CONDUCTI VE BALL ARRAYI NG APPARATUS This application clainms
priority from Japanese Patent Applications No. 2006-124951 filed on
April 28, 5 2006 and 2006-124952 filed on April 28, 2006, the entire
subj ect matter of which is incorporated herein by reference.
BACKGROUND OF THE I NVENTION 101. Field of the Invention The
present invention relates to inprovenent of an apparatus in which a
ball cup that houses conductive balls therein noves relatively on an
arraying jig having ball insertion parts provided at a predeterm ned
pattern so 15 as to aoNDWCIIMEICBALE DRAAY INGeAEPPARAMMU/ e bal |
arrayi ng apparatus of the invention has been devel oped in order to
control exactly a quantity of the conductive balls in the ball cup.
Further, the conductive ball arraying apparatus of the invention has
been devel oped 2this epgeridot dehectl xomslugtniver biay | £ ddmat Thpemese
| eaked out froma clearance between the ball cup and the arraying
jig. 2. Despatphitorpyfl tdw:t Rehat Bd.ALt006-124951 filerdaonohgeri badd,
nmount er whi ch nounts sol der balls 25on individual electrodes forned
on a nounti pgoebsjrdt2006-124952 filed on April 28, 2006, the entire

subject matter of which is incorporated herein by

reference.

BACKGROUND OF THEE INVENTION

10 l. Field of the Invention
The present invention relates tco improvement of an
apparatus inwhich a ball cup that houses conductive balls
therein moves relatively on an arraying jig having ball
insertion parts provided at a predetermined pattern so
15 as to array conductive balls. The conductive ball
arraying apparatus of the invention has been developed
in order toc control exactly a quantity of the conductive
balls in the ball cup. Further, the conductive ball
arraying apparatus of the invention has been developed
20 in order to detect conductive balls that have leaked out
from a clearance between the ball cup and the arraying
jig.
2. Description of the Related Art
In a solder kball mounter which mounts soplder balls

25 on individual electrodes formed on a mounting object at



the predeterm ned arraypattern, recently, since the size of the

sol der ball becones mnute and the size of the product such as a
wafer that is the nounting object becones |arge, the nunber of sol der
balls to be mounted 5 at one tinme has increased. Under such the

ci rcunstances, in order to reduce a defect in arraying the sol der
balls and a defect in the nmounting time, Japanese Patent No. 3271482
di scl oses a conductive ball arraying apparatus, in which an arraying
jig (tenplate in Japanese Patent 10 No. 3271482) such as an array
mask is prothderlredespraliosd anire yseidbsteane warehtily .ashbgstihg size
object on which flux has been printed, and a ball cup (sol der bal
housi ng par pf rivesabdwe bPhé labesdnms jninate dropstheesssrdert Hale
directly on the electrode of the electronic 15substrate.

However, i npthidgicdongachi e bal Waderaythgtappar hhas nayn §heg ngkieac bf
t he conductive balls in the ball cup is too |large during arraying the
bal |, therebksomes dargs, tidme nurbevndficsd Veepabrlats ttige bisgompoym tefd
the ball cup 20 that cones into contact of the arraying jig is
pressed or ASlah o imrehas tnandpsg doondinstd v e usdl LEetthiey eBp shon ass be
dropped or to cause engagenent. In contrast, if the nunber of the
conductive bal¢sdpn tRerpdbrcecaple¢fecdoliBnarrayimar &hies spReegaigdrl Hf
a shortage of conductive 25balls. Further, in this conductive
bal | arrayi agdappdedass; in tlepseonnbinohd iavgaylareregei Bapent No.
appropriate, plane accuracy is poor, or setting of height position of
the bal |l cup2i’d4B8@ diiserd amr fe cancaydtigve ikpl § avoraysngpppPBpriedies /
the conductive balls in the ball cup may | eak out froma portion

bet ween t helbawhiglp ahdarheyangayilng (SenBdateg ithe/daanegpr ptent
operation. The | eakage of the conductive balls deteriorates the
product0 on WhicB2AHA EDhdeechve@ g sagrayoupiédis provided on an

electronic substrate which is a mounting ocbject on which

flux has béen.printed, and a ball cup {(solder ball housing

part) moves abbve the arraying jig and drops the solderx

ball directly on the electrcde of the electronic
16 substrate.

However, in this conductive ball arraying apparatus,
if the number of the conductive balls in the ball cup
is too large during arraying the ball, there is the danger
that the conductive ball at the bottom of the ball cup

20 that comes into contact of the arraying jig is pressed
or held by the surrounding conductive balls thereby not
to be dropped or to cause engagement. In contrast, if
the number of the conductive balls in the ball cup is
too small, there is the danger of a shortage of conductive

25 balls.



10 SUMNMARY OF THE | NVENTI ON In order to continue the stable
arraying operation, it may be considered to keep appropriately the
quantity of balls housed in the ball cup. For exanple, the 15
appropriate quantity of balls in the ball cup may be cal cul ated and
secured fromthe opening/closing tinme of an opening and cl osi ng door
provided in a ball hopper that is a ball feeder and the bal
supplying quantity, and the nunber of production sheets and the

el apsed 20 production tine. However, there is a problemthat the
actual ball quanFrryhen.the Wals congludddiwe &2 il sirrelyd nchkpiRraadd: aind
grasped ball quantity gradually with the el apsed tine.

Aspects of tHetpnedmni of phrevhasayidshdact ivenpil frp5aPrditiy Plane
apparatus which can control a ball quantity in a ball cup nore
exact|y by decagiacyy ihepdart qhafeittynsgy cdfetheigbh regasion of the
Further, aspects of the invention provide a conductive ball arraying
appar at us whiedl camrdetiact rsladamducttiove tha | §r\Mﬁ)CW¢|av]e19 eak®d Ut

froma portlon between a ball cup and an arraying jig.
appropriate, the conductive balls in the ball cup may

leak out from a portion between the ball cup and the
arraving jig during the ball array operation. The
leakage of the conductive balls deteriorates the product
on which the conductive balls are mounted.

10

SUMMARY OF THE INVENTION

In order to continue the stable arraying operation,
it may be considered to keep appropriately the quantity
of balls housed in the ball cup. For example, the

16 appropriate quantity of balls in the ball cup may be
calculated and secured from the opening/closing time of
an opening and closing door provided in a ball hopper
that is a ball feeder and the ball supplying gquantity,
and the number of production sheets and the elapsed

20 production time. However, there is a problem that the
actual ball quantity in the ball cup deviates from the
calcuiated and grasped ball quantity gradually with the
elapsed time.

Aspects of the invention provide a conductive ball

25 arraying apparatus which can control a ball gquantity in



According to a first aspect of the invention, a conductive ball
arrayi ng apparatus conprises: an arraying jig having ball insertion
parts at a 10 predeterm ned array pattern; a ball cup that has an
opening part on a | ower surface thereof and is capable of housing a
plurality of conductive balls; noving neans that noves the arraying
jig and the ball cup relatively, the noving neans noving the ball cup
relatively along 15 an upper surface of the arraying jig and dropping
of f the conductive balls into the ball insertion parts of the
arraying jig; bagpercup mareet¢retidy bwadstawtk ingethei bafl ldeueatt onhy
nmeans that detect a quantity of the conductive balls in the ball cup
and det ect sbgs det adiet ber m2@ntshe quantity of the conductive balls in
the ball cup reaches an upper |imt and a lower limt, respectively,
when t he novi ng nBanshewves atdpeclrs ayhg fhg ahaveheibal | pogpyide a
relatively; and | eakage detection neans that detects | eakage of the
conduct i ve bahld:dirione aballdar ance yietaveepp25efieishakhichp @dd tdegect
arraying jig on a back side in a relative novenent direction of the
bal | cup. condudAcicor draglisovwhisdedmivaspeskedf aufe fnownei gor tim
novi ng neans i s novabl e reciprocately, and the upper |limt detection
means, | owebeltivsan deteellogupearsd aanl abralénideakiafye det ecti on neans
each includes two sets thereof such that they are opposed to each
other in a novi ngAdéeedtingn of ahéibsltd aagsceacl ddtes bhvehs lgppera
limt detection neans, the lower [imt detection neans and the
| eakage det econidmemeams baildg anmrnanel| yapperewitschedomnrasesrdareie
with the noving direction of the ball cup. According to a
third aspecerofaving i nvéati dvevingonbadtli velbag rtappayimayr bpparst usa
conprises: an arraying jig having ball insertion parts at a

10 predetermined array pattern; a ball cup that has an

opening part on a lower surface thereof and is capable
of housing a plurality of conductive balls; moving means
that moves the arraying jig and the ball cup relatively,
the moving means moving the ball cup relatively along
15 an upper surface of the arraying jig and dropping off
the conductive balls into the ball insertion parts of
the arraying jig; upper limit detection means and lower
limit detection means that detect a gquantity of the
conductive balls in the ball cup and detects as to whether
20 the quantity of the conductive balls in the ball cup
reaches an upper limit and a lowér limit, respectively,
when the moving means moves the arraying jig and the ball
cup relatively; and leakage detection means that detects
leakage of the conductive balls from a clearance between

25 the ball cup and the arraying jig on a back side in a



15 predetermi ned array pattern; a ball cup that has an opening part
on a |lower surface thereof and is capable of housing a plurality of
conductive balls; noving neans that noves the arraying jig and the
ball cup relatively, the noving nmeans noving the ball cup relatively
along 20 an upper surface of the arraying jig and dropping off the
conductive balls into the ball insertion parts of the arraying jiag;
and lower Iimt detection neans that detects a quantity of the
conductive balls in the opening part in a vicinity of an inner wall
of the bal | Y€d@ oV 26BCERRENhIEH e Rl BBI PIc P ndiaek! afiliPdet ect s as
to whether the quantity of the conductive balls in the ball cup
reaches the | onerAEFRFERER X ReSREPPNg2ARERS RvESe ABVET R g §1Y
and the ball cup relatively. According to a fourth aspect of the

i nvention, FR¥ITY cBAALESt LA BAVRPAPr AATPEPPaFstys fangnhkhe upper
conprises a_ball supply neans that supplies the conductive balls into
the bal |l cupimitferds e ¢heopalasgpplhy Widansttesuppt £ES 1oRe "EGHHRIARY e
balls when the lower limt detection neans detects the reaching of
the |ower | Fhet . 120KEd6r dRR§ECS 12T | PERNEspRRENOf IR REUARFenEYON, ST
novi ng neans i s novabl e reciprocately, and the lower |imt detection
nmeans i ncl u8B&TaRE steshof bette GRfEra F e nPPPA&LELtEi e #BRNS t&ETh tthad
t hey are opposed to each other in the noving direction of the bal
cup, each sBE¥igg diF qqfel PRyt th eika Het@ut i SR FRaRt DA hfhe upper
alternately_swi tched in accordance with _a noving direction of the
bal | cup. = 1imitad&di%f hiCRo™8a8sxt s gevte orl ikt i AGERETdPR Mfens

lower Iimt detection_neans detects the quantity of the
and the leakage detection means’ being alternately

10 switched in accordance with the moving direction of the
ball cup.

According to a third aspect of the invention, a
conductive ball arraying apparatus comprises: an
arraying Jig having ball insertion parts at a

15 predetermined array pattern; a ball cup that has an
opening part on a lower surface thereof and is capable
of housing a plurality of conductive balls; moving means
that moves the arraying jig and the ball cup relatively,
the moving means moving the ball cup relatively along

20 an upper surface of the arraying jig and dropping off
the conductive balls into the ball insertion parts of
the arraying jig:; and lower limit detecticn means that
detects a quantity of the conductive balls in the opening
part in a vicinity of an inner wall of the ball cup on

25 a side which the ball cup moves and detects as teo whether



20conductive balls in the ball cup fromlight quantity of reflection

light fromthe conductive balls. According to a seventh aspect
of the invention, a conductive ball arraying apparatus conprises: an
arraying jig having ball insertion parts at a 25predeterm ned array

pattern; a ball cup that has an opening part on a | ower surface
thereof and is capable of housing a plurality of conductive balls;
novi ng nmeans that noves the arraying jig and the ball cup relatively,
the noving neans noving the ball cup relatively along 5 an_ upper
surface of the @vaythgyjiof dnte deepgiueg i6f¢ badleodducthoebpdly scup
into the ball insertion parts of the arraying jig; and upper limt
det ecti on negnshemtt etlepier al Hodht vhgnothehBo¥dRGUBEIRFE HEIVSS | The
vicinity of an inner wall surface of the ball cup on a side opposite
10 to whi chatfewdld tiup abdedhnd bl cet® 4€led ifrether the quantity
of the conductive balls in the ball cup reaches the upper limt when
t he novi ng neans hevesdiRa &cr ayfayrjitihgagrgctthefbibe eoyend anveile
According to an eighth aspect of the invention, the 15 noving neans
i s nmovabl e Feeidpcdddiel B2l dndr rRY igsharnara tugcfecthey geaprises a
includes two sets of the upper limt detection neans such that they
are opposedPféd lediéeRPrdtyhefaps thatniPpylapridet comdictheepgw 1L euypto
each sets of the upper limt detection neans being alternately 20
swi t ched i nth&écbrdancdii the helpolieg bdilrle Urint HingpRsSpaps vt ies

the conductive balls when the lower 1limit detection means
detects the reaching of the lower limit.

10 According to a fifth aspect of the invention, the
moving means 1s movable reciprocately, and the lower
limit detection means includes two sets of the lower limit
detection means such that they are opposed to each other
in the moving direction of the ball cup, each sets of

15 the lower 1limit detection means being alternately
switched in accordance with a moving direction of the
ball cup.

According to a sixth aspect of the invention, the
lower limit detection means detects the gquantity of the

20 conductive balls in the ball cup from light gquantity of
reflection light from the conductive balls.

According to a seventh aspect of the invention, a
conductive ball arraying apparatus comprises: an
arraying Jjig having ball insertion parts at a

25 predetermined array pattern; a ball cup that has an



According to a ninth aspect of the invention, the upper limt
detection neans detects the quantity of the conductive balls in the
ball cup fromlight quantity of 25reflection light fromthe

conductive balls. According to a tenth aspect of the
invention, a conductive ball arraying apparatus conprises: an
arraying jig having ball insertion parts at a predeterm ned array

pattern; a ball cup that has an 5 opening part on a | ower surface
t hereof and is capable of housing a plurality of conductive balls;
novi ng nmean§PERENGRRELL AR &r t aVRRg ST 2Rl tRerpall 2Bdp LlelCaRakel §,
t he novi ng neans nmoving the ball cup relatively al ong an upper
surface of PReRarEdyichg Pyradd tar 8ppFfRYISCT I OFd Icon MRt ve TR
into the ball insertion parts of, the_arrayin%v%ig; and detection
means that &8fdchOVE iR PEY 2 e IbRdife tFePBAN SUPnTeRE tHAT 8 ¥up
and detects as to whether the quantitg of the conductive balls in the
bal | cup rei&fePGh RPHpBEAPSHMO EHNE athewke Ll (fUP 15%hehivRd YmsVh o/
means npves the arraying jig and the ball cup relatively. )
Accm%ﬂ%g ténaﬁﬁﬁ%ﬁeﬁPﬁf&§ﬁaﬂfcﬁh?h%rFﬁVéﬁﬂid&gt4%ﬂnﬁypﬁ§%ﬁﬁwgffs
novabl e recigrocately, and t he detection neans .includes two sets
t her eof suchbBEh&CrHeyt28eaPe Mdrpodetot BhealR 1dt Hers ¢ ht &ChoPRFFs of
direction of the ball cup, each sets of the detection neans bein
al t er nat el y L& BOF&Y 179 attdr daRbe "RPEF tiHé o elgearfest PeRTeT vt
bal | cup. According to a twel fth aspect_ of the . = |
i nvention, Z5CRGT ids AR Idel oF EORIGORIVE Y Ry B iiRy Sapp& dt vlsY
of an inner wall surface of the ball cup on a side opposite
10 to which the ball cup moves and detects as to whether
the quantity of the conductive balls in the ball cup
reaches the upper limit when the moving means moves the
arraying jig and the ball cup relatively.
According to an eighth aspect of the invention, the
15 moving means is movable reciprocately, and the upper
limit detectionmeans includes two sets of the upper limit
detection means such that they are opposed to sach other
in the moving direction of the ball cup, each sets of
the upper limit detection means being alternately
20 switched in accordance with the moving direction of the
ball cup.
According to a ninth aspect of the invention, the
upper limit detection means detects the quantity of the
conductive balls in the ball cup from light quantity of

26 reflection light from the conductive balls.



conprising: an arraying jig having ball insertion parts at a
predeterm ned array pattern; a ball cup that has an opening part
opposed to the upper surface of the arraying jig on a | ower surface
thereof and is capable 5 of housing a plurality of conductive balls;
novi ng neans that noves the arraying jig and the ball cup relatively,
t he novi ng neans noving the ball cup relatively al ong an upper
surface of the arraying jig and dropping off the conductive balls
into the ball insertion parts of 10 the arraying jig;, and |eakage
detecti on neans thaeogeid® s£¢ cakhgatd asreebnadctihe baYestieem a2
cl earance between the ball cup and the arraying jig on a back side in
a relative roPshEHiiGer ebildn G REHEl BRI | 2RBPT AActOr FPEPESSES: an
thirteenth aspect of the invention, 15 the |eakage detection neans

i ncl udes twergetysinher 268 si@V it PRéY arknSfFELAat elRABW t cREd i %
accordance with a noving direction of the ball cup. Accor di ng
to a fourtepnededspeeinet EHEdHvRALLEADt he dedductibe WAl hpsayihg
apparatus further conprises 20 alarmneans that activates an al arm
when the | eak&gd et | ofi neaheWa st 68 adfe tiakeagé endi he capable
conductive balls. According to a fifteenth aspect of the

i nvention, fheheBadde pvRlBARL LAY 8 aordBpadateuyafidmihape vdaye mesdss

25st oppi ng neans that stops the arraying operation when
that moves the arraying jig and the ball cup relatively,

the moving means moving the ball cup relatively along
an upper surface of the arraying Jjig and dropping off

10 the conductive balls into the ball insertion parts of
the arraying jig; and detection means that detects a
quantity of the conductive balls in the ball cup and
detects as to whether the quantity of the conductive balls
in the ball cup reaches an upper limit and a lower limit

15 when the moving means moves the arraying jig and the ball
cup relatively.

According to an eleventh aspect of the invention,
the moving means is movable reciprocately, and the
.detection.meéns includes two sets thereof such that they

20 are opposed to each other in a moving direction of the
ball cup, each sets of the detection means being
alternately switched in accordance with the moving
direction of the ball cup.

According to a twelfth aspect of the invention,

25 there is provided a conductive ball arraying apparatus



t he | eakage detection neans detects the | eakage of the conductive
bal | s. According to the aspects of the invention, the upper
limt detection neans and the | ower detection neans that 5 detect
the quantity of the conductive balls in the ball cup and detects as
to whether the quantity of the conductive balls in the ball cup
reaches the upper limt and the lower limt, respectively, when the
novi ng nmeans noves the arraying jig and the ball cup relatively. 10
Therefore, the ball quantity can be always controlled appropriately.
Furt her, acecem@imig ¥odt heh sxpeaysngflitchawiedtbanl Lh6eFdiaTy Paeths
is novable reciprocately, and the upper |limt detection neans and

| ower |imtadetedtiehehBanNd ners agudy i PeEhEES /t io et 5 ERBr EbR s Uehs
that they are opposed to each other in the noving direction of the
bal | cup, eaBharazipg R upPEPOSEM tteetbet VP pRasdt vdmfe he Il dvike
limt detection neans being alternately switched in accordance wth
the novi ng drréstitgh bigtee dal pwegpsuri@crhdrtdpeel anpdoipncgmable
apparatus whi ch places the conductive balls by the reciprocating
noverment, tAE balFig@matPLyrads Weoéone PELRILEd Ve Ratlllyg; moving megxn§ |
further, according to the aspects of the invention, the detection
means i ncl ugBattReveswEh g pire visdedd@ podl fB&nBatRacuerépsiyely,
quantity of the conductive balls in the opening part in the vicinity
of the innefhRaMovgfng heepak| MYy 'vh &he Brdé whichr ehetb¥plyc@dong
moves and detects as to whether the quantity of the conductive balls
in the bal | 2BupPreachedr fReel Obertle Mm¥rakeRdt pdg and dropping off

the conductive balls into the ball insertion parts of
10 the arraying jig:; and leakage detection means that
detects leakage of the conductive balls from a clearance
between the ball cup and the arraying jig on a back side
in a relative movement direction of the ball cup.
According to a thirteenth aspect of the invention,
15 the leakage detection means includes two sets thereof
such that they are alternately switched in accordance
with a moving direction of the ball cup.
According to a fourteenth aspect of the invention,
the conductive ball arraying apparatus further comprises
20 alarm means that activates an alarm when the leakage
detection means detects the leakage of the conductive
balls.
According to a fifteenth aspect of the invention,
the conductive ball arraying apparatus further comprises

25 stopping means that stops the arraying operation when



5 novi ng means noves the arraying jig and the ball cup relatively.
Therefore, the necessary tinme of resupply can be detected and the
ball quantity can be controlled exactly. Still further, according to
the aspects of the 10 invention, the conductive ball arraying
apparatus further conprises the ball supply nmeans that supplies the
conductive balls into the ball cup, wherein the ball supply neans
resupplies the conductive balls when the lower Iimt detection neans
detects the reaching of the 15l ower limt, Therefore, it becones easy
to nake theths lepiea¥etYetRctiopagant S apprbpr Fhtelgrkage qfddshe
Still further, according to the aspects of the invention, the noving
neans is nn@&@FB“FéEY%rgééﬂéky, and the lower linit detection neans
includes two sets 20 of the lower |imt detection nmeans such that
they are opposed £6<8&EH 7t herthd asme Glov PAgt R rttephion t Heepdhner
cup, each sets of the lower Iimt detection neans being alternately
swi t ched i nld&ddr 8&HEC Wi oA RN PR DI LestSoResreahionigargfhat
Therefore, also in the 25apparatus which places the conductive balls
by the 9recPgtEcH: it rﬁﬂx%ghw Phetbal FopduRtilve ol e idbrithrod itk
exactly. Still further, according to the aspects of the

i nvention, €H@ d%P@cﬂ#%Eeﬁﬁénsa$nd¥hd@geFﬁ@IUpEBP | 9¥ppLdstec®forfhe
nmeans that detects the quantity of the conductive balls in the

vicinity of COREYGIkEYe Ra11gult ddie drlthemFradiPoriherigfe 1init

opposite to which the ball ,cup noves and detects as to whether the

quantity of 2PetBENHAVELY & 1 B&Itr sTRRPEIE R 1Y c i e ddHRe R AHA L gisan s

Himt moves the arraying jig and the ball cup relatively.

10 Therefore, the ball quantity can be always controlled
appropriate;y.

Further, according to the aspects of the invention,
the moving means is movable reciprocately, and the upper
limit detection means and lower limit detection means

15 each includes two sets thereof such that they are opposed
to each cother in the moving direction of the ball cup,
each sets of the upper limit detection means and the lower
limit detection means being alternately switched in
accordance with the moving direction of the ball cup.

20 Therefore, also in the apparatus which places the
conductive balls by the reciprocating movement, the ball
quantity can be controlled exactly.

Still further, according to the aspects of the

invention, the detection means includes the lower limit

25 detection means that detects a quantity of the conductive

10



10when the noving neans noves the arraying jig and the ball cup
relatively. Therefore, the apparatus can be controlled to nake the
ball quantity in the ball cup appropriate when the ball quantity in
the ball cup cones to the appropriate quantity or nore is possible.
15 Still further, according to the aspects of the invention, the
novi ng neans i s novabl e reciprocately, and the upper limt detection
means i ncludes two sets of the upper limt detection neans such that

they are opposed to each other in the noving direction of e bhall 20
cup, each sgtaélo‘*f i RppRP e APt PAStectt ditsmeast BefHgOdl &&Endﬂé}%/r

switched in accordance with the noving djcection of the [l cup.
Therefore, YPdd Ph FhHE }aﬁgérﬁPBso%‘?%‘% Spitél%é‘gut téb?\&iﬂff\%”bé‘[)q‘ée%y
t he reciprocatjng novenent, the ball antity can be 25control | ed,
exactly | and ddtgahy am, tenuhe thedotlengues tiitd 8dp5Bes CoPaRE 1 ve
i nvention, the_| eakage detection neans .t hat detects | eakage of the
conducti ve Baftls$ firfb R%ebefiawﬁcée@mﬁ%el%ﬂ cuplandhefe the
arrayin ji% is provided. 6 Therefore, the Conductive_ﬁgllg ﬁhich
have | eaked™PFoM% HEEHBFt MG et WeBn 2EHE Yodtd ¢up and tHee abe Vi rfg*P

jig can be detect.ed. Stil.l further, according to the aspects of
the inventi B5A}3He§ Lhkagt BEEECESon (PSR GHRT ALES 16 §§t§esﬂ§ply

t hereof such that they are, alternatel wi tched in accordance w.th
Tovi ng i r 6ERPOR CofCERE el IR NOTRALE GFRAR F £ £ ¥aCpBSSPbF 8Bt kit
t he conductive |1s that have | eaked out in case that the ball cup
reci procat e§%2 ¥11 further, according to the aspects of the

Still further, according tec the aspects of the

10 inventicen, the conductive ball arraying apparatus

further comprises the ball supply means that supplies

the conductive balls into the ball cup, wherein the ball

supply means resupplies the conductive balls when the

lower limit detection means detects the reaching of the

15 lower limit. Therefore, it becomes easy to make the ball
guantity in the ball cup appropriate at all times.

Still further, according to the aspects of the

invention, the moving means is movable reciprocately,

and fhe lower limit detection means includes two sets

20 of the lower limit detection means such that they are

opposed to each other in the moving direction of the ball

cup, each sets of the lower limit detection means being

alternately switched in accordance with the moving

direction of the ball cup. Therefore, also in the

25 apparatus which places the conductive balls by the

11



i nvention, the alarm ireans that activates an al'armor the stopping
means that stops the arraying operation when the | eakage detection
neans detects the | eakage of the conductive balls. Therefore, it is
useful for the 20counterneasure after the | eakage of the conductive
bal | s. BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is a
schematic plan view showi ng the whole of an arraying apparatus
according to the invention;, 25Fig. 2 is a plan view of a ball cup
portion; Fig. 3 is an explanatory view of a ball cup, which
shows oper ate6Ardetezting sepgement, the mRpl aangnia tekplaatat RY
view of a section of the ball cup, which shows upper limt and | ower
limt 5dete€PPAFddssdi ®83ct1lY- Fig. 5 is an explanatory view of a

section of the ball cup, which shows a | eakage detecting position;
Fig. 6 is an expl3phtdr fuAtiedf @A arIséetilohe #FPET shord dhe

relation between a ball cup and a ball . o
invention, the detection means includes the upper limit

5 detection means that detects the quantity of the
conductive balls in the vicinity of the inner wall surface
of the ball cup on the side opposite to which the ball
cup moves and detects as to whether the guantity of the
conductive balls in the ball cup reaches the upper limit

10 when the moving means moves the arraying jig and the ball
cup relatively. Therefore, the apparatus can be
controlled to make the ball quantity in the ball cup
appropriate when the ball quantity in the ball cup comes
to the appropriate guantity or morxe is possible.

15 Still further, according to the aspects of the
invention, the moving means is movable reciprocately,
and the upper limit detection means includes two sets
of the upper limit detection means such that they are
opposed to each other in the moving direction of the ball

20 cup, each sets of the upper limit detection means being
alternately switched in accordance with the moving
direction of the ball cup. Therefore, also in the
apparatus which places the conductive balls by the
reciprocating movement, the ball quantity can be

25 controlled exactly.
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10hopper; and Fig. 7 is a front explanatory view, which shows the
sane. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 15
Referring to drawi ngs, a node for carrying out the invention will be
descri bed bel ow with an enbodi rent of the invention. In the

enbodi nent, a solder ball nounter is shown. The sol der ball nounter
includes a carry-in wafer delivery part, a flux printing part, a bal
nmounting 20 part, and a carry-out wafer delivery part. A conductive

bal | arraying apparatus of the invention constitutes the bal
mounting part. |nSEheli fEniheh, ASSRhtigtopjldee sagPadie of the

conductive ball, there are a sem conductor wafer (hereinafter, Iy
descri bed aénéle\ﬂéflé?l}' dRherskealerbniCebPFELPR UoFRS £hAT aﬁlleésec
board, and the_like. In the enbodj ment, the wafer is used_ for the

nnmulng<ﬂﬁ€é$§g¢mPFmﬁhea§9ﬁﬂﬁgF%8emﬁﬁ%}%lf?Q%xt@&ﬂaéPaﬁ%ﬂ%ﬁ
conducti ve adhesive, and the |like are used In the epbodi nent, the
flux i s usedeFyeamdbRirRal ¥ eCHRt BRAal hes Pid 3 6ed rbHes BnPERY IR Gy

on which the conductive balls are to be nmounted have been coated with
the fl . Therefore, the conductive balls which have leaked from

the portion between the ball cup and the arraying Jjig
can be detected.
Still further, acceording to the aspects of the
invention, the leakage detection means includes two sets
10 thereof such that they are alternately switched in
accordance with a moving direction of the ball cup.
Therefore, it is possible to detect the conductive balls
that have leaked out in case that the ball cup
reciprocates.
i5 Still further, according to the aspects of the
invention, the alarm means that activates an alarm or
the stopping means that stops the arraying operation when
the leakage detection means detects the leakage of the
conductive balls. Therefore, it is useful for the

20 countermeasure after the leakage of the conductive balls.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic plan view showing the whole
of an arraying apparatus according to the invention;

25 Fig. 2 is a plan view of a ball cup portion;
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The ball nounting part has a solder ball feeder 40 and an arraying
jig having ball insertion parts at predeterm ned array pattern. As
the arraying jig, a ball 10 array nmask 1 is used. In an insertion
part formng area 2 of the ball array mask 1 shown in Figs. 1 and 3,
ball insertion parts 4 are arranged and formed according to the
pattern of the electrodes on the wafer 3 as shown in Figs. 4 and 5.
15The thickness of the ball array mask 1 is substantially the sane as
the dianmeter of a solder ball 5 to be supplied. The di aneter of the
bal | insertion paft94 Psi8|ryne¥PlpRRGET Y At R & Ridtlecudt: (e ch
solder ball 5. Cenerally, the arr itch in the lateral direction
20 of the b&PPYSHKRRETD 18&r9¢$ﬁ9§% @ BEFFC&Sray mask 1 is about
twice the pore dianmeter of the ball insertion part 4. The ball array
mask 1 is attachefifo 4 A8l 8Pn§*B2 e WL ‘n’ 4 IPédat§ﬁ§|t&r?rh§fskHW1
inFigs. 1 and 3, and is held by a fixed part such as a flanme. 25As
shown in Fi B§111 GHB 6, WRAEN, so?é@?"sba‘PPPFgedﬁmlﬁo 4| dRen gLt
hopper 7 which houses a Iarge nunber of solder balls 5, a ball cup 8
whi ch d? ops €ﬁ€9$ﬂ%EwPB§FI 8%5ito the ball insertion part 4 of the

ball array mask 1, a ball cup noving neans 11 whi noves .t he
cup 8 forward andeﬁck rd, 2 gnﬁx@ %iﬂﬁ?ﬁ%é%%eﬁzo Pcﬁeﬁﬁﬁéglfﬁgqﬁﬁl
cup in the Z a is directio b cup .nmov. nmeans .11 for
this ball cBﬁ SRy h‘ﬁPFESntSzS’io"’sﬁJr? a%%aﬁﬁgés%ﬁéﬁg‘é’rﬁngPFﬁ a}%%rse
menber 13 to which, the_ball é% 3 is attached through the up-down
means 12, by a baft9sch & 22 GEPIR TG X LY 1Y 2% fo ?tﬁﬁd‘lbét?l? <W/'e
notor 16, al gui des 15 on the, upp surface of he ball arra Kk
B 5 Bet Feet 1AL

1. The dire¥PEGHE GRARS afr S ES MRt et eB2d fﬁﬁﬂ Y

In thlﬁ)ﬁDVﬁng%T;f§%30|der ball 5 is dropped into the ball

Fig. 7 is a front explanatory view, which shows the

same .

DETAILED DESCRIPTION CF THE PREFERRED EMBODIMENTS

15 Referring to drawings, a mode for carrying out the
invention will be described below with an embodiment of
the invention. 1In the embodiment, a solder ball mounter
is shown. The solder ball mounter includes a carry-in
wafer delivery part, a flux printing part, a ball mounting

20 part, and a carry-out wafer delivery part. A conductive
ball arraying apparatus of the invention constitutes the
ball mountindg part. In the invention, as mounting
objects of the conductive ball, there are a semiconductor
wafer (hereinafter, simply described as a wafer), an

25 electronic circuit board, a ceramics board, and the like.

14



15 insertion part”"4 of 'the ball array mask 1 fromthe ball cup 8. The
novi ng neans 11 in the enbodi mrent noves in only the forward and
backward directions. However, if a |ower surface opening part 10 of
the ball cup 8 is narrower than the insertion part formng area 2 of
the 20 ball array mask 1, for exanple, additional noving nmeans which
noves in the left and right direction may al so be provided.
In the ball cup up-down neans 12, an attachnent base 19 is attached
through a nut nember 20 to a ball screw 2518. The ball screw 18
rotates by anztdd semippdémenttor they(wabaygh imotissitbwho ¥ ntRegmonntiings
shown in Fig. 6) provided for the base nenber 13
objects. Further, as adhesive material, filux, solder
paste, conductive adhesive, and the like are used. In
the embodiment, the flux is used for the adhesivematerial.
5 The electrodes on the wafer on which the conductive balls
are to be mounted have been coated with the flux.

The ball mounting part has a solder ball feeder 40
and an arraying jig having ball insertion parts at
predeterminedarraypﬁttemm. As the arraying jig, a ball

10 array mask 1 is used. In an insertion part forming area
2 of the ball array mask 1 shown in Figs. 1 and 3, ball
insertion parts 4 are arranged and formed according to
the pattern of the electrodes on the wafer 3 as shown
in Figs. 4 and 5,

15 The thickness of the ball array mask 1 is
substantially the same as the diameter of a solder ball
5 to be supplied. The diameter of the ball insertion part
4 is slightly larger than the diameter of the solder ball
5. Generally, the array pitch in the lateral direction

20 of the ball insertion part 4 in the ball array mask 1
is about twice the pore diameter of the ball insextion
part 4. The ball array mask 1 is attached to a molding
box 6 by an applied tension as shown in Figs. 1 and 3,

and is held by a fixed part such as a flame.

25 As shown in Figs. 1 and 6, the solder ball feeder

15



of "t he novi

ng neans 11 of the ball cup 8.Accordingly, the attachnent

base 19 can nove up and down al ong up-down guide rails 21. 5 The

ball cup 8

has a rectangul ar opening part 9 for supplying a ball in

an upper portion thereof and the rectangul ar opening part 10 for
dropping the ball on a | ower surface thereof. As shown in Figs. 4 and

5, the ball
upper openi
| ower openi

form ng ared

cup 8 is forned slantingly so as to narrow fromthe 10
ng part 9 toward the | ower opening part 10. A width of the
n% part 10 is wider than a width of the insertion part

2igfclife had Ibakt dyorask 1, wahahahPHEGE RukBET oM WRer

balls 5 can be housed by the ball cup 8 and the upper surface of the

ball array

el der ballsag,sRoRa liln cupyd whighsdrgpgefhis fiqlder

sensors 22A, 22B, lower |imt sensors 23A, 23B and | eakage sensors
25A, 25B ar adtlt cAEFQ FhhdPdhl |1RuprBlorhess tsénedr §hgsball array

refl ecti on-

10

15

20

25

type fiber sensors. Qther sensors_such.
mask 1, a ball cup moving means 1l which moves the ball

cup 8 forward and backward, and up-down means 12 which
moves the ball cup in the Z-axis direction.

The ball cup moving means 11 for this ball cup B8
on a horizontal surface moves back and forth a base member
13 to which the ball cup 8 is attached through the up-down
means 12, by a ball screw 14 which rotates by a front
and back drive moter 16, along guides 15 on the upper
surface of the ball array mask 1. The direction of an
arrow in Fig. 1 indicates a front direction. 1In this
movement, the solder ball 5 is dropped into the ball
insertion part 4 of the ball array mask 1 from the ball
cup 8. The moving means 11 in the embodiment moves in
only the forward and backward directions. However, if
a lower surface opening part 10 of the ball cup 8 is
narrower than the insertion part forming area 2 of the
ball array mask 1, for example, additional moving means
which moves in the left and right direction may also be
provided.

In the ball cup up~-down means 12, an attachment base
19 is attached through a nut member 20 to a ball screw

18. The ball screw 18 rotates by a Z-axis drive motor

16



20 as a light projecting/receiving type fiber sensor nay be used. As
shown in Figs. 3 and 4, the upper |imt sensor 22A which works during
the ball arraying operation is attached to the upper portion on the
inside of a rear wall 24 in the advance direction of the ball cup 8.
The 25arrows in Figs. 3 and 4 indicate the advance direction of the
ball cup 8. In the enbodi nent, the upper limt sensor which works
when the advance direction of the ball cup 8 is reversed is al so
provi ded. Therefore, the upper limt sensors 22A and 22B are attached
to the front7atgheusHtikneensbpwpoini iy -i doi de the shewncap §idHerto,
the upper limt sensor 22B works when the ball cup 8 retreats. In

ot her wor dsPres dsst SSof the bpper memfer dehsor Sheapoghgoopeandg d 1
provi ded for the advance direction and the retreat direction of the
movenent of ©fhEhpabpldupu®. 10 Ascorslimghy Fighe 2thaghpenthd assngr®
limt sensors 23A, 23B are attached respectively two by two inside
the ball cupaB Weve sEndaRehdpynt B UphetPTEAWE $avisty st 2PAS ( BRe
upper limt sensor which works when the ball cup 8 advances) and 22B
(the upber |inmt Bendwlvien Svbalss al16efhan i@ habercupy Part redos)
inthe noving tine in the opposite direction so as to face downward
sl antingly $@PPR&INErt3 cBR1di ridet #BnUPPIRE tRA ¥ HBr thistigqoSeasdr $hEsA
whi ch are provided left and right with the upper limt sensor 22B

bet ween worke@handiHe hapPeripIsradrandedon0larPihe the Pawdr on i t
sensors 23B which are provided left and right with the upper limt
sensor 22A bevVasesWidrd&e wheAr €RE -balF EhpY rigt rRES. AadBPyS t Wb e
sets of the lower limt sensors, 23A and 23B, are provided for the
advance di reelilopuand inef?enpdatlaptddriloh sef ashéo2BasVOeAt OFF thite
ball cup 8. If the lower limt sensors 23A, 23B are faced

j ust dldﬁnwawaperhepreawé}gmﬂ 2ehavpsdoshe JopamoRperengeprart 10.
reflection |ight fromthe _ arraying jig. However, the lower limt
sensors 23/ @ﬁ@%tgeaﬁppa@ 9pte§1thgepart 10 18 wider than a width

of the insertion part forming area 2 of the ball array

mask 1, and a large nunber of solder balls 5 can be housed

by the ball cup 8 and the upper surface of the ball array
15 mask 1.

As shown in Figs. 2 to 5, upper limit sensors 223,
22B, lower limit sensors 234, 23B and leakage sensors
25A, 25B are attached to the ball cup 8. These sensors
use reflection-type fiber sensors. Other sensors such

20 as a light projecting/receiving type fiber sensor may
be used. As shown in Figs. 3 and 4, the upper limit sensor
227 which works during the ball arraying operation is
attached to the upper portion on the inside of a rear
wall 24 in the advance direction of the ball cup 8. The

25 arrows in Figs. 3 and 4 indicate the advance direction
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5 downsi de. Therefore, 'the lower limt sensors 23A, 23B prevent
reception of the reflection light. Thus, the lower |limt sensors 23A,
23B can determ ne the presence of the solder ball 5 accurately.
Further, the lower limt sensors 23A, 23B al so work when the advance
10 direction of the ball cup 8 is reversed. Therefore, the | ower
limt sensors 23A, 23B are attached to the front side and the back
side in the advance direction of the ball cup 8 simlarly to the
upper limt sensors 22A, 22B. Both of the upper limt sensors 2274,
22B and theoflFhevedll]liailp 8ensdnsthBAemER igeee, t hber ubbegt iloimit
light fromthe solder balls 5 in the ball cup 8. Wen both of the
upper |imt Se&sot ¥hizh woxk g emhEheoa@dyanrcgi disensdrs 28Ahedmll
detect predeterm ned |ight quantity of the reflection light, they are
turned to afFuBN\Bskafre Ve A Ifepd@d BAOAAeE bf (Henpperelitphe upper
sensors 22A, 22B, though the upper limt sensor 22B is not shown in
Fig. 4, is &ipddi ts5iegreees ?aPa2BfapiBsarpagEtarhese boeghandigorny and
t he advance direction near the |ower opening part 10 in the ball cup
8. On the obhrek AR eASPIREWRNZSIIRFide YheabaelectPod -ar 84St/ the
lower limt sensor 23A, 23Bis a portion in the |ower opening part
near the inH@PafalEmdt SRESPToAL BTk whefe thdvhndd a@npPredr et s he
ball cup 8, where the conductive balls have not been | am nated. Both
t he upper | IR ptheAsHPFIpALWR B gfd thiseuPewer LR seafors, 2390
23B are attached to the ball cup 8 through adjusters 27 which can

adj ust the @&8Celffonagre®baVidedffont tRaRBERRCE Addricdion and tiyge
detection of the upper limt of the solder ball 5 in the ball cup 8
by the uppereltinfiat sthsefrsiopac DA e 1povsmgats rimedeh dyPalif &lehde: in
light quantity in the detection area of the upper Iimt sensors 22A,
22B. VWHen a | ar gePhuibeY ol NsBiasr Bapnd @re§§§thHthé1@éﬁeéﬁmﬁ@rs
area of the upper limt sensors 22A, 22B (when the quantity of the
sol der bal|§351i§3?06rﬁa§§§?FQ§qeﬁﬁiQGCt1VElY two by two inside the

ball cup 8 with sandwiching the upper limit sensors 224
(the upper limit sensor which works when the ball cup
8 advances) and 22B (the upper limit sensoxr which works
16 when the ball cup 8 retreats) in the moving time in the
opposite direction so as to face downward slantingly to
the vertical direction. The two lower limit sensors 23A
which are provided left and right with the upper limit
sensor 22B between weork when the ball cup 8 advances,
20 and the two lower limit sensors 23B which are provided
left and right with the upper limit sensor 22A between
works when the ball cup 8 retreats. Namely, two sets of
the lower limit sensors, 23A and 23B, are provided for
the advance direction and the retreat direction of the

25 movement of the ball cup 8.
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15 quantity of light is detected. On the other hand, when the
quantity of the solder balls 5 is appropriate, the solder ball 5 does
not exist in the detection area. Therefore, the upper |imt sensors
22A, 22B detects only a small quantity of |ight, because the
reflection light 20 fromthe solder ball 5 is not detected. From
this difference in light quantity, a determnation as to whether the
sol der ball 5 reaches the upper Iimt is nade. For exanple, the upper
limt sensors 22A, 22B nmy detect .the reachi n% of the upper limt
when the |ight qugﬁtH‘? bgyert hamidt FEESOFF 14 dght 2SR @dd®s feced Just
pr edet er mi ned val ue, The detection of the lower limt of the
sol der bal | 99WRV At pale Lapes by Mitfe SURRTE i i b seABoPE V23K C TR
is perforned also by difference in |jght quantity in the detection
area of theredd&ctiont ld@hsorir ImALNS3IBITANERT 51t the HANEVEF oftRBe
solder balls 5 is appropriate, since a |large nunber of solder balls 5
exi st in théoH&ect 1BALarsaNSArFargd quanPi thaTt FitGRE 19 ldet Bet ddhdy
t he Iovver limt sensors 23A, 23B. On the other hand, when the sol der
balls 5°in BRETESEL d‘?P%?%BOFéss&l?e tlr?é“eﬁbrltlrlbht %n\?vﬁérse 2t¥e 2

sol der ball 5 does not exist increases. smal | _quantity

of |ight isPd&vEdtledtcEFBMOR; s°fd|"f1F‘:ér5ﬁéé ﬁ?lﬂrbhlflﬂﬂﬂl*éntl fhusyn ethe
lower limt _of the solder ball 5 in the bal | 8 i,s detected. For
exanpl e, théol"’@\ﬁeﬁllnllrﬁ ts%b?%%?sz%ﬁ\ %%BZ%yd%ig?EEtlntehéhﬁeR&ﬁlSﬁ@ce
150f the lower |limt when the uantity of the reflection_lig
falls bel owPd dﬁ'fé“ﬂe?gm'leﬁe(}’%}u " ura%ﬁyreaﬁé}&é%oFEezéﬁw%B
are attached.tq the back side.in the relative mpvement direction of

the bal | cupiBit h§ESETn“the 0afEi dot B8P tHRTFedtP SR the eRyange

the | elkageatened et Sonbaid By Pdbl 1TVERBCH ac b8 SETRRhiTE
ge ac [

Lfe vpper |\l SSIS0TS 2800220000 UG LNer, LLILEL8°R30LS 29

side and the back side in the advance direction of the

ball cup 8 similarly to the upper limit sensors 22A, 22B.

Both of the upper 1limit sensors 22A, 22B and the

15 lower limit sensors 23A, 23B sense the reflection light

from the solder balls 5 in the ball cup 8. When both of

the upper limit sensors 22A, 22B and the lower limit

sensors 23A, 23B detect predetermined light guantity of

the reflection light, they are turned to an QON-state.

20 A detection area of the upper limit sensors 224,

22B, though the upper limit sensor 22B is not shown in

Fig. 4, is a position set in a slant surface of the rear

wall 24 in the advance direction near the lower opening

part 10 in the ball cup 8. On the other hand, as shown

25 in Fig. 4, a detection area of the lower limit sensor
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2523A, 23B, the | eakage sensors 25A, 25B are provided so as to face
downward slantingly to the vertical direction, as showmn in Fig. 3.
Further, in order to work the | eakage sensors 25A, 25B when the
advance direction of the ball cup 8 is reversed, the | eakage sensors
25A and 25B are 5 attached to the front and back sides in the
advance direction of the ball cup 8 simlarly to the upper limt
sensors 22A, 22B and the lower Iimt sensors 23A, 23B. That is, two
sets of the | eakage sensors, 25A and 25B, are provided for the
advance dir é8Hi.0@ 3nd % RePpéitieat 1nGhgi LeweiroRPem e Ve e ¥ ofhe
the ball cup 8. The | eakage sensor 25A is a detection sensor in the
advance ti nBnn@id ¥hbl| eakide Jfersvt 958 dng tdet cxdYoRCSeAddreGtnieme
retreat tine. The nunber of the solder balls 5 flowing out from 15
the ball cupf8tihe r’RﬁlJen‘"euBuﬁrawhﬁl’f@etﬁmn%‘c‘fhﬁesgﬁééﬁ Bave ot

| eaks out so as to flowin the shape of a wide belt. Therefore, it is
not necessabyeio Jawipaketdhe Betbctinen W s btk a8nEgrEove?t He2B
full wdth in the longitudinal direction of the ball cup 8, but it is
enough 20i nafide t&gbd@MeaEnt 1iHdt SEme Qo A Fak 25 SR Grid g heAcke dthe

the front and back directions are provided. The detection of

| eakage by PRl cafkRgl $vsviEh 28R USER LSS Hir FBAREd BN dREPBEdnddre n
light quantity in the detection area of the |eakage sensors 25A, 25B.
The 25det ecBredi® ricd by T ehe iMediyef BenEorsd2bRCKH BB T]CE APYES-

The detection of the upper limit of the solder ball

5 in the ball cup 8 by the upper limit sensors 22A, 22B

10 is performed by difference in light gquantity in the
detection area of the upper 1limit sensors 224, 22B. When

a large number of solder balls 5 exist in the detection
area of the upper limit sensors 22A, 22B (when the
quantity of the solder balls 5 is too large), a large

15 quantity of light is detected. ©Cn the other hand, when
the gquantity of the solder balls 5 is appropriate, the
solder ball 5 does not exist in the detection area.
Therefore, the upper limit sensors 22A, 22B detects only

a small quantity of light, because the reflection light

20 from the solder ball 5 is not detected. From this
difference in light gquantity, a determination as to
whether the solder ball 5 reaches the upper 1imit is made.

For example, the upper limit sensors 22A, 22B may detect

the reaching of the upper limit when the light gquantity

25 of the reflection light exceeds a predetermined value.
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than the dianeter of the solder ball 5. When the solder ball 5 |eaks,
since a | arge nunber of the solder balls exist in the detection area,
a large quantity of light is detected by the | eakage sensors 25A,
25B. On the other 5 hand, in the nornal state where there is no

| eakage, the | eakage sensors 25A, 25B only detect the reflection
light fromthe solder ball 5 inserted into the ball insertion part 4.
Therefore, only a small quantity of light is detected. Fromthis
difference in light quantity, the 10l eakage of the solder balls 5

det ect ed. Thresldbe FERBppef stire aﬁr%"%’? r]eﬂw‘b-b*%l 9 tfe SO % L]Pcﬁln]al

direction over the baII-suppIy openlng part 9 of the ball cup_ 8. The
bal | hopper 971Rotib&sPg 4lay® Furet st kanesot et t i3n58F§52§ﬁﬂ1%%P
i nner space thereof. The hall hopper. 7 includes a supply port from
whi ch the hégsBRTEgraed gdise By, Qléfﬁarlfé’cce‘?j iy 1t1t9é‘tbélluiarbtdpt58 Hhdhe
shutter 29 mhlch IS openlng and cI05|n%_neans whi ch can o%en and

cl ose the sHBpRF PR 2rRfke EaT-]PeHdﬁ'b%F Anit élegbsooﬁ £cHed 2658 - 26 heh
sane attachnent base ;19 as that of the, ball f 8. A reference

nuner al® 30 FhRet Aeapitddne OdehbresCddgy Paddrs ﬁo Sa%?ﬂé??ﬁéaﬁﬁb §&ﬂﬁ%ﬂ
29. The respective cgllnders 30 of the three ball g pers
actuat ed i n@syRAEAPORMIRG R E S de it bR paf¥185 havFRE geﬁﬁlcltlon
detection mechanismis provided under .the hall supply @Prt of _the
bal | hopper378aThé L8Fd&r IBaRtd & Sdpplisdd fsofetRe 48 PYhéHset orer
t hrough the_reception part 32 to he ball cup 8 are di spersed
substantlali}m&ﬁf§ﬁqﬁ§r?n On the other hand, when the

solder balls 5 in the detection area lessen, the portion

10 where the solder ball 5 does not exist increases. Thus,

only a small quantity of light is detected. From this

difference in light quantity, the lower limit of the

solder ball 5 in the ball cup 8 is detected. For example,

the lower limit sensors 23A, 23B may detect the reaching

15 of the lower 1limit when the light quantity of the
reflection light.falls below a predetermined value.

The leakage sensors 25A, 25B are attached to the

back side in the relative movement direction of the ball

cup 8, that is, on the outside of the rear wall in the

20 advance direction, as shown in Fig. 5. In the

longitudinal direction, the leakage sensors 25A, 25B are

provided in two places sandwiching the upper 1limit

sensors 22A, 22B and the lower limit sensors 234, 23B,

as shown in Fig. 2. Similarity to the lower limit sensors

25 23A, 23B, the leakage sensors 25A, 25B are provided so
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5 longitudinal direction in the ball cup 8 A ball detection sensor
31 provided in the reception part 32 detects the presence of the
solder ball 5 to be supplied fromthe ball supply port of the bal
hopper 7 and ball clogging. In the enbodi ment, a transm ssion type
fiber 10sensor is used for the ball detection sensor 31. When
the shutter 29 of the ball hopper 7 opens, the ball supply operation
is performed. The supply quantity of the solder balls 5 while the
shutter 29 is opened is previously measured. Appropriate nunber of
the sol der ag5tpdface siqvnwrediaTyiragpy fedoverd isal ddgs atiome
upper limt sensors 22A, 22B and the lower limt sensors 23A,_ 23B are
set so as ndf FBOWHr kPviheh- the LoiiddreBalins CZAShp¥PER Fhomhadiage
ball hopper 7 to the ball cup 8 and when the nmgvenent, of the ball cup
8 stops. 26°WEAT S St 2oF When| bheradverre ddasst itamieste gl
to OFF during the producing gperation (when the lower |imt_ sensor
detects thectl®wsr 5 meyerend, séhderl esla%Ee F¢_SQEFpLivéd bR theare
ball hopper 7 to the ball cup 8. The shutter 29 is opened and the

sol der ®dal | 4tgaghedetosydte heppdr FndaPpck ofddne duppthepsdvagice
the ball hopper 7 into_the reception part 32. At this tine, the

sol der bal | iz agd ke b el iGPR He si@ddpty bn frarthsrapger limit
detected by the ball_ detection sensor 31. After the predeterm ned

time which B&&SEch & hr evfBudPf $&e Heygfaskni tt RBNSRES: &g 438 .
closed to stop the supply of the solder halls 5. The openi_ng and

cl osing of Thétshutt et 28ebf Phe tlhr d€AFRIe HRPPEPEST &°d and 25B,
simul taneously controll ed, The solder balls 5 which have dropped into
the recepti 8/ Sp&IYY B3 Qr 05 upPri 8EVER Gohrbiugtc thelpaPd ther ddicts dh
part to the ball cup 8. B repeatinq:these operations, the suypply of
the solWer BaFestision %%%H_emen of the ball cup 8. The leaXage

sensor 25A is a detection sensor in the advance time,
and the leakage sensor 25B is a detection sensor in the
retreat time.
The number of the solder balls 5 flowing out from
15 the ball cup 8 is not one but a large number of the solder
balls 5 leaks out so as to flow in the shape of a wide
belt. Therefore, it is not necessary to provide the
detection position so as to cover the full width in the
longitudinal direction of the ball cup 8, but it is enough
20 in the embodiment that the two leakage sensors in each
of the front and back directions are provided.
The detection of leakage by the ieakage sensors 254,
25B is performed by difference in light quantity in the
detecticon area of the leakage sensors 25A, 25B. The

25 detection area by the leakage sensors 25A, 25B is larger
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On the other hand, when the upper limt sensors 22A, 22B detect that
the solder balls 5 exist above the set 15 upper limt, the ball cup 8
noves to the noving end and stops once. Thereafter, alarmis
activated. In such case, an operator controls the apparatus to suck
up and recovers the solder balls 5 by neans of a suction nozzle (not
shown). When the nunber of the solder balls 5 in 20 the ball cup 8
becones appropri ate, the operator restarts the operation of t he
apparatus. Wen the akage sensors 25A, 25 et ect the kage 0

the sol der B&PR Shey éﬁh Halat Lye §oLdRF agr]m s éﬂw Jé%e
and the operation of the apparatus.is stopped. Either one of

25act i vat i n§2af- ?hé%ﬁ%ﬁn1g$ngﬁoﬁp#ﬂ§Qﬁ Q@ﬁ?%ﬁe?%tr%ﬁ BPldﬁﬁeballS
apparatus may be perfqorned. In this case, h bal | g :iﬂ
evacuat ed aB8¢&L aru tthe IBFaEFipR Ia§95"'arae ‘?(%dq’ﬂlﬁ E;‘/ttYths 9h
nozzl e and recovered. Wen th arr ] exch nge t he sal der
ol 155y LSS b0 68 2Aek Bt Ed ST 18 & B Smesh VRerFin@ Ener

noving direction of the ball 8 is rever operat e ensors are
o tChel {1 BAPGRe LepboE PPﬁF&aﬁséﬁsa&re PHRTG REG T B

?gﬂeihr: o kgg?feffen%ges;ﬁ@sh??@f Piaﬁpﬁeflgéjrr?i)tcg%eseorﬁ%gﬁé%{:ﬁ%&mr
8
arraying | SToHoR Sosolaer fall Flinfirfed Efaéﬁgﬁﬁa%hgltséerw

are in arelation of the relative errent he present vention may
al so 15be cBAfitgdred SRR fﬂﬁf" tf‘?é1 ald %‘Bﬁlﬁ qflra)%dlta%dorf) glgrhrtay’i%g
jig noves.

detected. From this difference in light gquantity, the
10 leakage of the solder balls 5 is detected.
Three ball hoppers 7 are arranged 1in the
longitudinal direction over the ball-supply opening part
9 of the ball cup 8.
The ball hopper 7 houses a large number of the solder
15 balls 5 in an inner space thereof. The ball hopper 7
includes a supply port from which the housed solder ball
5 is exhausted to the ball cup 8 and a shutter 29 which
is opening and closing means which can open and close
the supply port. The ball hopper 7 is also attached to
20 the same attachment base 19 as that of the ball cup 8.
A reference numeral 30 in the figure denotes a cylinderx
for actuating the shutter 29. The respective cylinders
30 of the three ball hoppers 7 are actuated in
synchronization.

25 A reception part 32 having a ball detectiocon
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VWHAT IS CLAI MED I'S:""1."A conducti've ballarrayi ng apparatus conpri sing:
an arraying jig having ball insertion parts at a 5predeterm ned array
pattern; a ball cup that has an opening part on a | ower surface
t hereof and is capable of housing a plurality of conductive balls;
novi ng neans that noves the arraying jig and the 10 ball cup
relatively, the noving neans noving the ball cup relatively along an
upper surface of the arraying jig and dropping off the conductive
balls into the ball insertion parts of the arraying jig; upper limt
det ecti on n@ehandshoherpréwitedlgndetredhicoRaddasyrthay metecefathe
gquantity of the conductive balls in the ball cup and detects as to
whet her t he bgddnbicipest 7t-he Tdendaddievebpallissoisuppbipdl freupthedehbs
an upper limt and a lower |limt, respectively, when the noving neans
nmoves the aho®fary 7ilhapdabhébeaecqaption part 32 to the ball cup

8 are dispersed substantially uniformly in the
b longitudinal direction in the ball cup 8. A ball
detection sensor 31 provided in the reception part 32
detects the presence of the solder ball 5 to be supplied
from the ball supply port of the ball hopper 7 and ball
clogging. In the embodiment, a transmission type fiber

10 sensor is used for the ball detection sensor 31.

When the shutter 22 of the ball hopper 7 opens, the
ball supply operation is performed. The supply quantity
of the solder balls 5 while the shutter 29 is opened is
previously measured. Appropriate number of the sclder

15 balls 5 is previously supplied to the ball cup 8. The
upper limit sensors 22A, 22B and the lower limit sensors
2327, 23B are set so as not to work when the solder balls
are supplied from the ball hopper 7 to the ball cup 8
and when the movement of the ball cup 8 stops.

20 When a state of the lower limit sensor changes from
ON to OFF during the producing operation {when the lower
limit sensor detects the lower limit), the solder balls
5 is supplied from the ball hopper 7 to the ball cup 8.
The shutter 29 is opened and the solder balls 5 in the

25 ball hopper 7 fall from the supply port of the ball hopper
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20rel atively; and™ °~ ~ | eakage detection neans that detects |eakage
of the conductive balls froma clearance between the ball cup and the
arraying jig on a back side in a relative novenent direction of the
ball cup. 26 2. The conductive ball arrayi ng apparat us
according to claim1, wherein the noving neans is novabl e

reci procately, and 5wherein the upper limt detection nmeans, |ower
limt detection neans and the | eakage detecti on neans each i ncl udes
two sets thereof such that they are opposed to each other in a nmoving
direction off ih&chadle @lﬂﬁe%%%nsIéQEtog2theAprb?~sl fife  déhecisicorder
means, the lower limt 10 detection neans and the | eakage detection
nmeans bei ngbaltls atdr ycRvireenefaleacdsy ddicesfehtife RBVithg2 are

direction of the ball cug. 3. A conductive ballarraying
apparatus detected by the ball detection sensor 31.

After the predetermined time which has been

5 previously set has passed, the shutter 28 is closed to

stop the supply of the solder balls 5. The opening and

closing of the shutters 29 of the three ball hoppers 7

are simultaneously controlled. The solder balls 5 which

have dropped into the reception parts 32 are supplied

10 through the ball introduction part to the ball cup 8.

By repeating these operations, the supply of the solder
balls 5 1s performed.

On the other hand, when the upper limit sensors 224,

22B detect that the solder balls 5 exist above the set

15 upper limit, the ball cup 8 moves to the moving end and

stops once. Thereafter, alarm is activated. In such

case, an operator controls the apparatus to suck up and

recovers the solder balls 5 by means of a suction nozzle

(not shown). When the number of the sclder balls 5 in

20 the ball cup 8 becomes appropriate, the operator restarts

the operation of the apparatus. When the leakage sensors

25A, 25B detect the leakage of the solder ball 5 from

the ball cup -8, the alarm is also activated and the

operation of the apparatus is stopped. Either one of the

25 activating of the alarm or stopping of the operation of
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15conpri si ng: “dan arraying jig having ball insertion parts at a

predeterm ned array pattern; a ball cup that has an opening
part on a |ower surface thereof and is capable of housing a plurality
of 20conductive balls; novi ng neans that noves the arraying jig

and the ball cup relatively, the noving nmeans noving the ball cup
relatively along an upper surface of the arraying jig and dropping
of f the conductive balls into the ball 25insertion parts of the
arraying jig; and lower limt detection neans that detects a
quantity of thiee aprrdictuveandpulbe per fhemepgeni Ay paitss icase vitdieikal bf
an inner wall of the ball cup on a side which the ball cup noves and
detects as copwfetiheronpe quamuiatedfabhwe,5apchdin iveldak| Hali g he
ball cup reaches the lower limt when the noving neans noves the
arraying ji granduckedald byuphee$actienynozzle ang rggevedmduct iWken
ball| arraying apparatus 10 according to claim 3, further conprising
a ball supptyrergarayhag 3dgplliseeitearonducttinge sulderibhedlehd ey

cup. 5 also be recovered in a same manner,

When the moving direction of the ball cup 8 is
reversed, operative sensors are switched from the upper
limit sensor 22A, the lower limit sensor 23A and the
leakage sensor 25A to the upper limit sensor 22B, the

10 lower limit sensor 23B and the leakage senscor 2%B. 1In
the embodiment, the ball cup 8 moves and the solder balls
5 are arrayed in the arraying jig. However, as long as
the arraying jig and the ball cup are in a relation of
the relative movement, the p;esent invention may also

15 be configured such that the ball cup is fizxed and the

arraying jig moves.
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wherein the ball supply neans resupplies the conductive balls when
the lower Iimt detection neans 15detects the reaching of the |ower
limt. 5. The conductive ball arraying apparatus according to
claim 3, wherein the noving nmeans is novabl e reciprocately, 20and
wherein the lower limt detection nmeans includes two sets of the
lower Iimt detection neans such that they are opposed to each ot her
in the noving direction of the ball cup, each sets of the lower limt

detection 25neans being alternately switched in accordance with a
novi ng dire@ﬂﬁ&hjéiiihglﬁgleédp. 6. The conductive ball arraying
appar at us accordi?g to}flakgﬂﬁuctive ball arraying apparatus
comprising:
an arraying Jjig having ball insertion parts at a
5 predetermined array pattern:
aball cup that has an opening part ona lower surface
thereof and is capable of housing a plurality of
conductive balls;
moving means that moves the arraving jig and the
10 ball cup relatively, the moving means moving the ball
cup relatively along an upper surface of the arraying
jig and dropping off the conductive balls inté the ball
insertion parts of the arraying jig:
upper limit detection means and lower limit
15 detection means that detect a gquantity of the conductive
balls in the ball cup and detects as to whether the
quantity of the conductive balls in the ball cup reaches
an upper limit and a lower limit, respectively, when the
moving means moves the arraying jig and the ball cup
20 relatively; and
leakage detection means that detects leakage of the
conductive balls from a clearance between the ball cup
and the arraying jig on a back side in a relative movement

direction of the ball cup.

26
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S5wherein the lower linmt detection nmeans detects the quantity of the
conductive balls in the ball cup fromlight quantity of reflection
light fromthe conductive balls. 107. A conductive ball arraying

apparatus conpri sing: an arraying jig having ball insertion
parts at a predeterm ned array pattern; a ball cup that has
an opening part on a |ower surface 15thereof and is capabl e of
housing a plurality of conductive balls; aning means t hat
noves t he arraylng jig and the hall .cup rel &lve , the noving neans
movi ng the ball p reldts veF9aPGhG n Upd S0 t RBPELAEHig
20ji g and droppi ng, of f the cond%Ftlve balls into the ball insertion
parts of thé&€ i FPgclignd upper Ilnit detection means t hat
detects a quantity of the _conductive balls,in |n|t of an inner
wal | surface of tFRSBEAR GRS BRYARSI BEBEpbSITe"EBLRH ehiPRECAtELY,
and
5 wherein the upper limit detection means, lower

limit detection means and the leakage detection means
each includes two sets thereof such that they are opposed
to each other in a moving direction of the ball cup, each
sets of the upper limit detection means, the lower limit
10 detecticon means and the leakage detection means being
alternately switched in accordance with the moving

direction of the ball cup.

3. A conductive ball arraying apparatus
15 comprising:
an arraying jig having ball insertion parts at a
predetermined array pattern;
a ball cup that has an openingpart ona lower surface
thereof and is capable of housing a plurality of
20 conductive balls;
moving means that moves the arraving jig and the
ball cup relatively, the moving means moving the ball
cup relatively along an upper surface of the arraying
jig and dropping off the conductive balls into the ball

25 insertion parts of the arraying jig; and

28



25bal | cup noves and detects as to whether the quantity of the
conductive balls in the ball cup reaches the upper Iimt when the
novi ng nmeans noves the arraying jig and the ball cup relatively.

8. The conductive ball arraying apparatus according to claim7,
wherein the noving nmeans is novabl e reciprocately, and wherein the
upper limt detection neans includes 10 two sets of the upper limt
detecti on neans such that they are opposed to each other in the
novi ng direction of the_ ba each sets of '

bal | ¢up, the upper limt ,
det ecti on neans b%?ﬂ@ra}%@Fﬁd§%€90§&ﬁfb%%ﬂnﬁnt%%EdkﬁggﬁEswﬁf?ﬂ%WEQtY

I n ir ' f |l o1 .. Th ' I
g?:’/:ayigngl ag(étg:’ ggﬁgcogggc?:aive lé\PLls ?n the opgningepgggdygta{ \G%cbiamj.ty

of an inner wall of the ball cup on a side which the ball
cup moves and detects as to whether the quantity of the
5 conductive balls in the ball cup reaches the lower limit
when the moving means moves the arraying jig and the ball

cup relatively.

4, The conductive ball arraying apparatus
10 according to claim 3, further comprising a ball supply
means that supplies the conductive balls into the ball

cup,
wherein the ball supply means resupplies the
conductive balls when the lower limit detection means

15 detects the reaching of the lower limit.

5. The conductive ball arraying apparatus
according to claim 3,

wherein the moving means is movable reciprocately,

20 and

wherein the lower limit detection means includes
two sets of the lower limit detection means such that
they are opposed to each other in the moving direction
of the ball cup, each sets of the lower limit detection

25 means being alternately switched in accordance with a
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according to claim?7, wherein the upper limt detection nmeans
detects the quantity of the conductive balls in the ball cup from
20light quantity of reflection light fromthe conductive balls.

10. A conductive ball arraying apparatus conprising: 25an arraying
jig having ball insertion parts at a predeterm ned array pattern;

a ball cup that . has an opening part on a |ower surface thereof and is
capabl e of housing a plurality of conductive balls; 5noving neans

that noves the arraying | and t bal |. .cu relatlvely, t he novi ng
means movi n§'He b FrgG% #v€?§ gﬁgﬁg a1 upper surface of the

arraying jig and droppi ng off the conductive balls into the bal
I nsertion parts of the arraying jig; and

6. The conductive ©ball arraying apparatus
according to claim 3,

5 wherein the lower limit detection means detects the

gquantity of the conductive balls in the ball cup from

light quantity of reflection light from the conductive

balls.

10 7. A conductive ball arraying apparatus
comprising:
an arraying jig having ball insertion parts at a
predetermined array pattern:;
a ball cup that has an openingpart on a lower surface
15 thereof and is capable of housing a plurality of
conductive balls;
moving means that moves the arraying jig and the
ball cup relatively, the moving means moving the ball
cup relatively along an upper surface of the arréying
20 Jig and dropping off the conductive balls into the ball
insertion parts of the arraying jig:; and
upper limit detection means that detects a quantity
of the conductive balls in a vicinity of an inner wall
surface of the ball cup on a side opposite to which the

25 ball cup moves and detects as to whether the quantity
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10det ecti on nmeans that detects a quantity of the conductive balls in
the ball cup and detects as to whether the quantity of the conductive
balls in the ball cup reaches an upper Iimt and a lower limt when

t he novi ng neans noves the arraying jig and the ball cup relatively.
15 11. The conductive ball arraying apparatus according to

cl aim 10, wherein the noving nmeans is novabl e reciprocately, and
20wherein the detection nmeans includes two sets thereof such that

t hey are oppaosed to each other in a novjing djirection of the ball cup,
each sets ontHEed‘é?EéPiCc‘}rJrVr?egﬁéllfeilﬁgt}érag%?:Hgat“é?lﬁ/ ISR TRped R upPer
accordance wi.th th aning direction of the bal] cup. 25 . L. 12,
A Conductivélﬁﬁqzﬁh%ﬁiﬁﬁ a%%gFggugeans moves the arraying jig and

the ball cup relatively.

5 8. The conductive ball arraying apparatus
according to claim 7,
wherein the moving means is movable reciprocately,
and
wherein the upper limit detection means includes
10 two sets of the upper limit detection means such that
they are opposed to each cother in the moving direction
of the ball cup, each sets of the upper limit detection
means being alternately switched in accordance with the
moving direction of the ball cup.
15
9. The conductive ball arraying apparatus
according to claim 7,
wherein the upper 1limit detection means detects the
quantity of the conductive balls in the ball cup from

20 light guantity of reflection light from the conductive

balls.
10. A conductive ball arraying apparatus
comprising:
25 an arraying jig having ball insertion parts at a
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conpri si ng: an arraying jig having ball insertion parts at a
predeterm ned array pattern; 5a ball cup that has an opening part
opposed to the upper surface of the arraying jig on a | ower surface
t hereof and is capable of housing a plurality of conductive balls;
novi ng neans that noves the arraying jig and the 10 ball cup
relatively, the noving neans noving the ball cup relatively along an
upper surface of the arraying jig and dropping off the conductive
balls into the ball insertion parts of the arraying jig;, and | eakage
det ecti on nB&fSaiRETMYREECAL TPFARRE BF M he 15 conductive balls from
a clearance between the ball cup and the arraying jig qQn a back side
in arelative novaméht! GiPetlfbilaT PP HRLNIRAPE L ona tower surfpce
The conductive ball arrayi ng apparatus 20according to claim12,

wher ei n t he thedeRfe Fdtdctlion CRPERS S nQludESUSIF Setls PHITSFL kYT
that they are alternately _switched in accordance wth a noving

di rection ofof¥ datYechplissia. The conductive ball arraying

appar at us , : -
5 moving means that moves the arraying jig and the

ball cup relatively, the moving means moving the ball
cup relatively along an upper surface of the arraying
jig and dropping off the conductive balls into the ball
insertion parts of the arraying jig; and
10 detection means that detects a quantity of the
conductive balls in the ball cup and detects as to whether
the quantity of the conductive balls in the ball cup
reaches an upper limit and a lower limit when the moving
means moves the arraying jig and the ball cup relatively.
15
11. The conductive ball arraying apparatus
according to claim 10,
wherein.the moving means is movable reciprocately,
and
20 wherein the detection means includes two sets
thereof such that they are opposed to each other in a
moving direction of the ball cup, each sets of the
detection means being alternately switched in accordance
with the moving direction of the ball cup.

25
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according to claim 12, further conprising alarmneans that activates
an al arm when the | eakage detection neans detects the | eakage of the
conductive balls. 515. The conductive ball arrayi ng apparatus
according to claim 12, further conprising stopping neans that stops
the arraying operation when the | eakage detecti on neans detects the
| eakage of the conductive balls.

10

15

20

25

12. A conductive ball arraying apparatus
comprising:

an arraying jig having ball insertion parts at a
predetermined array pattern:

a ball cup that has an opening part opposed to the
upper surface of the arraying jig on a lower surface
thereof and 1is capable of housing a plurality of
conductive balls;

moving means that moves the arraying Jjig and the
ball cup relatively, the moving means moving the ball
cup relatively along an upper surface of the arraying
jig and dropping off the conductive balls into the ball
insertion parts of the arraying jig; and

leakage detection means that detects leakage of the
conductive balls from a clearance between the ball cup
and the arraying jig on a back side in a relative movement

direction of the ball cup.

13. The conductive ball arraying apparatus
according to claim 12,

wherein the leakage detection means includes two
sets thereof such that they are alternately switched in

accordance with a moving direction of the ball cup.

14. The conductive ball arraying apparatus
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according te claim 12, further comprising alarm means
that activates an alarm when the leakage detection means

detects the leakage of the conductive balls.

15. The conductive ball arraving apparatus
according to claim 12, further comprising stopping means
that stops the arraying operation when the leakage
detection means detects the leakage of the conductive

balls.

34



