DESCRI PTI ON ELECTRONI C COVPONENT MOUNTI NG APPARATUS AND METHOD Techni cal
Field [0001] The present invention relates to a structure of an

el ectroni c conponent nounting apparatus for nmounting an el ectronic
conponent on a substrate or the like, and also to a nethod therefor.
Background Art [0002] There are many techni ques used for nounting an
el ectronic conponent with a solder bunp fornmed on an el ectrode on a
substrate through thermal bonding. In these techniques, the electronic
conponent is pressed against the substrate using a bonding tool and heated
to melt the solder bunp for solder bond onto an el ectrode of the substrate.
In this thermal bondi ng process, continuous pressing after nelting the

sol der bump can squash and def or nPERERARTI@d sol der. To avoid deform ng the
sol der bunp, the position of the thermal bonding tool is fixed before
melting the soEHECTRHOMIC CEMEWMENT MAENTING AePrRarmal ARDNMENMHOD OOl may be
fixed, there is still deformation due to loading in a load cell for

det ecti ngeahpressi rgefigrce. Upon rel ease of this residual deformation, the
t hermal Qowdiing tool can nove downward to squash and deformthe nelted

sol der bunmp. [8803]present ThakEnha¥s hencaeeRoprHPRLeddtechni gresmof
bringi ng .3 hetpl bepfhBgehe0l nbonbaNg Aapsstieads pressi N ar; before

sol der b%mc%bhhegcomﬁbﬂ@néhéntahesrdwslt 039 th@Oh 1 k@, PARSSa AL &l LGt roni ¢
conmponent, haviingna selder bunp against a substrate, startlng to heat the

el ectroni ¢ conponent, and then if the pressing force becomes equal to or
| oner th t ned val ue, raising the thermal bondi ng tool based on
t he dete%%ﬁ% Pgﬁgtﬁgglthe sol der is nelted (see Patent Ebcunents 1 and 2,

for exanﬂle) &g as_al n que of ,
after startin r? Jﬁagggy ﬁgcﬁg ?Stﬁ % 9%y ogﬁgépgoﬁ?c C %g%ﬁ%ﬁi usi ng
a t her malCoBBREERG Yodt 2 i 88Iapf ﬁ §CEBREE

preSS|ngtP6P8§ ol ERBAG| BEP ﬂgc c %ﬁﬁ AR {hﬁuﬁ ?ﬁ1HQ?1Fhe

| oadi ng” FEEBEPER ST R 2 IBRF I bhEet Wi g BSETOhE ROPUERY it el t ed,
and swi t GRERFAIRA bpaedtt Bhe pidRe m’é@df‘%élolfi%rﬁct%o%‘b‘h§Paﬁ'1]teqtd%ﬁﬂeng

control ©F {$6si €bAtEBREr olIT FhitH dhermal bonding process, continuous
pre331ng after melting the solder bump can squash and deform the

melted solder. To avoid deforming the solder bump, the position
of the thermal bonding tool is fixed before melting the solder
bump. However, even i1f the thermal bonding tool may be fixed,
there is still deformation due to loading in a load cell for
detecting a pressing force. Upon release of this residual
deformation, the thermal bonding tool can move downward to squash
and deform the melted solder bump.

[0003]

There have hence been proposed techniques of bringing a
thermal bonding tool to have a reduced pressing force before solder
bump melting, using the thermal bonding tool to press an electronic
component having a solder bump against a substrate, starting to
heat the electronic component, and then if the pressing force
becomes equal to or lower than a predetermined value, raising the
thermal bonding tool based on the determination that the solder
is melted (see Patent Documents 1 and 2, for example).

[0004]

There has also been proposed a technique of, after starting
to increase the temperature of an electronic component using a
thermal bonding tool, bringing a head tool into constant control
of a pressing force on the electronic component, detecting
reduction in the loading measured using a load cell to determine
that the solder is melted, and switching the operation of the head
tool from the constant loading control toposition control in which



the height of a |eading end of a suction nozzle is nmade positionally
constant to reliably control the dorsal height of the el ectronic conponent
even while the solder is nelted (see Patent Docunent 3, for exanple).

Rel ated Art Docunents Patent Docunents [0005] Patent Docunent 1. Japanese
Pat ent No. 3399323 Patent Docunent 2: Japanese Patent No. 3399324 Pat ent
Docunent 3: Japanese Unexam ned Patent Application Publication No.

2003- 31993 Summary of the Invention Problens to be solved by the Invention
[ 0006] I nci dental ly, gold-solder fusion bond has recently and
frequently being used in which a gold bunp is formed on an el ectrode of an
el ectronic conponent, while a thin solder filmis provided on the surface
of a coppée edegit ofl@ adisybstirdt &,suand onhee ol edi bmagleanas i hieorsol lder ar e
t her mal | yohysedtand dedridédy tanthod treckivirgad, hé hehif idfmtheredestarprt e
surface ebmpbacatibsteatehel €ctiods ks d ssmeliltetihi(skaeBstofit Ibdumadpm
Appl yi ng 3t hifsrt exbhplegl ated arts disclosed in Patent Docunents 1 to 3, the
sink of the thernmal bonding tool inmediately after the | oadi ng decreases
can be ageandinghytgngatgeénthan the thickness of the solder film This can
cause thejkead ng-gRALPE the gold bunp forned on the el ectrode of the

el ectroniggggayponent to come into contact with the surface of the copper

el ectrodg gk khecsyhshrale ﬁ%é@aswmw 8.t gdact roni c conponent. In
this ggst%ﬁt'e&ggrbagflfangnkggze 5%5 Q0L CoLOURONGN! yliy, the gold burp before
el Beomite o, | 10ha05 ARV BELER0 BRI e

and/ or the,con we h
t he goldgﬁgﬁﬁcﬁ 58 ggfo?ﬁ%%—g%d come into contact with an adjacent gold

bunp, re%yltln inp grlbondngnquality.

ummar nven
Problems to be solved by the Invention
10006]

Incidentally, gold-solder fusion bond has recently and
freguently being used in which a goldbump is formed cn an electrode
of an electronic component, while a thin solder film is provided
on the surface of a copper electrode of a substrate, and the gold
bump and the solder are thermally fused and bonded. 1In this
technique, the film formed on the surface of the substrate
electrode has a small thickness of 10 to 30um. Applying this to
the related arts disclosed in Patent Documents 1 to 3, the sink
of the thermal bonding tool immediately after the loading
decreases can be accordingly greater than the thickness of the
solder film. This can cause the leading end ¢f the gold bump formed
on the electrode of the electronic component to come into contact
with the surface of the copper electrode of the substrate during
mounting of the electronic component. In this case, loading on
the electronic component and/or the gold bump before raising the
thermal bonding tool can damage the electronic component, and/or
the contact between the gold bump and the copper electrode can
cause the gold bump to be deformed and come into contact with an
adjacent gold bump, resulting in poor bonding gquality.

[0007]

It is hence an object of the present invention to improve
the quality of bonding in an electronic component mounting
apparatus for bonding an electronic component and a substrate with
thermally fusible bond metal.

Means for Solving the Problems
[0008]
The present invention is directed to an electronic component



[ 0007] It is hence an object of the present invention to inprove the
quality of bonding in an el ectronic conponent nounting apparatus for

bondi ng an el ectronic conmponent and a substrate with thermally fusible bond
metal. Means for Solving the Problens [0008]

Thepresentinventi oni sdi rect edt oanel ectroni cconponent nounti ng apparatus for
nmounti ng an el ectroni c conponent on a substrate by bonding an el ectrode of
the el ectronic conponent and an el ectrode of the substrate with thermally
fusi bl e bond netal, the apparatus including: a bonding tool for thermally
bondi ng the el ectronic conponent onto the substrate, the bonding tool to be
driven in a direction getting close to and away fromthe substrate; a drive
uni t formdonting tbhpabetdsngotrombunhnihbeadi r@etitopndet tongookoseonoaand
away frosubberasubsdy abadiagposeleonrdét edtt ibha almdt roori cdetecdnamt ke

posi ti onaafelder bandiofgthodubst e @i tRcthammagert fngibl eSeorid mend laway
from t he tpehsdgatfEuandcaunaong r &l bufding ocahasgivhg rinad Lgoséhdong ahet he
bondi ng t@ektkBnthecshg@tdritonnget thadseboseats, amd pvayihgompéhacsubstrate
W th thegdsixg luﬂatdlﬁe&t%hcébﬂmlgcembééltw@w aw ¢! ides t herdinag rheel;

posi tion,hel dingnraeans: §LvhR r@bghslﬁgseadlomn he Berbepdbnge@ahgi n the
directi Oelggtett 931&1 %%.,%yt ?r8il ﬁavas}ﬁ ddaddie asyBst rab 8 hased i thst

det erm ng g g E%sﬁ%&ah gtueen, dhe & echioge @Je m%e%lt% ronic
conmponen e%'E &Sf‘% ? '}%o UPEU s Sad e gl Ly.d R the
bondi ng s §L 08 (0., ei r%eb NadaRr edst EERE &%ﬁ%ﬁ froma
ref erence g rﬁt% RheSkecereq

t he el ec 8 oenécﬁ nt| ng gra b t

 nventi of SR PEbpACR S I}%ﬁ?&g%% I Peisilt s
bunp forf?ﬁanﬁ qﬂ%@i g Séo%ﬁfdtlt% ct E%Ie 1 CPRYE ft"gﬁe bond
net al f oPREGLBH 58 d? r 888, aRY the |ra ﬁlt "’\‘ h%]? €l udes:
contact G&LEETIRFTHRANS Fortietens ﬁ‘ieltr 1%@??1’@?“0? fdt ?%oﬁﬁ'rﬁ g%t he
film ar eellﬁcééﬁfléét CRIPRNEAED aé%e\?h%a%écéﬁogesrggh@f r 6\%??1%%‘3‘5 sifi on

det ect i ofihglilmel LErrsast ehencpbSreiBe &t 9R§S fe6r tRe tstioed refke

posi ti onbyf & W%iﬂfcﬁmglﬂte@oldw’qaﬁqees@é@l‘ o rEhersnpst Pasétasnt Waidef erence
posi t i onhehehngheheonlt ect rawt@cdmpnsdns det ermi nes that the bunp and the
filmare[PAOBbNtact with each other. [0010] In the electronic
conponent nouniinghapdarctnes iac compongntonvhet pre sappaiatwenticoording s al so
pr ef er ablte thwmpréhencantreokion; titf Uy thep preflaréd e Secionle redfeertanne c

posi ti oncsepbhagt Measdeera Saib iflagmcbieop 0Bk td 1@ tabodiehmd ohdisngp sttealtewi t h
respect tacthgesubstint o $eedndetafierepnedposithon lafdtatoddhe anaf er ence
posi ti ontsgtt g dRANDISEhStt her fipd erienaeideesi tbabaabdatest ihie médiaskance of
the bondieBg 4@ rfirBMdt fige SADS b-al k. icRet@nslbh8GIHOR] ORtdrdeNgn Jodsacko and
away fropthesubstrat %a%@éft‘&?ﬁ SR PEER AN S O d8Ca888EPIon @G tsECONd
bondi ng 5 a' ré)Péﬁérl&D beliding feansnd AeahQ! dbP%die RRPshbi s of i dihe sbondi ng

tool in gL &eL cﬁe%ltﬂgrgé éé‘t o AHE 3R kb éé‘ecrﬁl%tﬁe%%c@ased on
the det %h%etn r@& £0 o8/ RELAAR. Phe LR

el ectroni¢ e HBO]E_I nt Qr & tea(%{ eCh lo: o%‘r'lt%%ﬂ”a ist errral §/) fused
when the{Eﬁg&] 150l ts c(f ose rate by a second predetern ned
di st ance e gecor reference posi |on \Mt“n | e heatl t he el ctrom C
Conponent ectronlc COMp gnen mounting apparég%s accor%

o the present invention, it is also preferable that the control
unlt further includes: 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 todecreasing; and second bonding tool position holding
means for holding the position of the bonding tool in the direction
getting close to and away from the substrate based on the



[ 0011] The present invention is also directed to an electronic
conponent nounting nmethod for nounting an el ectroni c conponent on a
substrate by bonding an el ectrode of the el ectronic conponent and an
el ectrode of the substrate with thermally fusible bond netal, the method
i ncludi ng: preparing an el ectroni c conponent nounting apparatus including a
bondi ng tool for thermally bonding the el ectronic conponent onto the
substrate, the bonding tool to be driven in a direction getting close to
and away fromthe substrate, a drive unit for driving the bonding tool in
the direction getting close to and away fromthe substrate, and a position
detection unit for detecting the position of the bonding tool in the
di r ecti onlegetriningtd¢bosehéb amel eway rfaterh bkéwsebsthat eleaindodw| ol ridet he
posi ti on edfecthenbendiaagpdn@ait iand hehdi rdeitandgetdfi nghel ssbstoaand ianvay
from t he tsleshanayef basedhen tihe cdednm babdl ertishal osdedbohd smtsirdiet ween
the el ectyode dcdrite laRitamM it ecoiGtenicearfddrhe el eridade wifddwice
substrat @dss thibar makly hysednyheme tdie: dorshing dee@longetts cl ose to the
substrat golpy 18 predeterm ned di stance froma reference position while
heating the el @gtrgpbScOMPRPEM iod 004150 dirddtddaelactdinc-gaamonent
mount i ng JebRed naCREHAE NGy TR {118 RS @Rt A¥ENEH 081 e bt rbisi @l &BudUrRIRr abl e
that the gl eclpani gte%gpeeﬁa&n NGl yelest Aoy £19& @&@c%ohfﬂe &Jn{fff& Lde and
the Substaﬁrelfgngte SLUDESe B! A@L—%swgwmh@{ md 1ATBYs 0 d B tfﬁ;% li Jd1ode,
t

and the [ u 4 "and

t he fllnlare BIRAl %o %lquﬁ 'Q%thE e%h%%g&: h%1?§% §F8§n%qh osition
det ecti oL P “ 3 O_Qf Lr e respect
to the s 6 tF %%o?e efgl E rnlneﬁz N % he
step of Gogaﬁmﬂﬁ G %ﬁz"?ﬁe‘%ﬁ a&fﬁﬁ °f%§ 5t Saach

ot her. ve unit yqr évéflgct( DRPEIEL f ? &?t&c}é‘@rdl ng

to the pF%QéﬁttPnéeﬂt?VﬁV fiom £hy sybstEpéPabrad tﬂaﬁofh Wiher
i ncl udes Undét tF9y AN HoNT | BRE oPOBREL BBN&iEnd Y0 dPORE %Wgregﬁecﬂnt&hﬁh
subst r at 81&§ck e8It iner el e¥r 0] 2van faPPdha fiebt efatenesdisdidingn is
set in thk&espepibionerf ity headihentepk i hendérerting GRFERTHY LGS from
t he substragadi awvakief dom e oribgdinaitey PasgseorotBaddeveanitamarhdhafbst rat e
changes thenpondaredadi hgtvectdedreadengrodadohdiigi agecheoposiadumensiitt he
bondi ng todl tha ehectredetddHrlgetsulrsg reltesé st bhanda iyt semnulien disstrat e
based onbbheidegt eromilnagdion ¢hate the bbadsnbtakabet Weerm tihweeddteotwiosel of t he
el ect r onidd seaapenendm and etfkecakecposiei at Whid s bhbstiateths dlleertmidiy f used
when t he chapdnegtt ool gets close to the substrate by a second predeterm ned
di st ance [bpammt he second reference position while heating the electronic
conponent. Advantege d0donic comph@eprensnhthinyenttnsd fdersiitdie to
advant ageh@af o 8PERY I iME nte cayal £ tis ah sBoped ardn @R nakeshs e tGmmenent
mount i ng&%@h@h@%&%d&%@bﬂ Sp D 18lRC K RLG LAMPRY n@RHe b pistiat e with
ther mal Iy £ HSHBLE DPNF, Bt Alne Bkl e EBLHEA 8h the YAWMSR, and
the method further includes: determining whether or not the bump
and the film are in contact with each other based on a signal from
the position detection unit; and setting the position of the
bonding tool with respect to the substrate as the reference
position when it is determined in the step of determining that
the bump and the film are in contact with each other.
[0013]
In the electronic component mounting method according to
the present invention, it is also preferable that the method
further includes: setting the position of the bonding tool with
respect to the substrate as a second reference position after the
reference position is set in the step of setting and when the
distance of the bonding tool from the substrate in the direction
getting close to and away from the substrate changes from



[ 0015] FIG 1 is a systemdiagram show ng the configuration of an

el ectroni ¢ conponent nounting apparatus according to an exenplary

enbodi ment of the present invention. FIG 2 is an illustrative view
showi ng an el ectroni c conponent and a substrate set in the electronic
conponent nounting apparatus according to the exenplary enbodi nent of the
present invention. FIG 3 is a schematic view showing a |linear scale
used in the el ectronic conponent nounting apparatus according to the
exenpl ary enbodi rent of the present invention. FIG 4 is a flowhart
showi ng an operation of the el ectronic conponent nounting apparatus
according to the exenplary enbodi nent of the present invention. FI G
5 i s an iihcuskeanhpvie dieeweshony ngrichbotdangd hienpohet posiafi bhe dfonalilbgndi ng
tool, theéopiessithg dorestiandethényenpereatarandobway sojadethé sppdrs tahartieng an
oper at i obaekdt en etleet deneentnapbmenthabunthiendp@appanatas aeteednngheo t he
exenpl ar ylerheddaeat tie tdleegieseid dofipentn@nand the &Eldztfodes o the

i | [ ustratsupetvhew 5H@hdIghad 1P 06688 wiergehd-Sohdetg faesilogebensdl das ween a
gol d bunphanguissed tlebyf bl 58 aaid preadtbynt hed el eadamid ¢reanpenericoraunt i ng

appar at Use#e¢@h8bNgob 9t 1 88 FEIP et S adid Nl Bfrchhe l@bﬁ?@ﬂén’t nventi on.
Modes fopgGakkxpag Qut the Invention [0016] An exenpl ary enbodi nent

of the prggeny invention will hereinafter be described with reference to

the acconpanyi fge 41,A4R9S; n Sy SIWB £EB EliGe 2avaRr 856U ORb FoFOIPRREN

mount i ng quaw@g,afﬁ;%o}ﬁ&nﬁ%% BYe L0y bhE: RIGRSAen WERLE By 2 S0l dur ed
for bonding an electronic component and a substrate with thermally
fusible bond metal.

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. 2 is an illustrative view showing an electronic
component and a substrate set in the electronic component mounting
apparatus according to the exemplary embodiment of the present
invention.

FIG. 3 is a schematic view showing a linear scale used in
the electronic component mounting apparatus according to the
exemplary embodiment of the present invention.

FIG. 4 is a flow chart showing an operation of the electronic
component mounting apparatus according to the exemplary
embodiment of the present invention.

FIG. 5 is an illustrative view showing the change in the
position of a bonding tool, the pressing force, and the temperature
of a solder layer during an cperation of the electronic component
mounting apparatus acceording to the exemplary embodiment of the
present invention.

FIG. 6 is an 1illustrative view showing a process of
gold-scolder fusion bond between a gold bump and a solder film
performed by the electronic component mounting apparatus
according to the exemplary embodiment ¢f the present invention.

Modes for Carrying Out the Invention
{0016]

An exemplary embodiment of the present invention will
hereinafter be described with reference to the accompanying
drawings. As shown in FIG. 1, an electronic component mounting



to include a base 10, a frame 11 extending upward fromthe base 10, an
upper flange 12 extending froman upper portion of the frane 11, a guide
14 provided vertically on a side surface of the frane 11, a slider 16
attached vertically slidably to the guide 14, a rise-and-fall block 15
fixed to the slider 16 to be novable vertically with the slider 16, a nut
17 fixed to the rise-and-fall block 15, a feed screw 18 to be screwed into
the nut 17, a notor 13 fixed to the upper flange 12 and configured to turn
the feed screw 18, a voice coil notor 20 attached to a | ower portion of the
rise-and-fall block 15, a rod 26 to be noved vertically by the voice coil
notor 20, a ceram c heater 27 attached at a |l eading end of the rod 26, a
bondi ng tpplar28uat fG6hadcatdihe fovidre endsefntt hevestamhciheeprefliPrrethd
configur e ttaciudk arbatedd,or ¢repppbhesrt3idirg pmdirndg fsbagehd bdor
sucki ng amgd 4 xippe raf sarbsd atextAhdiney éoom aandppe © @oirtdlonunt tthBOf rafme not or
13 and thea,vaige doild ppbelded wanSidailtyeon adriive surfadorofvehei tedriey
driving tihe Bopdiagrto®latdBicH0FErtically dhdawigecahle goioe 29, is
confi gur ed sl anBiclcude d1ea% NG 2dixal Pes MBRENE1AgAEH 6Strat e ZRoFdxed al ong
the inner,penicANELYwOfn the £a5id9 121, a2 ane B7 FR%ABI €0 ¢Oiel r 23 ddn@nged i nsi de
the statg 24 15he; r%c?%dr%waiéa@@% e hedcast Hord a1, phatsr sPri ng
25. A SOil?@lkeah% r $98hge 612%&@ @oﬁfﬂﬁiﬂéoﬁ%l edruerid caleortion
e){'f%ﬁ Sl c@%d % 56@9&@9 ﬁoP@i&&f& on the

is fixedt
linear s ﬁ(}eﬁi {Sn % 158kt § Oé'trec{dszlf’ %CBe fiot8 3 a].2
mgg fs%gﬂ oY Jégéé\%r ogt |t 0 Jtlo g 2ﬁg\i(ﬂlaéﬁ? 0 ng the
posi tion Sftde %E‘Sn |§g£|§b & rP st %8 % § ggl o f @ of the
voi ce coid r%’torcef mll§ b§ WIaP 8 P ‘g? 4{§f n & oo eCtr%nuir%e 19.
The bondlcr?é“psofl& ga? £394 4 geh h ﬁg ot ?ﬁ;“ﬁ%gx;

t 1
ghi

substrat & 42:1’?&’@@@(51 éﬁﬂ fi XBUCEAT tHel b VOlce
control §aitl Botps 20 %théﬁltien%d?%‘featupﬁé 50@@%:11%#?5 Fn%rUbees& ng
and a nefs@ing tPRd A€mory 52 stores a bonding program 53 for bonding
control, [@8Hi%lol data 58, a reference position setting program54, a
bondi ng tool p&bet V@hCﬁ@innglomO@gﬁﬁni§SCOIafls‘E€%ﬁFH tpeﬂ@ﬁéﬁgé Pos?TiHh
setting @lograpeBanentsoegnd thohdtny 204ixpdst tonm tsl dnngrppogiRe 5y, and
a cont actofdeheotdsigigpL dgraamd Edmofdld-oThe? hotrarn8di SnTotmhébeesitatoon he
control WwH.t SBReandd &6 drgedtashel thathé heagline@l onaandpadageesfinmt ati on
are contrxd.|l edhMdid,h #n chrsmmded r bimehe eonfeol6lumittibCe Thee ppwecalsslir ce 19
i s al so cmEdadpbotibr LoMInRId Wb thédanhdear r angetbatickatlkahebtiec T ur r ent
and vol t age euhpihgt 8 phecsmt loR3har eiakher ecale tdl d scamrantefir oo the
control WlderSHurfiee o2 ad calealerl 24 Andnhbe AR berded thS Bigeat SO
connect edsdn d her contol 1iMddr SO-an8l 811 angednsughnichat ddig headddgest ate
is contrqlded Witk 8 SeeTBIGH fdadienc ant £ ofoMRidt 2Q1nl0@RB] position

of the bonding tool 28 in the height direction. The coil 23 of

the voice coil motor 20 is supplied with driving power from a power

source 19. The bonding stage 41 incorporates a stage heater 48

for heating the substrate 42 sucked and fixed on the bonding stage

41.

[0018]

The control unit 50 is a computer incorporating a CPU 51

for signal processing and a memory 52. The memory 52 stores a

bonding program 53 for bonding control, control data 58, a

reference position setting program 54, a bonding tool position

holding program 55, a second reference position setting program

56, a second bonding tool position holding preogram 57, and a

contact detecting program 59.

[C019]

The motor 13 is connected to the control unit 50 and arranged



As shown in FIG 2, the electronic conponent 31, which is sucked upside
down at the |leading end of the bonding tool 28, has multiple el ectrodes 32
provi ded on the surface thereof, and each gold bunp 33 is formed on each of
the el ectrodes 32. Each gold bunp 33 has a di sk-shaped base portion 34 on
the side of the electrode 32 and a conical convex portion 35 protruding
fromthe base portion 34. The substrate 42, which is sucked and fixed on

t he bondi ng stage 41, has copper el ectrodes 43 forned on the surface
thereof, and a solder film44 is formed on each of the copper el ectrodes
43. The solder film 44 has a very small thickness of about 10 to 30lam The
el ectrode 32, the gold bunp 33, and the copper el ectrode 43 of the
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When the control unit 50 outputs a command for position | owering during the
search operation, the power source 19 applies a current to the coil 23 of
the voice coil notor 20 based on the conmand val ue for position |owering.
Accordingly, the coil 23 noves downward, so that the | eading end 24 of the
coil comes into contact wth 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 | eading end 24 of
the coil 23 presses down the rod 26 and the plate spring 25 undergoes a
defl ection according to the pressing force, the rod 26 noves downward and
thereby the | eading end of the bonding tool 28 is | owered slowy. Wen the
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5107 of FIG 4, the control unit 50 takes difference between the anount of
vertical novenent detected by the linear scale head 62 and the reference
hei ght 112 to cal cul ate the di stance bg whi ch t he bondi ng tool 28 cones
close to the substrate 42 fromthe height 112 (reference height) when the
| eadi ng end of the convex portion 35 of the gold bunp 33 cones into contact
with the solder film44, that is, the distance of downward novenment from
the reference height H2 as a sink D. The control unit 50 then starts to
nmonitor if the sink D exceeds a predeterm ned threshold value as shown in
step S108 of FIG 4. [0028] Since the | eading end of the convex



[0030] In this operation, for exanple, the current through the coil 23 of
the voice coil nmotor 20 can be changed by the difference between the anount
of vertical novenent detected by the linear scale head 62, so that the
bonding tool 28 is at the height H4 and the reference hei ght H2 becones
equal to or snaller than a predeterm ned threshold value. Since the sol der
film44 has a thickness of 10 to 30m neasuring and controlling the
vertical position of the bonding tool 28 using the linear scale head 62 in
the order of about Inmallows the solder film44 to exist stably at a

t hi ckness of several mcroneters between the | eading end of the convex
portion 35 of the gold bunp 33 and the copper electrode 43 of the substrate
42 as sh@@nasnfpl&ws. (c). [0031] The control unit 50 starts a
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[ 0034] The present invention is not limted to the above-descri bed
exenpl ary enbodi nent, and various variations and nodifications can be nade
wi t hout departing fromthe technical scope and nature of the invention
defined in the appended clains. Description of Reference Nunerals [0035]
10Base 11Frane 12Upper flange 13Mdtor 14CGui de 15Ri se-and-fall bl ock
16Sl i der 17Nut

head 62 can measure the amount 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.
[G026]

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 H; detected by the linear
scale head 62 as a reference height (reference position) of the
bonding tool 28 as shown in step S105 of FIG. 4 and the time t;
of FIG. 5 (reference position setting step). FIG. & (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.

[0027]

After setting the reference height, the control unit 50
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 S106 of FIG. 4. 1In 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
pressing force detected by the sensor represents a constant value,
as mentioned above. As shown in step 8107 of FIG. 4, the control
unit 50 takes difference between the amount of vertical movement
detected by the linear scale head 62 and the reference height H;
to calculate the distance by which the bonding tool 28 comes 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 5108 of FIG. 4.
[0028]

Since the leading end of the convex portion 35 of the gold
bump 33 is not in contact with the solder film 44 in the time
interval from t; to t3 of FIG. 5, the solder film 44 is heated by
the stage heater 48 shown in FIG. 1 to have the same temperature
Ty as the substrate 42. In contrast, the electronic component 31
is heated to a high temperature by the ceramic heater 27 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
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18Feed screw 19Power source 20Voice coil notor 21Casing 22Stator 23Coil
24Leadi ng end 25Pl ate spring 26Rod 27Ceram ¢ heater 28Bondi ng t ool

solder f£film 44 at the time t; of FIG. 5, 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 ts of FIG. 5. As the temperature
of the solder film 44 rises in the time interval from t, to tg of
FIG. 5, 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 a2 height H; at the time ts. At this time,
the bonding tocl 28 is positioned at the height Hi, which is greater
than the reference height H,;, so that the amount of downward
movement Dy (= Hy - Hi3)from the reference height Hy is negative
as shown in FIG. 5, that is, the sink D does not exceed the
predetermined threshold wvalue.

[0029]

At the time ts of FIG. 5, 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 1is
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. 6 {c). That is, the height of the bonding
tool 28 changes from increasing to decreasing at the time ts; and
height Hs; shown in FIG. 5. The lowered convex portion 35 is then
surrounded by 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 H,, that is, the sink D, the amount of downward
movement from the reference height H,, becomes positive. When the
bonding tool is lowered to a height Hy and the sink D (= H; — Hy)
becomes a predetermined value at the time tg of FIG. 5, 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. 6 (c).
When the sink D exceeds a predetermined threshold wvalue, 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 operation of holding the
height Hs; of the bonding tool 28 at the time tg as shown in step
510% of FIG. 4.

[0030]
In this operation, for example, the current through the coil
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31El ectroni c conponent 32El ectrode 33Col d bunp 34Base portion 35Convex
portion 41Bondi ng stage 42Substrate 43Copper el ectrode 44Sol der film
45Sol der 46Bond netal 48Stage heater

23 of the voice coil motor 20 can be changed by the difference
between the amount of vertical movement detected by the linear
scale head 62, so that the bonding tocl 28 is at the height Hg
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 1nm allows 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. © (c).

[0031]

The control unit 50 starts a cooling operation, as shown
in step S110 of FIG. 4, at the start of the bonding tool position
holding operation. In this cooling operation, the ceramic heater
27 heating the bonding tool 28 is turned off and cooled with
supplied cooling air, for example, to cool the bonding tool 28
and the electronic component 31 sucked at the leading end thereof
together with the ceramic heater 27. This causes the solder 45
to be cooled while the solder film 44 still 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 as shown in FIG. 6 (¢). At the time t; of
FIG. 5, when the solder film 44 is cooled to a temperature Tj; at
which the solder is solidified, the solder 45 starts to be
sclidified 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. 6 (d). After a
predetermined period of time has elapsed, the control unit 50
determines that the cooling operation is completed as shown in
step S111 of FIG. 4 and releases the electronic component 31 sucked
on the bonding tool 28, and then raises the bonding tool 28 to
the initial height Hg by rotating the motor 13 and thereby turning
the feed screw 18 as shown in step S112 of FIG. 4 to complete the
bonding of the electronic component 31.

[0032]

As described heretofore, since the electronic component
mounting apparatus 100 of this exemplary embodiment transits from
the constant loading control to the bonding tool position holding
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 sclidified and the electronic component 31 to
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50Control unit 51CPU 52Menory 53Bondi ng program 54Ref erence position
setting program 55Bondi ng tool position holding program 56Second reference
position setting program 57Second bondi ng tool position holding program
58Control data 59Contact detecting program 61Li near scal e 6lalLi near scale
mai n body

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 gquality.
{00331

Although the exemplary embodiment above describes the case
of setting the height when the leading end of the convex portion
35 of the gold bump 33 comes into contact with the solder film
44 as a reference height H, of the bonding tool 28, the height
H; at the time ts of FIG. 5 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 set as a second reference height
{second reference position setting step}. In this case, the
control is switched from constant loading to bonding tool position
holding when the sink becomes D; = H; - Hy as shown in FIG. 5, as
is the case in the above-described exemplary embodiment (second

bonding tool position holding operation). This offers the same
advantage as the above-described exemplary embodiment.
[0034]

The present invention is not limited to the above-described
exemplary embodiment, 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

[0035]

10 Base

11 Frame

12 Upper flange

13 Motorxr

14 Guide

15 Rise-and-fall block
16 Slider

17 Nut

18 Feed screw

19 Power source

20 Voice coil motor
21 Casing

22 Stator
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61bPattern 62Li near scal e head 100El ectroni c conponent nounting apparatus
CLAIMS [Caim1] An electronic conmponent nounting apparatus, conprising:
a bonding tool for thernmally bonding an el ectronic conponent onto a
substrate, the bonding tool to be driven in a direction getting close to

and away fromthe substrate; a drive unit for driving the bonding
tool in the direction getting close to and away fromthe substrate; a
position detection unit for detecting the position of the bonding tool in
the direction getting close to and away fromthe substrate; and a

control unit for changing the position of the bonding tool in the direction
getting close to and away fromthe substrate with the drive unit, wherein
the cont28l unit congPikes bondi ng tool position holding neans for hol ding
t he posi idon of the homtfimy ¢mebl in the direction getting close to and away
from t he2%ubstrat e bRbeite spitivey determ nation that bond netal between an

el ectrodeeof the el emddoni c conponent and an el ectrode of the substrate is
t hermal | ¢7f used whencétembondiatgt ool gets close to the substrate by a
predet er migned di st aneendiramwodlef erence position while heating the

el ectronizg conponentg] &g dies @ldiponent

32 Electrode

33 Gold bump

34 Base portion

35 Convex portion

41 Bonding stage

42 Substrate

43 Copper electrode

44 Solder film

45 Solder

46 Bond metal

48 Stage heater

50 Control unit

51 CPU

52 Memory

53 Bonding program

54 Reference position setting program

55 Bonding tool position heolding program
56 Second reference position setting program
57 Second bonding tool position holding program
58 Control data

59 Contact detecting program

6l Linear scale

6la Linear scale main body

61b Pattern

62 Linear scale head

100 Electronic component mounting apparatus
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the el ectrode of the electronic conponent and the el ectrode of the
substrate are bonded with the thermally fused bond netal, to thereby nount
the el ectronic conponent on the substrate. [C aim 2] The el ectronic
conponent nounting apparatus according to claim1l1, wherein t he
el ectroni ¢ conponent includes a bunp fornmed on the el ectrode and the
substrate includes a filmof the bond netal forned on the el ectrode, and
wherein the control unit further conprises: contact detecting neans
for determ ning whether or not the bunp and the filmare in contact with
each other based on a signal fromthe position detection unit; and
reference position setting neans for setting the position of the bonding
tool with respect to the substrate asAfM8 reference position when the
contact detecting neans determ nes that the bunp and the filmare in
contact wihigach other. [Caim 3] The el ectronic conponent nounting
appar at us accoggli dngedtdrorilAidBmdoneher eodnthegcapbsohtus) tcdmist feing:
conprises: a bonding tool for thermally bonding an electronic component

ontc a substrate, the bonding tool to be driven in a direction

getting close to and away from the substrate;

a drive unit for driving the bonding tool 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 control unit for changing the position of the bonding tool
in the direction getting close to and away from the substrate with
the drive unit, wherein

the control unit comprises bonding tool position holding
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 bond metal between an electrode of the
electronic component and an 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, and wherein

the electrode of the electronic component and the electrode
of the substrate are bonded with the thermally fused bond metal,
to thereby mount the electronic component on the substrate.

[Claim 2]

The electronic component mounting apparatus according to
claim 1, wherein

the electronic component includes a bump formed on the
electrode and the substrate includes a film of the bond metal
formed on the electrode, and wherein

the control unit further comprises:

contact detecting means for determining whether or not the
bump and the film are in contact with each other based on a signal
from the position detection unit; and

reference position setting means for setting the position
of the bonding tool with respect to the substrate as the reference
position when the contact detecting means determines that the bump
and the film are in contact with each other.

[Claim 3]
The electronic component mounting apparatus according to
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second reference position setting neans for setting the position of the
bondi ng tool with respect to the substrate as a second reference position
after the reference position setting neans sets the reference position and
when the di stance of the bonding tool fromthe substrate in the direction
getting close to and away fromthe substrate changes fromincreasing to
decreasi ng; and second bondi ng tool position holding nmeans for
hol di ng the position of the bonding tool in the direction getting close to
and away fromthe substrate based on the determ nation that the bond netal
bet ween the el ectrode of the electronic conponent and the el ectrode of the
substrate is thermally fused when the bonding tool gets close to the

substr at ellbyma2segbadepredet er mi ned di stance fromthe second reference
posi ti on whil etheatongreheursl eciumodiar componiests.: [ C ai m 4] An el ectronic
conponent nountengndetader emarrpss high onpr eplarimg maare et orE ot icgnpdrent
nount i ngpappaiahust compricidigig tool with respediondi nget sobstostd her mml | y
bondi ng arceheactessrenconpanertornfacear shlestedteentbepdontiacg deaalinigo be
driven i meandi keeki ORe gedtdihdd @Es iltd candnavalichr okt dibs SMDSS rét @he

a drive winkiiher td61 VEAGn titee bRt te0alh itRet Berdet e6h | gk getd id1e e ose to
and away tbr od hawsybsticdt eih@ndubstrate chang@sPOStéh Ofindekastihgntenit for
detectln@ekggaggﬁbtlgﬁdof the bonding tool in the direction getting close
to and away fromthe b%ﬁ%ﬁtnrgakgolaﬁt?jsltlon nol 8k diynee 4re £Reshé i @n @l niche
bondi ng %%ht Bnt BE £h& 864 rhgg‘”t%}dlnan tﬂ%%&?eé@@'oﬁv@é( E{x‘i’&‘élfb%es%s”ate

based 0” g rE‘actH 0} S'Eef'éﬂlﬁ g@fthtehe
electronb% %o % EW% a@h%eff % §C|§O ﬁ I gfused
when the aol sg Q e ﬁu ?ff gda re
dlstance T%rggc DBETT O elﬁl% ea el e¢ n onent ,
wher ei n Sg?sgﬁ%t F@E?P ﬁOB Sﬁgﬁplﬁﬁ ({ %ﬁ gbtrode
of the s&ﬁgf“r E‘P% %ﬁ%o r‘f& GEnER Pﬂv‘él‘fh%‘? “113? 8§ 4" Bohle fetsd ,rc}“&ct her eby
nmount t hEBPERERSENni ¢ conponent on the substrate. [Cai m5] The
electronl%lconpg?ent nmount i ng net hod according to claim4, wherein

da1im

An electronic component mounting method comprising:
preparing an electronic component mounting apparatus
comprising:
a bonding tool for thermally bonding an electronic
component ontc a substrate, the bonding tool to be driven in a
direction getting close to and away from the substrate;
a drive unit for driving the bonding tool in the
direction getting close to and away from the substrate; and
a position detection unit for detecting the position
of the bonding tool in the direction getting close to and away
from the substrate; and
holding the position of the bonding tool in the direction
getting close to and away from the substrate based on the
determination that bond metal between an electrode of the
electronic component and an electrode of the substrate 1is
thermally fused when the bonding tool gets close to the substrate
by a predetermined distance from a reference position while
heating the electronic component, wherein
the electrode of the electronic component and the electrode
of the substrate are bonded with the thermally fused bond metal,
to thereby mount the electronic component on the substrate.

[Claim 5]

The electronic component mounting method according to claim
4, wherein
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the el ectronic conponent includes a bunp fornmed on the el ectrode and the
substrate includes a filmof the bond netal forned on the el ectrode, and

t he net hod further conpri sing: determ ni ng whet her or not the bunp
and the filmare in contact with each other based on a signal fromthe
position detection unit; and setting the position of the bonding

tool with respect to the substrate as the reference position when it is
determned in the step of determning that the bunp and the filmare in
contact with each other. [C aim 6] The el ectroni ¢ conponent nounting
met hod according to claim5, further conprising: setting the
position of the bonding tool with respect to the substrate as a second
ref erence posithencaftéronhe refepepee ppsivdes psbyep ifprmad snephef
setting &A¢chiredet heddrbeanesbfathelhohdier a oblint radmtthee boissmedted i n t he
di recti ofogeiti pg theseleotapdeawayd from the substrate changes from
i ncreasi ng to dbermashod); flanther comprhaigigng t he position of the bonding
tool in the di detcéroiniedtwngtled oser trootanchavmynd reomd tihe filist matee ilbased on
t he det exwnhatitomwitthateaddie drord metsdd bei weesithelelfeetr atte qlodiftdon
el ect ronideteanponenhiapdahde el ectrode of the substrate is thermally fused
when the bondi pgtt 08y @8t oddiasernt ot heesubatiialer Syl avsEcabgyadeter m ned
di st ance theogubberses ond t hef £ anee RO plokii @A owhish &n heat knge t Sem Bl &etihoni ¢
conponenkhe step of determining that the bump and the film are in contact

with each other.

{Claim 6]

The electronic component mounting method according to claim
5, further comprising:

setting the position of the bonding tool with respect to
the substrate as a second reference position after the reference
position is set in the step of setting 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

helding 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 1is
thermally fused when the bonding tool gets close to the substrate
by a second predetermined distance from the second reference
position while heating the electronic component.
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