%pe%/}é‘??gﬁ%b%/' t heﬂlé%%:g i on
nozzl e, 20 _an eration for _depositing the flux on_a.free enqggf flux
transfer PnT 2dn OParat Foh®P§ ‘?%rfs’?g’r-?ﬁ*ﬁﬁ PREFF Y 11D The HiBsithfe by
the flux transfer pin, .an o gration for. mounting the solder ball on the
FnedeteHﬁP@Haﬁi%'FioﬁQHlg Subst FEPEIR  Yhe BATLhbERS ng2hea®GRd 25 an
operation for examning the existence of the solder 16 13 JUL 2005 _bal

by whPch Ahkhpargh fdung ieiPegéramod shhs sadercaryiraleowto hfe redezbited

when the rotation of the head supporter is stopped. This method enabl es
even a nimeakérnibhl AppRoUnt iAg dpee aeindre @kasnti egoped i onursee karried
out

utilized for a plural-solder-ball mounting apparatus.

The present invention is not limited to this embodiment
having tweo 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 ball
mounting heads.

15 The present invention provides a solder ball
mounting method, wherein a solder ball mounting head and
a flux transfer head are provided plurally and
alternately on an intermittently rotating head supporter,
a solder ball suction operation by the suction nozzle,

20 an operation for depositing 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 operation
for mounting the solder bhall on the predetermined
position on a substrate by the ball mounting head, and

25 an operation for examining the existence of the solder

16



5in parallel with other operation, and proves that this nmethod is a sol der
bal | nounting nethod which does not cause an erroneous operation.t
generate a tinme loss, and which is capable of pronoting a furthéa-ﬁhémgase
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 operAati oy Whe-k ke d D 01 Hd Rt eh o B dtendi SHORQE PisktScakearad. This

met hod proves to be a nethod which enables a m staken ball nounting
operatio 1 i i o} rd u | # ' er
P %Lﬂfﬁé?é‘ é‘ﬂe@?ﬁ'l:it% »{’rﬂleg tﬂ%t E?&fd@goﬂ BFdElr:leEglle?Ad &b bR Qdh

operation, a proves t IS a so nounti ng net hod

whi ch d 20 ' [
loss,  and WRFERRES Caphits JFE R ThgDA T TReD ihopESta et Badf™

operation eff%cienc%. The.follomﬁnq%ls an_ef f ect ofttgg I nvent.i on defi ned
in dai MPURhEE%EPER2bAPP REGRIMYPIpPRESUS P8 T95° ¢ ot #bd 157 SV di ng
a ball mounting head and a flux 17 13 JUL 2005 transfer head plurally and
al t erhat &ty RALad st e #E bt &fth§ T r eP&L L SBpp G ErPTANG Sal TR &t BRG-S uni t
for supplying a solder ball to a suction nozzle, a unit for supplying flux
to the fmg¢m®dngﬁyaFﬁg;damjhﬁhhimounting method which does not

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

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

15 rotation of the head supporter is stopped. This method
proves to be a method which enables a mistaken ball
mounting operation examining operation to be carried out
in parallel with other operation, and proves that this
method is a solder ball mounting method which does not

20 cause even an erroneous operation to generate a2 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 formed 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 apparatui ququs
capabl e of processing in parallel with each other various kinds 3
operations for nmounting the solder 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

Lransf et gpdecand aalder Ay raRYY | NG figads, teedpla Lyt heghnvent on

defined in Irm7, a sol mount | ng appar at us oes not cause
an erronequs _operat.i to ner at I 0SS, g?' iS_C e of
pronot i l’]ié1 :f?lm*?%&mlfﬁgr%%gg%iw(fﬁglp%é%%zjdn%%eq %:1& e %?inli aoﬁggimned. 20
18 13 JUL 2005 rHAT | S CLALHED %S: f. A sol der_ ball nounting nethod
adapt ed 10F SURBLY M@ tFOnFEE Pkt bRedf FRE T ANSPEZ A ﬁavmﬁ a flux
transfer pin to a predetermned position on a 5 substrate and then nount a
sol der B&N SHPPhY1ing cbibvdr Fondd oSt Eok P Bt e FeRdM o SoR dBP 1al |
nmounting head having a suction nozzle, the solder ball nmounting head and
fluxstrd&wsf emohgatiinge provddder abtarhatogl y aonsabischriaseppdnt e fop
conpri si ng:
positions for the flux transfer head and solder mounting
head. Therefore, this apparatus becomes capable of
processing in parallel with each other various kinds of
operations for mounting the solder 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 is allocated
in a stop position other than the stop positions for the
flux transfer heads and solder ball mounting heads used
15 1in the invention defined in Claim 7, a solder ball
mounting apparatus which does not cause an erroneous
operation to generate a time loss, and which is capable
of promoting a further increase 1in the operation

efficiency, is cbtained.

20

18



10 .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 ff?ﬁf ﬁﬁe
by the flux transfer pin; and 15 nounting the solder ball on the
predeterm ned position by the ball nounting head, wherein the nethod are
executed 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

t he bal | wHEIUNT $ Ng LM EADI Q% :has just carried out. 25 3. The sol der bal
nmounting nethod according to 19 13 JUL 2005 daim1, further conprising

exanini ng whether the sebdefe:akbla Pl SiouRBithe auaiioa nadzbedy i ch the

ball suction operation has just carrled out. 5 4. The solder ball nounting
met hod ag O¢ i e head r
S AR IR AR b e

n1s mde agaln
SYEkEng; 108 Sl der 0l lonlQ 5 The

5 substrate and then mount a solder ball on the

ol der b&i Ff”iﬁ%%ﬁttefﬁ%%?héﬁé‘aﬁé‘kﬁ%f‘%é B
predetermined position by at least one solder ball
mounting head having a suction nozzle, the scolder ball
mounting head and flux transfer head are provided
alternately on a head supporter, comprising:

10 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
15 mounting the solder ball on the predetermined
position by the ball mounting head,
wherein the method are executed when the rotation

of the head supporter is stopped.

20 2. The solder ball mounting method according to
Claim 1, further comprising examining whether the solder
ball exists on the suction nozzle by which the ball

mounting operation has just carried out.

25 3. The solder ball mounting method according to

18




a.first node conprising transferring the flux to the substrate and

exam ning the existence of the solder 15 ball on the suction nozi ﬁ b¥

whi ch the ball nounting operation has just carried out executed a WE @gne
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. Th |1 t : ' . wh th
head SUE% L T PERE T D £2° 135 BEPn s B MR PP nRlRRe S o

| d b t heads f d d d st at t I
and rot ottt {7 O e Gt 1 1 PRt P et o &) diY podi s Fand . BH1 ngl o

of every 90 degrees 5 7. A solder ball nounting agparatus provided wth a
bal I mourtiTlg: ABa@REVRRG OR iREi 0N SToZRETA@4ht @A -t 0 suck a sol der bal |
and rel ease the sane in a predeterm ned p05|t|on 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 de¥ ball beidng noldviteeds @hdehre b aprkedetenitriimeyl nposhbidor afdedithe tfd ux i s
transferred to
Claim 2, wherein the head supporter is turned reversely
to carry out the solder kball mounting operation is made
again, when the remains examination unit keeps sucking
the solder ball.
10
5. The solder ball mounting method according to
Claim 2, wherein:
a first mode comprising transferring the flux to
the substrate and examining the existence of the solder
15 Dball on the suction nozzle by which the ball mounting
operation has just carried out executed at the same time;
a second mode comprising sucking a solder ball,
depositing the flux on the free end of the flux transfer
pin and mounting the solder ball on the predetermined
20 position executed at the same time; and

the first mode and the second mode are executed

alternately by each pair of nozzles.

6. The solder ball mounting method according to

25 Claim 1, wherein the head supporter comprises two flux

20




t he- predeterm ned position on the substrate, the solder 15 ball nounting
head and the flux transfer head are provided plurally and alternatelm_(i‘m5
an intermttently rotating head supporter, conprising: a supply u
supplying a solder ball to the suction nozzle; 20 a flux supply unit
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 solder ball nmounting head and the flux transfer 21

13 JUL 20@7arhepdr Beatle S0Hdewobaldld@untkng aareﬁ{@iﬂa ﬁ%%&é“f'gxeho

Claim 7, wherein an exam ning unit exam ning whether 57the suckling of

sol der bahh ‘éa%ldQ&Sn%rllrﬂPt %}50% Sé’f:\é't%grr!?e?.ﬁééﬁ:l}%%ig tdeq,d,p fie top

position other than the ositions X ifead

sol der ba 1Q.,9., The sol d ball rnounting, aratus

accor di nngto %PE%%%@mﬁe?g ﬂ:l%?'lté &g’tré?? ngﬁﬁeasdtgﬁpﬁ’é’rﬁleglf’&%sbyr@v?ersel y
to carry gut .the sol der éh nDuntln operation nmade again, when the

remai ns eXBFATLT HnEYRRY k 9e%iﬁﬁ ng the solder ball. 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 a
predetermined 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 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 sclder
15 ballmounting head and the flux transfer head are provided
plurally and alternately on an intermittently rotating
head supporter, comprising:
a supply unit supplying a solder ball to the suction
nozzle;
20 a flux supply unit supplying flux to the flux
transfer pin; and
a mounting unit mounting the solder ball on the
substrate,
wherein the units are allocated in 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 heads and two solder ball nounting heads are fixed {g ﬁ[
di agonal | y opposed state respectively on the nounting head suppor A,
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.

8. The solder ball mounting apparatus according
to Claim 8, wherein the rotating head supporter turns
reversely to carry out the solder ball mounting operation
made again, when the remains examination unit keeps

sucking the solder ball.

10. The solder ball mounting apparatus according
toClaim 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

90 degrees.
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