DESCRIPTION ELECTRONIC COMPONENT MOUNTING APPARATUS AND THE SAME METHOD
THEREOF Technical Field [0001] The present invention relates to a structure of electronic
component mounting apparatuses and to an electronic component mounting method using such
electronic component mounting apparatuses. Background Art [0002] There are various techniques
used for mounting a semiconductor chip on a substrate, such as a technique of mounting an electronic
component that is provided with a solder bump formed on an electrode on a substrate through thermal
bonding, a gold-solder fusion bond technique of forming a gold bump on an electrode of an electronic
component while providing a thin solder film on the surface.of a copper electrode of a substrate and
thermally fusing and bonding the gold bump Attt §’&&8t‘1 and a bond technlque usmg aresin
adhesive such as & th p o 0 Vi nd
techniques, the-&fet e%n%%@%cgﬁeﬁn é@i}ﬁfﬁ?ﬁ ﬂc@ﬁ %ngmﬁwfﬁn ate usmg g onding
tool with the solder or adhesive on the electrode be|ng used and thereafter the solder or adhesive is
cooled and ‘?t%li?!?ﬁdcgib?ﬁ%i@ electronic component to the substrate. [0003] There have hence
been propo tronic component mounting apparatuses for use in such bond techniques including
a heater for eat'ngtafn? fusiag solderrhaatingand softening adhesive aadsgogling-meansdor
coolmg the sQJgpbaeadnarive altrg Papgingde shstendhedimne fordieatingAnd ceelifth1aee4]

mounting method using such electronic component mounting
apparatuses.

Background Art

{00021

There are various techniques used for mounting a
semiconductor chip on a substrate, such as a techanique of mounting
an electronic component that is provided with a solder bump formed
on an electrode on a substrate through thermal bonding, a
gold-solder fusion bond technique of forming a gold bump on an

" electrode of an electronic component while providing a thin solder
film on the surface of a copper electrode of a substrate and
thermally fusing and bonding the gold bump and the solder, and
a bond technique using a resin adhesive such as a thermoplastic
‘resin or an anisotropic conductive film (AFC). In these bond
techniques, the electronic component is heated and pressed against
the substrate using a bonding tool with the solder or adhesive
on the electrode being fused, and thereafter the solder or adhesive
is cooled and solidified to bond the electronic component to the
_substrate.
[0003]

There have hence been proposed electronic component
mounting apparatuses for use in such bond techniques including
a heater for heating and fusing solder or heating and softening
adhesive and cooling means for cooling the solder or adhesive after
bonding to shorten the time for heating and cooling.

[0004]

Patent Document 1. proposes a contact heating apparatus
including a tool for pressing a heating target, a ceramic heater
for heating the tool, a thermal insulator for preventing transfer
of heat generated form the ceramic heater to other than the tool,
and a holder for integrating and coupling these members to another
member, in which a cooling medium passage is provided in the
thermal insulator and/or the holder for cooling the heater, the
thermal insulator, or the holder, whereby it is possible to heat
adhesive or solder rapidly to a temperature at which the adhesive



Patent Document 1 proposes a contact heating apparatus including a tool for pressing a heating
target, a ceramic heater for heating the tool, a thermal insulator for preventing transfer of heat
generated form the ceramic heater to other than the tool, and a holder for integrating and coupling
these members to another member, in which a cooling medium passage is provided in the thermal
insulator and/or the holder for cooling the heater, the thermal insulator, or the holder, whereby it is
possible to heat adhesive or solder rapidly to a temperature at which the adhesive or solder is
softened or fused and also to prevent thermal deformation of the apparatus during rapid cooling.
[0005] Patent Document 2 proposes an electronic component mounting apparatus including a
mounting to8FfoFsdeaky &fd REERTIaSeffcoRBBEd: BRI, & heatel forheatifif a Stk portion of
the mountin SSI“Q%IJéjﬂo\ﬁ%dé@%gé%%ﬁﬁbﬁlnﬁ%&@ﬁ?@uﬁ?&r’é&hng thermoplastic resin

when the se Rductor chip is pressed against and heated to be mounted on a substr%te whlle fusing
thermoplastic resin Rﬁﬁ@t‘&) §i58§§| & O&?Oﬁ'?eoh ﬁlet?a ﬁrrnoe ocr: nql%u ng sle |con ductor chip
with the theﬁﬁﬁﬁlﬁg &l?es]iﬁl ER &?Ar B atent o%u H ment 1:
Japanese U'?‘lexamlneéi1 E’a? I’caP L?blcatlo ”1{ nt gfgg}g;g ;papanese
Unesamnel i ol e G e,

SONedbyth DY rl\galnst and heated to be mounted on a substrate while
fusing thermoplastic resin, whereby it is possible to shorten the
takt time for mounting the semiconductor chip with the
thermoplastic resin.

Related Art Documents

Patent Documents

[0006]

Patent Document 1: Japanese Unexamined Patent Application
Publication No. 2002-16091

Patent Document 2: Japanese Unexamined Patent Application
Publication No. 2009-76606

Summary of -the Imvention
Problems to be solved by the Invention
[0007]

However, in the conventional art disclosed in Patent
Document 1, the cooling medium flow passage is formed between the
ceramic heater and the thermal insulator and cooling air flows
through the cooling flow passage to cool the ceramic heater so
as to cool a semiconductor chip sucked on a bonding tool that is
attached to the side of the ceramic heater opposite to that of
the thermal insulator, suffering from a problem of taking a long
time to cool the semiconductor chip. In the conventional art
disclosed in Patent Document 2, cooling air is supplied through
the cooling flow passage provided in the bonding tool and blown
around the semiconductor chip to cool the semiconductor chip and
the thermoplastic resin from the side surfaces thereof. However,
since the semiconductor chip and the thermoplastic resin have a
very small thickness relative to the surface area thereof, the
entire semiconductor chip cannot be cooled at the same time even
if cooling air can be Dblown around the semiconductor chip,
suffering from a problem of taking a long time to cool the
semiconductor chip.

[0008]
It is hence an object of the present invention to shorten



[0007] However, in the conventional art disclosed in Patent Document 1, the cooling medium flow
passage is formed between the ceramic heater and the thermal insulator and cooling air flows through
the cooling flow passage to cool the ceramic heater so as to cool a semiconductor chip suckedona
bonding tool that is attached to the side of the ceramic heater opposite to that of the thermal insulator,
suffering from a problem of taking a long time to cool the semiconductor chip. In the conventional art
disclosed in Patent Document 2, cooling air is supplied through the cooling flow passage provided in
the bonding tool and blown around the semiconductor chip to cool the semiconductor chip and the
thermoplastic resin from the side surfaces thereof. However, since the semiconductor chip and the
thermoplastidfedin PaveRE &9 Sl OSSR S fHe S0k HEIhErEOT RIS BRfire
semiconductor chlptcannot e cooleqlat tlp same time even if cooling air can be blown around the
semicondu ?uffesr? vfLrof"n 5 FobleR oFfréilng a Iong time to cool the semiconductor chip.
[0008] Itis h nce q,ob ect of thg resenct Jnventloc? eg{ggthe time fggcoollng durin mountlng of
S

1e
an electronig Gomn 5@59&% o Salying e £ sm ode 10F pgsseﬁé%\?%pfas directed
to an electraye somUANERt MoyNINg ANNALAtS SFoamdia.an dean %.01-40 FICEGaipGaMponent
and an eleciigdy qf & sybstiate With thermallydusibls, band dpgfah g, maunt the elgginic camponent
on the substrate ipglyding: a base portion incorporating a heater, the base portion to be driven in
a direction getting C@%%%@Qﬂ%f@mé%ékl%tﬁfé 2 ahwonding doghhaving:a firyt swface fixed
in close contact &o- awnfacy of the base: periopand; a pedesiat formed:an acagonersifageopposite
to the first sgifpee 1@ suekadplshtherelactioniecompoaaritathe sarasertheseni ke bsading tool
to be heated wvith-ibe heater futheskase potion tosthermally benddhe elegisoris compenericucked on
the surface 6 thespedesiaktn-thecsubsisate] tewhichHberherdingitoth includesua Roatidghkbawl passage
providing carhmurlieatiorohetweenghe éinst surfakbe and A=stdetdistanefof tespededtal.g00kL] In
the electroniccomperdrtidnaurtinthappasdtes accottingde ¢heqaresent fvemteomeatlisalsorpieferable
that the cootihg flekepassagecoft-thrplsoraditg soolkadeast partiaiyaflews coblingenedides taflow
therethroughaldig tsatbatfaed of tHapetiasial this additddnally-preferdbtd Hetthe exelg@tion has a
cooling medid@rs sy pasSsRGE Wckiait gerBagiig Mebummialerpeovideg dnia stdessgface through
which coolirfdthedliFhdafiGNg B edolip iR tsubply port provided on the surface to which the
bonding toof BOf&M in close contact and configured to supply the cooling medium inflowing through
the cooling medium5RIthS the L66HAG HEWPTRRRPS Wbty %’@%t‘ﬁ%ﬂﬂ‘f@%gfﬁ@ﬂow
passage of #fe bofdii§ &50t s Lok Ltrﬂe%“to htldde HGrd é?fe 1%’?/?(5%]09 rFfFﬂetnEktl%Lﬁ%%J 3%

tencing alorIHRE SETAEC 1P it A 1% cool
medium iua@&m (ﬁ?d?l:n%t o %xi;ﬁwéﬁo%%"gw% T e &.E;';e outlet
s

prowded on .SICFe surrace o e es a agd %he SUI’ a Ofst%éjgr é_%% Or’%:COVEI’II”I%l groove.
ium” supp e incl ing medIlum

on a side surface through Wthh coollng medium inflows and a
cooling medium supply port provided on the surface to which the
bonding tool is fixed in close contact and configured to supply
the cooling medium inflowing through the cocling medium inlet to
the cooling flow passage of the bonding tool and that the cooling
flow passage of the bonding tool is configured to include a groove
provided in the first surface and extending along the surface of
the pedestal, one end of the groove in communication with the
cooling medium supply port and the other end of the groove in
communication with a cooling medium outlet provided on the side
surface of the pedestal, and the surface of the base portion
covering the groove.

[0011]

In the electronic component mounting apparatus according
to the present invention, it is also preferable that the apparatus
further includes: a drive unit for driving the base portion in
the direction getting close to and away from the substrate; a




[0011] In the electronic component mounting apparatus according to the present invention, it is
also preferable that the apparatus further includes: a drive unit for driving the base portion in the
direction getting close to and away from the substrate; a position detection unit for detecting the
position of the bonding tool in the direction getting close to and away from the substrate; a shutoff
valve for opening and closing the cooling flow passage of the bonding tool; and a control unit for
changing with the drive unit the position of the bonding tool in the direction getting close to and away
from the substrate and for opening and closing the shutoff valve, in which the control unit includes
bonding tool position holding and coolln%t means for holding the position of the bonding tool in the

direction geﬁﬁ’@lélé?él Bedfrahal MohtHeLUBel S HaE IR BT YE R b eRabHPmetal
between th q@a t?@dEktﬁ{gf@‘éEt’rSHl@‘éB gﬂt thRePBr Y‘E?é%%f?ﬂ‘e %H?%?gg%l’mally
fused whenih X t f
ositon en?efh}ﬁo B BRARIE BB %ﬁg%ﬁg i S

position whi tht eflter an rcl: Qt% he s a valve to

supply coolln me %chnagcfhe CO&I:EIg flgwkpa gt(gfgteg?% esi%)l % (gi '1% oI is
cooled. In t e e Granic compol en:ter%Hnt éa%r S 2¢COK g}pcﬂed%r %e&]ﬁq\ﬁ Tﬂ%%,llt is also
preferable t%% @ ecl choiG £ gﬂa%ergaeﬁ £ AeDWDP 89“&‘5 electiode Andhe sbstrate
includes a f megkog;the Sledrodeandh eltegé:%rglﬂwlsngwﬂ&ﬁwdes
contact dete&g@gsmeg.g§ %qgé%f@arw?g W@SEQEQ%H“&Bﬂn’cﬁl%dﬁbﬁé"ﬁbﬁr&'%%QQF@SBW'W each
other basedgp. assigeal fia the nasdia detesian dniloRpdKefprense Positiom setting daeayrs for
setting the positionof the bending taekwith (espeeldatiensubstiais as thedetarensedesiior when the
contact detegiingHaeans geterqunes;that the huawr-and dae i ase e caniast withepsheaatber. [0012]
In the electrepicicGBRORENL BOLEHINgrRPRAIEEI 86CRISHIG (e the presentinentions ihisaalse
preferable thaidthBeobrehunit futibes motudes vedoond cefarepls positicimsetidgineans faresetting the
position of the dbiming 1eel withyegpest to tlecksibitratetasod secoth adfdreacecpasitian tatter the
reference pasiticrrsditidg means séts thel feremeeqposiiopcarehwherrthecdistanegod tad bending tool
from the substratedn tige direthen pedtientloseterintoaway frohs the sabptrateeet@migestirem
increasing toluecréasingpand sepupenisoridihgcdoksssiticrumsldingaad cooliftensddgstiopdolding the
position of thedbditingubsitinahie dirsttieotegetting dmselid-ardarpay MR thé Sumsta?d ddxed on the
determinati®d gt e Dondnfetdl betwBen IAB BRedratel 6f FerdleeifohrCotAfSie O ¢ e
electrode ofdfbatibhhatd rrtherfilytased e ha'PEIUIRg BB Bels ElRscABiRe bk by a
second predétefmiedl ditReRGH bRl SRS TcPpsSHoR WISRERRY fc’rfeO@eE nic
component Bﬂﬁ%%ﬁe‘ﬁﬁﬁﬁ@%%ﬁ%h@% EE BB rﬂfﬁfeﬁ’n?r?\ 5 e OSofrg Aow gjéssage of
the bondingXB5F S3%h &P 661§ %%nfﬁﬁ%ﬁﬁ&@% alk %lrected to
an electronlé% %%tﬁoﬁﬁt‘?n ‘?ﬁs of b%ﬁalh ec fo 8f ane eccfronlc C%m»PD ent and an
electrode of“hg %e\ﬁffﬁrfl?er fly fulsi ﬁehbumr% me aI 0 mounlfltﬁer%Iecrfronlc componen r}f on the
substrate, |n & sfeps of: preparing an electronic component mounting apparatus including: a

base port'on ot 9@@9 brater, fhe;base ponion. he diivendn adisdien.oetting dlasg;to and
away from the sihstratea hondina fegl faving & st sufaee et tiose sentagt to aysurfdce of the
base portion, & pedgstal formed.on a.sacalid-shiiace. papasiie iq the: irst sutface 1o sugk and hold the
electronic cemponent PRdhersiiacs thesaol Angha eRURGHIPW RRESAOEPAVidiag cormucation
between thesfitst suface and 2 side sHHace ek thenpedestali thehonding foalia bedyaated vdth the
heater in the base Noxtiar te theymrlbnaord the alrctieiic scenmona stckadamthmswrfage of the
pedestal to {iessubsteater acduve sidfandevig hehasadartipe th e directing gattingclese to and
away from thestibstratela positien delectipraynitfenaetecting she posiion of thembesdiryteol in the
direction gettingrelase he arddray o the sub steaten dntbashutotfosivedst opening aatiejosing the
cooling flowspassageiafrthensondindg taolhadd hotding ¢hepssitibnrofdiie trondiagrttioldgn tliee Hirection
getting closé totardchvwaye fronmthe stibstyaté dbasaebamthedetemoratibie thab therbdredoaetal between
the electroderoftthe efedteamid natriponeritandtthe dletiwote bhihdstbsteatetibehedmalhreded when
the bondingafothetsedlese o tHecsglogtraadiyta predafermidat tistairceoffotdig refdrenead pdsition
while heatingsthé letsgnohly cdiipesenheth thbfebrrdhaFort@senispiife SRR valoe 6 8upply
cooling meoﬁuﬁﬁbrtﬁéeeobwn@ﬂm%%ea@éeﬂﬁree%ﬁdiﬁg t68ISEaMeS thE BBNBIY t8BFRKboled.
Advantage [0014]
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The present invention offers the advantage of shortening the time for cooling during mounting of an
electronic component. Brief Description of the Drawings [0015] FIG. 1 is a system diagram showing
the configuration of an electronic component mounting apparatus according to an exemplary
embodiment of the present invention. FIG. 2A is an illustrative view showing air flow passages in
a heater assembly and a bonding tool of the electronic component mounting apparatus according to
the exemplary embodiment of the present invention. FIG. 2B shows the upper surface 28a of the
bonding tool 28 in close contact with a heater base 27a as a first surface, viewed along the arrow B of
FIG. 2A. FIG. 20 shows the lower surface 28e of a pedestal 28c¢, viewed along the arrow A of
FIG. 2A. TeERFeRRERARGSHR &R dRATnGR %?e@&%r‘ﬁ‘é%%%ﬁo% 8&@1%956891%% set in the
-~ electronic c8ﬁ%ﬁ%ﬂt%ﬁﬂ g% aFAtUEaECor é’ tﬁ8 8 ment o?ﬂle B?esent
invention. TTOFIBIREFZCR & e%‘f%o%lng Rfinedfséa e use rTgfhe aléctronic Component
mounting a “according to the exemplary embodiment of the present invention. FIG.5is a

flow chart sHoWing ap operation of the elecironic companeny Maunting aRParatsAscerdiRgdo the
dimeitt ghihen;

exemplary emPaB R@&%ﬂﬂ\éﬁpg?%ondlng an electrode of an electronic

component and an electrode of a substrate with thermally fusible
bond metal to mount the electronic component on the substrate,
including the steps of: preparing an electronic component mounting
apparatus including: a base portion incorporating a heater, the
base portion to be driven in a direction getting close to and away
from the substrate; a bonding tool having a first surface fized
in close contact to a surface of the base portion, a pedestal formed
on a second surface opposite to the first surface to suck and hold
the electronic component on the surface thereof, and a cooling
flow passage providing communication between the first surface
and a side surface of the pedestal, the bonding tocl to be heated
with the heater in the base portion to thermally bond the
electronic component sucked on the surface of the pedestal to the
substrate; a drive unit for driving the base portion in the
direction getting close to and away from the substrate; a position
detection unit for detecting the position of the bonding tool in
the direction getting close to and away from the substrate; and
a shutoff valve for opening and closing the cooling flow passage
of the bonding tool; and holding the position of the bonding tool
in the direction getting close to and away from the substrate based
on the determination that the bond metal between the electrode
of the electronic component and the electrode of the substrate
is thermally fused when the bonding tool gets close to the
substrate by a predetermined distance from a reference position
while heating the electronic component with the heater and for
opening the shutoff valve to supply cooling medium to the cooling
flow passage of the bondlng tool, so that the bonding tool is
cooled.

Advantage
[0014]

The present invention offers the advantage of shortening
the time for cooling during mounting of an electronic component.

Brief Description of the Drawings
{0015]
FIG. 1 is a system diagram showing the configuration of an



FIG. 6 is an illustrative view showing the change in the position of the bonding tool, the pressing force,
the flow rate of cooling air, and the temperature of a solder film during an operation of the electronic
component mounting apparatus according to the exemplary embodiment of the present invention.
FIG. 7 is an illustrative view showing a process of gold-solder fusion bond between a bump and a
solder layer performed by the electronic component mounting apparatus according to the exemplary

embodiment of the present invention. FIG. 8A is an illustrative view showing air flow passages in

a heater assembly and a bonding tool of an electronic component mounting apparatus accordingto
another exemplary embodiment of the present invention. FIG. 8B shows the upper surface 28a of
the bondmg%@%ﬁpélﬁscé’%ﬁ%‘éfl%ﬂ? Erhtéja‘f@r ‘H&gé %ugsaacﬁ%]f%bpﬁé%o ﬁ%ﬁé%)%%ﬁgr%e arrow
B of FIG. 84T W@n a{l Stgujr % g&stal 28, Vi wed alon %the arrow A

of FIG. 8A. Mode for the |nion mp m |m & he present
invention wilt & &RaREF b‘—’lesfii’escrij‘éﬁl Wltﬁl ?11 F: e%? Vings. Oni %

?erencg Y, W § qwn in
FIG. 1, an eﬁréclflronlctgo 8 i& kuntlng g?)pgratusél% acco mgl?g #?[%present invention is

configured tincludg gbase 10, g, kapie, Ll extendingdipwanb frot the base,10,.an ugger Sange 12
projecting fropm ale Tl Reriop 9&% frapag ddy 3, guide 34 grovidedartically {indhe,Z dixegtion) on a
side surface qfcmi rame L1, aslislex 6patached vertically slidably to the guide 14, a rise-and-fall

block 15 fixed to thergliflen &6;iahe PR¥abls yerticaliywithotbe shdertaiespul 17dlixed fe the
rise-and-fall blegly 1% Ha feadsae w18 o pecscrewed into the nut 17, a motor 13 fixed to the upper

flange 12 and configured tasturnsthg deeth serewr b iarwoicea eail BRtF2yattached exrateneeportion of
the rise-anddalhileckntba ad eds2fbtor ke tveart verticalyatid theovdice-caib orosart 2 anteramic heater
assembly 2@ piiaehed at adeadingrend:of teerask2auahdrigcerorating atcesdmitrbeptsrsarbonding
tool 28 attachedeatttherlower end of the ceramic heater assembly 27 and configured to suck an
electronic componeRB &1, 4 bonding stage 41 forvseeking@antnfixing la seestrateadztheredniand a
control unit 50T el motaotd and the epietcaiianotor 20 cardighed adriveasticibrgetticalyp€in the Z
direction) dresegtieiondingador2g joof7Fhe ReeRewh ihIERREC®he ceramic heater assembly 27
includes a thin cerafi€heates 27hlinEorpardicthinva Reatey PRSEDTPSeAirfchEsed BEEE Poion. In the
heater base R ¥aeretarerovidtich fikPRAEaHHSSUHBRAYIOSVE 9558r vASRUMSSIRIRIGERE bonding
tool 28 on tHENeRiEerface ofthe neaRsBsel 272 iR air vacuum passa e 94 for vacuumlng air

out of the first vacu@rﬁ%ucﬁohibr%véblsuﬁﬁaaatééf(?oﬁﬂlﬁ‘?’ VIRAUATHa §IF(9|evéL6h f?]g air out
ofasecond%éﬂlﬁﬁﬂo%&%ﬁ ?05\%@8 FobidRdin thE IGHEF Sftdc %‘éedfgr BdbSRY Jethat
protrudes or? é%%’k%rﬁfc@ bSﬁEﬂﬂ 586128 e§g88 %II’V&JCUU 5%33 &93is in
communlcat?é?weﬁ/ﬁgjao%c% 8ve gr Wd}e in t‘ﬁ%’tﬁj peLs faceué]ézao the gn ing L{ool 28 and
a third air vatttit prow nlc |on %e ween% e \Pacuum gro

second vacty 7 groaye e oty %JUE" 88 ng&!a SIESIODG saRar %qs on he
lower surfa Oﬁg %8%9 § ﬁéﬁ o m UMI3SSAgE 33 £8N 95612’&8““”1 air

out of the se \@gy néﬁ% r}ﬂg;pgvgf 0 g e vacuin grogye 96 and the third air vacuum
passage 97. The Uppfésugfﬂ%s?%%aﬂﬂﬂﬂgﬂ@é{%&%@rf@%@%%wﬁgb%dang1te€a 8 §9xgspond,
respectively,; {p the dirst.sudace Anethesecandratitare descsipedin ihe-appaRdedHgiment
mounting apparatus according to another exemplary embodiment of
the present invention.
FIG. 8B shows the upper surface 28a of the bonding tool 28
in close contact with a heater base 27a as a first surface, viewed
along the arrow B of FIG. 8A.
FIG. 8C shows the lower surface 28e of a pedestal 28c, viewed
along the arrow A of FIG. 8A.

Modes for Carrying Out the Invention
fO0le6]

Exemplary embodiments of the present invention will
hereinafter be described with reference to the accompanying



[0018] FIG. 2B shows the upper surface 28a of the bonding tool 28 in close contact with the heater
base 27a as a first surface, viewed along the arrow B of FIG. 2A, where the first vacuum suction
groove 95 provided in the lower surface of the heater base 27a is indicated by an alternate long and
short dash line. As shown in FIG. 2B, the first vacuum suction groove 95 is a rectangular tubular one.
Also, as shown in FIGs. 2A and 2B, a portion of the first vacuum suction groove 95 is in
communication with the first air vacuum passage 94 that has a circular cross section and extends
vertically (in the Z direction) in the heater base 27a. As shown in FIG. 2B, the vacuum groove 96
provided in the upper surface 28a of the bondlng tool 28 is an oval one with one end in communlcatlon

with the sec8B@EMBuuMHELAGR 83 antfthe ot eerﬂueﬂtd%‘?ﬂﬂn%ncfc?a[l%%ﬁﬁ th‘%lfﬁl d’%ﬁ vacuum
passage 97 3PR3 ZREYRon h%qS\%E?i%ﬁﬂ‘ 58 ﬁéeofﬁ%%?éﬂgsjtglvfélc Vi cyv%ﬁ a?o%ﬁ%)arrgw A of
FIG. 2A. As Eﬂoh}hclh‘ﬁ% HEagR 48 585‘3m Suctign ft roov% élgls a crucrform opg- i‘ﬁg first air
vacuum pas t| h Irstair vac - or rface 27b
HR%BH% ﬂ Witle %1 tl ? T E'E‘o%ﬁq S
of the heatefb o ar%dga fi rsivaﬁlﬁj 8 st s gw_gllf P@ 1]%I%C&(E%%(é8 Ja qggsitla};r vacuum
port 92. The Sk ? 1 Yacuul pas % "3 'QfQQ“QHB'CfH?‘T With,aseceonglaip yacyugyport 91
provided on ?%e 3 aldle %’%ﬁ@ss?é? 5,9 1@6%29%% 273 aNd A SGRONGIRRUUM Ping T,shawn in FIG.
1is connectgdfa e seeand alr.vaciuing poft 9, £herfy st and s6ConENRAR MPIRES dbanhT4 are
connected {q AVACHHM SYsteAr3 and,selanoidvalyes  7@and. 16 apprvided:ggshe patinef the
respective f'@@m@awa@%gé and ¢ Bs,shoywl ieRl&i 1nl0d9]20 athuihiecheater
base 27a, thege areyovidask-a fisst caoling:flowspassagerBa thisughwhish cooling 26 serving as

© cooling medium Jencoaling thel heatertiase 8 radloyes o fitstaie supply, passagesdildas supplying

cooling air tq thasfiest gooling Hewnassage86, andlasetand andupply passageod3 sefvirgds a
cooling mediuta supphapdsspgedetsuppltirg cealing aivtherethrough &8 codtthehisohding beol 28. The
first cooling flowdaassaye 86 kxterdanliond ¢ bnves serfbdey ¢f Thenldeaterbiawer2h thetsveah the
ceramic heater 27k incthenlicatesase Q7a 3id tlze bondigatost28¢0 bk ikccoralriiceiorngith a first
air outlet 90 pravidgdeors ties Sidetsurfac s 2ybasithesvehter drisbrz7a Untié first codli) Mewassage
86 is configuracktaintiaderdne sombrectow BAssanés eitendifg Homvrd thake’sihiet Sfde-Surface
27b of the hdater bage? Fhiasd thAhaverd ¥ikadat e cherfidrd of afdthet cross section and extend
radially from[th@1cEhter of the heater base 27a toward the each side surface 27b. Air flowing through a
first air inlet 82 provired BAMtRe.side Surfake 376 GIRRETHEARFBESE 375 B tKe? ?lrﬁflﬁljr%?]

passage 84 AW hRSTGHHHE Brt oy ihF BEBSIF 86 the ?ﬁéh@é’@?ﬁ% VAEYE en flows
out through e firsPaitoRREGb°To02dP tPFhd'E8 Bﬁ'%% npa§ e £83; n?égm unlcatlon
with a secorf gﬂ‘]fﬁlEt %ﬁﬁﬂ%@lcﬁb‘:&%%% Oé’l?rf ga er 5'1

downward irF et %be th&4éwerend oftTkrlre hea r as a to b%ﬁ%rﬁ%rﬂc n atlon with
a third air s %7;) ng enaln <?lrom Ifhe 8 er surf%ce % aég the er:s| a&arZSb of
the bondlng e m| ofetﬁgri sls gffp e\%es% % % segRd air
supply pass&s 83 o 1ae Brfear E% s Eee eas g@%@?@&@gvsa 352 CORlID TeERIESUPPly
port for supplRG GoqiNg Ak iRerEiiaLsh tosihe baading igoh25; A saconshcpaliag Jenspassage 87
extending along the Iower surface 28607 1 pedestal 286 Psavided a daeiPedestal 285t he
bonding tool 28, #he Dassager8/n eRIRAUICRlRN With thesthird piksupsly Rasrage S second
air outlet 89 gproyded e Sidanawiiacs 28d.0f Hae pedastal 28¢aceoling adiawing threughthe
second air inlgt-31 @reyideshonibe sifesrstacs 8Ebroithea baaier basridva tie #lieseaesid air supply
passage 83 figsdatnesthindaik supily passnge Bhvatrariniedase dpsween the lpwerstiHace of the
heater base 27a.angnbe sypen susfage2iaafitheasendjag360L2a ardeint theeseeandinosling flow
passage 87 ¢@ eoeltherhonsingtadl 28cand ther flidws ant dorozighdthelsecog aitheutist@8uprovided
on the side siftape=28d afitie-hedentat @8ci Asrshown pdiGsgeB and 20sthwperondcbatiag flow
passage 87 egterdsiradially dromx tha tfisctair’Sipply passdyends vanbthe BachsigsBardee 28d of
the pedestalr28pand caaiave bairdliar, fectarigukitréagsotfartrisisefsindte FaEivafe the
second coolitgsiovipedsage B7ecarbeivedmpiadiation with the third air supply passage 85 and
extend from bheli®lthe other side surface 28d of the pedestal 28c. [0021] As shown in EIG. 2A, a
first air pipe 72 shoviit i F28. ahis¥srireete®Re the At 2GS P hnths 2eBrdH Eﬁb%lﬁ%hown in
FIG. 1 is connected to the second air inlet 81. As shown in FIG. 1, throttle valves 68 and 67,
flowmeters 66 and 65, and solenoid valves 64 and 63 are provided in the respective first and second
air pipes 72 and 71. The first and second air pipes 72 and 71 join on the upstream side of the solenoid
valves 64 and 63 to serve as an air supply pipe 69. The air supply pipe 69 is connected to a
compressed air source 70 and a pressure reduction valve 69a is provided in the air supply pipe 69 to
reduce the



pressure of air supplied from the compressed air source 70 to a pressure at which the air is supplied
into the first and second air pipes 72 and 71. The solenoid valves 64 and 63 are shutoff valves for
opening and closing the respective first and second air pipes 72 and 71, the first, second, and third air
supply passages 84, 83, and 85, and the first and second cooling flow passages 86 and 87 connected
to the first and second air pipes 72 and 71. [0022] As shown in FIG. 1, the voice coil motor 20 is
configured to include a casing 21, a permanent magnet stator 22 fixed along the inner periphery of the
casing 21, and a movable coil 23 arranged inside the stator 22. The rod 26 is attached to the casing
21 via a plate spring 25. An L-shaped linear scale 61 with a finely-scaled vertical portion is fixed to the
rod 26. AlsolB fReSsEaRMREI LRGBS PRESH %ﬁal Ii?]eférr&%%ugf?scﬁtta‘éﬁgﬁﬁg the outer
surface of tt%lé’é’éinbh?l"’iﬁﬁol‘ﬁ%ﬂér%@ ?éﬁjw‘ﬁ}r"@ﬁ?eq fe't _TIH(égflgél ?ergg and the

linear scale Héfﬁf@i’ 1:‘3% FRDISHEH GBELASH Qo ASRERT %jz)%s?on oJT E%oggd ing tool 28
in the height Iré%r% 1éell %ﬁ' &g h% 8 onnecrtled tg??ﬁe cgn‘f’ro 0. The ol 23 of
i

the voice co Su Lhed'S i 0 r om source, 19. tage 41
incorporates & s A e easlf‘er A@ atmnq\ﬂ EP% s;% S'dﬁ %r g% fglf}%s%n ﬁggggg]ﬁlgﬁstage 41.
The bondin atsg 52 ﬂagg ehinb il ek andy diecipasiih A,
mechanism PoF. sagun,[0UPS1 .+ s Th COtialUniS0.5,A SAEPUSLINCOROIgRg:A SR UrSE for signal
processing %@9 at'i’ﬂé@%ré’u% 106 Yemesya%$ianes: & Ropding, pregrasmn ek bpmsling aandrol,
control data}58, a;rgferense pasiion.setingPigram &, snaoading toelpesition helding wogrcooling
program 55,13 secoRd{&eferance Posiien SsHING psoghan B, ¢ 5e608tdendigniaat pestiosnholding
and cooling REagrapha7+aneQ@ cotachdeieating pragrans 9. [6G24] 2¢ Heowetaht3 iseernected to
the control uniiy5Q:eadarsangedisuglethas the digefioniancanglenfratationarwcantrolBrdvith a
command from, thexeostielunit 50r Tde pawetisousee dfdsadsmuanaecteikio theccorgrdl@unis50 and
arranged sugh thatthefeuttienbaad voltalge otithus to the coiv23 avenalpres agth abmisandifrom the
control unit smhe terpmicredteh asseintdy 27vianddbe stage head@r n8arédisb commeticdto the
control unit 5 afid Geraiyedfsuble that therheatingState sl codtialcd witrararhpand feddthe control
unit 50. Alsoi thElslehoid valves 6 emd 83 hrovidedtinthe first il BEEGNA%ir piies T2camdl 71 and
the solenoidazaiviss FPuand F6spEwifddia the fipstuisedornvEittng fig6STS and P4 arRIso
connected toeRs cBAtrbraNit 8echrRnakangRlde a155ened afdl AbsERVRIPAHMRRPR #d@m the
control unit 5840825 CONAs EHGHHNPERS. 3 AnehaERirdRiFdSmpdnéfit SPAATHTE StKetFupside
down at the R&stRAG ehbfoV R Eh8iRG Yool 28, TR mifiple %‘I’éict?&d?é@§2"p?r89fﬁx‘8c?c}ﬁ’ Be Surface
thereof, and&thGolaBurRFEBSS 16/&d oh EQGPBF"[h%V Eﬂloaés%‘idE%% ‘%b? %% as a
disk- shapedwaﬁlﬁoﬂl@nasrfoﬁ’fﬁg fdoPie BB cRaaR aqc% X porﬁon %’%
protruding frofF IS BERidAL R stbs ge 4%, dhich i%wsrﬂcked and flxed on the bonding stage

41, has copr)[é)roéllgé ode 4$§1for ed on the rfacﬁ%thereof and asocged fAIr@ 44| f(% 90(51 each of
the coppereqfhtrode§’4 %er @1‘3’?}] gé yery rgzi t? E@?ﬁ %fsagggﬂ gcl The
electrode 3 %e 10 caen olecindpA3 plihes Sf&atsuaﬁyrsggsgd@a
manner fam%%t%%r %%%1 (5 cooling air to the first cooling flow passage
86, and a second air supply passage 83 serving as a cooling medium
supply passage for supplying cooling air therethrough to cool the
bonding tool 28. The first cooling flow passage 86 extends along
the lower surface of the heater base 27a between the ceramic heater
27h in the heater base 27a and the bonding tool 28 to be in
communication with a first air outlet 90 provided on the side
surface 27b of the heater base 27a. The first cooling flow passage
86 is configured to include one or more flow passages extending
from one to the other side surface 27b of the heater base 27a and
can have a circular, rectangular, or another cross section and
extend radially from the center of the heater base 27a toward the
each side surface 27b. Air flowing through a first air inlet 82
provided on the side surface 27b of the heater base 27a into the



[0026] As shown in FIG. 4, the linear scale 61 includes a linear scale main body 61a on which a
pattern 61b with a very fine pitch L is provided. The linear scale head 62 incorporates a light source for
irradiating light to the pattern 61b on the linear scale 61, a grating through which the light from the light
source passes, a light-receiving device for detecting light reflected from the pattern 61b on the linear
scale 61, and a signal processing unit for processing a signal input from the light-receiving device.

Light emitted from the light source passes through the grating and undergoes reflection at the pattern -
61b on the linear scale 61 to generate an interference fringe on, for example, a photodiode serving as
the light-receiving device. When the linear scale 61 moves relatlv §E/to the Imear cale ad 62 in the

longitudinal Eireefofidt tReRRAERERs IhedAtdrierd $ andRe
Il(;nrglrlécgil Hgﬁ%@%% 8&%8&19‘5 g?@e%@ﬁﬁl Q\ﬁtﬁ e‘?“l Jl equaFf}J éﬁarﬁ] tﬁe plr%ﬁ e pattern

61b. The sif&fabtSidn&is aor%ﬂisglc He wave with 90 -degree mutually shifted phases. The linear

scale head 63 <t e ts the Sc% ocessmg unlt o o jputa q tance qof relative. moyement,of the
linear scale 61 to. the(ihnear Scale ?J;el E %Litggt ifference of the Riphasic sine wave.
The detectif accatﬁacya%d th s %0%8 o 5 85RLLYR e Ao L f e PeEE 610
several m'Cfo 1S JpLexample. 10924) 27 \WithJstarencs i Gea biter v handingranesation will
be descr'be Rg the &lagionie compRASAL3Aand the syhstrate Alrshawngn Eaa3asing the
thus configurad eleGEanis, SOMPANeRLMAURLRD BHRAtAYSLLN. i heremsted dhaktherelacronic
component @ﬁi%@éH@%% arsemiconduatar ghip; edransistore aacha diade sEhe caNDE uniiyfl opens the
solenoid valyg J/at9evactum &k shrosgktha firsh¥achim pPpenéa bt ab e fieStais yacesnmapassage
94 provideddn the sgiargic hraten@ssemphlz’ assstowit irFIGupphditheremptolevacuate the first
vacuum suctipB £eave 95hsa that the beiding doot @8lis 28cuurh-saekechdn the loiwer stitiaee of the .
ceramic hegtarasspmbly @¥t&he togteol omi Shaldeepensuiné sotedid velvelks redasieh air
through the 3ecotid wcouinipipei A4 i of due seedn@ & vetuLm gassdga®3;ehe auubigroove 96,
and the thirgbak sagaud passagerdin pravidec i iid cebamid hodteriags samp2 Pagssovi in FIG. 2
and therebyaodvacietetide strondvetud? sragndrdova I8 sitr Bordmgroe?g8°Sothat the
electronic corapensatl32$svactaridtcked-onithevdner ShrabeRee6r fr &aF288btthe
bonding tooB28PThe taRtoPUNfSD ahves BREBERGING Ragé Am AR PFWrectpnstbDerform
alignment oftie eleefrbdes 32 sRRIRELEIGHUDFIIEofD BERRA @%ﬁe@%&%@%p %PBP@étrodes 43
of the substiR6 2298 BhGHAR FIEST FARE RGNS 63 '8HdBY SAGRTh e&'l' |ﬁ|t|ally
closed not t&afi6w-dGofiRg &R ﬂBRﬁﬁt@'ﬂl’féﬁE?aﬁﬁ@h‘é&Epﬁ iﬂ%g)? fi@ldz

alignment is i PRESRANEAVHRS UtBh BAF AT ol rlﬁg ? r|n tﬁe 0 dlri tooI

from an |n|t|é‘lnr‘?e|5H{3P|of&§ RoWh'] %&@é b1t qé) e tlrae |n rv FIG 6.
This lowerin A5 TSP ﬁ8ﬁn rota LEhe mottor rep%ulrnmg the
feed screw ﬁmt%lw ASE3N fz:a ack1 v§|§1 %ngi&{gt% I&ejes fgrcegvzlgds being
‘screwed fixed herain mg';b%a%ﬁ u\ﬁ@\g% Baf eéqptrkg L upit 50 det %‘H§é} O\I\@ég w&ﬁlpgrbas&g on the

angle of rotdfion ofThé Tgior %éqoq? shawpdn,sten 3102 0T HIG. 5. deteimines whethawer not the

poning oz ueeces s aredsiermiion RE(ht L showh, in IG+e Wheadhe bendinggeg! is

lowered to thie height HE, the gold ump 330088 Vesy Slrseintbe salder §lin Adoand e sepper
electrode 4 %%sgg\gggtgﬂGz d4a), yet there is still a gap between the convex portion 35 of the gold

bump 33 and glae selder film 44. In this lowering operation, since the voice coil motor 20, the rod 26,
and the bonding tooh 28 aeewered-integradly, there peeutsiro height tiffetemes betweea the linear
scale 61 attachedsintheded 26 apddhecasing 21 afithe vvodce aaifi naotes 26rand the détestioh signal
from the linegi ssalg hearda2 remsainsnuweeag e ftone areavtial eltputn082H1. Ahebomtrol unit 50,
if determines thatitbe ignding taalle |ewereskstocthepredelerninedrtedigmsHA 6 stayss e motdr 13 and
therefore theslolearigioperation & theh, &3 shewpostepe8103 of IRGr SspRFtsiA SebrictPéperation
of detecting arpbsitaroudereé the lgading 2rahdf thie.goRhleufbrad sAbwnsiadIG! RéEmeENAl contact
with the solde2 fdmd4Z orj tHercoppehelsgieddeaB cfie sbdhaesst SRkl Zadrehtofératsh, the
bonding tool628 iwloweree slewapuiirtriRRlingéRE df the JBHReFofidPR3Y oP #REgBRI hmp 33
comes into CLYRASGHIEE e SUrfEPsRBBash B fifAURCEs SARNIR tRE S e RAIRSH £2'to 13 of
FIG. 6. This 6R&FRI0TYR petfRFRTIAR Jol BxdMBIc2 thaAlRig tReRtRRert thiot ghtHB il 2¥of the

voice coil motor 20 as follows. [0030]
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When the control unit 50 outputs a command for position lowering during the search operation, the
power source 19 applies a current to the coil 23 of the voice coil motor 20 based on the command
value for position lowering. Accordingly, the coil 23 moves downward, so that the leading end 24 of the
coil comes into contact with the upper end of the rod 26. Since the rod 26 is attached to the casing 21
via the plate spring 25, when an increased current flows through the coil 23 to result in that the leading
end 24 of the coil 23 presses down the rod 26 and the plate spring 25 undergoes a deflection
according to the pressing force, the rod 26 moves downward and thereby the leading end of the
bonding tool 28 is Iowered gradually. When the rod 26 moves downward, there occurs a| relative height
difference bBRFESHife Rk eﬁ & I‘é%ﬁ)?éjd I Ko %O%‘quﬁfesgé ﬁé?fﬁ %evo %e 00| otor 20,
which causé’srﬁl%slﬁgeeast tg Hetect tﬁeli’ﬁgance of m 4eme&J 8 e megrL1 %co e 61 The
control unit a owere p05| on fhebondingtoo e h n signal
detected w%aﬂgeﬁmear S%Pe ﬁeg ,F% C{ ee JEl|<t gr gfﬁ%%%ﬁ@ea ]%]9(5 ngs_,%o% B\ﬁ(e@?ng to
adjust the ciientolitpuy from e Eﬁweéeoug% Thetcontraluni, 30 candhus pefowiA sealeh
operation 0%{ dug '%eaﬁ'&gé e Cukient threuglh the Loi23 1o lowerdbe eading,end ptthe

bonding took 28 slpyly; [003 During the search operation, the control unit 50 monitors whether
or not leading gnd pf the convex portion 35 of the gold bump 33 is in contact with the surface of the
solder film 44 by cogtaciialecting means;as shewrsinatepsit04et 51G25. Yhenthe lpaekng end of
the convex pertion-35 @ thegold hymp 33comeasaitda camactavits the selder filmkdd, Hieaqil 23 stops
moving dowgneasichang there starts;to appeat asdiffgrencebetweesthellowersd o sition wesected with
the linear scale bead iZ-asd she eonmmanthelusstor o sitiora oweeringidindng Hee saaroficopidration.
When the difesence phriweernstheieommand vatuefeshagitidn loivering arwhile |[6Wenedthosition
detected withithelinescstakd read 62zcxqeedsimpredetEimaredthrebkoldoghléé . thé tentrobunit 50
determines hat¢be |eadihg enehof the dorwexgsottion 35 pktheaguid Punkh83lcomes iroaxbntact with
the solder fik 4us(cortactgstettinglstep) s sotedanat sihddhecvaiingl gdsitioreoitielifiear scale
61 is adjustéa siiol thariedonbrudinagesntediené patteh B I sembssdircktlydh ot dtife linear

~ scale head é20¢feh thRAEIINGIHIS tFOBEAIEX PoRiIORATE SRR GE BERP33 tBAteshifto contact
with the sol@ERFEADINENReRCSIHd PRad B2 Ean heasiBInd aRtart® diverital Afvvehtent
centering or‘iiﬂ"f”eeﬁ&h?%t iRieH-He 1dathiag &5d bRREDArel HERBRSE-6A1YE JA18 BAMPESS comes
into contact%ﬂ?tﬁé)sold”e}ehlﬁf’&& ] the T{RLEE B dnRSEC F &é’téﬁ.ﬁ&?ﬂ?ﬁ&ﬁﬂe‘% ing end of
the convex 5&&5?1“:95 8o 3%0(’,‘8?5 SRS EBntaR t‘wﬂﬁ 618 rRffn 2538& ines that
the bondlnthB géa‘?e% E%‘é %f‘ f ﬁcP? %Jtﬁ ngaec?g% wﬂ'ﬁctE% inear
scale head & %{%; ﬁt fn (1;ence g too %shshO\gn in step S105
of FIG. 5 an%qtﬁ refaerence po on se ng step)r?ﬁ 911(%) "Shows a state where the

leading end onvex portlon 5 of the gold bump 33 comes into contact with the solder film 44.

[0033] er SEtPHS t@SH%@éﬁE”ﬁ%PE'% the %0@59[154&%%0 PRHQUDS A6RRj2a losging operation
in which thedagnding faql 28-BIaSSEs APWH NS SHRMEAG 42at 2Dt ¥ gssihadere.as shown in
step 3106 0L E@4ngn éﬂﬁﬁ tio), 3, APRIOXIMARIY Lanstant cugptean flow throygh the coil 23
of the voice f@ﬁé‘?«%fx% rieXamPle. S0 1R3! thedsadingsand 24-eibesoi2dpressestdown the rod
26 at a congiantforee. Mernativebh@ sensgi-far dstecting aduessing fareeai yéighoierherding tool
28 presses dewnithg spRsaten48sanbe pravided andithg cseantibeoughvihenenibil s gaarke
controlled ta-eldange; spekdiaimhe pressiag forcermaiecteddnethei sensersgpeasents a constant value,
as mentionegbabave. As shown in step S107 of FIG. 5, the control unit 50 takes difference between
the distance of verttabkmaxeneli detecied svithethe dindas scalé hehab2tahd thedreferemegrtieight H2
to calculate st distantetiye whiclk the borminy 4001128 €bmes adldsa tothecsulistate &@ wbhhthe height
H2 (referenee teigiithwhanthecleading énd bfithé torWex foriapods of seergokl bBnis 381lcemes into
contact withatbersstdedifm 4hetivmnis rhé disiante shdownwardad cuerhehi rortheafefsiice height
H2 as a sinkeDd T teseobulip B0 tertbrreptblniohistaf #Hd sreDweXde el s anptedetdheed
threshold valie £e8EwA NSt po5108 B ICs 511003a% 2 teBiAes b Iadin Perdtdrad-egfvex
portion 35 oREFEESIFBURS3BYS ACTIRBATRE vith B SBRIEF Fifh 2 i thd (ARl iR RIS t1 to t5
of FIG. 6, thedldEP AfmtAwid RaAMREWRARE diadeomddiarl A8 bvint ift EREPRFNETETHhE Same
temperature To as the substrate 42. In contrast, the electronic component 31 is heated to a high
temperature with the ceramic heater 27h disposed 98 the bonding tool 28. Accordingly, when the
leading end of the convex portion 35 of the gold bump 33 comes into contact with the solder film 44 at
the time t5 of FIG. 6, heat starts to transfer from the leading end of the convex portion 35 of the gold
bump 33 to the solder film 44. The temperature of the solder film 44 then starts to rise at the time t4 of
FIG. 6. As the temperature of the solder film 44 rises in the time interval from t4 to t5 of FIG. 6, the
temperature of the copper electrode 43 also rises accordingly to result in that the copper electrode 43
and the solder film 44 undergo thermal expansion. Since the pressing force is constant during this time
interval, the bonding tool 28 is raised gradually from the reference height H2 when the leading end of

+tha AARlAd Bhiimn 29 ~A~Aamoce intAa ~antact wwiith thea enldar filkm A4 AanAd finallyvs roasncrhoe » hoiaht LI2 A+ +thoe



At the time t5 of FIG. 6, when the solder film 44 is heated to a temperature T1 at which the solder is
fused, the solder film 44 starts to be fused. In this case, the bonding tool 28 is controlled to have a
constant pressing force, which causes the convex portion 35 of the gold bump 33 to sink into the fused
solder film 44 as shown in FIG. 7 (c). That is, the height of the bonding tool 28 changes from
increasing to decreasing at the time t5 and height H3 shown in FIG. 6. The lowered convex portion 35
is then surrounded with the fused solder 45. As the leading end of the convex portion 35 of the gold
bump 33 thus sinks into the solder film 44, the height of the bonding tool 28 is made lower than the
reference height H2, that is, the sink D, the distance of downward mo emen fré)gn the ref&ﬁgce height
H2, becomé’s%’&éiﬁ\}e URheniHe b&;ltﬂﬂ 1586 ?6%8 ifge dgi‘l% 114)
becomes a 9%53@&%@8 9&1%@5?%% 16 b? BfG a4 eX|sf§ at a_@lcingss of
several microm&rs hRREST 17 a]%n cLo ﬁé_‘ %lnvex g)ortrl §% 0 §§ and the

q
copper elec r‘old%r ORI 85‘& as shown. |n the %ﬁﬁ%ﬁ%%g&a

predetermi Oﬁgjﬁ@% shorfé1 va ue ? e c:onpofaunﬂ%l stops tlne constant oadlng control based on the
ceterminaton it g St 45 ol spg s hen saes ey o st holding
and cooling @fg@t@ o1 £qaling,the_geiamicieatere7b-and Fherhonsling fog) 28uihijsholdiag the
height H4 o ng710ak 28 4L the 3ie 4§ aa shun i step S99 hIG & 40038k eacin this
operation, t garrgg;n reaghthe £oll28 ggtt@ag@llcgﬁqih@oéqre%& cande chrangedder gxample, such
that the d'ff%raﬁe @gtm%%ﬂ theheightH4bat isdR & saterafan kulicstionrebtaingd from theslinear
scale head @2 byvpevagthehanding ool 28 bdhedistnceieveartioar ovedier andiheteference
height H2 besemassaualio orseaeptharsa sredetemiinadithresibaldd/alnd. Sineeitoa soider film 44
has a thickness®f 4§ to-3@:1a1 MRasutbgEat eqricallingde 4@ rticatnmadition i¢hedohuling tool 28
using the lingae seale, headi62 insthelendef pfrabout en Adlewsdhesotertilm4 A tocexiststably at a
thickness ofesevetaladicsonteterghetwedd ¢he faddingdeihe of she copvemaiortivh B3skokthe géld bump
33 and the coppet elécttode34810f thElstibslrate42@ds stbwirveFEG1E (Hunp037] andAtiie start of
the bondingdopheositdreholding aAd coblitig eperdtivhr &e contoldifiebg ¢drnsTofftHEEE@ic heater
27h heating e bondirgyoot 28201 Sibslies cooling air to the ceramic heater assembly 27 and the
bonding tooll28%® tool the ceramic heater 27h, the bonding tool 28, and the electronic component 31
sucked at the leadifSeflleharedt. THE coﬁtrotF}&ﬁltJQG"Sﬁéﬁ%%o%d@%&%@%?aﬁﬂ%ﬁ%own in
FIG. 1 to all§®actdIfRyiair IRy ioht the MFSd&id %&%EH%P ‘ﬁ"&h& MethYol hi?v g and
second air ifletss PEAY EeRto & first BRRAIe ORIk ﬁ g&& 2% A5 FIG. 2.
The cooling Wm@ﬁﬁﬁdﬁ@?éﬂ?%ﬁy 5’;"55&?@ g ?h olu %a%e?lrs%t cooling
flow passagé%%%?ﬁd@dlﬁe?&ﬁ?ﬁg E%m ée 27a
between the cérja ‘f&lf %n@ ndjn alr 0W|n t I Ilng flow
passage 86 5t SFﬁHe 2ater Jase ows oa?it QrOl.l![gh: e |rs %3%;[ @g air flowing
into the sec nd: it su&gﬁ;ﬁggg %rﬁa %u R glg égp t{lg& into the
second Coolm Wﬁ@f@ﬁ Ll %\@ioa taly. P owey %f%&gg@g@e pedestal 28c,
and then floy ¢ seGond 21t outlet. 88, miayides] on die sidesudce 2k efhegeedestal
28c. [0038] sef’%}'{ %‘@'%@@P@H@Eé'&%&%&% egand air inlgis82 and 83 thus-celsiigesportion of
the heater base 243 below: theiceramioReaten 2k and the hoxding toal 28<whenghy thes alectronic
component 31 suekgd at thedeading-end gf he bonding teeliG-canbe eadlagdenals eftestively. As the
electronic cca’ﬁaoe@@&égys&@@ﬂgﬁte—g@@eawa@a@h@w tuEHaté (8)slae geisreoid tapidly and the
solder 45 arQurd the servex peHic 3% of Hie Balcbime 33 staitsioolfe thelgohwhie thes $blder film 44
exists stablymaiea thickoess vf sevefahmicremeaterd priveaen thirleadingend iofthed Goregyepertion 35
of the gold huiifn 33 and Hief ceppehelestroderéa df ine substrale 420 4d the timet7wf FG:16; when the
solder film 44igcatled-toca samperature D abwinct thedsigdenissalifified athevwoier 485drts to be
solidified to e bome metad a6 withthe &blder filne4d oxistingsara ehicRads$ of Baverd PRicEdReters
between thedeaging endifdfeheronve partien BEifané gokimempassand thecoppéreletrbde 43 of

the substrated@usashowed it G ¥(ERTJ0O39F movement is about 1lnm if the pitch
1, of the pattern 6élb is several micrometers, for example.

[0027]
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After a predetermined period of time has elapsed, the control unit 50 determines that the cooling
operation is completed as shown in step 8110 of FIG. 5 and closes the solenoid valves 63 and 64
shown in FIG. 1 at the time t7 of FIG. 6 to stop the inflow of cooling air. The control unit 50 then closes
the solenoid valve 76 to stop the vacuuming of air through the second air vacuum passage 93 to
release the vacuum of the second vacuum suction groove 98 and therefore the electronic component
31 sucked and fixed on the lower surface 28e of the pedestal 28c of the bonding tool 28. The control
unit 50 then closes the solenoid valve 76 to stop the vacuuming of air through the second air vacuum
passage 93 to release the vacuum of the second vacuum suctio roove 98, so that a su n of the

electronic compondht 31 {FIRECRTFfi%ked HhGhe IéWEPsurfaé‘e %?go E’il% e bonding
tool 28 is ré%s@ﬁ@ﬁé@a‘?te?%h‘é’%ﬂﬂriﬂ?un %}gecsh ‘?{‘éé:nd:r? or} m%al e| ht Ho by

rotating the THET43%hd TP e é hell %%S i? as shown |n éjte

c:)mflete th%%g%%ﬁ?%gf%%agﬂgm ponen?25 J04(¢ 6] Se % er&gg re trt]heh t
electronic ¢ Mounting appar e e heater
base 27a bg z) r@fnlc ea e(rg) %: %%g&m* : %%I\;Eée%%ﬁ%g%égctromc

component 45 Sufck datibele (iﬁgn? e oo e o o ety and
thus the solder cap e %@e ﬂ%ﬁnS*%ﬁ?&%(gf'Qdﬂglmﬁe&e@&yl%Iréaaréaaetéoam@t&wgw for
bonding. In Qﬁlgﬁlﬂﬂ %ﬁ(&% }Ln)qlelgﬁtgq;y@ caygpongst paHRtingrappakius 490 ebtis eeempiary
embodimen apsits Fomkthe sonstant lnading conirek te thenkopdingrios] mesttion helsting and cooling
control by determiping thattheisalder flm s biseddanedsen Himsiak Rleideshondiaguanl 28, the
bonding too} 28 ¢anrbadieldrat a beight atiefamrpalbsinikibduedtd salslerdusion. aihisvallowsithe solder
to be solidifigdandsthe ©jeetienic.companens3d tosheamountedtvith dheileadingendoofthagonvex
portion 35 ofthe goldiBwapid3 existiogwuitin the dhinsolderefiil. 44 2ithout Heingrinicodtdét with the
copper electrosted 3 1of th substrate d2altds thies possibie va prevemtthe iconvexqeoreoht3% bf the gold
bump 33 frorheominglintg cantatt Wik thecopper efdutrodéetd; whereby i aretossible fo prevent
the gold bump@sifrosiodiag defdrneed toveonsaritfe ¢ault tomact strad esiacemSoleitb&hf 33 and
the electronkmwnpgnénbﬂcoﬁﬁbelrf@iﬂ@amagéQQﬁrdughtcoﬁﬂaéﬂflb‘é@ﬁwgthés@lﬂﬁ&%ﬁanﬁﬁ@vement in
the bondingduality: fe04 Hnd Y Alferghipesekennnianremsddifumabs/e R Gibrstthetaie of
setting the raading ofltige fineatacnd wHerrpeneading endidithé e8RGE: pb'ﬂloﬁh:% SP%e&old bump
33 is in contehihane sdidafirhasuba thé BB fhristei 2Hid BiRAE refere eh%ﬁ??ﬁij

reference resiVE e eafing o ar L5 élaétetﬁélﬁéﬁgﬂhll% SEARCIOE ®'that the
height of th&BEAATY BOF28 2hih§¥s kT indtEaSiRg IB-HecPETRG aREr dlng end of the

convex portlbtn f the gold bump 33 comes into c%t%ct Wltphthe solder {llm 4% bc with the

linear scale head Gfgﬁﬁ’ﬁélha?sas]ejc%ﬂﬂ%gference ré’at(ﬁl%g Sec n r ergingg cﬁgséﬂonnsleétﬂg_ step). In
this case, the (]:8 ‘?5I g%\ﬁﬁ’ &f r8m cor%s?ani]if 8‘0 g@&) pRsition holding and ¢ooling
when the si 8> SHMIL 1 b nase,% he.case n the abpyesglesiped
exemplary emtaodcrﬁen?t@gé% bforfg)g% RosiEon halding and.caeling gpefalipR),d His&ifers the
same advar] % #5.le aiove-desgiibed gxemp o bgaganh S04 ShAN R exemBlae |
embod'me%ﬁ RrEgentdaventionwill; pe desgrieg,with refrsangs 1@ B1G H Lcampapeats identical
to those desgrhgd with refarence @ FAGSq4 {0 Hareidesignated bybesarpe safeiefcoaymerals to
omit the desgﬂp{aae therepd Hsaxemalany smbogdimentbas the sage eenfigisation mssbegexemplary
embodimentdescrivedswith referepaasianties hie-trxeepifonthe pasitionod theyseeend ai vacuum
passage 93,hgMacung gsopve 86+ ana the dhind aghvacaunspassage 7 proddedwhine Teeamic
heater assembhy2hanebte bendingtoseti2Banthastighe af thetteolingl dirdlowpasdsagagpsovided in
the bonding+eeh2& as showe thEIGoldN48] 1m A% shaivilie FtGpBBY acdrecikowdgrédve 101
having a reciangtiat sresssedtida js forated rethe dppet sliffaged2@a bé theebonting ok 8% viewed
along the arpayy BiofF 5. 84, Weythelbbnding3dok 28 is sacked danhEildwet $urfabe dithe heater
base 27a of thereetamicipeatet assembiyn2 e witketHeodariure bt the fiest vARuubkhsu@ssh dRoove 95,
an upper sugade di¢hbomddveg tool 28 are lowered integrally, there occurs no .

height difference between the linear scale 61 attached to the rod

26 and the casing 21 of the voice coil motor 20 and the detection

12



101 is covered with the lower surface of the heater base 27a to be a cooling flow passage having a
rectangular cross section and extending in four directions from the center of the bonding tool. The
second air supply passage 83 is configured to communicate with the central portion of the groove 101.
The end of the second air supply passage 83 on the lower surface of the heater base 27a serves as a
cooling medium supply port for supplying cooling air therethrough to the rectangular cooling flow
passage formed with the groove 101 and the heater base 27a. FIG. 8C shows the lower surface 28e
of the pedestal 28c, viewed along the arrow A of FIG. 8A. As shown in FIG. 8C, the pedestal 28c is
provided with a third cooling flow passage 103 extending along the lower surface o?SP of the pedestal
28¢ to be infeSHMbINEATbrwWRh HBRair 5ttt 164 Pr %\%l %5 85 um(:?-é Aifface 288 Afourth air

each'si
supply pas tf@zle%é%l‘l’rjfg' from the groove 101 in the thlckness direction of the bonding tool 28 to

be in commbiift&tibn with th third cool ng. flow, s g 103 e Lt fthegrpove 101
on the side of efchr&? e St %e 8%1 9 hgg[jpfe ggaa @dgnggﬂghn%gg{%s%gg@ 927%@
positioned r%(ﬁ toQD]_g O|]rc1ec nf)ac g\(ﬂt lﬂ (grgg\é% Oélsaggo%lcquqllggg thg yacuum
groove 96 a@f ﬁf}% al gcytgg @{%@ 59 a/&a3gRd {9044, < 1 Gealing, airdnflowing
through the ¢ %E]d Qws thro eb’%ﬁnﬁ?”@'ﬁ'éﬁe&ﬁ'yl@ﬁﬁﬁf’@e 83 intpdhe greeve 101

and flows th{feﬂg é@eﬁeﬁvﬁﬂ@%!ﬂ@é‘f EaGHONS Bnthe Bopgingtoal Retoreral the bending tool 28,
and then flowg through the fourh aimsupply passagpiQinim the third esalingsflewqiassages 103 to
cool the pedesiah28¢ 91 e hondingtaol 28 and flawssaut through tbertkisst aibeutenl 34 psavided on
the each sidg,suiface @hils Bedestat 286 {0046ht acthis exetiplasy efbodiofenheffers thersame
advantage as the aboue-gieseribed exemyilaey enkodimerirburthet.dncthistek@mpléry efiiadiment,
the cooling fipwmassage i theshdrdingdoe 28 isparteatyrfpiraed dy=coyeniag the gmovest®] provided
in the uppenrsizéacen28aef thel boadingfooh28 withatbedower soiface 20 tieshéatel Pase 27a of the
ceramic heateoasgembly 27, whereby the cooling flow passage can be processed easily. [0046]

The groove 101 cafhave thy shapeastiongids Cdhabid pRfctningaresuiflg flow passHgorr cooling
the bondingltose28 mgtld the gmove arhirheperairisaiy of ifeDégsr HadE 27 d HRRIGhIFEs a
cruciform inahisiexesmpldrg erhbogiént Ales, HEtHRLER cthiet TBATN ABt ]Bésfﬁ‘é}vfb‘édtBﬁ each
side surface-28e\ahthe’ patestsP 28RS TAThA PHEViABE on AFRRERHREBF thé R Surtades 28d.
[0047]  AevegHPEsEiAplEy dhpbdihentsaddns a?é%‘érﬁ)‘é fHe Eagecal&p g%erg‘%smg the
first, secondE ¥MERRld"EbEn g HRWBRESa GRI86 I8 FIh o P63 46 008 afﬁ) er rassembly
27 and the BOHARRGTSOF 94 BE GASHRYG and dBSig # gaéb?e%ﬁq&c X 3 oa 4 Cergalseenmd valves
63 and 64 cﬁHWﬁ&m%@“@oﬁﬁ?l‘P VelleS8Ad t dtre{%rgg o elnrlln e vav

controlled, SPRARHENT g v8§8§ 3edo 8 ngt el tlmczl or COO_l}QQh %rlaé ycﬁ' e flow
g

rate of air ce%'? vﬁgﬁp&&%}a% 0. Tor & amnpdn ere%nillpgﬁatui eg%ccgr(g}l tqg)@gggg%%l

6 moves owhwar
tool 28 is lowered gradually. When the rod 26 moves downward,
there occurs a relative height difference between the linear scale
61 fixed to the rod 26 and the casing 21 of the voice coil motor
20, which causes the linear scale head 62 to detect the distance
of movement of the linear scale 61. The control unit 50 obtains
the lowered position of the bonding tool 28 based on the change
in the signal detected with the linear scale head 62 and feeds
back the command value for position lowering to adjust the current
output from the power source. The control unit 50 can thus perform
a search operation of gradually increasing the current through
the coil 23 to lower the leading end of the bonding tool 28 slowly.
[0031]

During the search operation, the control unit 50 monitors
whether or not leading end of the convex portion 35 of the gold
bump 33 is in contact with the surface of the solder film 44 by
contact detecting means as shown in step 5104 of FIG. 5. When
the leading end of the convex portion 35 of the gold bump 33 comes
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[0048] The present invention is not limited to the above-described exemplary embodiments, and
various variations and modifications can be made without departing from the technical scope and
nature of the invention defined in the appended claims. Description of Reference Numerals [0049]
10Base 11Frame 12Upper flange 13Motor 14Guide 15Rise-and-fall block 16Slider

into contact with the solder film 44, the coil 23 stops moving
downward and there starts to appear a difference between the
lowered position detected with the linear scale head 62 and the
command value for position lowering during the search operation.
When the difference between the command value for position
lowering and the lowered position detected with the linear scale
head 62 exceeds a]predetermined.threshold'vaiue, the control unit
50 determines that the leading end of the convex portion 35 of
the gold bump 33 comes into contact with the solder £film 44 {contact
detecting step). It is noted that since the vertical position
of the linear scale 61 is adjusted such that the longitudinal
center of the pattern 61b comes directly in front of the linear
scale head 62 when the leading end of the convex portion 35 of
the gold bump 33 comes into contact with the solder film 44, the
linear scale head 62 can measure the distance of vertical movement
centering on the point at which the leading end of the convex
portion 35 of the gold bump 33 comes into contact with the solder
film 44.

[0032]

The control unit 50, if determines that the leading end of
the convex portion 35 of the gold bump 33 comes into contact with
the solder film 44, determines that the bonding tool 28 reaches
a reference height H, and sets the height Hy detected with the linear
scale head 62 as a reference height (reference position) of the
bonding tool 28 as shown in step 5105 of FIG. 5 and the time ts3
of FIG. 6 (reference position setting step). FIG. 7 (b) shows
a state where the leading end of the convex portion 35 of the gold
bump 33 comes into contact with the solder film 44.

[0033]

After setting the reference height, the control unit 350
performs a constant loading operation in which the bonding tool
28 presses down the substrate 42 at a constant pressing force as
shown in step 5106 of FIG. 5. In this operation, an approximately
constant current can flow through the coil 23 of the voice coil
motor 20, for example, so that the leading end 24 of the coil 23
presses down the rod 26 at a constant force. Alternatively, a
sensor for detecting a pressing force at which the bonding tool
28 presses down the substrate 42 can be provided and the current
through the coil 23 can be controlled to change such that the
pressingforcedetectedknrthesensorrepresentseaconstantvalue,
as mentioned above. As shown in step S107 of FIG. 5, the control
unit 50 takes difference between the distance of vertical movement
detected with the linear scale head 62 and the reference height
H, to calculate the distance by which the bonding tool 28 comes
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17Nut 18Fe_ed screw 19Power source 20Voice coil motor 21Casing 22Stator 23Coil 24Leading end
25Plate spring 26Rod 27Ceramic heater assembly 27a Heater base

close to the substrate 42 from the height H; (reference height)
when the leading end of the convex portion 35 of the gold bump
33 comes into contact with the solder film 44, that is, the distance
of downward movement from the reference height H; as a sink D.
The control unit 50 then starts to monitor if the sink D exceeds
a predetermined threshold value as shown in step S108 of FIG. 5.
[0034]

Since the leading end of the convex portion 35 of the gold
pump 33 is not in contact with the solder film 44 in the time
interval from t; to t; of FIG. 6, the solder film 44 is heated with
the stage heater 48 shown in FIG. 1 to have the same temperature
To as the substrate 42. In contrast, the electronic component 31
is heated to a high temperature with the ceramic heater 27h
disposed on the bonding tool 28. Accordingly, when the leading
end of the convex portion 35 of the gold bump 33 comes into contact
with the solder film 44 at the time t; of FIG. 6, heat starts to
transfer from the leading end of the convex portion 35 of the gold
bump 33 to the solder film 44. The temperature of the solder film
44 then starts to rise at the time t, of FIG. 6. As the temperature
of the solder film 44 rises in the time interval from t4 to ts of
FIG. 6, the temperature of the copper electrode 43 also rises
accordingly to result in that the copper electrode 43 and the
solder film 44 undergo thermal expansion. Since the pressing
force is constant during this time interval, the bonding tool 28
is raised gradually from the reference height H, when the leading
end of the gold bump 33 comes into contact with the solder film
44, and finally reaches a height Hs; at the time ts. At this time,
1 the bonding tool 28 is positioned at the height H3, which is greater
| than the reference height H,, so that the distance of downward

movement D; (= H» — H3) from the reference height H, is negative
as shown in FIG. 6, that is, the sink D does not exceed the
predetermined threshold value.

[0035]

At the time ts of FIG. 6, when the solder film 44 is heated
to a temperature T; at which the solder is fused, the solder film
44 starts to be fused. In this case, the bonding tool 28 is
controlled to have a constant pressing force, which causes the
convex portion 35 of the gold bump 33 to sink into the fused solder
£ilm 44 as shown in FIG. 7 (¢). That is, the height of the bonding
tool 28 changes from increasing to decreasing at the time ts and
height Hz shown in FIG. 6. The lowered convex portion 35 is then
surrounded with the fused solder 45. As the leading end of the
convex portion 35 of the gold bump 33 thus sinks into the solder
film 44, the height of the bonding tool 28 is made lower than the
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27b Side surface 27h Ceramic heater 28 Bonding tool 28a Upper surface 28b, 28e Lower surfaces
28c Pedestal 28d Side surface 31Electronic component 32Electrode 33Gold bump 34Base portion
35Convex portion 41Bonding stage 42Substrate 43Copper electrode

reference height H,, that is, the sink D, the distance of downward
movement from the reference height H,, becomes positive. When the
bonding tool is lowered to a height Hy and the sink D (= Hy - Hy)
becomes a predetermined value at the time tg¢ of FIG. 6, the solder
film 44 exists at a thickness of several micrometers between the
leading end of the convex portion 35 of the gold bump 33 and the
copper electrode 43 of the substrate 42 as shown in FIG. 7 (c).
When the sink D exceeds a predetermined threshold value, the
control unit 50 stops the constant loading control based on the
determination that the solder £ilm 44 is thermally fused and then
starts a bonding tool position holding and cooling operation of
cooling the ceramic heater 27h and the bonding tool 28 while
holding the height H, of the bonding tool 28 at the time tg as shown
in step S$109 of FIG. 5.

[0036]

In this operation, the current through the coil 23 of the
voice coil motor 20 can be changed, for example, such that the
difference between the height H, that is in a state of an indication
obtained from the linear scale head 62 by moving the bonding tool
28 in the distance of vertical movement and the reference height
H, becomes equal to or smaller than a predetermined threshold value.
Since the solder film 44 has a thickness of 10 to 30um, measuring
and controlling the vertical position of the bonding tool 28 using
the linear scale head 62 in the order of about 1lnmallows the solder
film 44 to exist stably at a thickness of several micrometers
between the leading end of the convex portion 35 of the gold bump
33 and the copper electrode 43 of the substrate 42 as shown in
FIG. 7 (c).

[10037]

At the start of the bonding tool position holding and cooling
operation, the control unit 50 turns off the ceramic heater 27h
heatingthebondingtoolZSaﬂuisuppliescoolingairtxntheceramic
heater assembly 27 and the bonding tool 28 to cool the ceramic
heater 27h, the bonding tool 28, and the electronic component 31
sucked at the leading end thereof. The control unit 50 opens the
solenoid valves 63 and 64 shown in FIG. 1 to allow cooling air
flow from the first and second air pipes 72 and 71 through the
first and second air inlets 82 and 81 into the first and second
air supply passages 84 and 83 shown in FIG. 2. The cooling air
flowing into the first air supply passage 84 flows horizontally
through the first cooling flow passage 86 provided below the
ceramic heater 27h to cool the portion of the heater base 27a
between the ceramic heater 27h and the bonding tool 28. The air
flowing through the first cooling flow passage 86 to cool the
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58Control data

| heater base 27a flows out through the first air outlet 90. The
i cooling air flowing into the second air supply passage 83 flows
! through the third air supply passage 85 and then into the second
5 cooling flow passage 87 to flow horizontally along the lower
surface 28e of the pedestal 28¢, and then flows out through the
second air outlet 89 provided on the side surface 28d of the
pedestal 28c.
[0038]

Air inflowing through the first and second air inlets 82
and 81 thus cools the portion of the heater base 27a below the
ceramic heater 27h and the bonding tool 28, whereby the electronic
component 31 sucked at the leading end of the bonding tool 28 can
be cooled more effectively. As the electronic component 31 is

: cooled, the gold bump 33 shown in FIG. 7 {(c) also gets cold rapidly
i and the solder 45 around the convex portion 35 of the gold bump
i 33 starts to be cooled while the solder film 44 exists stably at
a thickness of several micrometers between the leading end of the
convex portion 35 of the gold bump 33 and the copper electrode
43 of the substrate 42. At the time t; of FIG. 6, when the solder
film 44 is cooled to a temperature T; at which the solder is
solidified, the solder 45 starts to be solidified to be bond metal
46 with the solder film 44 existing at a thickness of several
micrometers between the leading end of the convex portion 35 of
the gold bump 33 and the copper electrode 43 of the substrate 42
as shown in FIG. 7 (dj).

[0039]

After a predetermined period of time has elapsed, the
control unit 50 determines that the cooling operation is completed
as shown in step S$110 of FIG. 5 and closes the solenoid valves
63 and 64 shown in FIG. 1 at the time t; of FIG. 6 to stop the
inflow of cooling air. The control unit 50 then closes the
solenoid valve 76 to stop the vacuuming of air through the second
air vacuum passage 93 to release the vacuum of the second vacuum
suction groove 98 and therefore the electronic component 31 sucked
and fixed on the lower surface 28e of the pedestal 28c of the
bonding tool 28. The control unit 50 then closes the solenoid
valve 76 to stop the vacuuming of air through the second air vacuum
passage 93 to release the vacuum of the second vacuum suction
groove 98, so that a suction of the electronic component 31 sucked
and fixed on the lower surface 28e of the pedestal 28c of the
bonding tool 28 is released. Thereafter, the control unit 50
raises the bonding tool 28 to the initial height Hy by rotating
the motor 13 and thereby turning the feed screw 18 as shown in
step S$111 of FIG. 5 to complete the bonding of the electronic
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component 31.
[0040]

As described heretofore, in the electronic component
mounting apparatus 100 of this exemplary embodiment, the portion
of the heater base 27a below the ceramic heater 27h and the bonding
tool 28 are cooled, whereby the electronic component 31 sucked
at the leading end of the bonding tool 28 can be cooled more
effectively and thus the solder can be solidified in a shorter
period of time, resulting in a reduction in the time for bonding.
Tn addition, since the electronic component mounting apparatus
100 of this exemplary embodiment transits from the constant
loading control to the bonding tool position holding and cooling
control by determining that the solder film 44 is fused based on
the sink D of the bonding tool 28, the bonding tool 28 can be held
at a height after a small sink D due to solder fusion. This allows
the solder to be solidified and the electronic component 31 to
be mounted with the leading end of the convex portion 35 of the
gold bump 33 existing within the thin solder film 44 without being
in contact with the copper electrode 43 of the substrate 42. It
is thus possible to prevent the convex portion 35 of the gold bump
33 from coming into contact with the copper electrode 43, whereby
it is also possible to prevent the gold bump 33 from being deformed
to come into fault contact with an adjacent gold bump 33 and the
electronic component from being damaged through contact loading,
resulting in an improvement in the bonding quality.

[0041]
Although the exemplary embodiment above describes the case
of setting the reading of the linear scale when the leading end
" of the convex portion 35 of the gold bump 33 is in contact with
the solder film 44 and the bonding tool 28 is at the reference
height H; as reference reading, the reading of the linear scale
61 at the height H: at the time ts of FIG. 6 that the height of
the bonding tool 28 changes from increasing to decreasing after
the leading end of the convex portion 35 of the gold bump 33 comes
into contact with the solder film 44 can be read with the linear
scale head 62 and set as second reference reading {second reference
position setting step). In this case, the control is switched
from constant loading to bonding tool position holding and cooling
when the sink becomes D, = H; - Hy as shown in FIG. 6, as is the
case in the above-described exemplary embodiment {second bonding

tool position holding and cooling operation). This offers the
same advantage as the above-described exemplary embodiment.
{0042}

Another exemplary embodiment of the present invention will
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be described with reference to FIG. 8. Components identical to
those described with reference to FIGs. 1 to 7 are designated by
the same reference numerals to omit the description thereof. This
exemplary embodiment has the same configuration as the exemplary
embodiment described with reference to FIGs. 1 to 7 except for
the position of the second air vacuum passage 93, the vacuum groove
96, and the third air vacuum passage 97 provided in the ceramic
heater assembly 27 and the bonding teool 28 and the shape of the
cooling air flow passage provided in the bonding tool 28 as shown
in FIG. 8.

[0043]

As shown in FIG. 8B, a cruciform groove 101 having a
rectangular cross section is formed in the upper surface 28a of
the bonding tool 28, viewed along the arrow B of FIG. 8A. When
the bonding tool 28 is sucked on the lower surface of the heater
base 27a of the ceramic heater assembly 27 with the vacuum of the
first vacuum suction groove 95, an upper surface of the groove
101 is covered with the lower surface of the heater base 27a to
be a cooling flow passage having a rectangular cross section and
extending in four directions from the center of the bonding tool.
The second air supply passage 83 is configured to communicate with
the central portion of the groove 101. The end of the second air
supply passage 83 on the lower surface of the heater base 27a serves
as 'a cooling medium supply port for supplying cooling air
therethrough to the rectangular cooling flow passage formed with
the groove 101 and the heater base 27a. FIG. 8C shows the lower
surface 28e of the pedestal 28c¢, viewed along the arrow A of FIG.
8A. As shown in FIG. 8C, the pedestal 28c is provided with a third
cooling flow passage 103 extending along the lower surface 28e
of the pedestal 28c to be in communication with a third air outlet
104 provided on each side surface 28d. A fourth air supply passage
102 extending from the groove 101 in the thickness direction of
the bonding tool 28 to be in communication with the third cooling
flow passage 103 is provided at the end of the groove 101 on the
side of each side surface 28d of the pedestal 28c. The third air
vacuum passage 97 is positioned not to be in contact with the
above—-described groove 101 and, accordingly, the vacuum groove
96 and the second air vacuum passage 93 are also arranged.
[06044]

Cooling air inflowing through the second air inlet 81 flows
through the second air supply passage 83 into the groove 101 and
flows through the groove 101 in four directions in the bonding
tool 28 to cool the bonding tool 28, and then flows through the
fourth air supply passage 102 into the third cooling flow passage
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103 to cool the pedestal 28c of the bonding tool 28 and flows out
through the third air outlet 104 provided on the each side surface
of the pedestal 28c.

[0045]

This exemplary embodiment offers the same advantage as the
above-described exemplary embodiment. Further, 1in this
exemplaryembodiment,thecoolingflowpassagejjlthebondingtool
28 is partially formed by covering the groove 101 provided in the
upper surface 28a of the bonding tool 28 with the lower surface
of the heater base 27a of the ceramic heater assembly 27, whereby
the cooling flow passage can be processed easlly.

[0046]

The groove 101 can have any shape as long as capable of
forming a cooling flow passage for cooling the bonding tool 28
with the groove and the lower surface of the heater base 27a, though
has a cruciform in this exemplary embodiment. Also, the thixd
air outlet 104 can not be provided on each side surface 28d of
the pedestal 28c, but can be provided on at least one of the side
surfaces 28d.

{00471

Although the exemplary embodiments above describe the case
of opening and closing the first, second, and third cocling flow
i passages 86, 87, and 103 for cooling the ceramic heater assembly
i 27 and the bonding tool 28 by opening and closing the solenoid
; valves 63 and 64, the solenoid valves 63 and 64 can be flow rate
controllable valves and the degree of opening of these valves can
be controlled, so that the flow rate of air varies according to
the time for cooling. Alternatively, the flow rate of air can
vary according to, for example, the temperature of the electronic
component 31.
[0048]

The present invention is not limited to the above-described
exemplary embodiments, and various variations and modifications
can be made without departing from the technical scope and nature
of the invention defimed in the appended claims.

Description of Reference Numerals

[0049]
10 Base
11 Frame

12 Upper flange

13 Motor

14 Guide

15 Rise-and-fall block
16 Sliderx
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102 Fourth air supply passage 103 Third cooling flow passage 104 Third air outlet CLAIMS [Claim 1]
An electronic component mounting apparatus for mounting an electronic component on a substrate,
the apparatus comprising: a base portion incorporating a heater, the base portion to be driven in
a direction getting close to and away from a substrate; and a bonding tool having a first surface
fixed in close contact to a surface of the base portion and a pedestal formed on a second surface
opposite to the first surface to suck and hold the electronic component on the surface thereof, the
bonding tool to be heated with the heater in the base portion to thermally bond the electronic
component sucked on the surface of the pedestal to the substrate, wherein the bonding tool
comprises atdoolind‘idw passage providing communication between the first surface and a side
surface of tHpedestaf ArF ¢ wherein an electrode of the electronic component and an electrode
of the substéage are%h%ds\ﬁflquﬁ%r&arlly fusible bond metal. [Claim 2] |

Voice co
21 Casing
22 Stator
23 Coil

24 Leading end

25 Plate spring

26 Rod

27 Ceramic heater assembly
277a Heater base

27b Side surface

27h Ceramic heater

28 Bonding tool

28a Upper surface

28b, 28e Lower surfaces
28c Pedestal

28d Side surface

31 Electronic component
32 Electrode

33 Gold bump

34 Base portion
35 Convex portion
41 Bonding stage
42 Substrate

43 Copper electrode
44 Solder film
46 Bond metal

48 Stage heater

50 Control unit

51 CPU

52 Memozry

53 Bonding program

54 Reference position setting program

55 Bonding tool position holding and cooling program
56 Second reference position setting program

57 Second bonding tool position holding and cooling program
58 Control data

59 Contact detecting program

6l Linear scale

6la Linear scale main body
61b Pattern
62 Linear scale head
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The electronic component mounting apparatus according to claim 1, wherein the cooling flow
passage of the bonding tool at least partially allows cooling medium to flow therethrough along the
surface of the pedestal. [Claim 3] The electronic component mounting apparatus according to
claim 2, wherein the base portion has a cooling medium supply passage including a cooling
medium inlet provided on a side surface through which cooling medium inflows and a cooling medium
supply port provided on the surface to which the bonding tool is fixed in close contact and configured
to supply the cooling medium inflowing through the cooling medium inlet to the cooling flow passage
of the bonding toal, and wherein the coqling flow passage of the bonding tool is configured to
include a gré ve fldwaéd u??he flrﬁéﬁ?ﬁedaﬁééx%%dlng along the surface of the pedestal, one end
of the groov ‘;}h c munlc ?ﬁ?c oling medium supply port and the other end of the groove in
communicat %r‘i wit a coolln um Stiet prowded on the side surface of the pedestal, and the
surface of t base]portlon \ “Td%ﬁ]:e groqye, %Ialm 4] The electronic component mounting
apparatus arrﬁordln ¥§)§Eed el m%%gltggﬁ urther comprising: a drive unit for driving the
base portion; in the %Ié 0 gatfl ng glase to and away from the substrate; a position detection

unit for detegyng the. ppsition;qf thIl;pndlng tool in the direction getting close to and away from the
substrate; 3

Vacuum system

74 Second vacuum pipe

75 First vacuum pipe

81 Second air inlet

82 First air inlet

83 Second air supply passage
84 First air supply passage

85 Third air supply passage

86 First cooling flow passage
87 Second ccoling flow passage
89 Second air outlet

90 First air outlet

91 Second air vacuum port

92 First air wvacuum port

83 Second air vacuum passage
94 First air vacuum passage

95 First vacuum suction groove
96 Vacuum groove

97 Third air vacuum passage

98 Second vacuum suction groove

100 Electronic component mounting apparatus
101 Groove

102 Fourth air supply passage

103 Third coocling flow passage

104 Third air outlet
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a shutoff valve for opening and closing the cooling flow passage of the bonding tool; and a control
unit for changing the position of the bonding tool in the direction getting close to and away from the
substrate and for opening and closing the shutoff valve with the drive unit, wherein the control unit
comprises bonding tool position holding and cooling means for holding the position of the bonding tool
in the direction getting close to and away from the substrate based on the determination that the bond
metal between the electrode of the electronic component and the electrode of the substrate is
thermally fused when the bonding tool gets closg tg|tig substrate by a predetermined distance from a
reference ppsijtion while heating the electronic component with the heater and for opening the shutoff
valve to supp y%'ogl]i medium to the cooling flow passage of the bonding tool, so that the bonding
tool is cooled. [ClaifyBE! ectTHNélect@MROGEApoRBHINONALIAR RPhaAFatE sl RcdBingttb tdhim 4,

wherein thesglecpeaictaoompanerd omletrma busmp foarmer o8 theelectrodeandcihisssusygte includes
a film of the tal formed on the electrode, and wherein the control unit further comprises:
contact detectirlg means for determining whether or not the bump and the film are in contact with each

other based on a signBPFENPR! pEtibM ABIRABAUNTaRdNeal §&ferbAe PBSRIIIXEHiING means for
setting the pasiten df theemonding tdolrweith reapegétd thegsudisiiede Be thadet@nenycd pasitian when the
contact detegting: MeaRs dgtgymines that the bump and the film are in contact with each other. [Claim

6] The electronic kgom onent mo nﬁj]nq/a%paratuts_accordin Fo clair?.S, Wgereint e control unit
further comprises: & Ponding t oo aving a tirst surface fixed 1n close

contact to a surface of the base portion and a pedestal forned
on a second surface opposite to the first surface to suck and
hold the electronic conponent on the surface thereof, the
bondi ng tool to be heated with the heater in the base portion
tothermally bondthe el ectroni c conponent sucked onthe surface
of the pedestal to the substrate,

wher ei nt he bondi ng t ool conpri ses acoolingflowpassage
provi di ng comruni cati on between the first surface and a side
surface of the pedestal, and

wherei n an el ectrode of the el ectronic component and an
el ectrode of the substrate are bonded with thermally fusible
bond netal .

[Caim?2]

The el ectroni c conponent nounti ng appar at us accordi ngto
claim1,

wherei n the cooling fl ow passage of the bondi ng tool at
| east partially allows cooling nediumto flow therethrough
al ong the surface of the pedestal.

[Caim 3]
The el ectroni c conponent nounti ng appar at us accordi ngto
claim 2,

wherein the base portion has a cooling nedium supply
passage i ncluding a cooling nmediuminlet provided on a side
surface through which cooling medium inflows and a cooling
medi umsuppl y port provi ded on the surface to which the bondi ng
tool is fixed in close contact and configured to supply the
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second reference position setting means for setting the position of the bonding tool with respect to the
substrate as a second reference position after the reference position setting means sets the reference
position and when the distance of the bonding tool from the substrate in the direction getting close to
and away from the substrate changes from increasing to decreasing; and second bonding tool
position holding and cooling means for holding the position of the bonding tool in the direction getting
close to and away from the substrate based on the determination that the bond metal between the

electr.ode ot b6 §lagreRIAICOMRATANG ANAJGNE Iplegl et‘Plféhéo?MbﬁH teisdharmaly Bisedgvhen the
bonding tooEI)Qets close to tt}e|| substrate bﬁ)a sef:con §Jr§det rmlne[d ﬁtance érom the second
at BEnE

reference p itiofs il'er}ge n%Vth%?gc"il i ortn d'for o?)% Ingatﬂ > shutoff valve to supply
cooling medium to theedadliRgtfity paesagwof tHvheRGingIsoR kot that BrnEbmint 26bl istooled.
[Claim 7] corffn gleéctanicccamponrig moygnivey eethed pliewuntingréd electonisuadnaeenent on a

aim 71 ame sy cpha Dl _
comprising 0 X B g 1 g B ook 2 irecton

getting clos8"t8 AR hivGPEMthedubeRak:t h The cophh i FREbHRASIBRA HreUrfaixed in
close contath® ashdace ntithef badeepationyva pedestahfonmiedain asevomnd sarfacmbppasite to the

first surfaceoqiush 3L Nald MGGIEEAMNCPRP NG QiedyTare therpaiyast 4 coghng

flow-passage providing communicatign between the first surface and a side surface of the pedestal,
the bonding 1351 b AGGR! whtd P ASeP 1 HeOBheeON bRt Wi ligBbhd the electronic

component sucked on the surface of the pedestal to the substrate; a drive unit for driving the
base portion ¢ ghewlingction getting close to and away from the substrate; a position detection

unit for detecting thq_}pé)sei}ioré P‘; thr% bo(r:ldin Otgglnip thmga cg]iﬁe;crtlion %etztiipg clljosse (t:c(): 8P%iaﬁva¥ from the
substrate; and A shutof? Valve for opening TR oanJga} B .coo}ing ffow passa of the

bonding tod&hd®ne HoldihgitA® pbsiidndf the!bbAGIgaeHMhitké Bfection getting close to and
away from the subsératei hasehpn therdetarminajion érpaenganeiab hatweaeeadi electtodsof the

electronic cag}p[qnﬁgt Ep%g@ ‘?I%Ctﬁ%e gﬁztﬁgﬁfl%ié t%r&ql}y&ygeq when the bonding tool gets

close to the“substrate by a predetermine om a reference position while heating the

electronic componehtRAE theHb&leE 864 F& bpeHihgitRE HetGFVAINE tbREPPREESAIMG Aedium to
the cooling floe passigegoll ted homdihg tdol, sotthantigeebondiggeioos s tootad] awaywheosn the
electrode of fhe QE%Qrpiglcgmponent and the electrode of the substrate are bonded with the thermally

f l.
used bond meta a shut of f val ve for openi ng and cl osi ng t he cooling fl ow

passage of the bonding tool; and

a control unit for changing the position of the bonding
tool in the direction getting close to and away from the
substrate and for opening and cl osing the shutoff valve with
the drive unit,

wherei nthe control unit conprises bondi ng tool position
hol ding and cooling neans for holding the position of the
bondi ng tool in the direction getting close to and away from
t he substrate based on the determ nation that the bond net al
between the electrode of the electronic conponent and the
el ectrode of the substrateis thermally fused when t he bondi ng
tool gets close to the substrate by a predeterm ned di stance
from a reference position while heating the electronic
conmponent with the heater and for openi ng the shutoff valve to
suppl y cool i ng nedi umto t he cool i ng fl owpassage of t he bondi ng
tool, so that the bonding tool is cool ed.
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[C ai m5]

The el ectroni c conponent nounti ng appar at us accordi ngto
claim4,

wherei n the el ectroni ¢ conponent i ncl udes a bunp forned
on the el ectrode and the substrate includes a fil mof the bond
metal fornmed on the el ectrode, and

wherein the control unit further conprises:

contact detecting nmeans for determ ni ng whet her or not
the bunp and the filmare in contact with each ot her based on
a signal fromthe position detection unit; and

reference positionsettingmnmeans for settingtheposition
of the bonding tool with respect to the substrate as the
ref erence posi ti on when t he cont act det ecti ng neans det erm nes
that the bunp and the filmare in contact with each other.

[C ai m 6]

The el ectroni c conponent nounti ng appar at us accordi ngto
claimb,

wherein the control unit further conprises:

second reference position setting neans for setting the
position of the bonding tool with respect to the substrate as
a second reference position after the reference position
setting neans sets the reference positionand whenthe di stance
of the bondi ng tool fromthe substrateinthe directiongetting
close to and away fromthe substrate changes fromi ncreasing
to decreasing; and

second bondi ng tool position holding and cool i ng neans
for holding the position of the bonding tool in the direction
getting close to and away from the substrate based on the
determ nation that the bond netal between the el ectrode of the
el ectroni c conponent and the electrode of the substrate is
thermally fused when the bonding tool gets close to the
substrate by a second predeterm ned di stance fromthe second
ref erence position while heating the el ectroni c conponent and
for opening the shutoff valve to supply cooling nediumto the
cool i ng fl ow passage of the bonding tool, so that the bonding
tool is cool ed.
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[Claim7]

An el ectroni c conponent nounti ng net hod of nounting an
el ectroni ¢ conmponent on a substrate, the nethod conpri sing:

preparing an electronic conponent nounting apparatus
conpri si ng:

a base portion incorporating a heater, the base
portion to be drivenin a direction getting close to and away
fromthe substrate;

a bondi ngtool havingafirst surfacefixedinclose
contact to a surface of the base portion, a pedestal formed on
a second surface oppositetothe first surfaceto suck and hol d
t he el ectroni c conponent on the surface thereof, and a cool i ng
fl ow passage provi di ng conmuni cati on between the first surface
and a si de surface of t he pedestal, the bondi ngtool to be heated
with the heater in the base portion to thermally bond the
el ectroni ¢ conponent sucked on the surface of the pedestal to
t he substrate;

a drive unit for driving the base portion in the
direction getting close to and away fromthe substrate;

a position detection unit for detecting the position of
the bondingtool inthedirectiongettingclosetoandaway from
t he substrate; and

a shut of f val ve f or openi ng and cl osi ng t he cool i ng
fl ow passage of the bonding tool; and

hol di ng t he positi on of the bondingtool inthedirection
getting close to and away from the substrate based on the
determ nation that bond netal between an electrode of the
el ectroni c conponent and an electrode of the substrate is
thermally fused when the bonding tool gets close to the
substrat e by a predet erm ned di stance fromareference position
whi | e heating the el ectroni c conponent with the heater and for
opening the shutoff valve to supply cooling nediumto the
cool i ng fl ow passage of the bonding tool, so that the bonding
tool is cool ed,

wherei nthe el ectrode of the el ectroni c conponent and t he
el ectrode of the substrate are bonded with the thermally fused
bond netal .
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