20 DEC 2004 Specification 1. Title of the Invention: SO.DER BALL CONNECTI ON
DEVI CE AND CAPI LLARY TUBE THEREOF 2. Detailed Description of the Invention:
[Field of the invention] The present invention relates to a sol der Malil 2004
connection device for connecting a bonding pad forned at a slider provided
with a head, and a lead pad fornmed at the tip of a lead wire. Mre
particularly, the present inventispneecbEatesita a tube enpl oyed for the

sol der ball connection apparatus and used to position and hold a sol der

ball in a solder reflow ng process. [Background art] Figure 8 shows a
perspective view of the HG assenbly suitable for electrical connection
between a lead wire and a slidghitiiet kfusdeofinyensdlder ball connection

met hod. Figure 9 is an expanded view of the tip of the HG assenbly. The
external shape of the HG assenbly 100 is defined by an actuator arm 101
provi ded with _an opening 102 and a_| oad beam 104 _extended in_the
IongitudinépH&Eﬁe@ﬁP&nC%NNFﬁgIQEtBEVEFEaPHP16&PIFF%ﬁ¥aﬁUPﬁt@?ﬁﬁﬁ?%te portion
of its flat portion 103. The actuator arm 101 and the | oad beam 104 are
bonded together at a portion where they are placed on top of each other.
The opening 102 is used so that the HG assenbly 100 is held rotationally by
a hol def HEtR Igh G SC iR Upfr 40%s IONERtdRMMN) .  The HG assenbly 100,
passi ng through the center of the opening, is rotated in the directions A

and B arp vi.ht ual i.s. 150 substantially perpendicular to the flat

103. 2 B%%&Of% %Dnun %I%%e 105 is bonded to the | oad beam 104

substantially in the center portion so as to be put thereon. And, a flexure
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thereof ., This exure 1 IS n 0, t oad .heam 104 | cate
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and a lead pad formed at the tip of a lead wire. More particularly,

the present invention relates to a tube employed for the solder ball
connection apparatus and used to position and hold a solder ball in

a solder reflowing process.

[Background art]

Figure 8 shows a perspective view of the HG assembly suitable for
electrical connection between a lead wire and a slider with use of a
solder ball connection method. Figure 9 is an expanded view of the
tip of the HG assembly.

The external shape of the HG assembly 100 is defined by an
actuator arm 101 provided with an opening 102 and a load beam 104
extended in the longitudinal direction of the actuator arm 101
from an intermediate portion of its flat portion 103. The actuator
arm 101 and the load beam 104 are bonded together at a portion

where they are placed on top of each other.

The opening 102 1is used so that the HG assembly 100 is held
rotationally by a holder of a magnetic disk apparatus (not shown).
The HG assembly 100, passing through the center of the opening, is
rotated in the directions A and B arcund a wvirtual axis 150

substantially perpendicular to the flat 103.



of the flexure 106 |ocated at the side of the tip is not bonded to the |oad
beam 104. As shown in Figure 9, at the tip of the flexure 106 is fornmed a
ar ch- shaped opening 107 and the slider 109 is bonded fixedly to a 1 T bt 10
tang 106a (Figure 10) formed so as to be protruded to the center of the
ar ch- shaped openi ng 107 froma platform 108 formed at the extrerre tip of.
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At one gnds, .t Gpnpgse a nulti- connector 114. The four l[eads 110 to 113
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shown in Figure 8 and fixed so as '10 OEC 2004 not to touch each anot her

W th amd nshibahi hg shegird her e@et ween ¢ ikesjrecihyekyex e atoweri engsredd tie

| eads greglq_%ed | the rgla7 d0§dr{0% e%a%pg %1333’“@%& nffl% 9 and

they are palre orm pal re | Bad3
are berft! @Ubfsftamlil%ll ﬂ969er(|@‘é@enrmle@r> t@ltfﬁ@ifﬁﬂ@nﬁs §Qr fb&epll@%ludﬁdt% the

slider 39 dhreughnewe opendingsed 14pandngly of of fnd hetaeeFdhe plat formed 08

andthefl Xur e 106a Fg re . d| helead ads Qa.to
113a are forma‘axcorg%sgoﬁ’dlnfl qi %gg%%ﬁnec ?on I'gurfacleesxuo % &1 ou 1&618‘ 1S

bondi ngfYrauzr teid By i191Vf3(§r riébllaat (smﬁv@fwm gubtgkenigae The lrwmrqf ehds

110 lto;ﬂrlo?cxa{]@alﬁwh L@hé B@oaﬁabkarnmlb% a&rlc&m pdhet rc%f@ﬁs%ﬁéalﬁ@ %% | the
insul atin sheet t herebet we ective I of .t se )/
wher e tche s?ldgr 2%@ do«g‘sl Yot g)@? onseque%tly’ fheel e s 88580 Yoo

inclined at a predetermlned angle {often referred to as a pitch, a
roll, or a yaw) in every direction with respect tc the load beam
104 .

Four leads 110 to 113 are wired partially to an extended portion
105a of the mount plate 105. They are fixed at the extended
portion 105a with an insulating sheet therebetween respectively so
as not to touch each other. At one ends, they compose a multi-

connector 114.

The four leads 110 te 113 are connected to the mount plate 105 and
the flexure 106 respectively as shown in Figure 8 and fixed so as



equivalent to the slider holder. The following is a description of a sol der
ball connection nethod for connecting the four bonding pads 116 to 119 to
the lead pads 110a to 113a formed so as to be corresponded to those bonding
pads 116 to 119. Figure 10 is a cross sectional view of the major pptDFbAllf
the HG assenbly fromthe direction C at a directing |line 151. The

directing line 151 passes the center of the bonding pad 118 shown in Figure
9. Figure 10 al so shows a partial cross sectional view of the solder bal
connecidton tdevi @ech Thachoadnbensy 104 s Bat indhlust fadedHwete shedsSbéOween
sinpl i he I pton t pasi ti.on h I vqt r he
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(not shewy-isnd haind tihel pad wonnecdd rrsurdfisace 118a of the bonding pad 118
and the connection surface 112b of the | ead pad 112a face each ot her
substantial ly perpendi cul ar and each of those connection surfaces 11Ba and
112b i1 nedived dabdcamticalbgnat substpptiadlyi PeecPeadiicilaghitch thes Hravity
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118 an(m%pqilq$q%§ad 12 mhigg bei inclined at about 450 to the
connection Syt dace A 121°"0f TH ﬁ%ﬁu#%%ﬁd 112a. The sol der ball connection
devi ce (not shown) stores many solder balls 122 and sends one sol der bal

122 toriderbp afeddie 1capkbl anys tabe 42%ehhreuUahd t §1kRER/ra0ld &V POLEKEON
121a after .t.he ca di s redet ernmi ned position

il lary tube 121 i osed at
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the arrow a so as to pronpt the solder ball 122 to
A part of the HG assembly, where the slider 109 does not exist, is

equivalent to the slider holder.

The following 1is a description of a solder ball connection
method for connecting the four bonding pads 116 to 119 to the lead
pads 110a to 113a formed sc as to be corresponded to those bonding
pads 116 to 119.

Figure 10 is a cross sectional view of the major portion cf the HG
assembly from the direction C at a directing line 151. The
directing line 151 passes the center of the bonding pad 118 shown in
Figure 9. Figure 10 also shows a partial cross sectional view of
the solder ball connection device. The 1load beam 104 1s not
illustrated here so as to simplify the description, but the
position of the pivot 104a formed at the load beam 1.04 is shown

with a broken line.

When carrying out a solder ball connection, the inclined HG
assembly 100 (Figure 8) i1is held by a holder (not shown) so that
the pad connection surface 118a of the bonding pad 118 and



nove together with the action of the gravity. In addition, the nitrogen gas
N2 al so presses the solder ball 122 slightly that is in contact with both
connection surfaces 118a and 112b of the bonding pad 118 and the | ead pad
112a when the solder ball 122 exists at the tip of the capillary tube 121.
In this state, the solder ball connection device (not shown) applies a

| aser beam (shown with a broken line LZ in Figure 10) to the solder bal

122 through the inner hollow portion 121a of the «capillary tube 121 so as

t 0 makeheheogwledérnobaklrfefbohl2Bhef sbhedéeadapsd 1PP24 sfadencaeh taethdm this

refl ow t. bot h nn Lon surface a . h i ng
pad 11éﬂgﬁﬁgﬁ%éaﬂg¥a§65888§i§§£%£¢a%@ E%%hﬁ%ﬁ%ggg?oggPééggl$%e£%?¥$%%gn gas
suppl i ad sat amdi $12bnesptesbised hauadaned aldgl der 4agaimsthee atilr ecanirec tiiron
surface a@g cover t he solde? so as to be prevented from oxidation. This
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directig¥lls 122 and sends one solder ball 122 to the tip of the
capillary tube 121 through its inner hollow portion 12la after
the capillary tube 121 is disposed at a predetermined position.
At this time, the apparatus supplies a nitrogen gas N; in the
direction of the arrow a so as to prompt the solder ball 122 to
move together with the action cof the gravity. In addition, the
nitrogen gas N, also presses the solder ball 122 slightly that is in
contact with both connection surfaces 118a and 112b of the
bonding pad 118 and the lead pad 112a when the solder ball 122
exists at the tip of the capillary tube 121.

In this state, the solder ball connection device (not shown) applies
a laser beam (shown with a broken line LZ in Figure 10) to the
solder ball 122 through the inner hollow portion 12la of the
capillary tube 121 so as to make the solder ball reflow. The
solder ball 122 is then melted in this reflowing, getting both
connection surfaces 118a and 112b of the bonding pad 118 and the
lead pad 112a wet and connected together.



parall el to both connection surfaces 118a and 112b of the bonding pad 118
and the lead pad 112, that is, in the direction passing through the paper
with Figure 10. Consequently, the solder ball 122 cones to reflow the

sol der ball in an unstable state, thereby the soldering position cannot be
deci ded accurately or a connection failure occurs due to uneven irradiation
of the | aser beamon the solder ball. -5 7q DEC 2804 Furthernore, as shown
in Figure 10, the | aser beam which passes the inner hollow portion 121a of
the capillary tube 121 so as to reflow the solder ball, hits and reflects
here and there on the inner wall of the hollow portion 121a until it
reaches the solder ball. The energy of the |laser beamis thus attenuated due
to suchi§ SFEQIBhIas HetRbY 1 eHe At ridth it FbRCeMiF Ry the tHel tader beam

is | owenedr 1ga¢RPEBSRhECcSHRB AR L ENHALd Otha theref ofige ddEa Ut Ut Of o
t he | aser beam has been i ncreased as nuch. Under such a circunstances, it is

an obj && pPsEveRrsepr E5emt oxidylel?h on to provi de a method for positioning a
sol der ball to reflow accurately and stabilize the soldering point so as to
make the connection perfect, thereby preventing connection failures. It is
anot herrdly ecinpdtttbetpeesenicriiprénh off thepsoldde dandt kotnecarommaKbngthe
sol der . O ctign r ff4 cient r j e | oss u by
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connecgkgglga%gg§&F§oggfcigogggg%%%§g of a pad to a second connection

surface h use of er ball. The pad having the first
connection surface is forned at a slider held by a slider holder in a disk
uni t angpidisl pad dm\banGdihedsegonthecanreation]surface is formed at an end
of alead wired to the slider holder. The capillary tube has a bal

regul ator provided with a substantially . .
Figure 11 1S a perspective view ¢f the tip shape c¢f the capillary

tube 121. The conic tip of the capillary tube is cut as shown in
Figure 11 so that its cross section perpendicular to the center
axis 152 is formed like a ring. In this case, as shown in Figure
10, it is difficult to move the tip of the capillary tube 121 down
up to the regulation point 21 orthogonal tc the center line 152
through the center of the solder ball 122, which is in contact
with both pads. This is because the tip of the capillary tube 121
comes in contact with any of the pads before reaching the regulation
point 21, thereby its up and down movement is disturbed by the pad.

If the tip of the capillary tube 121 does not reach the regulation
peint Pl as described above, the solder ball 122 can take an idle
width at which the soclder ball 122 can move in the direction
parallel to both connection surfaces 118a and 112b of the bonding
pad 118 and the lead pad 112, that is, in the direction passing
through the paper with Figure 10. Consequently, the solder ball
122 comes tc reflow the solder ball in an unstable state, thereby
the soldering position cannot be decided accurately or a connection
failure occurs due to uneven irradiation of the laser beam on the
solder ball.



conic and hol l ow portion inside. The solder ball regulator has an opening
at its top. The opening opens to the tip of the hollow portion. The center
axis of the hollow portion is conmon to the center axis of the opéniliig. 0ithe
sol der ball regulator also has a pair of projections protruded al ong the
enLer Faxitsedinod efOsid idibwal OLNCF idiere OPENi fige VASEEt Beam, piejiett ipensesace
each o r t r ehet n r cti gul at
The movirertist (HE-So (B BPE. 1218 Plo LRE 5064 LTREY (5001 D Ralbl o0
port i oﬁeﬁéOWabbfseaoM@ﬁ badhi ngite Pn@rﬁ%becw reRie oﬁrncbftfeﬁnq 8 ddinéaneng
t he pawalaf ofir ehechbdDswapdrt hén exi4 aifc il pisc ofeddited afies esbidgy portions to
each OF ?F may be used as the projections. The tip may al so be fornmed by a
pair at surfaces inclined to a datumlevel including a |line connecting
the center axis and the pair of projections to each other. The pair of flat
surf acehemaygnbaye tbe see angder r espect ivel yhte dtwededtiod| euad ard shen
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t hat othkheasekdpeahahbsrBgghaintreddied £apmldiry tube has a cylindrical
portion provided with a hollow portion continued to the hollow portion of
the solder ball regulator fromthe viewpoint of space. Furthernore, the
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of thefor making solder ball connection more efficient by reducing the

energy loss caused by reflections of the laser beam, thereby
reducing the energy loss of the laser beam when in solder reflowing.

[Summary of the invention]

The capillary tube is employed for a sclder ball connection device
for connecting a first connection surface of a pad to a second
connection surface of a pad with use of a solder ball. The pad having
the first connection surface is formed at a slider held by a slider
holder in a disk unit and the pad having the second connection surface
is formed at an end of a lead wired to the slider holder. The
capillary tube has a ball regulator provided with a substantially
conic and hollow portion inside. The solder ball regulator has an
opening at its top. The opening opens to the tip o©f the hollow
portion. The center axis of the hollow portion is common to the center
axis of the opening. The solder ball regulator also has a pair of
projections protruded along the center axis at a position around the
opening, wherethose projections face each other with the center axis

therebetween.

These projections regulate the movement of the solder ball.



0 CEC 2004 cylindrical tube is conposed of a second tube-like body. And, the
capillary tube is further provided with a connector for connecting_ .th

first and second tube-like bodies to each other. In still another 700tC 2004
configuration, the tip portion of the capillary tube is forned with a pair
of first flat portions and a pair of second flat surfaces. The pair of the
first flat surfaces are inclined by a first angle to the datum | evel
including a line connecting the center axis and the pair of projections and
the pair of the second flat surfaces are continued to the pair of the

first flat _surfaces and inclined by a .second angle to the datum_1Igevel. .The
solder$%%lFlgoﬁ ec%F%nga£€?%ePoﬁﬁﬁ§ﬁ is éﬁgfﬁgngeQ%ﬁtfﬁﬁyng Wr ovi Fedt R t h
a capitinegtiobe efeseribiatk i vo@r@ahing atkel dexibaldf pesgegbiengornd the
suppl yépgrameokdes Ral ltHtatdecgapifl ?wtwhg, tbheaddi amier wfy the spider
bal | bei smal l.er than the inner dianeter of the opening; and a |aser
outputa%ggF%éuF@FQQﬁQQﬁ'ng a focused |aser beamto the opening of the
capillary tube through the hollow portion. The datum | evel including a |line

connectidge {hengenieio BXi SordeaWell aasatihe Jr rsitaandyusesond proj aedd ans of
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confi guf apronect hensof desadblal bticeonnecti on device is provided with a

capillary tube described in Claim4; a solder ball reservoir for supplying
a solder ball into the capillary tube, the dianeter of the sol der. bal
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tube thyough dhg hollow portion. The datumlevel including a |line
connecting the center axis, as well as the first and second projections of
the capillary tube is set so as to be inclined by 45 to the first and
secondn cemotberoncout f@acest idher éby tdepiddlader babt¢ iis redhoseded2 t@ DE@

2004 Fygidier gpge, chhe cgolder babl peennect ben devises des Tl tnespk Ovi dedang
fcrmed on the same axis as that of the sclder ball regulatcr. The
capillary tube has a cylindrical portion provided with a heollow
portion continued to the hollow portion of the solder ball regulator

from the viewpoint of space.

Furthermore, the inside surfaces of the pair of projections may be a
part of a cylindrical surface formed on the same axis as that of the

hollow portion respectively.

In still another configuration, the inside surface of the solder

ball regulator is polished like a mirror.

In still ancther configuration, the solder ball regulator and the
cylindrical portion, or at least the solder ball regulator, are
composed of a first tube-like body and at least a part of the



with a nitrogen gas supplier for supplying a nitrogen gas into the
capillary tube. Brief Description of the Drawings Figure 1 is a schenat |
view of a solder ball connection device in which a capillary tube /iéUEL ﬂ
installed in an enbodi mrent of the present invention; Figure 2 is a
perspective view of a shape of a conic portion 6a of an action tube 6,
which is a conponent of the capillary tube 4 in the enbodinent of the
present invention; Figure 3(a) and 3(b) are sectional views of the conic
portiosybaneficdhetaski o tabepSsedi gur e %é@oﬁdSQQUeOﬂakeVikﬁwySthl,g éhe
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tube. 19v@lQ DEC 2004 [Preferred enbodi nent]

The solder ball connection device, which 1s another invention, is
provided with a capillary tube described in Claim 1; a solder ball
reservolr for supplying a solder ball inte the capillary tube, the
diameter of the solder ball being smaller than the inner diameter of
the opening; and a laser output device for applying a focused
laser beam to the opening of the capillary tube through the hollow
portion. The datum level including a line connecting the center
axis, as well as the first and second projections of the capillary
tube is set so as to be inclined to the first and second connection
surfaces, thereby the solder ball is reflowed.

In another configuration, the solder ball connection device 1is
provided with a capillary tube described in Claim 4; a solder ball
reservolr for supplying a solder ball into the capillary tube, the
diameter of the sclder ball being smaller than the inside diameter of
the opening; and a laser output device for applying a focused
laser beam to the opening of the capillary tube through the hollow
portion. The datum level including a line connecting the center
axis, as well as the first and second projections of the capillary
tube is set so as to be inclined by 45° to the first and second

connection surfaces, thereby the solder ball is reflowed.



Figure 1 is a schematic view of one enbodi nent of a capillary tube and a

sol der ball connection device in which the capillary tube is inswﬁlmzq@LAn

optical system 2 provided in the solder ball connection device 1‘ecei &s a
LI £al o
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| aser | ¥ght .2 Thd eeic &2 ssyi3rerhiart Rl SUPBLYs"E he PaSePIbeafif ntdto tHe

hol | ow pesdilarref ttthe. capillary tube 4 through a | aser beam path 7a of a
sol der ball reservoir 7. The capillary tube 4 is conposed of a hol | ow

cyIindrigahhy%QeDgscggkggggdogqj%pqn%ggggg bal | reservoir 7; an action tube
6 provided T i hol | ow cylindrical tube having a
tapered conic portion 6a; and a connection tube 12 for connecting the

cyl i ndriBadurttulle 5 to sdleeradtiicon tewbei62 FhédeapbklLar yotinbet don afi®ol drasima

cylindrigalchpar tdgn 14a -havipg an ijRstdel i et el and rdncCORi ¢nROpLE Sdhdb
inside. The conic portion 4b is fornmed in the action tube 6 so as to be
continueﬁp¥%PEﬂ%Lcylindrical portion 4a. At the tip of the action tube 6 is
formed an opening 6b for holding a solder ball. The ball hol di ng openi ng 6b
has an insqude 2dianetedrdpedtheshown oM Fisgupe 3 ancbric ichreaBAUN: cat eth-

wih thescd Mer Gane POLILON by SoflderGl SN GaRLLalY L UDE,d. o WhiEr @, d he
cylindrical portion 4a having an inside di aneter a &xists: I8 forned
cyl i ndri €I ARG CanbtRePTHAFET i WEIIE e capillary tube 4, where the

cornic portion 4b exists, is equivalent to the solder ball regulator

descri begi giahovea)Arda e actd @Rctubgab 4 Surquirvahentohoc theridnSk at whe -
10 z 0 DEC 2004 body provided with a solder ball regulator and the

cylindrlcéiafuﬁgnS is €quivalent to the second tube body provided with a

cylindrical portion. Furthernore, the connection tube 12 is equivalent to
the connepira 4f drs eosrect bmgl thiose Ppanmtiingns eachtovhel aslaezcrshbpdamatiyove.

In the solderchpl | pdaSRIVAS, & AL iQEMRdaart gseEnbeam pakhpdd@ 112a for a
solder ball connection with use of the capillary tube 4 of the

present invention;

Figure 5 is a sectional view showing a route of a focused laser beam
to a2 ball holding opening &b, the focused laser beam advancing while
reflecting on the inner wall 63 of the conic portion;

Figure 6 is a sectional view showing a positional relationship

among liguefied sclder 11, and tip ridge lines 6c¢ and &4d;

Figure 7 is a sectional view of the capillary tube in another

embodiment of the present invention;
Figure 8 is a perspective view of a conventional HG assembly;

Figure 9 is a partially expanded view of the tip of the HG
assembly of FIG §;

Figure 10 is a sectional view of a solder ball connection
device and a portion of the HG asgembly of FIG. 9 along the
line 151 through the center of the bonding pad 118, the portion being

viewed from the direction C; and

Figure 11 is a perspective view of a tip shape of a conventicnzl

capillary tube.



connecting the optical system2 to the hollow portion inside the capillary
tube 4; a solder ball storage 7b for storing a plurality of solder balls
122; a solder ball singulation disk 7c held rotationally by itsel#i jpr fhe
sol der ball reservoir 7 by driving means (not shown) ; an intake pipe 7d
for taking in nitrogen gas N2 froma nitrogen gas bonb (not shown) through
a tube 9; and a gas path 7e for feeding the taken-in nitrogen gas N2 into
the | aser beam path 7a. The solder ball singulation disk 7c has a plurality
of sol derebaklcastapbagmbakls 7f formed by a predeterm ned nunber, disposed
at equal pitches on the outer periphery of a predeterm ned radius fromthe
center of the rotation. A solder ball 122 is fallen and stored in the

sol derFbzihte stongge Mrhdmwat onevotwt he bakl esbodingnthalll s2 7¢apsl Hiyyneedbd o

a hol exfaok ela@we)_r frannedatnddie Hotdom cof i 4 h@h§@hdetleb%aplslt1e&@gecu¥;e iAnd,
when t he bal|l si ngul ation disk 7§ is rotaﬁg and a_ sol bal |
i ed

storindy ﬁglal ﬁd hatPng®Bt&6Pder SEEFF™i néi dBTP¥* 1nt Bh?hesag‘éeﬁatkf‘fﬂ?]e
the sobmeechbabh. d&22ckalll srawmtives |y Andeirt Jbaipt omstdd ok ¢ bwdai tasen he

capi | |@éﬁ!e§:bl*€%r4 bﬁoth%m\tﬁpg%eeégw dbewing i pithe direchi pofihbhe 5
arrowiln the t this tinme, another sdgder bal | storlgg hlle 7f

at
f or med ?ﬁefhe | & %%E? ?Payo?ﬁng com FgtPed To d€FEMsvet aser
posi t i brglof . b“elengamrm@ht Sl}’ﬁtteml ihetwetrh thephdle (tiot dkocvey tlmamed iatt ¢ he

bot t om Rf t}helielmegoeaétoﬁtq;@geh@ c%%mltw? thgs solzdef hbaklgn sk ngw At on
di sk 70|s r ot ermnﬁg Ie at"a_timng to be descrlbed
fé

| ater,PERB 8B 70%5%& Bed VAT tha eFYO?r D ULL LUU4 operation is
repeated, t hereby one solder ball 122 is fed into the «capillary tube 4.

| nsi derhbeceapillary tuhe 4 ':.szeBHB@s%dp%ﬂﬁ asgdibeth dorifakling ttuftfe 5

sol der ball 2 an r SS the f ocused Iaser beam .10. nsequent

Do TR R e e e nE SIERE G T T ar eSS | Forban Sahisd datpa re (heovidea
capi | |eeytiobeusliys set thar gerp t banthke Hyeldow dcaﬁemeirrlo:falt heubectneefdnl%tsaer
beam 10;pd hegebynpeeRMdiNGh tE€; and a connection tube 12 for connecting

the cylindrical tube 5 to the action tube €. The capillary tube 4
also has a cylindrical portion 4a having an inside diameter a and a
conic portion 4b inside. The conic porticn 4b is formed in the
action tube 6 so as to be continued to the cylindrical portion 4a.
At the tip of the action tube 6 is formed an opening 6b for
holding a solder ball. The ball holding ocpening éb has an inside
diameter b ((b) shown in Figure 3) and it i1s communicated with the

inner conic porticn 4b.

A part of the capillary tube 4, where the cylindrical portion 4a
having an inside diameter a exists, is formed cylindrically and
ancther part inside the capillary tube 4, where the cornic portion 4b
exists, 1s equivalent to the solder ball regulator described

above. And, the action tube 6 is egquivalent to the first tube



focused | aser beamfromthe energy |loss to be caused by reflections, etc.
On the other hand, because the focused | aser beamhits and reflects on the
conic portion 4b inside the capillary tube 4, the inner wall 6j mﬁ @
portion is polished Iike a mirror. Hard netal or zirconia excelle t %
resistance will be suitable especially as the material of the action tube 6
formed at the tip of the capillary tube 4. The mrror finishing process for
the hard netal is done by a nachine and the zirconia whose reflectivity is
| ow i ddprinesd de@r wien refdaetdryiday it eeudh t ospuhierhrg cyltlhduieapftlsbl@fs a

nmetal gt efLect vi m nu gol LLver,,or_th
t he abovégaﬂécrl é% énbo&£ g%chﬁe(5§|I éﬁ@ ?u%vlé t%%ed 1ln% %C?ﬂe
cyI|nmﬂnﬁﬂoqlnﬁPEﬁhﬁﬁmqm%laéhﬁoﬂomﬁﬁﬁtéqmwimbﬁté@ l{bﬁgéqwéﬁﬁpy Ga ke

possi ke tfior e t bonfést ange hriseepotheonknnescmaldt fidr ok st heesenived
portloq)to be mrror-finished and the opening of the connection portion 6n

in thé Action tube 6, thereby the mrror finishing process can be carried
out snoothly. Figure 2 is a perspective view of the tip shape of the conic

porti am 6anef ddiact bamlt ult&&vm ch isr& ¢omperent afaddie bé@xﬁ' |p|a%'hy talbe

4 of the e dlne accar g Lot resen ion Figure 3(a
Cross Sect onzar19 éﬁ/ qu lca t FoOR erflrgm ‘i%et%h rgb(ﬁr}b i o?ofgéogr 5)315{ ﬁ]@
porti mnlrichaxda ﬁglblehé @erﬂOérdeIII & 1530 sdfortape It ifor sl 189sRowd uirpl thgurr% 2

and a gatden 22106C12604 4 |s'&ﬁ d%% PEhnogaRah 16 ibhi algﬁntver nkhRergPaeiéhally
6d forned. in a ss to be descrijbed

ass the t r.i dge r

Poter B el £ Facn BIAC saBtRomsF oot B b T Bér (hon Pl ERES (ot
di r ectshmvrof; thé Janﬂ?w Eplphe por ficon el ngi ng tzhetuagam ldae 52 from a
ort hoggrtaflogte@l Rt pohpt hedkend e ) n@m’éé)u%ﬁdat hepdatoum lahaeaSJg,asas;;aW@J I7@s

o o R edi e e T e b PR pBser Bar BT ol o

and 6h at an angle of (3 (R»a) so as to be continued to the first tapered
surfacer ddmadd rshiiapenedisuibacesshe anthdd, aap1webhity of solder ball

storing halls 7f formed by a predetermined number, disposed at
equal pitches on the outer periphery of a predetermined radius
from the center of the rotaticn. A solder ball 122 is fallen and
stored in the solder ball storage 7b when one of the ball storing
halls 7f is aligned to a hole (not shown) formed at the bottom
0of the solder ball storage 7b. And, when the solder ball
singulation disk 7c 1s rotated and a solder ball storing hall 7f
having a solder ball inside is moved intoc the gas path 7e, the
solder ball. 122 falls naturally and it is prompted to be fed into
the capillary tube 4 by the nitrogen gas N, flowing in the
direction of the arrow in the gas path 7e.

At this time, another sclder ball storing hecle 7f formed in the
ball transfer tray 7c¢ is configured so as to move to a position of
being brought into line with the hole (not shown) formed at the
bottom of the solder ball storage 7b. Each time the solder ball
singulation disk 7c¢ is rotated by a predetermined angle at a timing
to be described later, the above described ball transfer

-11-



as the second tapered surfaces 69 and 6h are fornmed symetrically wth
respect to 'the datumlevel including the center line 50 and the datumline
51 extending in an up-and-down direction on the paper with Figure. ﬁﬁ%. I n
addition, the extrene tip ridge line on the datumline 51 crossed by LU
tapered surfaces 6e and 6f becones the tip ridge |ines 6¢c and 6d. The
inside dianeter b ((b) in Figure 3) of a ball ejection hall 6b is decided
to a size in which the solder ball 122 (Figure 4) can play freely. The
dept h bpéramitheisi dgeeht8as 6aecfbdybdné SsoTeet desh necessas i fyd byntdehe
thiCk”SEEi91a£ e.lgpel angles a, (3, etc. of the action tube 6. The sol der
bal | connectioh device 1 conposed as described above is held by a transfer
device (not shown) slidably in the directions F and G (Figure 1) in which
_thehglranbwecamebgaﬁ?ci.arpﬁaw ot hgr thamdd thepdd® &S?@ﬁbgwtﬂﬁ@oﬁ:ﬁf@lﬂ_&n??
is he y r..(no str .as to be._i i n t _subst ant y
450 ingh?hégﬂ%gg%tggng %%% é??% %%?c%a%%égﬁﬁagpgyfégﬁlfaguégge?ég%%%?i%gry
so t haFoRrEedEBRRét i disutnates figgesnd 1126f ofhehe Wortl rcphdreaBiocanda
}:_he I epgopz?dié.iéanf axclﬁ%leaﬂfaiél h@gyswbsﬁé)@nmi ald ysper pﬁ@@l'g%&: ?ifllléfn &% s hesami n
i gure .4, e S i gure and t S er_.bal | __connection
devi cediarr{‘eelQ r eggezﬁeﬁl%e%ocg‘lssegfgsgraisﬁgd %%36e,1h§he%lhtehreebs‘\6l Eé:rev-en%n?zotﬁﬁc
2804 baPFugefineesebNLE™V| EECN i edneSva Ireddiemf ma ik tahde § e ¢ heons,
gi r egt ieﬁ& Goaar ehaosdarié@ﬂeﬁlamei ,atl'bey@éuséﬁ ttHhaLfbb@s]tcécphpé Eblﬂg_mm (halt?iléh'tiog
a of t ion_tube makes an apprpach_to.both of _t ondi ng . pa an
Che | oS8 PAETT 198 Sbalig R oy &0 TRe s HR Fasa b attkinel so°8
t hat thangat wall nel 8t Chagume ) idecbdredoln sgurdl }gte to e onnect i on
surfaces 118a and 112b of the bonding pad 118 and the |l ead pad 112a. To
carry gut a soldﬁr bal | connecti on %q essing._in th% confL%%ration

descri 8&‘ab%$é? th%rtf%l%?oPﬁg‘c%ﬁl cﬁq?onrbahgﬁ tﬁéegétiéﬁnc?uﬁgﬁé'ige
nmoved £Vigapdsi cisorcshdiy iaf Filpreagefiast of Athehjartion tube 6 formed at
the tip of the capillary tube 4. The mirror finishing process for
the hard metal i1s done by a machine and the zirconia whose
reflectivity 1is low 1is improved for the reflectivity through
sputtering with use o0of such a metal with a high reflectivity as

aluminum, gold, silver, or the like.

In the above described embodiment, the capillary tube 1is composed
so that the cylindrical tube 5 and the action tube 6 are united.
Consequently, it 1is possible to shorten the distance between the
inner wall 63 of the conic portion to be mirror-finished and the
opening of the connection porticn 6n in the action tube 6, thereby
the mirror finishing process can be carried out smoothly.

Figure 2 1is a perspective view o0f the tip shape of the conic
portion €éa of the action tube 6, which is a component of the
capillary tube 4 of the embodiment according to the present
invention Figure 3(a) 1s a cross sectional view of a portion
from the direction of the arrow D. the portion including the
center line 50 of the action tube 6 shown in Figure 2 and a datum



time, the second tapered surfaces 6g and 6h of the conic portion 6a
approach the bonding pad 118 and the | ead pad 112a al nost comng in contact
with them but they are in a position where they do not cone into rcornt #@gt
with each other. After that, the solder ball singulation disk 7c (Figure 1)
is rotated by a predeterm ned angle, thereby feeding one solder ball 122
into the capillary tube 4 through the nitrogen gas path 7e. The sol der bal
122 then falls into the capillary tube 4 and guided into the ball ejection

hol e 6hind tsi hgptabgBsadt t8 ROSist iRt harieet hse; Rald fpdesn d;ntﬁ@nttaﬁ rMagd
the c nect| n surféf 1188 %nd 112b of th ndlﬁg $ 831%8 and t g Iead
pad 1124 %hoWn g %uFSrﬂe DUl iy PhPSSEFmel t Tr bR gdg tRE | §19UFE
i nj ect3etb)i Mo a herespisdarjonalber W ragmat rﬂv@ntntcakefrmﬂpeth?addanfeatlon of the

predetgridnes, rahe $@ras oo ﬁ&mtlnbh%h%olmu@aiinéo5ﬁab£thegéH§1 £aPhbirRry
tube 4,_as ressessr?t FOl dér _ball 122 a a| nst t connecti on

sur f acts ET%acﬁﬁgefléﬁﬁﬁt WitHd eS8 Ut E€ AP e hid® e, AecdtfceCERE T p

ri dge Jimess®c and 6d of the action tube 6 are positioned so as to be
advanced nore in the direction G than the regul ation point P1 passing the
center_of the solder bal | é% t he novenent. of the sol der Il 122 towards
the ddt uitP¥he 81" EF ih éurea§) GR1F eduiBat 245D ‘?’ﬁ‘ﬁ%fﬂ TSt of 2R e
ri dge dumssced 462 BnAEEf2604 &8t argl &doHf at hedcericonportamaread surfdwes 6g

regul abipneRoipt aPn'l a&1L hgrotgherp Jl@“dso“é\% %V%'@“EoﬁftMl@as%ﬂeihé?akiré@?

towards the datumline 52 ((b ure I's reqgul at ed the connectjon
sur f ace®P 9484 VT TPIOS of TP% f)HoFFd? nbgaaaeﬁs‘s%ﬁa fe |6§adﬂ%%d L1125 well

Cbnsequenthy,sb@@mdﬂthgeiﬁdlsﬂ??acssp@glEuuheﬁhaara fpredet esyimedrically

posi tipny al-thgugh 'tto C@é}]é‘fﬂé{&tuﬁ (AL %tcfl'u%@‘ ilhg S&}hélh&le}{t@?(?q Qfe”%d ﬁ@e
di fference between the its ggter c. and the inpner diangter b, he ball

hol di i Dp8RIEHG 6bt PEi &&re%se TRHE 15?7 |ué’ntar?% Ar Pt éidWenc’fhPE §t“at‘ic-,he At
thi s tpapsr tviech Foguged 3 @ser beamiddt {Fhgutéel)exyasses thpoudghkisgehd ime |aw

the datum line 51 crossed by the tapered surfaces 6e and 6f
becomes the tip ridge lines 6c and ¢&d.

The inside diameter b ((b) in Figure 3) of a ball ejection hall €b
is decided to a size in which the soldexr ball 122 (Figure 4) can
play freely. The depth h from the ridge lines 6c and 6d is
decided necessarily by the thickness d, the taper angles a, §,
etc. of the action tube 6.

The solder ball connection device 1 composed as described above 1is
held by a transfer device (not shown) slidably 1in the
directions F and G (Figure 1) in which the gravity can be used.
On the other hand, the HG assembly 100 (Figure 8) 1is held by a
holder (not illustrated) sc as to be inclined at substantially 45° in
the direction F and G in which the gravity can be used respectively
so that the connection surfaces 118a and 112b of the bonding pad 118
and the lead pad 112a face each other substantially perpendicularly
as shown in Figure 4.

The HG assembly 100 (Figure 8) and the soldexr ball connection

device 1 held respectively as described above, when the solder



cylindrical portion 4a of the capillary tube 4 and reaches the ball holding
opening 6b while a part of the focused | aser beam 10 is kept reflected on
the mrror-finished inner wall 6j of the conic portion 4b as shown in
Figure 5. The focused |laser beam 1.0 then is irradiated on the spi ddr 208al |
122 (Figure 4) positioned there. The solder ball 122 is nelted by the
irradiation of this |laser beam thereby making the connection surfaces 118a
and 112a of the bonding pad 118 and the | ead pad 112a wet and connected
proper byllThenmddtagen gasisuppl iesvad bhi & tgreiqueassesd heisedied sol dee

agai “%1?@8@1&9”@6‘“ QN ﬁgﬁiﬁf&é‘é‘dr&f’éf@{v% <9' gﬁéts‘ehés tt% he tPl[?Otcg(PlE.gd

from oxi dation ure OWs a positiona atronship ano e sol

| i quef Peatien r&d | olvi hige andatire FP?@r@c@ﬁﬁ@?rﬁ% %RP%RRFQMFQﬁ“%&bOfcapllIary

t ube 4thAsbshawngi pa&i guseafhd thetbheadipadi dyeal éesiBeg. and 6d are
positioned so as to be advanced excessively in the direction G they cone
in contact wth the solder when in reflowing, thereby narrow ng_the gap

t hr ougRUWARERMPRE « nitthogeht Has F8bred #%(ﬁﬁ%?&h%@lth&hﬁqKF%®eﬁPﬁ@“ line
SOPSEQBEnt(|FMgutr|ée 20! 1b££&ni3'904ﬁgagﬁhﬂasll@1/| a&;\edhet heyrelye d hen | sgﬁfﬂc§@| desal 3
ef or These rs W t hen di st t.he ered portions an
oftennggﬁsebggn ac?ﬁgaﬁ?ﬁ?égg ?sgfg %?F fa er’g dga%g%%s a and (3 shown
in Figure 3 (b) are set so that the caplllary tube 4 is positioned so as to

be advanggdrs!| bghthysbnathepsin e@éﬁ@@c&&ﬁ qmddr@sgﬂgyl lai ethaP@idf iBlravhene

the ti r|d e nes 6¢ _and Ed pass t enter.of t he . 122 if the
secondBFapegealéﬁgfagbs t:gfhd BH of " t ag?Péﬁ PP&_& are(ﬁg gg S

pr edet BrRiened pBsMard cF@s@tP@@ltth@n bohdihg gadF 188 rand4 t ﬁérséadApaahHZa
respectiwmel y.thic s by tgpéb@dca;mrlfla@resé te.gaeaha the abovige dea@rllcbqebrtlon

enbodi pent t her f r t i ossi hl t t tre t he

caplllaryaﬁpﬁﬁ?%uchl Foﬁﬁﬁdgéopag %' as w@l r% g-eﬁnggg? E%ltﬁbge

gas N €em™ingiv dot Cicmnéa@rty 'dwélcttil@ﬁm t ek teby et déiflengln a p051t10n where
they do not come into contact with each other.

After that, the solder ball singulation disk 7c¢ (Figure 1) 1is
rotated by a predetermined angle, thereby feeding one solder ball
122 into the capillary tube 4 through the nitrogen gas path 7e.
The solder ball 122 then falls into the capillary tube 4 and
guided into the ball ejection hole éb. It then stops at a position
where the ball comes in contact with the connection surfaces
118a and 112b of the bonding pad 118 and the lead pad 112a
shown in Figure 4. During this time, the nitrogen gas N; 1is
injected 1into the capillary tube 4 from the intake pipe 7d at a
predetermined rate so as to prompt the solder ball to fall in the
capillary tube 4, as well as presses the solder ball 122 against

the connection surfaces 118a and 112b with its wind pressure.

At this time, because the tip ridge lines 6c and 6d of the action
tube 6 are positioned so as to be advanced more in the direction G
than the regulation point Pl passing the center of the solder ball
122, the movement of the solder ball 122 towards the datum line 51
((a) in Figure 3) 1s regulated by inner walls of the ridge lines
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the object surfaces together free of distortion in shape. In the enbodi nent
described with reference to Figure 3 (b) , the first tapered surfaces 6e
and 6f are forned at an angle of a and the second tapered surfaces 6g and
6h continued to the first tapered surfaces are fornmed at an anglld B A
respectively. However, the tip ridge lines 6¢c and Ed may al so be forned
with tapered surfaces fornmed only at one tapered angle. Furthernore, as
shown in Figure 7 for another enbodi nent of the present invention, it may
al so bécpesdi bfiecf other moaigaporsfiont 4pertdtper regndabarangoént| Bit |ike in
the above described enbodinment, as well as an extreme tip surface 6k

per pendi c ar t he ent I|ne 50 so th t he ;t.i ur.f.ac K

Posrt 1 Shetn o oh8er: B8Rt | it TS etamcah Thet NG L8eFe i idn 24 1 baride the
regul adatorm ponet SP1 p(ebs)5|ng tFhiegwent 80 ofst heasdlaterd bhlyl 429, comnierthigon
need é@rf@&@saﬁ)igal dgeqdl hngato £ h@‘hgxhbﬁ@%nfd L8 m@ Gor ocrp@riéga Bagq at

this t 20J4_ 1n th abov desc

pr O] ecHT%ans Sfmtsi?eqlf?lbtlgf' tﬁg‘ sols(‘i’ A al | artﬁguﬁg r lﬁeprodsrjrgﬁoﬁ?g Dortd on
wher e phedeicesmirarl seednd drapesétdhsudgftaces aee froeved tso that rikétt/ileft
ridge 4in §t§9 204, 64d; e t%swdd%fw%ntdeosbgéweaasecﬁé r§£saeqa§%%r1d c

t aper ed ﬁfaces Fbmev er, th alr&%f g ?%ﬁptlons ar e. not |n2ted only
to tho¥ed th&y P bedf6PFEEY P vafi é?%b s QUG REs BRFCIPRe 60 (Flgure
prolecﬁions Furthernore, in the above described enbodi nent, the center axis

of the capillary tube is set so that its tip cones close to each flat
surface while the_ce axis i.s . inclined by substantially 45 to the

connect #6n lsatﬁ‘?ﬁcéslgl %a igndeT156 S5t the %Il fJ Pad- 10 ahBtRe t'rje%iﬁ gatt
112a respestidielpsand bhet apér edFsynfraces Jatpahedd ptofrduweh c¢ape | hadyl dwbe

are fof gné)fq%%tlr I caLLY oW thy respeste t@aﬁb?l%‘iryf at?@be' aC| 44y nge%@ﬁe%ertt}?é
axi s vever, the present invention is not Iinited to this, and

reIail%ﬁ%%lﬁoﬁgfﬁﬁeﬁﬂﬁﬂﬁﬁﬁl tREP RS Be PaFdr i ¥d EE%OFBFﬁﬁeﬁoLﬁﬁqﬁnR?am 10
requi red empdi t¥ofisecAladoagh tthhe extepmalf ishapeedf itrheesolveadrl béjl of the

regul atQr; L SpbPEMBH 4b as shown in Figure 5. The focused laser beam 1.0
then is irradiated on the solder ball 122 (Figure 4) positioned
there.

The solder ball 122 is melted by the irradiation of this laser
beam, thereby making the connection surfaces 118a and 1l2a of the
bonding pad 118 and the lead pad 112a wet and connected properly.

The nitrogen gas supplied at this time presses the melted solder
against each connection surface and cover the solder so as to be

protected from oxidation.

Figure 6 shows a positional relationship among the solder 11
liguefied in reflowing and the tip ridge lines 6c and 6d of the
capillary tube 4. As shown in Figure 6, if the tip ridge lines 6c
and 6d are positioned so as to be advanced excessively in the
direction G, they come in contact with the solder when in reflowing,
thereby narrowing the gap through which the nitrogen gas is fed
from the ball holding opening. Consequently, the
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conic in the above descri bed enbodi nent, the shape nay be varied freely
unless it touches the slider and the | eads during a work. According to the
capillary tube and the sol der ball connection device of the presd%ﬂﬁf?%&
invention, a solder ball to reflow can be held stably, thereby sol der
connections can be nmade at predetermned points and it is possible to
prevent connection failures to be caused by positional deviation of the
connection. Furthernore, because the surface on which the | aser beam
refl ecgsp is daviaredi nildreehy ithe sl jpnsisi Islod dea rnedded otimedener gy | oss of
the | aser beamto be caused by such a reflection as well as reduce the
ener gy,.| 0ss f t he occur re thereb maki ng
cner 0y gee plothe | aver beam Lo occur, whep Lo, Lof LW B0, LSt eby iy
synbol sftdn. cSesderoBaktt Coaneeteésn Device 2...0Optical System 3...Optica
Fiber 4...Capillary Tube 4a...Cylindrical Portion 4b. .. Coni c Portion
Cyllndrlcal Tube 6. Actlon Tube 6a...Conjc Portlon 6b. .. Ball _Hol di ng
Openl ngh6e. 1Ti phRi dGE L5 pReE8Y. NP FF dffe Ached G&OWIF Iyt F 1SivEs e é}a?fééé
6f . .. FBest sfapéhert Stifeacea®g.ll SegorichFaper edsswdate 16med Sesconas Tapered
surfaced@janceanrsarig\mﬂy of nCaieC &POrédONonbk. .fronp Shef aceulkrkapeseiht Pl

PortiOQh@Pb-tE@pQﬁﬁg f?ﬁééomines 6c and 6d pass the center of the solder
ball 122 if the second tapered surfaces 6g and 6h of the action
tube 6 are moved to a predetermined position closest to the
bonding pad 118 and the lead pad 112a respectively.

According to the capillary tube in the above described embodiment,
therefore, 1t 1s possible to prevent the extreme tip of the
capillary from touching ligquid solder, as well as to enable the
nitrogen gas N, to flow out in every direction, thereby soldering
the object surfaces together free of distortion in shape.

In the embodiment described with reference to Figure 3 (b) , the
first tapered surfaces 6e and 6f are formed at an angle of a and
the second tapered surfaces 6g and 6h continued to the first
tapered surfaces are formed at an angle of B respectively. However,
the tip ridge lines 6c and 6d may also be formed with tapered
surfaces formed only at one tapered angle.

Furthermore, as shown in Figure 7 for another embodiment of the
present invention, it may also be possible to form a pair of
tapered portions 6m and 61 just like in the above described
embodiment, as well as an extreme tip surface 6k perpendicular to
the center line 50 so that the tip surface €6k is positioned so as
to be slightly advanced in the direction G from the regulation
point P1 passing the center of the solder ball 122. It is no need
to form any ridge line at the extreme tip of the conic portion éa

at this time.



6n. .. Connection Portion 7...Solder Ball Reservoir 7a...Laser Beam Path
7b...Ball Storage 7c...Ball Transfer Tray 7d...Intake Pipe L 11 DEC E?ﬁm
... Gas Path 7f ... Solder Ball Storing Hole 9.. Tube 10...Focused Lase
Beam 11. .. Sol der 12...Connection Tube 100...HG Assenbly 101...Actuator Arm
102...Opening 103...Flat Surface 104...Load Beam 105... Mount Pl ate '

106. .. Flexure 107...Arch-shaped Opening 108...Platform 09...Slider
110...Lead Wre 110a...Lead Pad 111...Lead Wre 1l1lla...Lead Pad 112...Lead
Wre Ih2ahe LeadvdadeddBibedcanpVitechtldaa degad adbhAddect Opeai 0 the tip

115"bgp%ﬂ%n%o%%gi'ﬁgﬂq'%%&%%%tor are formed at a portion where the first
and second tapered surfaces are formed sc that the tip ridge lines 6c
and 6d are assumed as the tips of those first and second tapered
surfaces. However, the pair of the projections are not limited only
to those; they may be formed in various shapes such as bar-like
projections.

Furthermcre, in the above described embodiment, the center axis of
the capillary tube 1s set so that its tip comes close to each flat
surface while the center axis is inclined by substantially 45° to the
connection surfaces 118a and 112b of the bonding pad 118 andthe lead
pad 1l12a respectively and the tapered surfaces at the tip of the
capillary tube are formed symmetrically with respect to the surface
including the center axis. However, the present invention is not
limited to this, and the relationship between those items may be

varied according to various required conditions.

Although the external shape of the solder ball regulator is formed
conic in the above described embodiment, the shape may be varied
freely unless it touches the slider and the leads during a work.

According to the capillary tube and the solder ball connection
device of the present invention, a solder ball to reflow can be
held stably, thereby solder connections can be made at predetermined
points and it is possible to prevent connection failures to be

caused by positional deviation of the connection.

Furthermore, because the surface on which the laser beam reflects

is mirror-finished, it is possible to reduce the energy lioss of
the laser beam to be caused by such a reflection, as well as

reduce the energy loss of the laser beam to occur when in reflowing,

thereby making solder ball connections more efficiently.

-17 -



117. . Bondi ng Pad 118...Bonding Pad 119...Bondi ng Pad 120...insul ati ng Sheet
121...Capillary Tube 12l1a...Hollow Portion 122...Solder Ball -19 2 0 DEC
2004 Clains: 1. A capillary tube enployed for a solder ball connefﬂgﬁp 004
device used to connect a first connection surface of a pad forned é
slider held by a slider holder in a disk apparatus, and a second connection
surface of a pad forned at an end of a lead wired to said slider holder and
di sposed substan- tially perpendicular to and close to a flat portion

i ncl udi hgessaidtfionse fcavmdntlidn surface together with use of a sol der

ball, conprising: a solder ball regulator having a substantially conic, hol-
Iom/poriion inabge; wherein said solder ball regulator has: an opening
comuni tat i ng® &£t BE 't BF & P Thd T6W S portion in a tip portion, a
center axis.obpsaicdlopenitegn being common to a center axis of said hol |l ow
portiong _andogtgggr of; Ju,0j ections protruded along said center axis at a
posi tion aroun sai& Opéni ng, where said projections face each other with
sai d cehter - akpBittRérebdilen; and said projection regul ates novement of
sai d sobder . baktll1indrite Gapidiaty tube according to claim1, wherein:

said tip portign i;s tapered when viewed froma line connecting a pair of
said projections to each ofher; and an extrene tip of said tapered tip
portion®f or meCyail@drpegledtitens.

6 ... Action Tube

6a ... Conic Portion

b ... Ball Holding Opening
6c ... Tip Ridge Line

6d ... Tip Ridge Line

6e ... First Tapered Surface
6f ... First Tapered Surface
6g ... Second Tapered Surface
¢h ... Second Tapered Suriace
63 ... Inner Wall of Conic Porticn
6k ... Tip Surface

61 ... Tapered Fortion

6m ... Tapered Portion

6n ... Connection Portion

7 ... Solder Ball Reservoir
7a ... Laser Beam Fath

7b ... Ball Storage

7c ... Ball Transfer Tray

7d ... Intake Pipe

-18 -



3. The capillary tube according to claim?2, wherein said tip portion is
formed with a pair of flat portions inclined to a datum plane including a
| ine connecting said center axis and a pair of said projections %ﬁ@ffﬁﬁ
other. 4. The capillary tube according to claim3, wherein: a paitf"or hd
flat portions are inclined at an equal angle respectively to said datum

pl ane; and a pair of said projections are di sposed symetrically with
respect to said datum plane. 5. The capillary tube according to claim 2,
wherei n’gaid. Giep pertfion is fornmed with a pair of first flat surfaces
inclinegs by.aSEh@%E %gyfa§{b§g§§uggqgurface including a line connect- ing
said center axis and a palr of said projections and a pair of second flat
surfaced contfH{€d to a pair of said first flat surfaces and inclined by a
second angl e .t @osaisd dataysyr Hdrace. -20 2 0 DEC 2004 6. A capillary tube
enploye? for a sglder bal | connection device used to connect a first
connecttbn"sur £& 895f a pad fornmed at a slider held by a slider holder in a
di sk appar at us Conard ta csecritk connecti on surface of a pad forned at an end
of a Ingom{(edabokg %qtﬁhider hol der and di sposed substan- tially

per pencl i cul ar ro and close to a flat portion including said first
connect { &h surf &€& aToFet™iét with use of a solder ball, conprising: a

sol der babl .regubatamndhaving a substantially conic, hol- |ow portion inside;
wher ei n, sai d sok er @@gFgggulator has: an opening comuni cating with the
top of said holfow portion in a tip portion, a center axis of said opening
bei ng cbhfon -tolaacemed™m axis of said hollow portion; a pair of projections
prot rudedsal ongusaird genter axis at a position around said opening, where

sai d pr?ggctiqn%lexure

107 ... Arch-shaped Opening
108 ... Platform

109 ... Sliderx

110 ... Lead Wire

110a ... Lezd Pad

111 ... Lead Wire

11lla ... Lead Pad

112 ... Lead Wire

112z ... Lead Pad

113 ... Lead Wire

113a Lead Pad

114 ... Opening

115 ... Opening

116 ... Bonding Pad

117 ... Bonding Pad

118 ... Bonding Pad

119 ... Bonding Pad

120 ... Insuleting Sheet
121 ... Capillery Tube
1212 ... Hollow Portion
122 ... Solder Ball
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face each other with said center axis therebetween; wherein said projection
regul at es novenent of said solder ball; and a cylindrical portion connected
to the other side end of said tip portion of said solder ball regul Bi{otif
formed on the sane axis as that of said solder ball regulator, and

provided with a hollow portion spatially continued to said hollow portion
of said solder ball regulator. 7. The capillary tube according to claim 6,
wher ei n: i'8%tip portion is tapered when viewed froma line connecting a
pair of said projections to each other; and an extrenme tip of said tapered
tip-portion forns said projections. 8 The capillary tube according to

claim?7, wherein said tipAR®liQRuHe®nlyaBdo W dolied bRRLSnREdd at portions
inclined to a datum plRoRe &l WdicAGe® al At orRiMNBE klMeSa dpgenter axis and
a pair of said projectifeiged®aerePnatiBeh i bdlae: GaRId @wmfuy,be according to
claim6, wherein: a paiidQfsesiddoh@lciPO&Lf0OSf Ap& fIMkd Aesth &id an equal angle
respectively to said dajfumpl aned tane aideahsldaf ansaiighopddofu@ehh-ons are
di sposed synmetrical |y 1l berpeeEpaat totaad sdsd tdativmplianeclulithg Acapi |l ary
tube enpl oyed for a solsdelrfibatdnnenidnactth@nosdgatiCieh usedf § @olgannect a first
connection surface of aapachmfrdioged at a slider held by a slider holder in a
di sk apparatus, and a secgme: EONREGhIORa S f aceLfiady Padc frermed at an end
of alead wired to said slicdegorie] Reikic bk eihSpRASRUS BRS réddatdd al |y
per pendi cul ar to and cl osehko a flat portion including said first
connection surface toget bebpiidicaip@usitatdgSohida wpaklsaidcmpwi sing: - 21 2
0 DEC 2004 a solder ball reguaiof ifaving, acaldsdandf ald ypaaani c, hol -
being common to a center axis of said hollow portion,
and
a pair of projections protruded along said center axis at a
position around said opsning, where said projections
face each other with said center axis therebetween; and
said projection regulates movement of said solder ball.
2. The capillary tube according to claim 1, wherein:
: said tip portion 1s tapered when viewed from a line
connecting a pair of said projections to each other; and
an extreme tup of said tapered tip portion forms said
projections.
3. The capillary tube according to claim 2, wherein said
tip portion is formed with a pair of flat portions inclined to
a datum plane including a line connecting said center axis
and a pair of said projections to each other.
4. The capillary tube according to claim 3, whereln:
a pair of said flat portions are inclined at an equal angle
respectively to said datum plane; and ‘
a pair of said projections are disposed symmetrically with
respect to said datum plane.
5. The capillary tube according to claim 2, wherein said
tup portion is formed with a pair of first flat surfaces inclined
by a first angle to a datum surface including a line connect-
ing said center axis and a pair of said projections and a pair
of second flat surfaces continued to a pair of said first flat
surfaces and inclined by a second angle to said datum
surface.



| ow portion inside; wherein said solder ball regulator has: an opening
communi cating with the top of said hollow portion in a tip portidhfF@if
center axis of said opening being commobn to a center axis of said hollow
portion; a pair of projections protruded along said center axis al a
position around said opening, where said projections face each other with
sai d center axis therebetempilanhebekmpbatdipropklet bdhcanggutloat es novenent
of said solder ball; addvimhess€itn comsicde fistichbacesonfurfcpair pfl said

proj ections conpose a péortned af a glideyhdldibly i dalkr balddrace disorppdaton the same axi s
as that of said hol | owapdntiand tdnnedihe sudpid dfar yact fobeedaccaredking to cl ai m
10, wherein: said tip pdrtiddnwvirgl baperstide Wivdder \ahéviesgoderl anbaad-1 ne

connecting a pair of saiidlppapettidutiso kel eaehioat harpor@ondinalndext reme tip of
said tapered tip porti oBaifl ArdrecoS@dcton Pir@iceGddeeRs withZuse Tdien eagrl | ary tube
according to claim1l, wherekhprsagd tip portion is formed with a pair of
fiat portions incli ned L0, s&déiaéq}l%ﬂhﬁ&eha'vﬂﬁ' H€indlnaally ARiCAPReEcting said
center axis and a pair of 15aidRLOLEG WARS: i 9&1@%8ﬂ695hpfeoul]1§)r The capillary

tube according to claim 12, wherein: a pair of said flat “portions are
inclined at an equal anglgn OTg es eé:otl &a altog\a@nlﬁe gfﬂs {1%’3&‘0 and a pair of
said projections are disp ose‘ I eq 0. said datum

pl ane. 14. A capillary tubﬁz @ﬁ: ?%fﬁoﬁ‘t L Ehi° q‘?lg‘lb llm Oc?nﬂléletl on device
used to connect a first corfeet? JP £ SRR "% a slider held
by a slider holder in a diB¥ %\%ﬁ%&f‘iﬁ’épm%ﬂﬂl Hor%tath aerk':%n"hécf‘t[r"on surface of
a pad formed at an end fP851P%‘édf%i19‘éﬂdtoﬁe@agdwgqrf’délfl HerdESand di sposed
substan- tially perpendi cult¥c $36h Mlfrcrigseud gealef gl Heebsyaet ncl udi ng

wherein

said projection regulates movement of said solder ball;

and

a cylindrical portion conaected to the other side end of

said tip portion of said solder ball regulator, formed on
the same axis as that of said solder ball regulator, and
provided with a hollow portion spatially continued to
said hollow portion of said solder ball regulator..

7. The capillary tube according to claim 6, wherein:

said tip portion is tapered when viewed from a line

connecting a pair of said projections to each other; and
an extreme tip of said tapered tip” portion forms said
projections.

8. The capillary tube according to claim 7, wherein said
tip portion is formed with a pair of flat portions inclined to
a datum plane including a line connecting said center axis
and a pair of said projections to each other.

9. The capillary tube according 1o claim 8, wherein:

a pair of said flat portions are inclined at an equal angle

respectively to said datum plane; and

a pair of said projections are disposed symmetrically with

respect to said datum plane.

10. A capillary tube employed for a solder ball connection
device used to connect a first connection surface of a pad
formed at a slider held by a slider holder in a disk apparatus,
and a second connection surface of a pad formed at an end
of a lead wired to said slider holder and disposed substan-
tially perpendicular to and close to a flat portion including
said first connection surface together with use of a solder
ball, comprising:



said first connection surface together with use of a solder ball,
conprising: a solder ball regulator having a substantially conic, hy')b-UE& %g
portion inside; wherein said solder ball regulator has: an opening" 4
comuni cating with the top of said hollow portion in a 'tiE portion, a
center axis of said operiiyéfler Bell AgUESTTBHINE G WOslemMtely BRishelf said hol | ow
portion; a pair of projectdvonertipnotsiseadcwirondd selder éntcarlagxi s at a
position around said openhig, where said projections face each other with
said center axis therebenhwpenpng colneneicating? with ORECt@0MMsas@hdllgpy o) ecti on

regul ates novenent of sai gosiohdenr tipglotion, andnwhexieichsan opameg wal | of said
sol der ball regulator is niingesmmbh i sbetkr akb.of Ehi@ todpiwljo&ion, t ube accor di ng
to claim 14, wherein: _slgjae;t dfipkoP@bhd BB UL&dtARRr |l When vksewed froma line
connecting a pair of sai dypiieabiRNsid paaed) Wihetiid 3slcapnextrene tip of
said tapered tip portion {eEfMEcSaidr WRiho&f bARS axidre dtewsapi | 1 ary tube
according to claim15, wheggip said tip portion is formed with a pair of
flat portions inclined 0, 4.4 Eo%”ﬂe%ﬁ‘t@?n{o%ép%' dW9:q8 %ﬂ&é’r iﬁ@nnecu ng said
center axis and a pair o @@} |_prorections to each other. 17. The capillary
tube according to claim.l 3 ereip: .a pair of said flat portions are
inclined at an equal andP¥&*Sedgacti llgsi”gp AT AU BT AR and a pair of
said projections are di sp8skd PR e FRERFITPOROE e RS ASEES 18 sai d dat um

pl ane. 16. A capillary tyBes¥npt' Vel 3t a sol der . bal | connection device
used to connect a first Lonfe@PiGh WiF fecetipg iy clgiy 10, wherein:

said tip portion 1s tapered when wviewed from a line
connecting a pair of said projections to each other; and

an extreme tip of said tapered tip portion forms said
projections.

12. The capillary tube according to claim i1, wherein said
tip portion 1s formed with a pair of flat portions inclined to
a datum plane including a line connecting said center axis
and a pair of said projections to each other.

13. The capillary tube according to claim 12, wherein:

a pair of said {flat portions are inclined at an equal angle

respectively to said datum plane; and

a pair of said projections are disposed symmetrically with

respect to said datum plane.

14. A capillary wbe employed for a solder ball connection
device used to connect a first connection surtace of a pad
formed at a slider held by a slider holder in a disk apparatus,
and a second connection surface of a pad formed at an end
of a lead wired to said slider holder and disposed substan-
tially perpendicular to and close to a flat portion including
said first connection surface together with use of a solder
ball, compnsing:

a solder bali regulator having a substantially counic, hol-
low portion 1nside; wherein said solder ball regulator
has:

an opening communicating with the top of said hollow
portion in a tip portion, a center axis of said opening
being common to a ceoter axis of said hollow portion;

a pair of projections protruded along said center axis at a
position around said opening, where said projections
tace each other with said center axis therebetween;
wherein

b
[R8]
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formed at a slider held by a slider holder in a disk apparatus, and a
second connection surface of a pad forned at an end of a lead wred ﬁﬁ ﬁgmg
slider hol der and di sposed substan- tially perpendicular to and clos% %
flat portion including ssalighofecticat regunreatdvomcsiurifackesdldgetaier with use of a
sol der ball, conprising: :al sot®der ball regul ator having a substantially

coni c, hol - | ow portion dyngigeivahgr gid ssiatdpaokderthalkl piegul ator  has: an
openi ng conmuni cating W tRj,khg top of said holl oW portionin a ti p portion,

a center axis of said opgmmgmpl‘m glbgqigggmmgqo @laggqae@h@fgﬂns of said holl ow
portion; a pair of proj ectio [roo d glwrég sa cfent er,.axis at a

posi tion around said openl ‘”a ¢ 1”Wed ceh%‘3 ch other with

n
said center axis therebetvvggﬁHNYWH§f§FHd§§i sls %F”%fq% 'r 8%ul at es novenent
of said solder ball; arfd WWHEFEi P shisddsiepdet Upapdtioedurat vid and a
cylindrical portion, or arr4¢€ast said sol der ball regulator, are conposed
of a first tube-shaped ¥odle caatllaryenlt acaondametio olfins b, o gﬁllrlmﬂl cal portion is
conposed of a second tmbedishaplednibdyl 2@nd of fpidbccapisiihdmygd taube furt her
conprises a connector #deiumcgnrreetiidigs sding donrestingpald sedeondkit ube- shaped
bodies to each other.an2s p2i0oDREE! FOE4tid8 Fheectcaipéd | ary tube according to
claim 18, wherein: sai d7t 'pe panllarpube sictcapep edclaehé wiesmed: from a |ine
connecting a pair of saidpdy 6 RetA0psbas 8GR IREMNGS an &pd] aiile extreme tip of
said tapered tip portion &gpaﬁv@gngSM@U@mgpﬁh@mgﬂd20 he capillary tube

according to claim19, wher&leR, §8lskerions are disposed symmetrically with
respect to said datum plane.

18. A capillary tube employed for a solder ball-.connection
device used to connect a first connection surface of a pad
formed at a shider held by a slider holder in a disk apparatus,
and a second connection surface of a pad formed at an end
of a lead wired to said slider holder and disposed substan-
tially perpendicular to and close to a flat portion including
said first connection surface together with use of a solder
ball, comprising:

a solder ball regulator having a substantially conic, hol-

low portion 1nside; wherein said solder ball regulator
has:

an opening communicating with the top of said hollow
portion in a tip portion, a center axis of said opening
being common 1o a center axis of said hollow portion;
a pair of projections protruded along said center axis at a
position around said opening, where said projections
face each other with said center axis therebetween;
wherein
said projection regulates movement of said solder ball;
and wherein
said solder ball regulator and a cylindrical portion, or at
least said solder ball regulator, are composed of a first
tube-shaped body;
at least a part of said cylindrical portion 1s composed of
a second tube-shaped body; and
said capillary tube further comprises a connector for
connecting said first and second tube-shaped bodies to
each other.



tip portionis formed with a pair of flat portions inclined to a datum

pl ane including a line connecting said center axis and a pair of S?IDQ}&E 2004
projections to each other. 21- The capillary tube according to claim
wherein: a pair of saidl¥Ilde ppiiniyonse sxcerdingcioi dkda B, vamregqual angl e
respectively to said datswa plpap&tio@ns @Rl th0f Al REQI £QtJ-0Ns are

di sposed symetrically wi tciannercaﬁmgmrbpca%rq e@s?édsl% p’lcﬁ%@nexz%d A sol der ball
connection apparatus, coppr, a sol der

g
bal | connection device use{f&fI Tlg%fcgl%a tﬂpfm?/lstfp 88mr?8ctof%sr'15%ﬂrface of a pad
formed at a slider held b)P d°si%"der hol der in a disk apparatus, and a

second connection surfaceooj*hea;a padcy fuQr KB dRt 1880w fherid &ad Wred to said

slider holder and dispgs §ygsfgﬁlt;gd@ttll Ql@l;)pggt Oqg.ru(g[grmglge@r@ close to a

flat portion including ??z'ngméi 89&ﬁ9§tf9r&o§%rcgﬁ‘§§udthr??xI her with use of a
G ol

sol der ball; a sol der A ng a antially conic, hol- |ow
portion i nS| de; wherein S soI g 81% gl an openi ng

comuni cating with the toE B SR ERBY F&%&Of‘g&r £9 ﬁmF eirfjmportl on, a
center axis of said openimgir dbehiddiat pentrors 1o lzclicehriern m@ﬂéaf@ﬂe sai d hol | ow
portion; a pair of proj ectﬁcmtim:otcrudédatammglesaﬂlcu center axis at a

position around said opemp@lgof @28 B Ak RGL] QRGnefidgE w@ch other with
said center axis therebetV\gg ef &l ‘ng proj ection regul ates novenent

of said solder ball; and,f (51 grrbqqlogmgsé bﬁlg ﬁatﬁ?'c@ ;gnplgj,l reservoir for

suppl ying a sol der baII In s apl . reservoir

having a diameter snall ércaf’ﬁléﬁ' £ Fgcf Laf“réi“él?r " SPHHEM ng of said

capillary tube; a |laser oucﬂadt@e [CEIRET & 131 “fSB €eM 3 aser beamto
ormed at a slider he sh olc er in a disk

apparatus, and a second COUHCCUOH surtace of a pad
forrmed at an end of a lead wired to said slider holder
and disposed substantially perpendicular to and close to
a flat portion including said first connection surface
together with use of a solder ball;

a solder ball regulator having a substantially conic, hol-
low portion inside; wherein said solder ball regulator
has:

an opening commuaicating with the top of said hollow
portion 1n a tip portion, a center axis of said opening
being common to a center axis of said hollow portion;

a pair of projections protruded along said center axis at a
position around said opening, where said projections
face each other with said center axis therebetween;
wherein

said projecticn regulates movement of said solder ball;
and further comprising:

a solder ball reservoir for supplving a solder ball in said
capillary tube, solder ball reservoir having a diameter
smaller than the inner diameter of an opening of said
capillary tube;

a laser output device for applying a focused laser beam to
said opening of said capillary tube through said hollow
portion; wherein

said datum surface includes a line connecting said center
axis of said capillary tube and said projections to each
other is inclined to said first and second connection
surfaces, thereby reflowing said solder ball.

S 4 -



sai d opening of said capillary tube through said hollow portion; wherein
said datum surface includes a line connecting said center axis of saidDEC 2004
capillary tube and said projections to each other is inclined to said first
and second connection surfaces, thereby reflow ng said soldgr ball. -24 7 0
DEC 2004 23. A solder-bag?‘ﬁbﬁwgﬁtpgﬁcﬁ patat Jery “EV%iﬁ?ﬁ%gﬁ’mherein: sai d
tip portion of the capiWF%FV3tube is tapered when viewed froma |ine
connecting a pair of sai daigri@gj ectliconsf the crapdiety bibhes lamgredestbeenme tip of said
tapered tip portion forns saivdd fipmojlectchorstingsapar afispdporitdtonsis fornmed with
a pair of flat portions i frcéachethet;o a datum plane including a line
connecting said center axi&t@Rd @ Paiskidohp&ad dipPsRii@ctid@nssdio each ot her;
a pair of said flat portiopsjafiensinclined at an equal angle respectively to
sai d datum pl ane; and a pal,r,.of i.d j ections_ar i symmetrically
with respect to said dagﬁg1?130§gn?&£$%§ sgﬁd ?ﬁbgfﬁﬂggﬁﬁgg?ion devi ce
inchned 16 a datum.plane 1ncluding a line connectt

. . ne ng .
accor d! ng to C! alm 22, furati %err te?r.oarﬁpsrzlm%! n]?airaotnIaic{)%r%Jee@tignaSStoselﬂQ?l her for
supplying a nitrogen gas i&cp S dCHpI I Tary ¥ine,
a pair of said flat portions are inclined at an equal angle
respectively to said datum plane; and
a pair of said projections are disposed symmetrically with
respect to said datum plane.
24. The solder ball connection device according to claim
22, further comprising a nitrogen gas supplier for supplying
a mitrogen gas 1nto said capillary tube.
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