; e3eYVF B6xT=H.  SOLDER BALL MOUNTI NG DEVI CE BACKGROUND OF THE | NVENTI ON 1.
Fleld of the Invention 5 This invention relates to a solderlxﬂd nount i ng
devi ce sol der balls on a morkplece such as a subst &vﬁvzamm
“nor e pAMWNHMWMWNM‘ o an inprovenent of control means for controlling a
pressure ang, ead position at the tine of suction of solder balls in a
BGA (ball grl IIey) sol der ball nounfling 10 device. 2. Description of the
Rel at ed ing a plurality of solder balls on a substrate with a
sol der dmmmnmw mmnmm deV|ce in general the followi ng nethod is enployed: A
sucking platg having sol desolyseR Stk iMENIINg | $8vi@g di sposed under the
| ower surface of a sucklng head, and vacuum pressure is utilized to suck
sol der balls in the sucking holes, and then the solder balls thus sucked
are nmounted on the substrate. A neans has been devel oped that, in the bal
sucki ng operation, sol der HEEdKGROUNE GO halENSIgp! vy box are caused 20
to float. In order to enploy this solder ball floating nmethod to suck
sol der bdll sfizldigh tSpeethudrerielly to shorten the tinme required for sucking
solder balls, it is necessary to increase the degree of vacuum that is,
the sbl der ball dlidkd igvepéian valasesatd iaeGOdmem\baﬂllambangénGIWia@e of
solder ball's (hereinafter 25 referred to as "a large ball-sucking flow
rate", wiar apphitéagl eplder bl s onj a word@iecs FHEheaS @ sHESS5REEr R
sucklng speed, solder balls are sucked with a |arge ball-sucking flow rate
by a hi gy e HicWadiiim t it HEIRFOYeREN taL S IRRE TN MBS 57 | eaks

t hrough the contact section of a solder ball 3 and a suckin | at e 30.
The airt f@%rgoglmé AT %%%@P%Honsit El*h%ttlf‘bego?'vxg PO ey

baIIs are A doub| eng The onta syt face of the
sucki ng 6iateq§% él?ﬁe go? (99 quré n8 %gﬁng %§$ ¢I 2hd~t he
sol deg b%] Sk s not conpletely spherlcal as a result of whi ch a gap is
formeéd 10 thHerein. Through this gap, a force for sucki ng anot her sol der

bal | 31 is frudmd sS4 bt dhe fdoull Ly kald phenonenon occurs. If the degree

of vacuum o € suctron pressure s irncreased, the force of suction

through the gap it mBeheasgda §Quk9@&tyh@ff§@gaeacyapis0@&%rm@été he
doubl e ball phenonenon is also 15 increased. SUMVARY OF THE | NVENTI ON

with a solder ball mounting device, in general the following

method is employed: A sucking plate having solder ball sucking
15 holes is disposed under the lower surface of a sucking head, and
vacuum pressure is utilized to suck solder balls in the sucking
holes, and then the solder balls thus sucked are mounted on the
substrate. A means has been developed thaf, in the ball sucking
operation, solder balls in a solder ball supply box are caused
20 to float. In order to employ this solder ball floating method
to suck solder balls at high speed thereby to shorten the time
required for sucking solder balls, it is necessary to increase
the degree of vacuum; that is, the solder ball sucking operation
is carried out with a large flow rate of solder balls (hereinafter

25 referredtoas "alargeball-sucking flow rate", when applicable).



JAn object of the invention is to provide a solder ball nmounting device in
whi ch sol der ball sucking pressure, and a 20 sucking head position are
suitably adjusted to prevent the pccurrence of a double-baIIOphgpgnenon,
‘thereby to performa solder ball sucking operation with high ef idgcy. 1In
order to solve the above-described problens, there is provided a sol der

bal | nounting device for nounting sol d2r balls 25 on a workpi ece accordi ng
to a first aspect of the invention, 01 APR Z~O- 3 conprising: a solder
bal | supplying section in which the solder balls are stored; a sucking head

havi lural i f_sol bal,| ki_ng, hol es i ur f f;
Clcki ng means. cobbr ot G AT LCRCRS HEaAEo Giorh Stk TURCHl GeEss 1 < i n

th | d ' h co Lt f ti [ t

sucki ng. Feadetara! Yesbtratdtiint by aniils LT Fe S it P beor ee
gf vacuumn b?%ﬁhé’egygé'c@@ 9§§9u$9m§né'1ﬁéidPrﬁ§é{”£sf owk!Ck] Nard he sglder
alls, and a second pressure Ich" 1s lower 1n e degree of vacuum

than they fikste VSRR RGN Schi G anpgh 4 @._oJ.LQef}Oﬂasllmeaﬁel ded@lds

sucked, wherein, when the sucking head is positioned at a | ower position
wher g thelsteksng head suckiediigs dutals bal laadik imais f1ddie ddifit 3rans,

the pressure adjusting neans adjusts and sets the degree of vacuumin the
sucki ng hetesk tDsf hewdi s81dpressuLe, anadapbenbéde (degaeabok waguumin the
sucking 15 head reaches the first pressure, the lift means noves the

sucki ng pleedomemant) y, Tne ddreraaf tsurfdre prieshe eswdgirst iplg e dds asidart s
adj usting the degree of vacuumin the sucking head thereby setting to the
sgcond pteeswlslerrbeaihel isancbicdimpd ette ly serontanspeud the shikdénvedtlison, 20
there is_provided a solder ball nounting device for nounting solder balls
on a workpiseeet et igspacsdicadr dala resippt withghiebta gapi ks Mivirsiedsol der
ball.s are stored; a sucking head having a plurality of solder ball sucking
hol 9 i nthe¥eier SUMFHE tHEre FaP s fc KiAFG SnERRs S ngd ANQtRE $@dKiSTg head

25 |, d bal | s, | h d | | Ki hol es;
her oi nPSEr L 15 HOEadgRe 3005 THE SRR PBLt B SRR E R bR 14T 1 he
Ki | d l. | _t] k
ol der “bart ceadl Fb el 0 P RO RS I s b o

wor Kpi e%r@@doprgéiwgnsgéaﬁdg@ggm gapgs 2] Y3t L hgs a9d ﬁ@%gg gﬁgfee of

vacuum 5 1 n the sucking h I'Tst pressure Wt e sol der

bal | s arersuiedeedy byr thecgHskhhg B?agh@héauﬁbé_EHQEiEﬁeh%ﬁ@nbﬁ mvedso
downwardly, and (ii) a second pressure which is higher than the first

pressur eirigkdd . enough to hold the sol der balls sucked

SUMMARY OF THE INVENTION

An object of the invention is to érovide a solder ball

mounting device in which solder ball sucking pressure, and a
20 sucking head position are suitably adjusted to prevent the

occurrence of a double-ball phenomenon, thereby to perform a
solder ball sucking operation with high efficiency.

In order to solve the above-described problems, there is
provided a solder ball mounting device for mounting solder balls

25 on a workpiece according to a first aspect of the invention,



_when the sucking head is noved upwardly. 10 Still further, accor8ilngrrQug
third aspect of the present invention, there is provided a nethod for
setting a position and degree of yacuum of a sucking head provided in a
“sol der ball mounting device for nmounting solder balls on a workpiece,
conprising the steps of : (A) noving the sucking head froma higher 15
position to a | ower position at which 3he solder balls are to be sucked in
sol der ball sucking holes formed in a | ower surface of the sucking head,
(B) reducing a pressure in the sucking head to a first pressure so as to
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sol der nounti ng “devi ce, an e iment o e invention;

circyit Qéf\grsadeﬁl% ﬁod%.s,crlpft Qe Lfs %B(it{rQPti_?chl? n%*Piﬂc%‘Q:h"éeé’-QckEh@ 3is

a conpari son graphical dlagranlo the vertical novenent t he sucki ng head

and the glegneeaRd yesssnte andihstliy Meds afoexplipnat ony dhagsastshgwi ng an
exanpl e of a double ball phenonenon. 10 DETAI LED DESCRI PTI ON OF THE

PREFERREf: dMBODIFMENT S\ i aad e s ubRl hg el t g flews tpreasueshfisk seaking t he
invention, will be described with reference to the acconpanying dr awi ngs.
FIG 1 isha serdqebkilles,vaed butd iseicogd heeasuargehkoh 1% lafwearhénsbheer

bal | mounting device according to the invention. In FIG 1, reference

nuner al degees ghfét\eagllal@mrnglﬂﬁeafdrsth@@@@k—ﬁr@g ancads1hhab gneueki Ag plate
on the | ower surface which_has a plurality of solder ball sucking holes .

Thel8uckikA Hewl splidery Spdiléaphgkarid WorFebht ISP fifedUmiindanpAdt 1s

mechani sm 5 and a 20 hori zont al i ng mechani sm 6. Further G .1,
referendQDSltloned at a lower p051tYongwhere rke sucklngihead sucEs the’

solder balls by means of the lift means, the pressure adjusting
means adjusts and sets the degree of vacuum in the sucking head
to the first pressure, and when the degree of vacuum in the sucking
15 head reaches the first pressure, the lift means moves the sucking
head upwardly, and thereafter the pressure adjusting means starts
adjusting the degree of vacuum in the sucking head thereby setting
to the second pressure. -
Further, according to a second aspect of the invention,
20 there is provided a solder ball mounting device for mounting
solder balls on a workpiece, comprising: a solder ball supplying
section in which solder balls are stored; a sucking head having
a plurality of solder ball sucking holes in a lower surface
thereof; sucking means coupled to the sucking head so as to suck

25 ‘the solder balls in the solder ball sucking holes; wherein, when



~nuneral 2 denotes a solder ball supply box in which a nunber of sol der
balls are stored; and 4, a flux supply device. The sucking heall 11APR apved
downwardl y, towards the sol der ball SUppIy box 2, and performnms a bal
“sucki ng operation, so that 25 solder balls 3 are sucked in the sucking

hol es. On the other hand, 0 ~ APR 2002 6 the flux supply device 4
supplies flux to a flux transfer pin, 4nd then flux is transferred onto a
wor kpi ece, nanely, a substrate 7 with the aid of the flux transfer pin.
Thereafter, as shown in FIG 1, the sucking head 1 is noved onto the
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In FIG erence nunera esi gnates a vacuum pu suc |ng
val ve madecdn ok 38:€ig trrféé'@?@?:'a?d MR Vg B Yaery ing
val ve 9, 9ar?d Fhe sucklng head 1 are:%ouﬁ'éézto one am(;)therétiahroug:ﬁ%é":(l&[K
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suction neans; however, it may be replaced with a blower. In the suction

devi ce, bansraaﬁelshlc(kI&dOtf)y ahessiet k Dig G agl Yheh tHeuskekgneadh gandvé s
opened, so that the vacuum punp 8 perfornms a sucking operation with a high
degr ee ofiowawaurhlyl, nattie(eiboxliserdnd priisssirepwessilr ¢ sf hi ghaekt ngn soheler
balls 3 is 20 set by adjusting the operational value of the vacuum punp 8;
however, filmgtspresagref antehighsenpuelsto ehoky tie oo hileeddll o swtked

val ve mhlch is provided in the suction pipe 13. In FIG 2, reference
nuneral ¥beBehbeesuskingsserd det moved agapredyt-o detect the degree of
vacuumin the suck|E9 5 head 1. Reference nuneral 11 designates a vacuum

operP'Q/aI ve. By HBRYD 2FCHEERNAGE? Re tRAEARFBPER AfaF DE PRESe e
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degrees @bmpyacyyAyWHd skee;@%@r 18 iy Ry 8L E58RKE ngOn ELF £ rdm & HIQYHEY | son

gr aphi cal representation.

15 position to a lower pos1tlon at which the solder balls are to be
sucked in solder ball sucking holes formed in a lower surface of
the sucking head; (B) reducing a pressure in the sucking head to
a first pressure so as to suck the solder bails in the solder ball
sucking holes after the step (A); (C) moving the sucking head from

20 the lower position to the higher position; and (D) increasing the
pressure in the sucking head from the first pressure to a second

pressufe at which the solder balls are hold in the solder ball

sucking holes at the same time of step (C).

?5 BRIEEF DESCRIPTION OF THE DRAWINGS



_ 01 APR 2002
10 upper part of FIG 3 shows the vertical novenent of the sucking head 1,

~and the lower part of FIG 3 indicates the degrees of vacuum The

hori zontal axis represents the | apse-of time. The lift mechani sm5 operates
“to | ower the sucking head 1 fromthe standby position to a sol der bal
sucking position (the 15 | ower position). At the same tine, the suction
devi ce receives the suction ON signal ,5to open the sucking valve 9, so that
t he vacuum punp 8 perfornms a sucking operation.with a high degree of vacuum
(tl in FIG 3) . The sucking operation is continued solder balls 3 are
sucked in al nost _all the sucking ,holes 32." The 20 pressure detector 10
detects that the BeﬁpéeaSFovﬁéG nPHndFﬁ¥1§8§k|ng head 1 reaches the first
pressure. \Wen a & term ned period of fine sses fr ntthe detection, it
s deternined th&LOthL LI B ?C%h‘é%‘hb%&!f bt SRS shed
(t2 in F 3 The reason t.he acco f the suc 1
AP R 2085 B Sdeh Paﬂf R ko €5 STROTHURIER St hed AP 11 e
is to prevent er e oper.ation ue {0 n0|s ct
that the first p?ggsﬁge |§ reﬁﬁheg la?%garé%d age?%pﬁégagreéféﬁnﬁtcﬁh

sol d balel Ag 0 tlon, then the device 5 suffers frontthe fol |l ow ng
dlff?%u|?$ AFEEgﬁg H@ er balls 3 are, in fact, not sufficiently sucked

yet, the occurrepgg.of 165 @&@ﬁﬁ@fysaﬁlﬁerﬁﬁpfﬁ% Rt ob £t fige fagdte stcha first

pressure has been reached (the sol der sucki ng "operati on has been
acconpl i mBeenentOoknthBesapkRedymehd bhel RHeSJege edelaCiiculih,Saines as an
suction confirm ng sensor. The pressure detector 10 is generally a pressure
gauge; however, Fbe.foliovamgpEldmstsmy dia@rgmh aytesh iy fdrowtaplre icf
connected to the suction pipe 13 imredi ately before the sucking head 1, so
t hat t heapdesbleebdéfepheaonmébooperati on nmay be perfornmed with the fl ow
meter. After the suction of solder balls has been confirnmed, the lift
mechH&hi sm5 is activated, so that the sucking head is noved upwardly to the
upper position (t3 iri FIG. 3) . Th|s upper posi tion |s Iomer t han t he
upper positi onRBEALRED , & Y EFBRRED EME B Tg

t he upper position tEereof for horlzontal nnvenent the ot her hand

after the start df SPhdehskant %?uPhéngueﬁ n@eheéﬂ fmbpﬁém@§5uﬁﬁlﬁﬁén val ve
11 t ur ned d. d bt t by th
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drawings. FIG. 1 is a perspective viewoutlining the arrangement

15 of the solder ball mounting device according to the invention.
In FIG. 1, reference numeral 1 designates a sucking head. The
sucking head 1 has a sucking plate on the lower surface which has
a plurality of solder ball sucking.holes. The sucking head 1 is
vertically and horizontally moved with a 1lift mechanism 5 and a

20 horizontal moving mechanism 6. Further in FIG. 1, reference
numeral 2 denotes a solder ball supply box in which a number of
solder'balis are stored; and 4, a flux supply device.

The sucking head 1 is moved downwardly, towards the solder
ball supply box 2, and performs a ball sucking operation, so that

25 solder balls 3 are sucked in the sucking holes. On the other hand,



25 vacuum punp 8 is set to -450mHg at the operation under the first 01
pp R 2002 9 pressure and to -20mHg at the operation under the sqcPngr 2002
pressure. In the case of using a .blower in place of the vacuum punp, g%e
“degree of the vacuum of the blower is set to -150mHg at’ the operation
under the first pressure and to -20mHg at the operation 5 under the second
pressure. Time period of t2 to t3 is sét~to about 0 . 2 seconds, and tine
period of t3 to t4 is set to about O . 2 seconds . Tine period of one
series of the sucking operation("sucking operation” in FIG 3) is about 1.5

Tmited Foct b aneseb il JEPLEE Lrniatii e HIRT 0 ' IR R BB ot e
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performed according to the present 1nvention. ter suckKi ng

head 1 i3 wovedtHewaidlyr byhd he i flr JRRChANI S 5 ag el ahemant ispped, the

sucking head 1 is noved downwardly to the | ower position, and the pressure

in the sugkfrg. hgadnt keckehgtReddel fily mbvResaYberhé substighe 3), andnder
this condition, the tine control is effected, so that, the~pressure in the

suckisng heais Fuirsheetmbdved hidwareatl PESSEHEE dd1de PHadeises Eedopakiead Of
time. 20 The fact that the pressure in the sucking head is set to the
second presshe esins thet @redetrefrianed eperfi atheofinvier® lich des ildest he takl owi ng
reason: |If the second pressure setting operation is perforned at the start
of the aserprobfofhtheushkone tesdrilsédceoltiersbedhdsprisayr epaehtiing.
operation is achieved by.openiq? the 25 vacuum open valve 11, the degree of
vacuumis not i nfRelisHering ead Ap & 2poepleddeer @asedtiohadevicet ferdegr ee
of vacuum of . the sucking head 1 becomes only slightly |ower than the first
pr essur e UbRd %R&é%rtQﬂkg%d%diFPéﬁ,Wﬂﬁé beedssfE ipgdsui thorefierenest
pressure again, imrediately the fir pressure_is reached. This nmeans that
t he§§ St PO R PhE FEREE TR F‘Bnﬁ/ﬁ]i €h i ST pBsit8 iFF e NHReReL ght

for the tds sql der lls is i di atel y, ended, . and the foll ow ng
oper at i nea%gecénl%a%r? gsggﬁ glgn%%f?pt t%’%@i%s Gt ﬁgxﬁﬂ'Bgsﬁ?%"? NG P85t 81t he
second f%?%%éh i e i re .l cki_ng..hal e ich,is not
cl osed \%rt a soﬁdg{ehr&g%l%laq%,%lgi t)fgg %gﬁﬁgtgghékgh%hoﬁ @%kﬁéﬁq .V\gkrﬂr‘l'eo?der to
over comyAditeMddi Y hkad N8 rBr ESFIT & td SHE Sk ' the
second pressure in fﬁ% predetgrnined peri od of_tinéﬂgFﬁ?§ﬁ%h§%%§%F%§%t of
FIG 3, gipe sueki 1g head embodaved typwiiedlva g hund @ tie s dsfedald

nounting operation is
15 suction means; however, it may be replaced with a blower.
In the suction device, upon reception of an suction ON
signal, the sucking valve 9 is opened, so that the vacuum pump
8 performs a sucking operation with a high éegree of vacuum. In
the embodiment, a first pressure for sucking solder balls 3 is
20 set by adjusting the operational value of the vacuum pump 8;
however, the setting of the first pressure may be obtained by a
relief valve which is provided in the suction pipe 13.
In FIG. 2, reference numeral 10 denotes a pressure

detector adapted to detect the degree of vacuum in the sucking

%S head 1. Reference numeral 11 designates a vacuum open valve. By



15 effected. In the present invention, after solder balls have been sucked,
t he degree of vacuumin the sucking head is changed to 1 a | ow value (the
second pressure) which is | ow enaugh“to hold the solder balls. T e{%éﬁrﬁm
‘the air | eakage fromthe solder ball 20 sucking section is reduced, d %e
occurrence of "double ball phenonenon" is decreased in frequency. Even if

t he doubl e ball phenonenon occurs,, si%Wce the degree of vacuumin the
sucking head is set to the second pressure which is lower than the first
pressure enployed to suck solder balls, the force of sucking solder balls
25 which form doubl e balls is elimnate so that those balls falls 01
ooR 2002 P IOt BS VAR SRR AR 1L o SpeEIbRe kR b3 1T hRrRSenon
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prevents the solder balls fromf erroneously nounting on t ubstrate. 10

Wien 3 heasegkidd pieaduire) alh { &€ ilsONBEh &P THAIO he tA1G ¥ préQLubbopid i d he
solder balls is applied to the | ower surface of the sucking head, ‘and a

draft istbosoed sdedentoalllte 3dpatthehas iy med dEy bshilkt 3ttusdudatedal | s
to the end of the solder ball supplying box. In the present invention,
except when the BeldeiotShbpkl betekiengthperatricdrails moeekieed @it tthiee doubl e
ball trouble elimnating operation is performed with the sucking head at

t he uppefupgbsngi bradHerarel tihise degideest pénvetyusovilkl Wmldesdisisdd witat ed.
Further, after the sucking head is noved upwardly, it is 20 noved

downwar dE§£8g8nAe @ EdGek3sdt gempaaiisont aeaphjced rrrvesrntatel omcorfileet e
sucgjng of solder balls. This effect nay be obtained by noving the sucking
head Uip BRBSHORAT S eRErEC  iSnEBows the' wepnt el Mmppemen (T the uakimg | S:

Lot £ BB A BRI, Sexpe B TIUILIDG, SELUET Sohl 00 2, or B! e
The horizontal axis represents the lapse of time.
The lift mechanism 5 operates to lower the sucking head
1 from the standby position to a solder ball sucking position (the
15 lower position). At the same time, the suction device receives
the suction ON signal, to open the sucking valve 9, so that the
vacuum pump 8 performs a sucking operation.with a high degree of
vacuum (tl in FIG. 3). Thesuckingéperatioﬁiscwntinued,solder
balls 3 are sucked in almost all the sucking holes 32.° The
20 pressure detector 10 detects that the degree of vacuum in the
sucking head 1 reaches the first pressure. When a predetermined
period 6f time passes from the detection, it is determined that
the solder ball sucking operation has been accomplished (t2 in

FIG. 3).

25 The reason why the accomplishment of the sucking



-5 are stored; a sucking head having a plurality of solder ball sucking
holes in a | ower surface thereof; sucking neans coupled to said S@qkiqg
head so as to suck the solder balls in said solder ball sucking h ' APR 2802
Tift means for vertically noving said sucking head; and pressure adjusting
means for adjusting and setting degree of vacuumin said sucking head to a
first pressure for sucking the solder I8alls, and to a second pressure which
is lower in the degree of vacuumthan the first pressure and is high enough
to 15 hold the solder balls sucked, wherein, when said sucking head is
positioned at, a | ower,  position re i d_sucking head, sucks th al der
balls byo%%lé%tél%? 3 ef‘rf-[?lr}weeda\r,]gs]ftesraisc eplpé:se &S gg]’l?sq ipnGd: lrroe&ar?? 53 sts
and sets; of ' i.d . Kj a . L he fd Qr essur e,
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pressure,nsat L iff{BANS FPURS %&ﬁl@&isn&éa%gg\gg?g rdied Jlshergaf ter

sai d pressure adjusting neans s s adjusting t of vacuumin said

sucki ng h d0L5eRE 88kl 500 P kAl 1d s6e%kend 8{)6§§Hign,21.5hen the ABR;2Q02 13
2. The sol der ball mounting device according to claim1, wherein, after

sai dsl i fédufeans fRresheairdlsdakhgodheadcupyat dlyl sisugrisb s Ba1a s 3
adj usting neans starts adjusting the degree of vacuumin said sucking head

t hereby seéfiirg fartSainbtd ssafdrd gutdss e kesbivdtl, i themears rfene: oF d
sucki ng head downwardly to the | ower position while said pressure adjusting
nmeans adpamsdrst amny reditse tilsendegr&enofovatheinfact ddiel Sl pg elssadt et bashe
first pressure, and in a predeterm ned period of tine the degree of vacuum
in sai dBerkirrpdiesd (sheetoider heakkcowckpreseperation3hashbesol der bal |
nmounti ng device according to claim11l, wherein said sucking neans conpri ses:
one of RXEVRMAPRAD and a bl ower; a sucking val ve conprising an

15 a suction pipe for coupli sai d suckin

cleghrommanet] ¢ valye: and.doc.ousti on pipe I counligg sale suckino

device SR Ngohd; chah Sundher cufegheés BlES IR A HEb 195 TRERE L
a pressure gauge; however, the following method may be employed:
A flow meter is connected to the suction pipe 13 immediately
before the sucking head 1, so that the pressure detection

15 operation may be performed with the flow meter.

After the suction of solder balls has been confirmed, the
lift mechanism 5 is activated, so that the sucking head is moved
upwardly to the upper position (t3 in FIG. 3) .' This upper position
is lower than the upper position of the sucking head 1 which is

20 in a standby state, and the upper position thereof for horizontal
movement. On the other hand, after the start of the ascent of
the suckiné head 1, the vacuum open valve 1l is turned on, and
a low degree of vacuum is obtained which is set by the throttle

valve 12. In this embodiment, the degree of the vacuum of the

25 vacuum pump 8 is set to -450mmHg at the operation under the first



20 a pressure detector couples to said sucking head so as to detect the
degree of vacuumin said sucking head; a vacuum open valve coupl eg § OAngbﬂaZ
suction pipe; and a throttle val ve couples to said vacuum open val ve.

‘0 ~ APR 2002 14 5. A solder ball nounting device for nounting solder balls
on a workpi ece, conprising: a solder ball supplying section in which sol der
balls are stored; 5 a sucking head haveng a plurality of sol der bal

sucking holes in a |lower surface thereof; sucking nmeans coupled to said
sucki ng head so as to suck the solder balls in said solder ball sucking

hol es; wh ' wh h l.d |1 to b d_i id 10 Ki

ol os, <A BCSNERIAG Heaq AR BRC P AT S GF bree PP RRC S S ol dar
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sucking feagoLook Lnd GalhlAloPT eASUECOMELN; UNLEh 15 LhGoRAkdeL DakLs are
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sucked by Sal d sucki ng n sai d sucking head I's nov ownwar dly, and

(1) a sesongk preNdet ¥he Gt st PLESSH L a3 £he fdnniig REESRIbBe2RE 1 BhON
enough to hold the solder balls sucked when said sucking head is noved

upwasdl Yun@&r &hel8€cs0t ¢aie falde NMOTARENEE HRYd ¢ €26 €8NG ket RbBbE:
wherei n said sucki ng neans conprises: one of a vacuum punp and a bl ower; a

sucki ng a2 secoorlpr, i sdigiae pdeicdd ofadned itd Valkee, t aadoatsuct sesoptpe for
coupling said sucking head, said vacuum 25 punp and sai d sucki ng val ve. 0
1 AP R 2(DiZne period of one series of the sucking operation("sucking
operation” in FIG. 3) is about 1.5 seconds. Of course, the degree
of the vacuum and the time period are not limited to the above

10 values.

Further, in order to prevent the incomplete sucking of
solder balls positively, the following operations are also
performed according to the present invention. That is, after the
sucking head 1 is moved upwardly by the lift mechanism 5 as

15 aforementioned, the sucking head 1 is moved downwardly to the
lower position, and the pressure in the sucking head 1 is set to
the first pressure (t4 in Fig. 3). Under this condition, the time

) control is effected, so that, the‘pressuré in the sucking head
1l is set to the second pressure in a predetermined period of time.

20 The fact that the pressure in the sucking head is set to
the second pressure in the predetermined period of time is due
tothefbllowingreason: If the second pressure setting operation
is performed at the start of the ascent of the sucking head, since

the second pressure setting operation is achieved by opening the

25 vacuum open valve 11, the degree of vacuum is not immediately



15 7. The sol der ball nounting device according to claim®6, wherein said
pressure adjusting neans conprises: a pressure detector couples tp1sgrd2002
sucki ng head so as to detect the degree of vacuumin said sucking head; 5 a
“vacuum open val ve couples to said suction pipe: and a throttle val ve
couples to said vacuum open valve. 8. A nethod for setting a position and
degree of vacuum of a sucking head prb®@ided in a solder ball nounting
device 10 for nounting solder balls on a workpi ece, conprising the steps of
(A) noving said sucki ng head froma higher position to a | ower position at

whi oh thecsphdetabatle. are LG beiataked 030l ger bable ghing hales f or med

in a | ower sur sard suc sure |n sai d

sucki ng Qgggmge c?nld’ 34 gE E9 IR SOnEf Life Z;'.(f%tt%ee§91|.19§r W#sucﬁ%ng head

sol der suckin s after t e ste novi ng sa

from t he, j oWes, ROSE 14PN th@ SPe%EGrQ'ﬂé“’sretp%' Eﬁ@%@é@[p(:@sgm %g%'l?lg the

pressure in said sucking head fromthe first pressure to a second préssure

at whi ch; hheqsatde Q@élﬁ:%rte halsdurd sai desohdar bais gl epeat the
sanme tinme of step 8 1 AP R 2002 16 9. The nethod according to

claim 8, s&@tibﬁratcaﬂerlcmertgpbbewbﬁn&lﬁh icBhepWsia isH Bestcki Rgiggad from
the higher position to a |lower position after the steps (C) and (D); and 5
(F) redufdngthéespeessuref i sosderd Isarks nis htadedbat&kyf endedpr aasut@eat the
sane time of step (E); and (G increasing the pressure in said sucking head
to the stebhdwpnesmematdingecontétsopplg Bptaldell. thhe hef e pressdireg to
claim8, further conprising the step of taking a predeternmned tinme after
the pres%%lr%‘iiﬂ’-%félt@ shekseePmRRFatifes t BB thistcapsesanan 4tf there

is a sucking hole which is not closed with a solder ball 3, it
10 may not suck a solder ball. Inorder to overcome thisdifficulty,
the pressure in the sucking head is set to the second pressure
in the predetermined period of time.
In the embodiment of FIG. 3, the sucking head is moved
upwardly again, and the solder ball mounting operation is
15 effected.
In the present invention, after solder balls have been
sucked, the degree of vacuum in the sucking head is changed to
) a low value (the second pressure) which is lsw enough to hold the
solder balls. Therefore, the air leakage from the solder ball
20 sucking section is reduced, and the occurrence of "double ball
phenomenon" is decreased in frequency. Even if the double ball
phenomehon occurs, since the degree of vacuum in the sucking head
is set to the second pressure which is lower than the first pressure
employed to suck solder balls, the force of sucking solder balls

25 which form double balls is eliminated, so that those balls falls



_step (B) . 15 11. The nethod according to claim9, further conprisjing the

step of taking a predetermned tine after the pressure in said sudkl g Rn2id2)
reaches the first pressure at the step ( F) . 20 12. The nmet hod accordi ng
“to claim9, further conprising the steps of repeating the steps of (A to
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supplying box. In the present invention, except when the solder
15 ball sucking operation is carried out the double ball trouble
eliminating operation is performed with the sucking head at the
upper position. Hence, the deflection of solder balls is
) eliminated. ‘
Further, after the sucking head is moved upwardly, it is
20 moved downwardly again, to suck solder balls thereby to prevent
the incomplete sucking of solder balls. This effect may be

obtainéd b§ moving the sucking head up and down several times.
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a sucking head having a plurality of solder ball sucking

holes in a lower surface thereof;
sucking means coupled to said sucking head so as to suck
the solder balls in said solder ball sucking holes;
10 lift means for vertically moving said sucking head; and
pressureadjustingmeansforadjustingandsettingdggree
of vacuum in said sucking head to a first pressure for sucking
the sclder balls, and to a second pressure which is lower in the
degree of vacuum than the first pressure and is high enough to
15 hold the solder balls sucked,
wherein, when said sucking head is positioned at a lower
position where said sucking head sucks the solder balls by means
of said lift means, said pressure adjusting r;leans adjusts and sets
the degree of vacuum in said sucking head to the first pressure,
20 and when the degree of vacuum in said sucking head reaches the
first pressure, said 1ift means moves said sucking head upwardly,
andthefeaftersaidpressureadjustingmeansstartsadjustingthe
degree of vacuum in said sucking head thereby setting to said
second pressure.

25
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3. The solder ball mounting device according to
claim 1, wherein said sucking means comprises:
one of a vacuum pump and a blower;
a sucking valve comprising an electromagnetic valve; and
15 a suction pipe for coupling said sucking head, said vacuum

pump and said sucking valve.

’ 4. The solder ball mbunting aevice according to
claim 3, wherein said pressure adjusting means comprises:
20 a pressure detector couples to said sucking head so as
to detect the degree of vacuum in said sucking head;
a Qacuum open valve couples to said suction pipe; and

a throttle valve couples to said vacuum open valve.

25
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5 a sucking head having a plurality of solder ball sucking

holes in a lower surface thereof;
sucking means coupled to said sucking head so as to suck
the solder balls in said solder ball sucking holes;
wherein, when the solder balls are to be sucked in said
10 sucking holes, said sucking head are moved up and down plural times
to suck solder balls, and the solder balls thus sucked are mounted
on the workpiece; and
pressure setting means for adjusting and setting degree
of vacuum in said sucking head to (i) a first pressure with which
15 the solder balls are sucked by said sucking head when said sucking
head is moved downwardly, and (ii) a second pressure which is
higher than the first pressure and high enough to hold the solder

! balls sucked when said sucking head is moved upwardly.

20 6. The solder ball mounting device according to
claim 5, wherein said sucking means comprises:
one of a vacuum pump and a blower;
a sucking valve comprising an electromagnetic valve; and
a suction pipe for coupling said sucking head, said vacuum

25 pump and said sucking valve.
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to detect the degree of vacuum in said sucking head;

a vacuum open valve couples to said suction pipe; and

a throttle valve couples to said vacuum open valve.

8. A method for setting a position and degree of
vacuum of a sucking head provided in a solder ball mounting device
for mounting solder balls on a workpiece, comprising the steps
of:

(A) moving said sucking head from a higher position to
a lower position at which the solder balls are to be sucked in
solder ball sucking holes formed in a lower surface of said sucking
head;

(B) reducing a pressure in said sucking head to a first
pressure so as to suck the solder balls in said solder ball sucking
holes after the step (A); -

(C) moving said sucking head from the lower position to
the higher position; and

(D) increasing the pressure in said sucking head from the
first pfeséﬁre to a second pressure at which the solder balls are
held in said solder ball sucking holes at the same time of step

(C).
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(G) increasing the pressure in said sucking head to the

second pressure after the step (F). !

10 10. The method according to claim 8, further
comprising the step of taking a predetermined time after the
pressure in said sucking head reaches the first pressure at the

step (B).

15 11. The method according to claim 9, further
comprising the step of taking a predetermined time after the
pressure in said sucking head reaches the first pressure at the

! step (F).

20 12. The method according to c¢laim 9, further

comprising the steps of repeating the steps of (A) to (G).



