; e3e0vfOsD6Tf (,17 February 2003 1 DESCRI PTI ON | ~I A~-nBVWB~G FRI CTI ONAL
BONDI NG METHOD AND APPARATUS AND HOLDI NG TOOL USED FOR FRH?FEQﬂ%v | NG
APPARATUS 5 Technical Field The present invention relates to a Triction
bondi ng net hod and apparatus and a hol ding tool used for the friction
bondi ng apparatus, and relates to a frictjon bonding nethod and appar at us

and a holding tool used for 10 the friction bondi ng apparat us smw Ww
manuf acturing an electronic circuit board and a suspensi on head mm M "ﬂwm
an el ectronic conponent on a base menber such as a semiconductor el.gRRp

on, for exanple, a circuit board or pegmEgnetienreadi ng suspensi on head with
nmetal lic bonding when 15 netallically bonding the objects to be bonded to

each other. Bagkef ool ABONDORGEMBTRDS, AWD! AP2ARNIILAND HAUIHRE oL
functions of electronic equipnment and an increasing nunber of electronic

conponents, eIectronicugﬂﬁnngt§§yé¥ﬁdﬁﬁﬁigéﬁﬁgN@eggbng@ggiaturized
e n

el ectroni c conponents at 1 ncreasing nountl ng nsities, a the flip chip
nounting technol ogy for nounting el ectronic conponents by providing
metallic bunps on el ectrodes formed on a sem conductor wafer and

metal | i.cal I 'y,_bondi_n e.netallic bunps with a wring 25 pattern fornmed on
a ci rcéit b%SFgmrlEagﬂ ;Ege&gd for *@GD0002* 17 February 2003 2

facturi I i [ it .o .. Thi i Lth.th
miniatur i zat fon he Mo SUPRLY o AR TI | HEY CRERS! neHouRL R -IBAETL | os

of electronjc _conponents and _connecti on routes. The, net al li.c bondi IS
Schteved ©yPPEALRY B Fiadt FoR BRRATAL A | F15: g P RAEEn oW AT ofE” o
course, bein not_Iinited%to this, the netallic bonding can alsq be .

achi eved gehBFaliG:Thian | RORGHA EHREEAL Ut RO BPAALES MR cRoRELCEdON
However, a conparatively strong frictional contact by, pressurization _and
vibratory rBPRELRE MRERMAt 2Re FRRFEPTHT ERE r?et%‘l’]r%énﬁor?@i% pged for

frictional contact between mnute netallic bonding portions. However, as
the séfi con@bet dir it teifiht PpBESREs R afut 8L1ERELRetEY | Banufacturing

an electronic circuit board and a suspension head by

mounting an electronic component on a base member such as a

semiconduqtor element on, for example, a circuit board or a

magnetic reading suspension head with metallic bonding when

15 metallically bonding the objects to be bonded to each other.
Background Art

For example, with an 1increasing number of

functions of electronic equipment and an increasing number

of electronic components, electronic circuit boards tend to

20 receive miniaturized electronic components at increasing

mounting densities, and the flip chip mounting technology

for mounting electronic components by providing metallic

bumps on electrodes formed on a semiconductor wafer and

metallically bonding the metallic bumps with a wiring

25 pattern formed on a «circuit board 1is also used for

AN

*G00002*



15 bunps forned on the el enent becone very small, and the el ectrodes and

Wi ring portions of the circuit pattern to be netallically ed t IS
al so beconme thin. Therefore, the frictional contact is pragggggﬁﬂégb&?

excessive, possibly damaging the netallic bunps and the circuit pattern, 20
causing a short-circuit as a consequence of the excessive collapse of the
nmetallic bunps striding over the fine circuit pattern and causi ng defective
sealing as a consequence the failure in the entry of the sealant of an
excessively reduced gap between the circuit board and the 25 sem conduct or

el enment due riahdfe-xepsgi e Dbt apsei of ciheuitlBobelr.uamy 20033 dmdalyic
bunps. If the frictional contact is reduced in order to avoid the above

troubles, thejpd heifRt ahki aibonding Recemes dsuf{hei 8htucaldel NGind the
sem conduct or el ement, which has been estimated to be bonded, subsequently

falls 5 of f o /mke the ghect{o i&eﬁl@i'-é]%l Q?aégefii%&%ﬁtiicv%oﬂ{pgg‘ﬁégﬁﬁga?% .

failure at an early stage. Lately, there has been known the

using a susggﬂﬁhggaﬂﬁgd£§ﬁpgsconstructed of a thin |eaf spring for reading
I sk 4 S

a magnetic a as own in Fig. 15. 10 The suspension head 400b is

SupPorteed S0 that [t Base aariian. can-hg iy voLed, by & Lat Ay sha(t, 4905

and read i s executed by Scanning e magnheti c a ea

portion 400d.-l.0cated at_its tip.portion in arc i.n the,radi.al_directjon

and rotati ngflltlhcgcalrroglgnzl?cfﬁcéﬂ?ik %8)0%1%% o%ndu?gras%lil dl ‘e’%EG e.loRsn'urrberd%f

sensing term nals are arraqﬁgd in th reag Eort%sn 40 suspensi on
r P

o 1 t %dlgt t he
head 400b, &TdTa YeRTIHIGE Blrereht 20bP For tPEARSEELEGRALE Wid ng
i nes extended fromthe sensing term.nals to the base portion side, of the
suspenst on P 488b.250 SRR s ORFEaAddst oPY el Thiiit. SR FORBGTedvE 6Pt 1o
base portion ijde of the suspension head 400b where the width is

conpar at i velRFH3drge MM Wi ring interval is increased, and connected to

the wi_ring pattern by way of a bonded wire 400g. 25 However, with
incredding in the readl¥PRRE, thé  FPURSEAYe 2003 strong  frictional

contact by pressurization and vibratory relative movement
is needed for the metallic bonding by frictional contact
between minute metallic bonding portions. However, as the
semiconductor element becomes more minute, the metallic
15 bumps formed on the element become very small, and the
electrodes and wiring portions of the circuit pattern to be
metallically bonded to this also become thin. Therefore,
the frictional contact is prone to be excessive, possibly
damaging‘ the metallic bumps and the circuit pattern,
20 causing a short-circuit as a consequence of the excessive
collapse of the metallic bumps striding over the fine
circuit pattern and causing defective sealing as a
consequence the failure in the entry of the sealant of an
excessively reduced gap between the circuit board and the

25 semiconductor element due to the excessive collapse of the



4 sem conductor el enent 400f for read use are demanded to be bonded to a
portion in the vicinity of the read portion 400d | ocated | rtion
of the suspension head 400b. However, since the tip portigﬁF%PﬁF%%EUﬁp
suspensi on head 400b 5 is thin and has very snmall intervals of wiring, it
is difficult to perform bonding by wire cgnnection according to the wire
bonding nethod. If it is attenpted to cope with this by replacenent with
the netallic bonding of the sem conductor el enment 400f provided with

metal lic bunps, 10 then the sem conductor el enment 400f is required to have

a very smal Insize-iof petpsargersthan ZimpSipiae 86606ekNG 4 Oreduced in
circunst ances, and a positional accuracy of not greater than 0.3 ~. is

needed for (e iondigngayMILLOle labokRr ekgBulRkel,i althdPartiiL! gapkadher e
to the read portion and the 15 wiring lines of the suspension head 400b as

a consequengﬁvﬁgiﬁd“%éEaﬂgg‘?HEE?%iéiéﬁEP”aﬂ@pp %e%éﬁﬁbbﬂﬁu%%gEc%ﬂgﬂﬁﬁfg,

el emrent 400 en ultrasonic vibrations are a to the sem conduct or

el ement 400f,,dyrd g £ 1heLhonhandlaiy vig Besyekiay t ookl baheAvels And o

hol ds t he el enen f or for hér reéason,

char acteri st f the,elemnent are often_i mpai red. reducing, the .vield. Such
forei gnsemat eorfi:tZI goar%agsn&%‘?eae %?t’f)éﬁl%ci n@ltﬁceujc%sebooal'r% gﬁ’?ecco ve or
sem conductor elenent. bhut also in the case of a GaSi seni conductor el enent.
Mor eover, t K@Ut 2EAHiYRF &n T 0¥ rdr29%ra, LiNb, and the Iike used

for a
Lately, there has been known the technology of

using a suspension head 400b constructed of a thin leaf
spring for reading a magnetic disk 400a as shown in Fig. 15.

10 The suspension head 400b is supported so that its base
portion can be pivoted by a rotary shaft 400c, and read is
executed by scanning the magnetic disk 400a with a reading
portion 4QOd located at its tip portion in an arc in the
radial direction and rotating the magnetic disk 400a around

15 a spindle 400e. A number of sensing terminals are arranged
in the read portion 400d of the suspension head 400b, and a
semiconductor element 400f for read 1s bonded onto wiring
lines extended from the sensing terminals to the base
portion side of the suspension head 400b.

20 The semiconductor element 400f is bonded to the
base portion side of the suspension head 400b where the
width is comparatively large and the wiring interval 1is
increased, and connected to the wiring pattern by way of a
bonded wire 400g.

25 However, with increasing in the read speed, the



17 February 2003 5 SAW (Surface Acoustic Wave) elenent, and it is also

generated in the case of crystal. The foreign materials g lﬁﬁg
these materials nmean the scrapes, scratches, and chippinngs%%he ggggn

surface of the sem conductor 5 el enent 400f itself, which leads to the
roughness and smear of the back surface, golely causing a reduction in
quality after bonding. Furthernore, with an increase in the frequency of
repetition of bonding by the suction tool, those foreign materials adhere
to the suction surface of 10 the suction tool and gradually accunul ate.

This al so C%@%%%dﬂ&%éﬂH?fEﬁeﬁ%é?B@@@? QErtQ%éamﬂgéﬂﬁééﬂﬁ?ﬂénaég Fﬁebe

sem conduct or el enent 400f to onded, worsening the quality o

sem conduct goriirenl 40U angh ULt Nate reduqing J hoe viald Decaups, of gasy

occurrence 0 I ppr ng cracki ng of thé él i'nCl usi ve

o coLiodes. Ol capS il U e i 5ol ETDl sdoL0.LEEE A Mo,

ul trasoni ¢ output fromthe norma 0

friction bonding tinme by ultraspnic_wayves fr the nornmal value of Q.5 sec
to 0.1 sec.?%Bﬁ§$Ek,§ﬁﬁ%?nEh%t éﬂpPOF§ﬁ8§ ﬁ%ﬁﬁﬁﬁﬁf?ﬁﬁ%&T+9% ﬁ@ﬁﬁi%&%Qt
is alsq attenpted,to clean the suction surface of the suctjonp tool, by,
period%c polSshFRgR fﬁﬁfr &Eir%ﬁrﬁxt§%9€erjﬁ§ﬁ?ﬁﬁﬁ% Phe PrbHEEti Vit y1Sand
there is anoEE%LC%@%ge that the operating |life of the suction tool is
short ened b{ifttd CHdtasiOnPEEECSE LONSHINEHPKg Wirel CRER Tk 2663°5MReN
bondi ng the sem conduyctor el enents 400f to the suspension head 400b, a
nunber of s&Speris olkBade by abethrPfangedfpdital 18I as6eEPtES | #0 e§PREl v
extend froma frame portion to the inside of the frane portion, allowing 5
t he whol e b¥adyht Fhoe andrenlasessatplwittd shapederadidde. bondigiorel the
heads can be handled simlarly to the circuit board to which electronic
conponent s &eBigeondedtomovnelernentadP Blispenyiisiecheaditaoote ttedsl ia sbbass,
portion connected to the frame portion by two narrow 10 connecti ng

porti @Rs. Atbenditie teenheorspetdrertisreats i 40 Huisbyegké nedesanthave a
inventors, the head is thin and easily deformed, and if the head is

def ormed ev¥ery bimgatllle sbizte, off nat diFfdewltham Tenmesguahe defordangohp

| eading to a defective product and reduced yield. In particular, it 'has 15
been diffi colitctmsitehicalsl,y dodd & hposdémicorductocuebegertf not greater

than 0.3 p is needed for the bonding. Moreover, if foreign

materials (particles) adhere to the read portion and the

15 wiring lines of the suspension head 400b as a consequence

of the occurrence of silicon powder from the semiconductor

element 400f when ultrasonic vibrations are applied to the

semiconductor element 400f during friction bonding via a

suction tool that sucks and holds the element 400f or for

20 another reason, then the read characteristics of the
element are often impaired, reducing the yield.

Such foreign materials are generated not only in

the case of a silicon semiconductor element but also in the

case of a GaSi semiconductor element. Moreover, the same

25 thing can be said for LiTa, LiNb, and the like used for a



400f to the suspension head 400b by the friction bondi ng perforned
conventionally without the troubles of danage and so on. 19@e8h§§¢§603
inventors, who repetitively carried 20 out various experiments a

exam nations in order to solve this issue, discovered that the proper

met hod was to tenporarily reduce or stopsthe friction bonding operation for
nmetal lic bonding partway. The object of the present invention is to provide
25 a friction bonding method and appar atus capabl e of 17 February 2003 7
perform ng netallic bonding just enough w thout damage on the objects to be
bonded to eanW oftbherfand arkoluditig t dalveysed lfeerithe fandtidnh bdsdi Hyso
apparatus, on the basis of the aforenentioned newy obtained know edge. 5
Di scl osure gknkpyesti dm |ther daket mMAcBrg¥eathe afips ererdiopedn@biecilst he
present invention is constructed as follows. According to a first aspect of

the presentgen¥eatkbanscrbhetdelse Ravirded sanfeErctiman Londidg, et hodcHEs,
conpri si ng: tenporarlly reduci ng or stopping a friction bonding operation

par tway whegn§wocph ? tor berhonged it osgagh-at hee afﬁepr§§ﬁPEéﬁéﬁE@8§'n5t
each ot her and relat|V| y noved to put netallic bonding portions of the

objects into)Ehigt! @hgk $RQLAGT JALeN 4QaREN frey Her'r%dgm}%éé%bm&' 0geQF the

nmetal | i c bonding portions. According to a secon aspect e present

| nvention, LBergl fsa%o‘é'uqeﬁdacaet”é& é%é. 99{1‘911@? ?Etr*é%cac%%rdlrpgch%é’lw

first aspec &rern t he f ion operation is tenporarrly reguced

or st opped Qﬁﬁéwybéﬁ‘ﬁg{‘néo thegq Eﬁé£+8ggg?gxg?9%et££'Ofﬁcﬁ.@égs% LIIIO L1y

bonded to each ot her he frlc I'ona ween ondlng

portions byepLessiL chghatlvel ‘5%\6' PNEy ol Eet 8t ‘8nb°Pod fl, of
%g % g nge e {o g)ther dgd

the two objec rel-ati'v ob ect ° € 'bon

the two 25 pb et %otr%i%% BEROEFL LT, P |0, S §0S. P08 U oo

10 the suction tool and gradually accumulate. This also
causes the further roughness of the back surface.of the
semiconductor element 400f to be bonded, worsening the
quality of the semiconductor element 400f, and further
reducing the vyield ‘because of easy occurrence of chipping

15 and cracking of the element inclusive of the electrodes.

In order to cope with this, it 1s attempted to
reduce the ultrasonic output from the normal value of 1 W
to 0.1 W or reduce the friction bonding time by ultrasonic
waves from the normal value of 0.5 sec to 0.1 sec. However,

20 this attempt tends to cause defective bonding. It is also
attempted to clean the suction surface of the suction tool
by periodic polishing, the required extra work degrades the
productivity, and there is another issue that the operating
life of the suction tool is shortened by the abrasion due

25 to polishing.



17 February 2003 8 be banded is held by a holding tool with the netallic
bondi ng portions of the objects to be bonded facing each Al i ng
to a third aspect of the present 5 invention, there is prgz?gggﬁﬁf?@$gtion
bondi ng net hod according to the first aspect, wherein the holding tool is a
suction tool, and the friction bonding opgration is tenporarily reduced or
st opped partway when the netallic bonding portions are fractionally bonded
to each other with 10 the netallic bonding portions put into frictional
contact with each other'by sucking and hol ding the one object to be bonded
of the two objects toyherbopssdiRy the hobsiasnteetow th dha f@t abbkc to

bondi ng portions facing each other and pressurizing and rel atively noving

e 00 ) B, Lk g Wt contsinie Lic aier bherids gy
presen | aRg SfexiAghs agacedes g 641 on el et ecepud na <o
v 1S DELOGI, Dh SU0L 0! Thgkne She Oh hde Be-Randed Shif e
o e Pr s sl e ghey 9 b ML drcse LeLolion, oDl ogaTg e 2o

2003 9 wherein t one j ect to be bonded of the two.ohj, ects to b

bonded is a% &S SEEUct%BEelgﬁgﬁﬁ, fRe ogﬁer88BF &e t&lﬁﬁlﬁﬁﬁdédt6¥ gﬁ@ t wo
objects to be bonded is circuit farm ng body, and the frictjon banding
oper ati on i§l§CPé%ng§¥Fﬁﬁx¥é&&éﬁjé;e%ﬁ PpEd %%?P%%?nﬁﬁeﬁr?hboﬁgﬁgrlic
bondi ng portions are fractionallg$bonded to .each ot her i

by pressurizing and
movi ng the seni conductGVeSdrentd TRl SHPPENSE Thet@d ¢ cdPP (ﬂ%ﬁnbtﬁohﬁ th

metal el ectrode portions of the sem conductor elenent put into frictional
contact 10 WPER1RS: aFcerectedde thor th6ns IEATEhe POILLAGTY £ nitH~bBaF L ¥he
portions serving as the nmetallic bonding portions. According to a sixth
aspect Oof t RENPPESARY IRRAHHATSH, tA@@@rgénsrm dete £XPPELRBAtBosATAded
met hod accordingﬁ}o the third aspect, wherein, when sucking and 15 hol di ng
t he one obj &t Hehpondedeby fheenietison @l hepfe ignevb) eendt gapély
bonded is sucked and held by being put in contact with and received by a
pai r of oppdséarigger asgr fifcddr g H@ad sl oleerved ac¥est Rohlistilkabétof 14
suction nozzle and able to be brought in contact wwth an external 20 edge
portion of tthe dhéfdbjrétt to bezobhonded.thecaafiomnatien sevardimgpest of
the present invention, there is provided a friction bonding nmethod
accordi ng tdedergtone girodhetf iarst ndathowagh wiaid. aspecpsrtibeiern thehas
tenporary reduction of the friction bonding

15 been difficult to reliably bond the semiconductor element

400f to the suspension head 400b by the friction bonding
performed conventionally without the troubles of damage and
so on.
The present inventors, who repetitively carried
20 out various experiments and examinations in order to solve
this 1issue, discovered that the proper method was to
temporarily reduce or stop the friction bonding operation
for metallic bonding partway.
The object of the present invention is to provide

25 a friction bonding method and apparatus capable of



25 operation is perfornmed by reducing the relative novenent 17 February
2003 10 between the netallic bonding portions. According |

aspect of the present invention, there is provided a fric??g%B%%hg?¥§

met hod according to any one of the first through sixth aspects, 5 wherein
the tenporary stop of the friction bondimg operation is perfornmed by
stopping the relative novenent between the netallic bonding portions.
According to a ninth aspect of the present invention, there is provided a
friction bonding nethod 10 according to the seventh or eighth aspect,
wher ei n t heptefiponany mediadiliion oonding dlustheeddughi aithemdi rgamypes abhon
is performed by stopping the pressurization between the netallic bondi ng

portions. Aegerdbhecte aclOhd Bspeet eb thereskest dbd veidi@mgthesre is
provided a friction bonding nmethod according to the ninth aspect, wherein

the_stop oftBe HoeSStHd Zakiiohils RSLOIHRdaByasaRaating the holdiNgstool
away fromthe one object to be bonded held by the tool. According to an

11th aspect+Qb [BSrBLEAEALNZEA HRYARL iogr&,aitnfé%f qcﬂo%u}qé&@/é ded a friction

bondi ng net hod according to any oné of the first through sixth aspects,

wher ei g theDE§9F85h9@ gk &H@eﬁ%ﬁ?%ﬁon bondi ng operation is perforned by
reducing the relative novenent of the objects to be bonded to each ot her
and the pressurization_b t | 1..c. b i AN s
February 2003 11 Acco?ﬁiﬁgmﬁﬁpa%§2t%g%£%%§tt%Qat%gg%ggggﬁﬁgkgegn?P%%gtfh
is provided_a_ frjicli ' .hod _accaordj.ng, to ne_of the first
t hrough 11t Eggségg%éggmggpglhgggngeﬁ%i %Oas %r%cgtﬁ%onasogﬂ%%g%ﬁ%per ation before

the, 5 reduction or st is  perfornmed _by caontrolling a distance between,_the
obj ects to be bonded £§c858ﬁn8thép, éndééqﬁguﬂa%gégﬁidﬁgbo ngP bpeFaFi on

after the reductjon or stop is, ' perfar by controlling the
pressurizat?%ﬂe%tfﬂ%en %m%g%bfﬁit§H¥B”ﬁgggoﬁdegr98té88h g?ﬂgﬁpglom%EQ8?ding
to a i th aspect of the present | ventkyn,,there is provided a friction
bondi § ' et A8t LE LB di TP ERYL bhe TN TET i Xt SHPERGR I 18N, THkEF PR an
initial friction bonding operation befqre the reduction or stqp is

per f or ned OE‘gh?goPPPﬁgttlﬁé PRESNRY 2H18DntHet RRERCES (Tve Rsbjrirded ot Be
bonded to each other, and a final friction bonding operation after the
reducti on of2GRop ot eFer f BF fred WP TBHIYZRD | ng9a185&t arReChet RESF T heand

obj ects to be bonded to each other. According to a 14th asEect of the
present 20 Favehtvbhy mMesied i opkeNh degitall i fcbiogdifshdPagt #eRhod® fackdedi ng
to any one of the first through 13th, wherein an initial friction bonding
oper ati on bepdeetshénteductioniorakt epniacperscorapdtporer fidnme EhbeEEent han
atinme of afinal friction bonding operation after the reduction or stop.
25 Actor di ngonding 16f hthepretasdf ichdopdésenor tiprebr uary 2003

ere

According to a second aspect of the present
invention, there 1is provided a friction bonding method
according to the first aspect, wherein the friction bonding
operation 1is temporarily reduced or stopped partway when

20 the metallic bonding portions are frictionally bonded to
each other by the frictional contact between the metallic
bonding portions by pressurizing and relatively moving one
object to be bonded of the two objects to be bonded
relative to the other object to be bonded of the two

25 objects to be bonded in a state in which the one object to



12 invention, there is provided a friction bonding nethod according to any
one of the first through 13th, wherein an initial frictio I

operation before the reduction or stop is perfornmed by coﬂngp%aﬁgxg3

di stance between the 5 objects to be bonded to each other, and on basis of
control data obtained at the tine, the digtance between the objects to be
bonded to each other is controlled during a final friction bonding
operation after the reduction or stop. According to a 16th aspect of the
present 10 invention, the mis provided a friction bonding nmethod accordi ng
to any one @fe tBenbiefstid hreuah 25t he asRASHig Waekai Ny abhi Nitd akdtaiiatiicon
bondi ng operation before the reduction or stop is perfornmed by controlling
the pressuringaldiony bebweesnthe robiiect sphache bandgd tRrRAGD 23-9hhekacind
on basis of control data obtained at the tine, the pressurization between
the objects g, d3e bonded to each other is controlled during a final
friction bonding operation after the reduction or stop. According to a 17th
aspect of the present vent i therg. i siproyi a_ ftriction ing
met hod according to tﬁ%9¥g3%?ﬂ}agg%ct% mﬁ%%g?n ?%%gﬁgic??on% gnd'%(é]%r‘:!s({j‘ilnrE
oper ation i rarily,reduc d par when .t he. .net al |

bondiné por?ﬁ%ﬁ%ﬂgfgﬂfr%gfﬁgnaﬁgy%%%%%ggggo %aé% otﬁégltﬁ¥%ﬁﬁﬁ%%h5EE%Od
frictional cantact. between the.25 netallic bondi ng portions by pressuri zing
and novi ng 8f&°* q%ﬁﬁtéﬁ? gbﬁﬁtlésgﬁfgdt xﬁﬁgbdﬂﬂ%dh%?diﬁg FRBioﬁfects
to be bonded reIaELve tg tTe othgr ﬁg%eg; to be bonded of the two objects
to be bonde@ i RUG <PAt et PR nhi Rt HE Dnd ol i t BrhdE®PSE TR d 16y a
hol ding tool with the nmetallic .5 bondin rtions of the objects to_he
bonded faci hGTERTR erFegﬂc?ﬂpéﬁénﬁtongg|R%§§ﬁﬁ¥n&EﬁBrHHHBnW€€PéglFo an
oscillator gtt ched onto the holding tool js nonitored during an initial
friction boRGPAG GhECHTIN DA & T TRty oredredt P RACH PERLST HithG
frictignal bonding by the 10 ultrasonic vibrations, and a final friction
bondi #§ opeﬁgﬁ(ﬂé%ﬁii&ctF@nQéBGCQQﬁ¥%9n%tBBti§QEﬂnﬁ¥ﬂ¢%%Pmﬁla@@BFé&ﬁce
with the nonitored i npedance. According to an_18th aspect of the present

i nvention, WhA&ERe sashhodfiededa FHG it drabdnap hglnet hoe 2BeaebIrEiEn§ot Bet he
fourth aspect, wherein the one object to be bonded of the two objects to be
bonded i s absadicdorrfudihy rvenehiechAdtohéeottradashjlctthe helddndetioofl the
two objects to be bonded is a nmagnetic di sk readi ng suspensi on head

const ruct edwétha thg nmesaf ldpr ivrnd 209 Apoartdiong taain@t kaatpezthef &hd
present invention, there is provided a friction bondi ng appar at us

conpri si ng: pres shigridiimy objdctreiatdivenlgy umiotvd nigor thel dirmeg dpeobj dct sbeo be
bonded and positioning the objects so that 25 their netallic bonding

porti 6hs fabendachwittherespect to the other object to be bonded of the

two objects to be bonded.

According to a fourth aspect of the present
invention, there 1is provided a friction bonding method
according to any one of the first through third aspects,

20 wherein the relative movement is performed by subjecting
the one object to be bonded of the two objects to be bonded
to ultrasonic vibrations.

According to a fifth aspect of the present
invention, there is provided a friction bonding method

25 according to any one of the first through fourth aspects,



17 February 2003 14 a relative novenent unit for bringing the opposed
nmetal lic bonding portions of the two objects to be bonded,i ri gtd-onal
contact with each other by relatively noving the objects JZQ%gn%ghgggpheld
by the two bonding 5 object handling units; and a control unit, which
controls the holding and positioning of tdhe objects to be bonded by the
bondi ng object handling units and the rel ative novenent of the bondi ng
obj ect handling units by the relative novenment unit 10 so as to nmake the
metal li c bonding portions of the objects to be bonded held by the bonding
obj ect handivhegelhi tthef anee eabheathen and dyndgs dhetblk egics dbiects to
frictional contact wth each other by the relative novenent for achi evenent
of netal | i cheomdingd 16st he seefildcdldustdr teramnsat j | yheedutialy &3 840pRbNG
the friction bonding operation partway. According to a 20th aspect of the
present invpatigthdddiebe isndr evicdesbpedti ClriconpdondindkaPPar &f ug;iasaokdi ng
to the 19th aspect, wherein novenent of one of 20 the bonding object
handl i ng unfbﬁmg_t he dg),at | e MOVREENE rUBLE ohS RIIHAMEd Dyephtfasonig
vi brations. According to a 21st aspect of the present i'nvention, there is
provi ded a fphpbiapihondiag,2pRarAt Ust §6504 ARG thaf hendSt iy gspect,
wher ei n one obFect 60925 %%ubonded of ?ﬁ%.twg obj ects t% pg %{5%%S£é ?g
handl ed by pohdiREbIA 403,18 906 hoRdlng Pl Glediang! kaguniin gl bhe

obj ec n j ect

br,
two bonding o jecg andl'ing units, the one 0 bé bonded 1S an o0

be bond ] f I i i i i
(0 0o bonded0glohased, ATSARLblOPEDS e LAY SR pRLLLODGIT
ti d.is.nclined wt t to the f t.i t bond
por 1o, 2o hclL BN DOLRIRGELAR, Des L ATEROLSN e g0 PoRd
he f i f th bj be bonded,, 10 th i_tjioni
(e TraTe PRETa0, O ohiScANG.80Lock, £, 0 RO 40 18,05 o 0gce

porti of the one ohject to be bonded is held. and .quided al ong it
Ponvesince VAERaBE R G1RE G OPREELRDS bES bohFed e Y et B (AP SHded
and a bonding posi tion in which theﬁ%? inclined portion of the one object
to be bondeHPEhBPTROPHS Z&F VI 5% QIﬁ§q%iLﬁ§Eﬁﬂq P iIRCT PR Ped so as
to extend al ong the conveyance surface and the netallic bondi ng portion

|l ocated at the inclinBECRGHGh it sibj sEtdd: t FIRAGT | i1 2F bordf ngPr 2R he
one bondi ng object handling unit further conprises: a position swtching
unit for petPRUEREAGNsw ERAFAg 59 tMeAVidRd pasi £rdmitAgnsebondanps wmebkeadint o
t he unl oadi ng/ | oadi ng position and the bonding position; and a backup
section forapepreiRdndDbathep Boithadspscthe Whtdldited poeRi GndFintheabde

object to be bonded 17 February 2003 16
15 holding the one object to be bonded by the suction tool,

the one object to be bonded is sucked and held by being put

in contact with and received by a pair of opposed taper

surfaces that is formed on a suction surface of a suction

nozzle and able to be brought in contact with an external
20 edge portion of the one object to be bonded.

According to a seventh aspect of the present
invention, there 1is provided a friction bonding method
according to any cne of the first through sixth aspects,
wherein the temporary reduction of the friction bonding

25 operation is performed by reducing the relative movement



positioned by the positioning section is supported from bel ow when the
positioning section is swtched to the bondi ng position, o]
unit controls the position switching 5 unit according to ?zgepggﬁfﬁg?f
unl oadi ng, positioning, and bonding of the one object to be bonded, thereby
swi tching the positioning section betweenghe unl oadi ng/| oadi ng position
and the bondi ng position. According to a 22nd aspect of the present 10
invention, there is provided a friction bondi ng apparatus according to the
21st aspect, wherein the positioning section has a pair of guide rails for
conveyi ng ansetgudah nthd hee toflel objeeid 10g beobonerd, the one object to be
bonded is a spring leaf, the inclined portion is fornmed at a "tip 15
portion of the spring Aesfrexignded bnsi deghbe figpecpPOrdf ortha@nghrdhent
positioning section is provided with: a pressurizing nenber that is
supported by Bpmitde kaielreOf ikhepPaiidef i de i@ isn ofp drltel MPSiddtHNY
section and able to nove between a hol ding position in which the inclined
20 portion ouwned by, d heospring,deal £i el g; Pet ween g, PE SREHN 4l mber
and t he backup sec%?%n %n gnholding releasé posiﬁigh I'n mh?cﬁ fﬁ%ﬁﬁgﬁging
i s rel eased, g, SWLi chi L at i t ches pr kzlng

& wﬁell W & Y“%E& Eggbtgﬁréirh’& dsl%lﬁrep? the Pressut éh HZS%’H?L‘%{%

into the holding position an ease positiron 25 between't

pressuri zin Q§q$9r ng_t { de..rai ; F 2 7 t.he

control uni ?’ con roqrg gﬁe%%vﬁ%% gXi ?gésdgélrs}gq otéési%){)ﬁ @ %‘%gfs?élt?rnlé;i ng

menber in the | di Sition every.t]j he. one object to be bonded is

recei ved ané)ep;g(;‘”geiptr% on%eeg%llenéat]glg&cg\(l)]%éll%/?l()é\ n%&ég%: r|1§h and in the 5 holding

rel.ease position every tinme,the bhonding operation ends. Accqrding . ta 3rd
O perT Sh bomiag e

aspect of the present A9RAAHITEh, there i3 B ovi deBS& f r bo

apparatus according to e _22nd aspect erein.a pluralit f spri 1

| eaves each “oF SiHi ’iskgﬁéeonésobﬁﬁ%Yi?§Qbéabgﬁaég;%§?s€x¥ﬁ§f5% Pﬁ§9¥¥gne
porti the pressurizing nenber is provided,w a pressuri zing | eaf .t hat
Do hath enCCa | GAF DT st TH posssti FoERg SOHBRE, i eiet badkin
section while independently covering the spring |eaf, the 15 Breifurinng

| eaf hol ds dreTRO ks THEIFHolI R ng°df EREPspAitng thaf , fangtégen Ponding
pressurizing leaf is provided with a through hole for exposing the netallic
bondi ng por PRSFaF Athe ishcIRHSPPHL | Y of SeRRALRPr i ARSI eRF BE IS HFREEOR he
metal lic bonding portion to friction_ bonding. 20 According to a 24th aspect
of the pres®&atwasrerdihome taidric iROBV dRRr &1 PB% di ng tool for hol ding the
one object to be bonded by receiving the one object to be bonded in contact
with two opposed tapeEanddes tFat eanlB&hbr AFFRCH n @ebnt ABe wPrgsgRt

external edge portion of the 25 one object to be bonded in a recess that is
sim| &b to amventAdrebr Gaeye2008 1Brovided a friction bonding method

according to the ninth aspect, wherein the stop of the
pressurization is performed by separating the holding tool

away from the one object to be bonded held by the tool.
According to an 1lth aspect of the present
20 invention, there 1is provided a friction bonding method
according to any one of the first through sixth aspects,
wherein the reduction of the friction bonding operation is
performed by reducing the relative movement of the objects
to be bonded to each other and the pressurization between

25 the metallic bonding portions.



external formof the objects to be bonded forned on a hol ding surface and

is smaller than the external form According to a 25th as 3
present invention, there is provided a hol ding tool accorﬁ?%%bﬁ%“%ﬂ?%e 24t h

aspect, wherein the one object to be bonded is an IC chip, and side
surfaces of the I1C chip are regulated byithe two opposed taper surfaces.
According to a 26th aspect of the present invention, there is provided a
hol di ng tool according to 10 the 24th aspect; which is used when the
friction bonding nethod according to any one of the first through 17th

aspects is put into praebireedndBrief DRescrzphi oasPechr awy mgstHbesprardnat her
aspects and features of the 15 present invention wll becone clear fromthe

followi ng desgehptban tekehei Nigormetdan W thrtihe ipref sbhed nerbadiAeat s
thereof with reference to the acconpanying drawings, in which: 'Fig. 1 is an

overal |l schagBbraiMyeWOf adyf rdicdi 87 2hdordilg appAsELNS 136901 dsBacte, @
first enbodi nent of 'the preSent invention; Fig. 2A is a perspective view

showi ng the,tatalmyuement +of 12 Hondi OBBEEITinGan%%PQtEBEt |dE the

operating state, for a sem conductor element I1n~the friction bonding

apparatus oL fl8ridn o 7s€8ErHﬁ!y%ggggrﬁg?gkg%t8@n£§o§&§§8tEgnﬁgﬁggﬁgethe

showi ng a state in which a sem conductor nt 1s suc and h .

cuct on ¢ oobeShebe HATbIgcal B8 TN WL oy Pl aRaTl0g g 2

cxarml . of ERCDILAL PRy olyLhe, bandoo.eblact DadLLog.ul ook g, 2

[Lnal 11 Uy gpebonglnd, ool al ool 25 A odL LLgALOn SAMPLE 2L e
objects to be bonded to each other.

10 According to a 13th aspect of the present
invention, there is provided a friction bonding "method
according to any one of the first through 11th, wherein an
initial friction bonding operation before the reduction or
stop is performed by controlling the pressurization between

15 the objects to be bonded to each other, and a final
friction bonding operation after the reduction or stop is
performed by controlling a distance between the objects to
be bonded to each other.

According to a 1l4th aspect o0of the present

20 invention, there 1is provided a friction bonding method
according to any one of the first through 13th, wherein an
initial friction bonding operation before the reduction or
stop is performed for a time shorter than a time of a final

riction bonding operation after the reduction or stop.

25 According to a 15th aspect of the present



Fig. 3Bis a side view of the final friction bonding special tool of Fig.
3A; 15 Fig. 3Cis a sectional view of a suction tool for

Fig. 4A is a perspective view of the bondi ng head of the 62E§|ng o%ject
handling unit of Fig. 2A and the bonding head in the friction bonding
operation state of the 20 unit; Fig. 4B i3 a graph show ng a general
friction bonding operation state perfornmed conventionally; Fig. 4Cis a
graph showi ng one exanple of the friction bonding operation state in the
friction bonding 25 apparatus of the first enbodi ment of the present
invention; in¥énkEebhyaryhdp83 29 rpvidhedsaa fectitanal Woawiskowneghbhe
positioning section of the bonding object handling unit, for the base

menber of thechbrdehigorobendl nthappar ehes £0kski ¢hrbudh R SBihérain an
partially enlarged perspective view of the pressurizing leaf of the

pressuri zi ngnerRer £ofi dthenPasidd Y NGoseLtion Bfef%'r% % fé@uc@wﬁ 8r

perspectlve VIeM/Of t he posi tioning section of |g 5A; 10 Fig. 7Ais a
plan view shpyhng & debypysgm “%%:%1’1 ' ﬂﬁgcéoﬂbret'%e%! | {fie
bunps in a concrete exanple of the sem con or element; Fig Is a plan

vi ew show ”Qbieggsb'ﬂgpﬁée%'o?a%‘&“%to%a@he 1 zha" r{}g y; e al Ebﬁ??gps

15 Fig. 8 1is ow ng the experinen résu conparison o

shear strengtp, of, TgQ‘inre(‘ét gl ttﬁebgqﬂs 09 A 0. 4l d %@g%ggﬁg%ggggggt or

el enent bet Ween case o rlcflon nt of

th t t d th | Fig. !

show ng t het éi‘é&eﬁ‘.%@ﬁ?g 59 180G Somh %P?g%ﬁa%%tmﬂ Taap et Rengtniorat ne
tall b d f t 0-b d I t t th

case of ‘theb1FERPBPBBRAP R CBEERRAoR PaL anthi MAR e Theopr SRt

i nvention and the conyenti gnal case; 10 is perspective view
showing a friction 7C§58988ryt§00§‘21fégh aSpeC% ot Pthe ' present
10 invention, there is provided a friction bonding method

‘according to any one of the first through 15th aspects,

wherein an initial friction bonding operation before the

reduction or stop is ©performed by controlling the

pressurization between the objects to be bonded to each

15 other, and on basis of control data obtained at the time,

the pressurization between the objects to be bonded to each

other is controlled during a final friction bonding
operation after the reduction or stop.

According to a 17th aspect of the present

20 invention, there is provided a friction bonding method

according to the fourth aspect, wherein the friction

bonding operation is temporarily reduced or stopped partway

when the metallic bonding portions are frictionally bonded

to each other through the frictional contact between the

25 metallic bonding portions by pressurizing and moving one



bondi ng apparatus according to a second enbodi nent different fromthe
friction bonding apparatus of Fig. 1; Fig. 11 is a perspecti i how ng
a relation of bonding position between a sem conduct or e|§%€%§“§h§ﬂ%ﬁ% base
menber, which serve as a pair of objects to be bonded to each other in the
first enbodinment; Fig. 12 is a perspective view of a base nmenber assenbly
showi ng a relati on exanpl e between the base nenber of Fig. 11 and a frane
portion that enables the handling of 10 a plurality of base nenbers in the
block in the~ first enbodinment; Fig. 13 is a sectional view show ng a state
in which a sbgrett ctdi Skei Sboraddbyof stispension digjask tabt aidethebybonded
fractionally bonding a sem conductor elenent to a base 15 nenber by the

friction bordilagiret hed arkle appaiat UsBfedthethi rst esbedeaend £ ofcHehetwo
present invention; Fig. 14 is a perspective viewof Fig. 13; Fig. 15is a

sectional VipeWeTh@WMHRY ke Beti@ed NiMhhCBtatendnetits cH Sknd Soh€agph¥ce to
conventional suspension 20 head obtained by fractionally bonding a

sem conduct gk ehgHBAY i ankase Hgﬂbaer hollldnglbrbg1a Weti ledh Pharayiew of
the positioning section of Fig. 5A; Fig. 17 i's a detailed |left-hand side

vi ew of t hebgﬁggﬂﬁ 3%}%%§68 | q, of og$ Q%EE’A;to Bd Bebidedy Ve 2003, g%aglhg

18 is a detai and side view 0 e positioning section.

18 is & detal i | the po g section.
cection of FEBSts ih TRGLARRGRnG pok Lrohe sy, foth SRREgn 1§ =

enl ar ged de%%kh%ﬁa%%%“’%&tached onto the holding tool 1is monitored

during an initial friction bonding operation before the
reduction or stop when performing frictional bonding by the

10 ultrasonic vibrations, and a final friction bonding
operation after the reduction or stop is controlled in
accordance with the monitored impedance.

According to an 18th aspect of the present
invention, there 1is provided a friction bonding method

15 according to the fourth aspect, wherein the one object to
be bonded of the two objects to be bonded 1is a
semiconductor element, and the other object to be bonded of
the two objects to be bonded is a magnetic disk reading
suspension head constructed of a thin leaf spring.

20 According to a 19th aspect of the present
invention, there is provided a friction bonding apparatus
comprising:

two bonding object handling units for holding two
objects to be bonded and positioning the objects so that

25 their metallic bonding portions face each other;



the positioning section of Fig. 5A in the unl oadi ng/| oadi ng position, where

the hol ding position of the pressurizing nenber is inaginqgg
two-dot chain lines; Fig. 21 is a partially enlarged detaile

HePSP 10

the positioning section of Fig. 5A where the holding position of .the
pressurizing nmenber is imaginarily indicaged by solid lines; Fig. 22 i s a

graph showing a relation between a | oad, an ultrasonic output,

a case where the 15 ultrasonic output is reduced with constant

and tine in

pressurization by the friction bondi ng apparatus and nethod ,of the first
enbodi ment; Fig. 23 i & aedraplves monang:ret nelit i for bet weebng thadppadbsed
ultrasonic output, and tine in a case where the 20 ultrasonic output is

st opped mﬁthemanaﬁ@nmqﬁdxﬁgnpaﬁti@nsbmftmaértw@i@naa@m@ing>a@@abahu&dand

met hod of the first enbodinent; Fig. 24 is a graph s

o,air_g a relation

between a | gado afiriktiasani Ccodtpet, @ndnti BRchn arpage wherectheigaly

ultrasonic output is reduced with increasing pressurization

17 February

2003 23 by hbeihe ciHonoB9RdLBY @pPBLatdsh AW ABLROG, Of +hBe fild Shonding

enbodi ment; Fig. 25 is a graph showing a rel ati on between a
5 object handling units; and

a control unit, which controls the holding and

positioning of the objects to be bonded by the bonding

object handling units and the relative movement of the

bonding object handling units by the relative movement unit

10 so as to make the metallic bonding portions of the objects

to be bonded held by the bonding object handling units face

each other and brings the objects into frictional contact

with each other by the relative movement for achievement of

metallic bonding,

15 the control unit temporarily reducing or stopping

the friction bonding operation partway.

According to a 20th aspect of the

present

invention, there is provided a friction bonding apparatus

according to the 19th aspect, wherein movement of one of

20 the bonding object handling units by the relative movement

unit is performed by ultrasonic vibrations.

According to a 21st aspect of the

present

invention, there is provided a friction bonding apparatus

according to the 19th or 20th aspect, wherein one object to

25 be bonded of the two objects to be bonded 1is handled by



| oad, an ultrasonic output, and tinme in a case where the 5 ultrasonic
output is stopped wth increasing pressurization by the frkehl, rpﬁ@ﬁgng
apparatus and nethod of the first enbodinment; Fig. 26 is a graph show ng a
rel ati on between height, load, and tine in a case where tenporary bonding
is 10 perfornmed by height control and pripary bonding is perfornmed by | oad
control by the friction bondi ng apparatus and nethod of the first

enbodi ment; Fig. 27 is a graph showing a rel ation between the height, |oad,
and' time in a case where the tenporary 15 bonding is perfornmed by | oad
control andohlke bpnidiay doiettnghasdpatd oonet by léeghdwoc dsdnidindyobhect
friction bondi ng apparatus and nethod of the first enbodinent; Fig. 28 is a
graph show hgnaliekaunan shetthrenheichiteAandd ib® bodhdedase aheseitbe to
tenporary bonding and 20 the primary bonding are perfornmed by hei ght
control by bhebbhided emabomding anRRalatdssy with idothofmd €1 f1 £ Sbonding
enbodi nent; Fig. 29 is a graph showing a relation between load and tine in

a case wher gobhechenpOrA! yiRontidy s8ecibg 2Raprefend2ondidy @& pshher med
by | oad control by the 17 February 2003 24 friction bondi ng apparatus and

met hod sof 1t Bgrtkbet 8FROGNRHranfd $ordd drs TP oM a9 @i £8! AbL88ct
between the load and tinme for explaining the case of height control™ 5
during bondipginEi i .det ai | ed plan view of the positioning section
of a frictigg Eogdgﬁs%%p ?ﬁgFgghaccording to a third enbodi nent of the

i ion; Fi 32 | il ed ki -h i i f 1
present invention; Fi hteheo:‘n% ab%%taq{glgﬁ Ork;&%fgt f‘{;ﬁd‘h@?logv'mg Lhe 19

positioning secfion o riction ding appa Fig. 31 1n a state

n which thegblech;te he hondedeLs Baslitianad g ughoadhao/oadiag,.

posi tion; Frg. ed rrght-han vi'ew 0 e~positioning

ti f the tricti i tus of 15 Fig. 31 i tate in which
The. obj ect PAZEECBoRG e S ROPEIBE i EDANGHHS! (i oned 1n the bonding

i tion from the unl gadi ng/ | oading.positjon but not held by the
pressdPi zing | eaf ; Fi §1534 PRSACEEAMed TTGRt Pand ¥t de Géw of Ffe 2B

positioning section the friction bonding apparatus of Fig. 31 .in a state
P hi oh ¢ RERBREERS0 dOBE B dRtS | B Phc ot o | & el FEPBbORELGHSE (AEt he
bondi ng position fromthe unl oading/| oadin osition and held hy the,
pressuri zi nfPFe&Pe PIRGE 38 B¢ ag?)‘é‘i?"s‘fge g 3@ ANOf IRAPAC R IRNY 1ts

conveyance surface and the one object to be bonded is
loaded and unloaded and a bonding position in which the

15 inclined portion of the one object to be bonded that holds
and positions the frame portion is inclined so as to extend
along the conveyance surface and the metallic bonding
portion located at the inclined portion is subjected to
metallic bonding,

20 the one bonding object handling unit further
comprises: a position switching unit for performing
switching so that the positioning section is moved into the
unloading/loading position and the bonding position; and

a backup section for performing backup so that

25 the inclined portion of the one object to be bonded



17 February 2003 25 bondi ng apparatus according to a fourth enbodi ment of
the present invention, provided with one bondi ng head; anq F $€

bl ock diagram of the control unit of the friction bondlng appamﬁ

first enbodi ment of 5 the present invention. Best Mde for Carrying Cut the
I nvention Before the description of the pi é@sent i nvention proceeds, it is
to be noted that Iike parts are designated by |ike reference numerals

t hroughout the acconpanying 10 draw ngs. Enbodi ments of the present
invention will be described in detail below with reference to the draw ngs.

(First Embodigmintiordle byl CthON Rending itk hggc@@@nappgr %&&p&ité@e fdm

first enbodinment of the present |nvent|on and a holding tool used for the
friction bo a rat Wi ib detall g er-pu th
et oy b SORRLE, o, LhoteLdnsey DedeLipel sl el pdenatdernd
under st andi Q0 Vv ntlon 20 The first enbodlnent is one
exanpl e of t CL'§E #gf¥¥gﬁac J?lng a suspension head 5 as shown in Fig.

13 and Fig. 14 by pri oLl S0P i 09 Lug o.echis, t9obe banded togather

provi ded by, for exanple |p t pe seni or "€ enent

A 5a§ ek, Beadtfnd SedBend "l adlngls owrﬁ.d%%d%i‘%«? e ilsaéaﬁﬂ's%m

head for readin a recordi ng medi.um suc i c,_disk, as sho
Fig. 11, an VF v By Bag Gk abP | Bob S poF P BRBY OB e
bunmps 3 and mnrlng | ines (lands, for exanple) 4, 5 which_seryve the nmet al

el ectrode pdis okt R Sf ﬁﬁstéepectb@tiv%ﬁm zt% t H8lepgdidgdilegding

direction, or in other _ o
position and the bonding position.

According to a 22nd aspect o©of the present

10 invention, there is provided a friction bonding apparatus
according to the 21lst aspect, wherein the positioning
section has a pair of guide rails for conveying and guiding

the one object to be bonded, the one object to be bonded is

a spring leaf, the inclined portion is formed at a 'tip

15 portion of the spring leaf extended inside the frame
portion, and the positioning section is provided with: a
pressurizing member that is supported by one guide rail of

the pair of qguide rails of the positioning section and able

to move between a holding position in which the inclined

20 portion owned by the spring leaf is held between the
pressurizing member and the backup section and a holding
release position in which the holding is released; and a
switching unit that switches the pressurizing member into

the holding position and the holding release position

25 between the pressurizing member and the one guide rail, and



words, along the surface of the base nenber 2 (for exanple, in the
direction perpendicular to the vertical direction) relati t her
as shown in Fig. 2B for the 10 achi evenent of friction boXZiFrﬁéruggpﬁdgt t he
sem conductor elenment 1 is bonded to the base nenber 2. However, the
present invention is not limted to this;sThe present invention is
ef fective when generally applied to the manufacturing of an electronic
circuit board 15 by bondi ng general el ectronic conponents inclusive of a
connector and so on to a circuit board and the manufacturing of a variety
of secondary products tapd @5eEkst Subyt! Idostd-enal | ynbordiirexrtihe neiat | ke
bondi ng portions of various obj ects to be bonded to each other is 20
performed regardless,of 188 elgct N & HoMpONeNts @ Cisrcuit bogrda; agd
regardl ess of elecﬁi?c conponentspg%gﬁzlect?#%al produc#gl Thg S
sem conduct n [ truct : I ilLc . In
order to prgéaggggg %E{Jgéjiy?itg' eltgllr?er?t%%f E&{]bc]te%ccgt:]s&gﬁl%%?@?%al&%ygggé\%g%?i ng
t he 17 Fe ar . waf.er W th 2l ecttoni c_gi [t the |i t he
A Br Ereofitotost] athe SRBRACFERERY. “sRtkRHhy dhipln e

required nu r rodes la-as s are

cach of ¢ neSHBLPRoded S R REEAT Yt 57 PRIl e "reBkFF R

mat eri al of ggld, al umi num or the like having satisfactory el ectrical
conductivit§ Rd accurately fornmed by subjecting an end portion of a wire
to, for exanple, welding and diffusion bonding by ultrasonigc vibrations and
heating and thereaftebchEQ%ﬂﬁrufqruﬁtrgngloaﬁﬁﬁFﬁonpﬁa Fe ¢ oPHRSRBFed
that the sem conductor elenent 1 is not J]imted to the silicon wafer and is
pernitted t&RBEBREASP, GHSES of SLPREVESES for LRl SAWPRSRAEES AcBBBEF 2 Wave)
el ement or the like. As shown in Fig. 11, the base nenber_ 2 of the 15
suspensi on REEATSLRE EOnstreucied GPeathi Wheheify 3 aFUEhbl husCh ShapRY
tapered fromits base portion 2a toward its tip portion 2b. Metallic, dots

4a (séfisi ngleavapnglsn fof YehehngSa thegitte cobisktate deneIyded ranged on

one surface of the tip portion 2b to forma read portion 2c, and the 20
metal | i ¢ bukpsideof thee f&dimeonPedttdorel et PrgFsurizing member is

provided with a pressurizing leaf that can hold each spring
leaf betwegn the pressurizing member and the backup section
while independently covering the spring leaf, the

15 pressurizing leaf holds or releases the holding of the
spring leaf, and each pressurizing leaf is provided with a
through hole for exposing the metallic bonding portion of
the inclined portion of each spring leaf to subject the
metallic bonding portion to friction bonding.

20 According to a 24th aspect of the present
invention, there is provided a holding tool for holding the
one object to be bonded by receiving the one object to be
bonded in contact with two opposed taper surfaces that can
be brought in contact with an external edge portion o¢f the

25 one object to be bonded in a recess that is similar to an



nmetallically bonded to the wiring lines 4 that serves as si gnal i nes
extended fromthis read portion 2c toward the base portio gﬁdﬂ%h a
specified relation of correspondence, formng the suspen5|on Rea %

cones to 25 produce the magnetic data read function. As shown in Fig. 28
17 February 2003 13 and Fig. 14, the suspension head 5 has its base portion
2a pivotally supported around the axis of rotation of a rotary shaft 7 by
the rotary shaft 7 with the through hole 2p of the base portion 2a fitted
around the rotary shaft 7. 5 The read portion 2c faces the magnetic disk 9
on a drive didfle® sl dormo gtarthien phgercddi atodirecbiconiache foageet i endisk 9
rotatively driven, reading and transmtting the magnetic data recorded on

t he magneti cdiding.sActaaraiamd tis tdmailtect tlvanbbhdi sgteehhadd fofrnt.he 10
first enbodiment, as exenplified in Fig. 2B, by pressurizing and relatively
movi ng the seni conductucet®@ivent doand t Rethaseasmder 2frekakl verdasaach
ot her, which are the obj ects to be bonded to each other so as to bring the
netal | i ¢ bunpsreht@ingh,t henvkei ng | hAEsidedWRi Cho 181 Age ddeal raB@éQBEh% to
bondi ng portions, into friction contact, the metallic bunps 3 and the

Wi ringdinespbk arec rastdonal \¥ebendednto opachwtder . +Jhhe Bbhate'doriéocmdl ng

operation is tenporarily partway reduced or stopped (halted).

reduction ofrd hanfg cdh@®ns beading rapekabiron AN decREP §ysdr@§u1fa%d
exanpl e, either stopping (halting) only the relative novenent “between the

sem conduct gy el phand {6 Pase- pRaber 2 or stopping (halting) only

the pressurization when the netallic bunps 3 and the wiring 25 lines 4 are
relatively noved with rization for ru 3
friction. yThe stop (hzﬁy; # ﬂ%e 1!|:o<r9es§siur|2tz6raﬁt‘:f:k| on Zp ?%e g%%l g\ggd é’gft Sen

I t t-h th
rel easing H%v%fn%jo%' Z@’Aéf’{e‘h f&é’&p' ”grhéﬂ;f‘ g”@ 1bgn(g£89&§ﬁ§ra €

pressur|zat|o erwi se |on (0] thI’] I ng op 1 on

5 d t

A RBER I ST AL Han,
mber 2 t b t th tall b d.th [

Thes 4. ThEsegs’( ARPEF U8R nbor YL R bofh n éhsbétlat’? b 17t
hi d by sto hal t th | at t of th duct

el erent 1 Xuafsw%’%épﬁ-é i (RP R HEiGer ‘5 and. when the relalive moverent

i s acconpani_ed ressurizatio sto p| ng (halting) the pressurization.
As descri be®%: &ﬁﬁ%&Pﬁqr%ﬂﬁ%QHyﬁ (Rﬁgki el enent 15 1 and the base nmenber 2
are noved relative to each other to brln t he. netakilc bunps 3 and the
wiring lines 4 into fri'&S%n t &H L hEFRSE Sre el t

vvirin% lines 4 come to have an el evated tenperature b t he frlctlon and are
fractilonal | PH5GRIed £BVERERCH hBLLhi thegpme clear from the following

description taken in conjunction with the preferred

embodiments thereocf with reference to the accompanying
drawings, in which:

Fig. 1 is an overall schematic view of a friction

20 bonding apparatus according to a first embodiment of the
present invention;

Fig. 2A 1is a perspective view showing the total

movement of a bonding object handling unit in an operating

state, for a semiconductor element in the friction bonding

25 apparatus of Fig. 1;



20 softening, nelting, and diffusion bonding thereof. If this friction
bondi ng operation is tenporarily reduced or stopped (halti t hen
the netallic bunps 3 and the wirina lines 4 and al so the 323%%@%%%2@%?

el enent 1 and the base nenber 2 scarcely receive danage due to the 25
reduction in the nmechani cal and thermal iisfl uences, 17 February 2003 30
dissimlar to the case of the netallic bonding perforned at a stroke.
Accordir:gly, even when the counterpart object to be bonded to which the
sem conductor element 1 is to be netallically bonded is the base nenber 2
constructed of a 5 thifid.eafBspsi ng sécthenalspeanst oshbeadgb 4 ogtseadiing
the magnetic di sk, deformation hardly occurs and high yield results.

Furt her nor e wHilth sheafersidoeriidtf ebhemartalid csherddngam@r hicads W§ the
nmetallic bunps 3 and the wiring lines 4 is rather increased by the
reduction orsugitapr heddd 3@ afnd heoh&ishi @b kendi nenapenat ion effecked
partway, and the friction bonding is reliabl'y achieved without troublé. In
this case, iy, for exanple, the sem conductor elenent 1, which is one of
the pair of objects to be bonded to each other, is sucked and held by a
suctiom tool ~11, 15 i£h IV, fgg% | &; of afe] el . as
shown Fh Fig. 2A and EP&E é%?lfﬁz%%%%e e %%%ﬂ? %%%wbéﬂgggﬁbykggn%gggéogrom
t he pi ckup i an h ¢ o] h ar i n

casi [y handlod 55 Var Feror oy S20arer S8, FHIRET dOfers Nondatrons

el enent 1, i.Ggh i aohject, t.0 0 cap he pressurized and
relatively #%egdo%gFg%ﬁ%gﬁFggﬁ%e é%é:%%%ﬁﬁ%gﬁgqsﬁ%EhofsP%Hé g?heylsyfgct
to be bondeqrowLEE % e metallic bunps 3 and the wiring lir_es 4, which are
their netal I'i'C b0 &I d portions, facing each other as shown in Fig. 2B, and
t he 25 base nenber 2,Emhic@ is the other object to be bopnded, is 17
February 2003 31 only fPéquitfed & & BETEETT OFed 5 t MRO¥HREi #i BATpoSEt Pon,
si mpl Lfyi ng .t he handl.i ng. Myeover, the aforenentioned relative_novenent is
only hgquirédnﬁé uEFF&§gHPca%PQd&PSra?Pﬁ&l?He §8RilcoRductor "8YefFeABAECR and
t he base nenber %, and. it _is zgff]cient to apply ultrasonic, vibrations to
the object E§2BBLGond¢d, toe | £°%he Skni EdRduEF sFtEPRNeRPNE1RE| d
by the suction tool 11 vig the tool, sinply and easily achieving the

rel ati ve no@BREAELUSnOfarftidulldr, rel ative novement 10 can be obtained with
a mnute and hi gh-speed vibration state by the ultrasonic vibrations, and
the friction bonding &6 -sufBi disentl ysiee péiifet ned ithe Heal t frechionout
excessive col | apse even between the mnute netallic bonding portions of the
met al | i ¢ bukpsddngf speeial tool of Fig. 3A;

15 Fig. 3C is a sectional view of a suction tool for
inverting_use;

Fig. 4A is a perspective view of the bonding head
of the bonding object handling unit of Fig. 2A and the
bonding head in the friction bonding operation state of the

20 unit;

Fig. 4B 1is a graph showing a general friction
bonding operation state performed conventionally;

Fig. 4C 1is a graph showing one example of the
friction bonding operation state in the friction bonding

25 apparatus of the first embodiment of the present invention;



15 sem conductor elenent 1 and the wiring lines 4 |ocated on the base
menber 2 for the manufacturing of the suspension head 5. } and
hol di ng the object to be bonded, such as the seniconducto?qgﬁgﬁ%ﬁfﬁ%ggby
the suction tool 11, 20 the sem conductor elenent 1 is received, sucked,
and held by a recess portion that is forped in a recess portion 11b, as
showmn in Fig. 2B and Fig. 2C, fornmed on a suction surface l1lla of the
suction tool 11, simlar to the external form of the sem conductor el enent
1 which is the object to 25 be bonded and sucked and is snaller than the
external form 17 Felrquar yS2003s32 &. esecaisqudr e ¥iawe- |dtkeviraper the
surface 11c capable of comng into tight contact wwth the four sides of the
external edgesperitondmsy ofetbeofuard i thé ebandipperobyetacaefdtiey unit,
sem conductor elenment 1 capable of coming in contact 5 with the suction
surface llafefr tiree sYebEOMdm@Rr 1df Which e Bbdasnel ddiaratus of
quadril ateral upper surface of the sem conductor elenent "1 brought in tight
contact wthkitshet,aper surface Ilc. Wth this arrangement, the

sem conductor "el ement 1, which is the object to be bonded, 10 is received
by thectaper surface Xkc ofcd he-.rec ocat fqt 1 syt ftace
lla wi Ph t he corner pé%"%i'onssé oJ‘fEStﬁeggz%&%grl]gu%?l&%qegl%gnegr}%s?y%ér%ﬁg%tyi%@
tight conta i-t.h . SUr c e P e 1
s sucked by ROTS e IE L858 BFC e Brets R e DA F
nmovenent fo .rel.ati V. Q. t base nenber 2, which is the other
object to béoggﬁ gg}ﬂékg%fﬁgiﬁyﬁggé%' bhg}%rations, applied fromor via the
suction tool 11, are .ansqgttedamthQyt qﬁfa e_nor d%suzcation. Et Eg to
be noted that the preséﬁr i hvent fot 3520 Hot- 1 T nftedto E%ep%E%Fi%% afd
hol di ng when t he objgc to ggﬁbonded, such as the sem conductor el enent 1,
is held for SER&ELGR Pasdride di ng. For exanple, as shown in Fig. 3A and
Fig. , the sem condugt or enment 1 is received and held by a pair, of
taperfsurfaces 111c f &rfed E#RZSlEorFesﬂﬂﬁanc%l%WthS ﬁ¥18€%0§%d tWeUEPdes

of a quadrangl 17 February 2003 33
a sgm?conductor ,el%ment having four metallic bumps in a

concrete example of the semiconductor element;
Fig. 7B 1is a plan view showing a 20-bump
semiconductor element having twenty metallic bumps;

15 Fig. 8 is a graph showing the experiment results
of comparison of the shear strength of the metallic bonding
portion of the 4-bump semiconductor element between the
case of the friction bonding of the first embodiment of the
present invention and the conventional case;

20 Fig. 9 is a graph showing the experiment results
of comparison of the shear strength of the metallic bonding
portion of the 20-bump semiconductor element between the
case of the friction bonding of the first embodiment of the
present invention and the conventional case;

25 Fig. 10 is a perspective view showing a friction



roughly simlar to the external formof the sem conductor elenent 1, which
is the obj ect to be held and bonded, in a recess 111b for di ng
surface 11l1a of a final friction bonding special tool 111jg%%P@%n§g$§£s as
anot her 5 exanple of the holding tool. Wth this arrangenent, when the

sem conductor elenment 1, which is the objpaect to be bonded, is held by the
hol ding surface 11l1a of the final friction bonding special tool 111, the
sem conductor elenment 1 is received by the pair of opposed taper surfaces
10 111c of the recess 111b |ocated at the hol ding surface 111a, with the
pai r of opptsedicer nesppartiass ofcddweiisen camduci or seeht Emboaughing n
tight contact with the taper surfaces 111c, and the novenent for the

rel ative nowrfeelrene tfiembase nBrbetich Mieing sapperother ogbpegt. 1o 15 be
bonded, and the ultrasonic vibrations, applied fromor via the .final

friction bonding specimlytopl idla peesbearsiiet kG W SHOM n§SEARR1AR I on
di sl ocation. According to one exanple, the angle 8 of inclination of the

taper surfagg Mektiirg PpeEerabhy b%%;%nlfy- sMhtBohagardt & tdie 20 ARLer al,

when the sem conductor elenent is nmade of, for exanple, Si or sapphire (in

the cage of LEQ) me&r{?%ixiéaﬂﬁr{iéﬁ”éé‘ @e: Igﬁprde gnablof <O s atQa}E%Q Bhhaxy

(cenment ed carbi de), nond, or the e inh order to prevent the abrasion

of the too'topeggﬁ{o%ﬂgyfiéﬁtﬁén¥fégfj%ﬁ§5§iqéﬁt?5 t he sem conduct or
a

el ement 1 prefer y enter the recess ebruary 2003 34 111b. Wth this
arrangenent, the frlc%& bp dﬁggépf gpggg§£§bg Q%igyeog?%@{gé%?gﬁggge% and

the wiring lines 4 or the ITke as descri above can e cien

fhe obj ect Y BB oMo e fed By The SORTOR (aorvadn hossoRse Frbde™ rom
o o 11 ct Pon&r deottagPindt vBas i Uit o raptetoTRe FREVBRPPRRMGr othe
e e M b T e TR IR S

embodiment;

Fig. 13 is a sectional view showing a state in
which a magnetic disk is read by a suspension head obtained
by frictionally bonding a semiconductor element to a base

15 member by the friction bonding method and apparatus of the
first embodiment of the present invention;

Fig. 14 is a perspective view of Fig. 13;

Fig. 15 is a sectional view showing a state in
which a magnetic disk is read by a conventional suspension

20 head obtained by frictionally bonding a semiconductor
element to a base member;

Fig. 16 1is a detailed plan view of the
positioning section of Fig. 5A;

Fig. 17 is a detailed left-hand side view of the

25 positioning section of Fig. 5A;



with the suction surface 1la; the adhesion and deposition, onto the suction
surface 1la, of particles of silicon powders and chipping§7gggﬁb grhen

t he back surface | b of 15 the sem conductor elenment 1 suffers scratches
scratches due to the adhesion and deposition possibly caused the back
surface 1b of the sem conductor el enent 22to be sucked and hel d; and the
abrasi on, chipping, and cracking of the elenent inclusive of the el ectrodes
la due to the adhesion 20 and deposition, dissimlar to the conventional
case. This enables the inprovenent of the yield and the prevention of the
reduction in quality due.tad he scradtehesednridie: bagkdsyifaceikl. o¥breever,
it is also enabled to prevent the occurrence of an issue such that the

forei gn mat @salts o8 nigpdeldtGles o yemey atsxd; bet ween the back surface I'b of
t he 17 February 2003 35 sem conductor elenment 1 and the suction surface

11la adhere to the netalilj.c dptss4a gRdtiBe 1Y NG AdNeSqde oM EhevRage of
menber 2 to inpair the read characteristics, and the yield in manufacturing

the suspensigR ReRJ 3 onS g eQMaGn 3¢ Nk .d’%ih Syﬁéiﬂﬁnggﬂgﬂgbgwﬁo% the

hol di ng wi t hout “suction of the object to be bonded, suc

sem comductor el ement gy Dl e LaPBL, UL A6e e a8 fleperl bedy aboks [y

required to be effected only int rectionin e ect "to be

bonded 1's med g s AlanamEntoned; Telatly e tpveERL OhvbRiahed:

and it is su irent”"to oVl al'r ‘of°taper  Sufrfaces

direction o nt. .Therefore,, ej [ one .of. the for shown in.Fi.qg. 2C
and Fig. 3AEP§R§§§§¢td%We.ekE&E&e¢?i$ﬂ§?h§°§é§€‘%¥ ?%gﬁﬁ%t,pfﬁsﬁgrﬁgd%ﬂred
not to inpairm%he 15 sucti.on and hok?in Q% t he sem conductor . el ement 1 or
the like. |HE"PRE ¢8s&™BFHRE Fihd™ HQ%ﬁﬁ P%ortE 7P 5 pelral L8BF5i11 shown
in Fig. 3A, no suction,s effected, and,accordingly, fhere js no need for
proviging a device spg&ﬁaI%}f%ﬁ %uBﬁFgégﬁié aﬁT%ﬁéﬁéné??ﬁ&f%% LLEY; &
within 20 a range of tolerance. In the case of Fi.g. 2C, when_a suctiqn tool
that R8s onfy€a BaF+LoPRoPBosECELPRr Qbir s afshéhehen Ehg BRIAdDGsed,
it is required tq provide a_device specially for suppressing the air

| eakage dur PR§LI&GER orP T t A§ t NRTRRAYELBANE0| SRMRRT | n 16t deiMAginggidy

i mpair the suction and hol ding of the sem conductor el enent
indicated by solid lines;

Fig. 22 is a graph showing a relation between a

load, an ultrasonic output, and time in a case where the

15 ultrasonic output 1is reduced with constant pressurization

by the friction bonding apparatus and method of the first
embodiment;

Fig. 23 is a graph showing a relation between a

load, an ultrasonic output, and time in a case where the

20 ultrasonic output 1is stopped with constant pressurization

by the friction bonding apparatus and method of the first
embodiment;

Fig. 24 is a graph showing a relation between a

load, an ultrasonic output, and time in a case where the

25 ultrasonic output is reduced with increasing pressurization



17 February 2003 36 1 or the like. In order to achieve the friction bonding
as descri bed above, the friction bondi ng apparatus of the1g|%%§ nEnt
is provided with two bonding object 5 handling units 21 an as s mm in
Fig. 1 through Fig. 3B for holding a pair of objects to be bonded to each
ot her, such as the sem conductor el enent 213 and the base nmenber 2, and
positioning themas shown in Fig. 2B so that their netallic bonding
portions, such as the netallic bunps 3 and 10 the wiring lines 4, face each
other and a relative novenent unit 23 for bringing the netallic bonding
portions, whichtle efrhetimhaldandingpsp@a aatus hendl matthdd nes 4hei ftiast
frictional contact wwth each other by relatively noving the objects to be
bonded to eagtbadiesnt which are 'the 15 sem conductor elenment 1 and the
base nenber 2 held by these bonding object handling units 21 and 22,
relative to each othergpid he2eniiks beyrgppr eMbiiedgora LOLafBeNi Bethedy 25.
There is further provided a control unit 24 fox controlling the holding and

posi tioni ng 1&fad,heapbiget-asiaibe hHorsied, t and0 1aaeh phher dysd hgnbeadiche
obj ect handling units 21 and 22 and the relative novement between the

bondi ng; obj eate NI NGNS 24 800224 by ERe FELBEEYR GTRYEIRAL 1kt 23 SO

as to nmake the netallic bonding portions of the objects’t

coch other e LRy HoeconOe ROy g o R IR BECh RS, e e

into frlct|%%¥ #i I with each other by relative novenent. The control
unit 24 is ma nporarily partway reduce or stop the friction bor_ding

operation, so that the.f nggl cticon bondi g%?lgggz\@@o\@l %UCIeéjl Li St ORREd a8,

descri bed above is auto tlcally reli Ieve he re 9 Ve rrovement

unit 23 is ﬁ&ﬂy5ﬁsdf6% Vfhd time in a case where temporary bonding is

10 performed by height control and primary bonding is
performed by load control by the friction bonding apparatus
and method of the first embodiment;

Fig. 27 is a graph showing a relation between the
height, 1load, and time in a case where the temporary

15 bonding is performed by load control and the primary
bonding is performed by height control by the friction
bonding apparatus and method of the first embodiment;

Fig. 28 1is a graph showing a relation between
height and time in a case where the temporary bonding and

20 the primary bonding are performed by height control by the
friction bonding apparatus and method of the first
embodiment;

Fig. 29 is a graph showing a relation between
load and time in a case where the temporary bonding and the

25 primary bonding are performed by load control by the



a part that belongs to one of the bonding object handling units 21 and 22
and i s holding the bonding object and 10 relatively nove {he8n8 ﬁbﬁgive
to the other as described above, and it is preferable to performthe
novenent of one of the banding object handling units 21 and 22 by the

rel ati ve novenment unit 23 by ultrasonic vifrations as descri bed above. 15
Accordingly, in the first enbodinent, as shown in Fig. 12, a plurality of
strip-shaped el ongated base nenbers 2 are arranged parallel to one another
at regular intervals with only the base portions 2a at one ends connected
to the roughtpigitiest | | sbeaahgf r aippaahaned faage petticen 2¢F vi ahd0 first
connecting portions 2e and wth the other end served as free ends. The base
menber has apHHdEKerof; portions to which the sem conductor element 1 is to
be bonded, and the many base nenbers 2 are integrally handl ed as a base
nmenber assenbly 2A. Theyy  i80 cg)gf@Sg@&ﬁﬁﬂ@ﬁomhe bhecnumben @ftiRhAGe
menbers 2 inside one frane portion 2d of the base 17 February 2003 38
menber assemblyy 24, 3Ubi£6d e¢o2 R Alid ¥n of thidTeea £ %%talhéighéorwfnrt@fcho

t he sem conductor elenents 1, the bonding object handling unit 22 for

handl i oney. a gﬁﬂgﬁr ssenbly 2A is nmade to handl e the base nenber 5
assenbpg ZAE%y %g{ I ng éﬁ%;guiding one frame portion 2d common to the
plurality of base nenbers 2 iLn the base I se 2A, . and si ti,.gn
the frame portion 2d o lgfhe Bgsehﬁ%nbér g%%%%&f%§2Ag?%Xa Sﬁé%?fig bgﬁging
position so_as to subject ongifrang) ortio& %qt%f the%bqgennenbera%o u
assenbl y ARG 1S inaei: PRe $¥ni cBnd or- S meRT e T %y &5 e(?t‘feﬁscy
correspondinq:to he qynber of _the base nepbers ﬁ with re andvto qQne frame
portion 2d GFCIHE B Pretbi1Eds %?‘3“5?\? TRE GRPt BT§FEDEI ARG & ed by
sucki ng and hol di ng the object,to be bonded b ans_aof the 15 suctldqn tool
11 on the bonding objé@ﬁghéﬁgl+%gauﬁ?€aégegiHgggaﬁgﬁggtﬁég§eﬁF@§h8 c&&ﬁ

el enents 1 are handl ed one by one every time of frictiqgn bonding. The

Sem conbuct HOSIGRINNG SEERSAPArRE heP | 57 LorYRY e BORIEGTa SRRFEBRIGCOG

el ement bondi ng position of each base nmenber 2 |ocated at the frane 20
portion 2d dtid-hed3badd nenisdrtesseibMrizh pbRet idHEF hytehéohenAgdobisS ect
handling unit 22, arLd the nmetallic bunps 3 and the wiring lines 4 are

posi ti oned BPSiHd g tior itirkeading/loading position;

Fig. 33 is a detailed right-hand side view of the

positioning section of the friction bonding apparatus of

15 Fig. 31 in a state in which the object to be bonded is

inclined while being positioned in the bonding position

from the unloading/locading position but not held by the
pressurizing leaf;

Fig. 34 is a detailed right-hand side view of the

20 positioning section of the friction bonding apparatus of

Fig. 31 in a state in which the object to be bonded is

inclined while being positioned in the bonding position

from the unloading/loading position and held by the
pressurizing leaf;

25 Fig. 35 1is a perspective view of a friction



t hey oppose each other, as shown in Fig. 2A. Then, ultrasonic vibrations
for the relative novenent are applied 25 to the suction tqal_11, a he
sem conductor elenment 1 is 17 February 2003 39 pressuri 23&%’5‘5%2&0# he
base nenber 2 as the need arises. The pressurization pronotes the friction
bondi ng by the relative novenent of the mgfallic bonding portions of the
nmetallic bunps 3 and the wiring lines 4 or the like, 5 operating to nmake

t he bonding fast and reliable. According to the friction bonding appar at us
of the first enbodiment as described above, there can be constituted a
frictional hohdting appakakHasPrRHARd Y th a; s¥RRkY nUNiALQImSHPPLYI NG At

| east one of the pair of 10 objects to be bonded to each other, such as the
sem conduct gt &l &rentn e and, 4 he, basesmBnhery Zon L 0 LH8; Randing ;oligct
handl i ng uni(i{rﬁat har}l‘?ﬁ es t%’ee%g?zct. 'rIT"Ee ?r?%%i on (l)ngi ng aépgjrngtcus of
the first enbodi nment i Lg i r h FiLg. 2C
conponent supply 15 SZ%J? bnﬁglf%oa %ﬁ?ggnﬂ%%f%@ égpg‘f{gﬂ ﬁ’gh?‘ﬁg% urﬁst bt
sem conduct el 1t i ject-h i i . rding
to ci rcumstg\%eesfpfﬁélé%pg)?%{ag‘é'l%?%% oVt esg é\nftﬁﬂg c%%péo@ne%ﬁé%ﬁ%gs&{i on

32 for .automatically supplying.the frame portion 2d of the base nenber
assenbl%a}l ZAW%Be pﬁ'ro?ﬁ/%td %‘%‘Tﬁngh%nbase menbers 2 to the bondi ng object

handling unit 22 and further with a product_storage section 33 for
aut omat i cal I%Fsét (ﬁ?cgeg #J% c??%%l%%r??{antlﬁﬂ InuenhE81t he susper ~si on head 5,
as shown in Fig. 12, in which éhe sem conductor _elenmer ts 1 are bonded to

the base menbers 2 25 RFLR%R base IRSAFP Es¥endfy tE& FoeSehk ARCERYEN on
of 17 February 2003 40 transfer to another place. The thus-constructed

fricti on boRFFebbarkt usSchR B8ciessd ahpt dpidis t(P3Ery perf demigheted

aforenmentioned characteristic friction _bonding operation between the 5
object to b@Y¥ordéd IFELIRIrERNAhe NBEWILEIFduEhEPUEReNENt the oA CCRBPSNYd NShat
many 3[53&' ects are individually handl ed and the other obj ect to be bonded,
such t he dF@dENEEer 2, automatical ly supplied, supplied manually from

at | east the conponent supply section 31 every tinme at need, or
Embodiments of the present invention will be

described in detail below with reference to the drawings.
(First Embodiment)
The friction bonding method and apparatus of the

15 first embodiment of the present invention and a holding
tool used for the friction bonding apparatus will be
described in detail Dbelow together with the first
embodiment referring to Fig. 1 through Fig. 14, for the
understanding of the present invention.

20 The first embodiment is one example of the case
of manufacturing a suspension head 5 as shown in Fig. 13
and Fig. 14 by principally employing two objects to be
bonded together provided by, for example, a flip-chip type
semiconductor element 1 as shown in Fig. 1, Fig. 7A, Fig.

25 7B, and Fig. 11 end a base member 2, which serves as a



20 automatically fromthe conponent supply section 32 every tine at need.
.mhe manufacturing of a variety of secondary and fi nal pranp S ca? Qf

achi eved automatically, easily, and reliably at high spee f’Hﬁﬂ% P g one
object to be bonded on the other so that the objects to be bonded to 15
each other are frictionally bonded to eaglyg other in a oneto-one
correspondence or one-to-plural correspondence. Furthernore, if the product
storage section 33 is provided, then it is enabled to autonmatically
successively store the products into a storage cassette 34 or the like in
the 20 produgtr&iiQf agerueedi 80433 @enaWRendhes iRirpdHehs FHA SHEGBSBGVE] Y
manuf actured at hi gh speed, and to handl e the products in batches of the

nurmber requidekdrdiafy Indfhinds ¢ONVEY ARCRalRRNQ! REIs 1P| ace ShoRHPIRAUSENE
use. The bondi ng obj'ect handling unit 22 I'ocated on 75 the side fhat the

movement foryqt he, [ el Al] ye; Jov ”HB&ih? RAk mekbihelY L&?ér¥d§9<93gél».tﬁ%"nff°rd’§d
is provided wth a positioning unit that has a positioning section 26 for

| oadi ng t he Qord i 2 t r Iy, i ith a
Pl aral Tty o Base Rethls 29 B s T T Thogi (FRACHS (i s BRarPRt e s
bondi ng. posi fi.on for_ fricti bondi ng, ;an | oading the fra fter the
frictig% bo#jﬁ%§ ﬁﬁﬁgeEﬁéaﬁgeFFagag S%Sﬁgggﬁgﬁgﬂéﬁiﬁﬁa O%fg$ﬁ§ of tne
positioning section 26 nd Fig. 16 through Fig. ;21 show the detail. ,Wth
Phis const T GRURSES i1 BRE B et BOPL IR TRy 5o d Rl BaSE o RBhOG” atBeRitF oA
that 10 has a p]ural.it f_friction bondin ortions to he honded to .the
S conduct SE AEtOE S T S0 by HiR bR et Bed boRded EXATDIE,
positioned qne time.in the bondi ng pasitjon t he positjonjng section 26,
Phen 1t 1 S (14 cRETEGEBaRT GIRHATELRA Ak ohOboHG: T b The Comeg 173
positional criterion in each friction bonding position of the object to be
bonded posi titdied Vs FoscPRsed f658E whén F@ﬁ@%teépy hadddl i K t ot

obj ect to be baonded, such_as the sem conductor el enent 1, by nmeans of the
bondi #¢ obj é&hiexenenig hi £r2¢téenr &PSHdIhgSeothaet THee haRBILCREGISICEIe 20
obj ect to be bonded, such as the base nenber assenbly 2A that has a

plural i~y ofelgsetitods itso bssidad &9 did 182 o ieeEoe®d £he ot her object to be
bonded, such as the base nenber 2, and the bondi ng obj ect handling unit
22 for this handling sigeEivetd,y theyupresaelrt haveatiovernentndlor linated & ve
25 novenent nor the novenment of conveying the object to be 17 February
2003 42 handhéd .andThendesentd theestioot ure béfertdvel miten benelratl lyvuch.
In the friction bonding apparatus of the first enbodinment, with regard to

t he object wppieedondedhef meautf s thasiogrenbezn 2e bécthenbaseimenbér basgwhbl y
2A that has the aforenmentioned frane portion 2d and the netallic bonding
porti d®s subly asontengi rdempralneslécitroarid ncbinpedepdist i bmcRhisihat @kt ends
fromthis frame portion 2d inwardly of the frame portion 2d as shown in
Fig. 12 andcionneatloirmedandit h sbt0 respedio t oat heifrane: pobbveed 2dmad shdan in
Fig. 5A, the positioning section 26 is nounted on a positioning unit of
char act er i stiag®: fag thelingws o0 thatvdahieetbpndb Hig osb¢endahandpibguenist 22d
provided with the positioning section 26 holds, guides, and handl es the
frame porti@rodhctandby frictionally bonding the metallic bonding

portions of various objects to be bonded to each other is

20 performed regardless of the electronic components and

circuit boards and regardless of electric components and
electrical products.

The semiconductor element 1 1is constructed of,

for example, a silicon wafer. In order to produce

25 specified element functions by electrically connecting the



15 subjects the netallic bonding portions |ocated in the inclined portion
2f to frictional bonding. _ ' In concrete, the positioninq jg%}ionzﬁﬁ%can
nove between the unl oadi ng/| oadi ng position indicated by R ePEYarY ein
Fig. 20 and the bonding position showm in Fig. 20 5A and Fig. 19. In the
unl oadi ng/ | oadi ng position, as shown in /Fg'79. 6 and Fig. 16, the frane
portion 2d of the base nenber assenbly 2A'is held and gui ded al ong t he base
menber conveyance surface, for exanple, horizontally, for the |oading and
unl oadi ng of the base nmenber assenbly 2A, 25 which serves as the object to

be bonded, Vx‘,{'{atﬂ;lazf e»?i;‘f’r?taﬁo 1&&5?19%“%3&%‘1 3 43 dhe P?Qgi,ngh%bjr%%ire .

handl i ng uni he abovementi oned "bondi ng position, 'the fr portion
2d is inclin so that the inclined portion 2f of,,each._ bas nber, 2 Q. the
frame porthﬁ?%ﬂf%ﬁoﬁtﬁ}?ﬁﬁﬁf ?ﬁéﬁ %%a%g%%%l§n2 lﬁelgAaﬁ&%pggﬂrigﬁe&rﬁy
the positioning section 26 extends .al ong. the base nber ,conveyance _,

surf ace, an?op‘gréei ’i oarﬁa% aaﬁﬁe%%fﬂlgob%pt% E%Bj gﬁ? gﬁﬁcﬁﬁﬁglal i E)é%‘ﬁ&itﬁé’n

portions of the.wiring lines,4 Qqwned by each jncljned portion 2f to

etal 1o borkd HiETHSR (0 17 EhsPLatos PYSA 706 Al mente. FRSa304et Pofig
sectithZG i s constructed so as_tqQ be able to npve between the

unl oadishg/ | cadihdrddRi et od BRE2LAL CoBRESd 3ok i9N By BLUBLRHE aPSuirdea
shaft 41. In addition to this positioning section 26, the positioning unit

i s provi ded Lifia h Bapdsot i tshdfaHiaty unptegriealls eondenfhyline and
positioning section 26 between the unl oading/loading position along the
base menber assMratlce ek dvisyhiecdimanant ¢edi rektaes Béndi WGrposioti on
of Fig. 5A and a backup section 43 for backing up the frame portion 2d

posi tioned Hpn hexpoplei omelglisert fpd 26 &k idre Ronddcigi eyl pdittiasandtc of
t he base nenber 2 when the positioning section 26 is switched to the
bondi ng posivtikoratifhes cord rbeéabibhy 24df dhegeatiteld | sepa het bper aheotrid 1t he
friction bonding apparatus nmakes the position switching unit 42 properly
oper atld accoaditigrt.o the 1satonpe 25twd dadithgtheosemnionndgetand ehemenrg
operations of the base 17 February 2003 44 nenber assenbly 2A. In the
illustratedlfirstnenbddmirest, ta stipposilbase 4afewhiantd supppetritbhed to
position switching unit 42 on the shaft 41, is supported so as to be noved
up and downblzy Gas, ellevati ovr useNal rusydi mder A7switt h(gespecd heoashase 46
of the positioning unit that has the backup section 43 at its upper
portion, antiavke RAYMdroN SWHdhi ngkainit 42 is constructed of an air

cylinder 48 operated between the support base 45 and the free end portion
of the positioning As shown in Fig. 11, the base member 2 of the
15 suspension head 5 is constructed of a thin spring leaf and
has a shape tapered from its base portion 2a toward its tip
portion 2b. Metallic dots 4a (sensing terminals) for
reading a magnetic disk are densely arranged on one surface
of the tip portion 2b to form a read portion 2c, and the
20 metallic bumps 3 of the semiconductor element 1 are
metallically bonded to the wiring lines 4 that serves as
signal lines extended from this read portion 2c¢ toward the
base portion 2a side with a specified relation of

correspondence, forming the suspension head 5 that comes to

25 produce the magnetic data read function. As shown in Fig.



10 section 26. This air cylinder 48 switches the positioning section 26

into the unl oadi ng/| oadi ng position and the bonding positi t ne y

bei ng extended and contracted by the operation control of1?333@5%¥?§#punit

24. As indicated by the solid lines in Fig. 17 and Fig. 18, 'the 15

positioning section 26 is positioned mhilfgbringing both ends in the

| engt hwi se direction of the |ower_ end surface of one guide rail 26a into

contact with a pair of stoppers 147A in the unl oading/l oadi ng position. As

i ndi cated by the two-dot chain lines in Fig. 17 and Fig. 18, the 20

posi tioning ction I §4POSh L il 1 hgi Ag theen i.n -
£CLAQ Fggf § 4RO %nugg:c?%l br{é g hQQ f]it% %Saéc? ﬁcgﬁloz%a

| engt hwi se directrion fhé I"ower surtace of the other guide-r

into contact, with iyt O t ers j n_1he | oadi-ng/ |,0adi
posi ti on. 124 sgééﬁé%fiém egltlép(gfg‘\a/{ldea%;é@éickE%estag{}es i &kzg%ﬁa% et a
inclined portion 2f of _.th ase. nenber_ 2 i 17 February 2003 45 pronptly
recei ved by Jf%‘éarb%c?(}&?)féeit Bgn%ﬁf b’ﬂ?ec[aﬁey ivehent B%E%{hé%ﬁo%%ﬁoéﬁﬁ}gdwqpe
section 26 into the bonding position, qr _in other rds, a state i j ch
The | over s\A% dtb GFS LREST SEPERbOT pORt o L3E PEChRbpG Eed Qe Bty -
brought_in 5 contact with the upper surface of the backup section 43.
However® in DitleFesd F@Fé%o@‘ﬁl %aﬁ@?f trh%grb%ﬁkﬁpd\ﬁsﬁ)‘ho%to%t Pe ST 151
accordingly without | ess danage inflicted on_the base nenber 2 and the
frame porti dht 9, 8when atshé:cbo%‘i:%ﬁloth&hseec‘fa}%‘rﬁ]%di-ée%W?Ehé@et Fagretic
bondi ng 10 position in which the positioning section 26 is inclined, the
posi ti oni ng ¥t i ¢h ZetREEFCAY | AriNenbondrAGipgsi #16n TVt b allihg
downward by the contraction control of the elevation-use air cylinder 47
fromthe comawielittdaa secehdedtdr Fhel hagaessoct ddskeP.is noved paral l el
toward 15 the backup section 43 side w thout shock utilizing the cushioning
property of the air cyh¢eeeding, tandhdelfthckinnd bpordiingn R¢thedr effi dfiley
seated without stress on the backup section 43. The nechanismfor the
paral 1 noviEimesit arthhddemanisnenassysesempfl itfiiedposiini onFsgi t chidg 2®wini t
42 and the positioning section 26 can be constructed through nodification
in a varietymodsswayszitpwerad, tihelpaiwdlel movdment Oiet he gudsidndoatog
section 26 can be elimnated. According to the positional sw tching of the
25 positioniglgemseact | dn 261 ashdes@sdedembeve,2 whehatheewhnl ecach7 dEdlwryar y
2003 46

which are the objects to be bonded to each other so as to

bring the metallic bumps 3 and the wiring lines 4, which

15 are their metallic bonding portions, into friction contact,
the metallic bumps 3 and the wiring lines 4 are
frictionally bonded to each other. This friction bonding
operation 1is temporarily partway reduced or stopped
(halted).

20 The reduction of the friction bonding operation
can be achieved by, for example, either stopping (halting)
only the relative movement between the semiconductor
element 1 and the base member 2 or stopping (halting) only
the pressurization when the metallic bumps 3 and the wiring

25 lines 4 are relatively moved with pressurization for the



body obtained by integrating a plurality of base nenbers 2 with the frane
portion 2d is collectively handled by the frame portion 2%7%”%*8 5?03
sufficiently larger than one base nenber 2 that becones the objec 0 be
bonded and 5 successively subjected to the friction bonding to the other
object to be bonded, such as a pluralitypef sem conductor elenents 1, the
positioning section 26 holds and guides the frame portion 2d provided with
the base nenbers 2. By this operation, while perform ng the |oading,

unl oadi ng, and 10 positioning simlarly to the case of handling general

pl at e- shapedrabjieeh.suclthas @t6p r qliall thoas £l shiel |ptdséhei vat oadi g opdi ng
position extended al ong the board conveyance surface of Fig. 6, the
inclined portheaval, abigdrbelpngsitasting base BEeiuR ideion s drheqabject
tb be 15 bonded positioned via the frane portion 2d by being noved into the
speci fied bQEGEBQnEOS!(B!aQEiﬂt;)F' ghe SAHrBYyrkhs Cé’ﬁ”%eu%fegé‘uﬂ@%w&?ﬁ

position switching unit 42 in the positioned state and i's I nclined w

respect to b@gemg%,p%té %%\%tf&t{' be pasi tfiﬂ%%qo@ga%&@%@g%%&gaeﬁcked

up 20 by the backup section 43 in a posture along the boar eyance

surface as [ ig. : tihi, s Lon, .t iingl i r of
t he bage ne%%g?giggs% eggﬁﬁﬁ% <%8§%er§§§5gébsgBﬁe?%@EQ%Bc?ﬁgngfi%%?%%ga
bonding to e e j t d h ; em or

ol ement 1. Phe Pitureedtadsnaro bneRRe et HHE A dE I R
bondi ng obj ect, handling upit 21 that handles the object wthout difficulty,
simlarly t"(‘)’lh’}e CasED ?%e té’eenelFaa?epfngf“%-egh eﬁngbj%g’& %‘O%ﬁliuéﬁéﬂth?{}ng

t he board cgnyeyance.surface. . Even when_the jnclined portion 2f and 5 the
base nenber8§¥wﬁ8P B MRFHbH T oRYBPS are i%brﬁﬁgvé§nFﬁaﬁ‘tenﬁh?o
suffer vibrations, an eformatjon, _.sufficient friction bonding can re|iably
be achi eved® PhoﬁsagﬁylieﬁinghﬁanﬁﬁécgﬁEH O?ﬂé“ﬁef%?ﬁﬁ?FbﬂganﬂaPnjB?y on
them _10 In tﬂe apparatus of the first enbodi nent._ i n~. which the positioning
secti b 26 PSPABYEH BYr SFPEPAGWIIRIT G )s ddte tHRl dTicT§ Ml $BRR T ot 28R 8n

t he backup section 43 wi thqut stress, the positioning section 26 is noved
paral | el upRBRUCBPHRECEX EHTIIBH chnt't bl dRSPFEtai o 15hey Pasgemaipa®y Zhe
control unit 24 in _the stage in which the friction bonding of each base
nmenber 2 of 2PfRe f B poERPon Ril&hHse aR@veRenitnclisedapsprbPenizd j sby
separated fromthe backup section 43 without stress and thereafter put back
to the unl cREEAGLFHEELAGNPOSN iISEPPIYieE t (e Womd Ind-1rD PpersIunizayiame air
cylinder 48. When the friction bonding ends, or when the friction bonding
ends possi bly includi A§ desapad Foveeent L sher seanfiadrelugiver de hevenent
return is perforned, the positioning section 26 is put back to the 25

unl oadiPng/ | badhdgtpesbesennaindey t?hedsoqayesbmehadiicee to each other to

bring the metallic bumps 3 and the wiring lines 4 into
friction contact, then the metallic bumps 3 and the wiring
lines 4 come %to have an elevated temperature by the
friction and are frictionally bonded to each other with the
20 softening, melting, and diffusion bonding thereof. If this
friction bonding operation 1is temporarily reduced or
stopped (halting) partway, then the metallic bumps 3 and
the wiring lines 4 and also the semiconductor element 1 and
the base member 2 scarcely receive damage due to the

25 reduction in the mechanical and thermal influences,



17 February 2003 48 surface of Fig. 6 by the control unit 24 and the
position switching unit 42, by which the unl oadi ng of the ﬁgﬁhﬁgﬁ@&yn 2d
t hat has undergone the friction bondi ng of the senlconductor e s 1lto
the inclined portions 2f of the 5 plurality of base nenbers 2 and the

| oadi ng of a new frane portion 2d can beqperforned. For the unl oading and

| oading, the first enbodi ment shown in Fig. 1, Fig. 5A and Fig. 6 is
provided with a pair of guide rails 26a, 5la, and 52a for holding 10 and
guiding the~frame portion 2d so that the rails can convey the frame portion

2d in one di r i fel
enbodi nment , C\{/ﬁleét;%lenpltr!L eroptodsrttrf%%%ggéjs%%ﬁ%%r}n @aiffc % ng gggtf: on gl and

an unl oadi ng, din 52‘;;(:6241} fggf . ear} f?l% hcéhﬁ Erjc‘r’]ptop

posi tioni ng se ion 26 an g ahd~Un ng 0 rane

2d d th
gg;;;ggouslgae;v$§%aége§\%s§§t'on BB, b 1?3 2 sy o thel?r i
t 2d aft t.h d d t he | oadi f 0 f
por 1 on 2d FiF e RN L iR Sott | 28 % RPRAF Do SR UORCBY Pho >

si npl e conveyance, in_a lipear dir ctlon utiljzin ain or a helt
sh(r)rpvm) %xt e thrdghPT eI uRfo 'ngs%%&?ﬁ‘%ho%zgﬁﬁg E’ne&P’baﬁ?ﬁ 1§‘8c'§t|h(?n

51. The frane ortlon 2d Iogg?g fromthe |oading section 51 intg 25 the
posi ti oni ng G5 2815k, ML Lend)heoccurs and high yield

results. Furthermcore, the shear strength of the metallic

bonding portions of the metallic bumps 3 and the wiring

lines 4 is rather increased by the reduction or stop (halt)

10 of the friction bonding operation effected partway, and the
friction bonding is reliably achieved without trouble.

In this case, if, for example, the semiconductor

element 1, which is one of the pair of objects to be bonded

to each other, is sucked and held by a suction tool 11,

15 which serves as one example of the holding tool, as shown

in Fig. 2A and Fig. 2B, then the element can be easily

conveyed from the pickup position to the base member 2 for

the temporary bonding and easily handled in a variety of

ways. Therefore, the held semiconductor element 1, which

20 is the one object to be bonded, can be pressurized and

relatively moved relative to the base member 2, which 1is

the other object to be bonded, with the metallic bumps 3

and the wiring lires 4, which are their metallic bonding

portions, facing each other as shown in Fig. 2B, and the

25 base member 2, which is the other object to be bonded, is



17 February 2003 49 subjected to the friction bonding in the

unl oadi ng/ | oadi ng position on the positioning section 26 b R@%p E@@gived
by a stopper 53 shown in Fig. 6, which is owned by the poslti %a tion
26 and tenporarily projects into the 5 conveyance path by the air cylinder
54. Moreover, as shown in Fig. 5A the pQ§itioning section 26 is provided
with a stopper 57, which advances on one Tail 26a of the positioning
section 26 toward the other ' side to clanp the frane portion 2d of the
base nenber 2 10 that is the object to be bonded received and positioned in
t he position S | 6 tyee o[- and, t o] r. h in the
figure, and%ﬂ%( eg%gh?gerael%gs%\@t 8%?5%?%9& hgﬁ%o%?%gll%a'ﬁ?t 0£:yzkgsima éerl;s]' t he

st opper 57 §$¥§%f§%§9ngo§ﬁéiRgagggagold the frame portion 2d every tinme the

frame 15 po I'S”recei ve positioned in the positioning section

26. and makes the stopper 57 retreat every tine_the bandi.ng operatiqn ends.
The stopper 57 is nadg??léeaggjéhcéggna PEF%SQFl&rfeﬁﬁr clra‘t:]y o £

controlled b he control unit. 24, and no.concrete nmethqd is specified 20
ther ef or TSGR B vaEraatrcasat YRty i eI he
advantqge that the aforenentioned clanping i s performed, withaout stress by
virtue of tHLEITMEudhitdE wWRRobESEPIETE consPAEr ot ohS SE&fd&ilgnt to
inflicting damage on the frame portion 2d and so on. 25 As described above,
when the fraRPPoritbh2danis Vl%ﬁlfélﬁ?lnéartf X003 SRl eehdEl PRt Honged, or
positioning section 26 and positioned in the specified position, the frane
portion 2d cERF beeHARL § moviad| €S YL GIRGRF PR t el ¢raRe pbrthekd 2d0¥ n e
positioning position by the control unit 24 and the stopper 5 57. The frane
portion 2d is¢riamentedlf AdmWed nghei Spedat sdBl ¥ hendoeasdaty fasthigieing
rel ati ve novenent or the variations of the other object to be bonded such
as the senm comiutedrtévemsmvanent be fIncpiagidlduyldrondedleadivhe yasamandhber
2 owned by the frame portion 2d, and therefore, 10 the friction bonding can
be achi®ved asrt hblei gbetaposit i wheh acmiagyge Mondovieighespeag wikrathen
arrangenment that the inclined portion 2f of the base nmenber 2 owned by the
frame porti at@ki of orteel atlthesbhpcportibort2bnsf, t ledsprihey 1y d=fort hat
extends into the frame portion 2d and put in a | ess stable condition, the
posi ti oni ng hornidirgd tdae i Ishafstirdteedt iy r dle epkadiomeetd | $nf uat hehopt ow idred
Wi th a pressurizing nenber 61 supported by one rail 26a of the positioning
section 26 sathHait tdrecessl veaedobaspspoetreanbeftw2@nt td mdnuted mparatlilare 2f
owned by each base nenber 2 that is the spring leaf is able to be held
bet ween t he yemdiaig 61pard ibhes baskup tirct i patd3las i neugpsed by dbhe sold d
lines in Fig. 5A and to release the holding as indicated by the inmaginary
lines 15 Fi gerbAediihictem &thnBgtuni tarff? tRe 28 rSWd chimgs t helpeasedr ica ng
menber 61 between a hol di ng

the base member 2 for the manufacturing of the suspension

head 5.
When sucking and holding the object to be bonded,
such as the semiconductor element 1, by the suction tool 11,
20 the semiconductor element 1 is received, sucked, and held
by a recess portion that is formed in a recess portion 1llb,
as shown in Fig. 2B and Fig. 2C, formed on a suction
surface lla of the suction tool 11, similar to the external
form of the semiconductor element 1 which is the object to

25 be bonded and sucked and is smaller than the external form,



17 February 2003 51 position and a holding release position with respect to

the rail 26a. Therefore, the pressurizing nmenber 61 is put,. h i ng
position every time the frane portion 2d, i.e., the base ﬂgé%%#w%y?ﬁg? is

the object to be bonded is 5 received in the unl oadi ng/l oadi ng position and
positioned in the bonding position the pasjitioning section 26 under the
control of the control unit 24, and put in the holding release position
every tinme the bonding operation ends. In order not to inflict damge on
t he base nenber 10 2 during hol ding, the pressurizing nenber 61 is provided

as a plate nember whatghase.a fesidieney. B3k Ssavprect edion dhepal |l 46a
whil e being able to pivot between the holding position and the "hol di ng

rel ease posiddom Py 13 dlj Nge opicn ééngﬁaefe | Gsehi pepOr tE QN broyglt idE  pe

surface-contact viath the 1571 nclined portion 2f 1n an overlappl ng manner

for hol di ng. fauever . .4be cogernete hok dipg systemand hol diggest ugtyie can

be appropriately change € swtching unit i's con an-air
cylinder 64 ich t.he operation is controlled,by the control unit 24.
This et cylinddl SrmorR A ettt 4u88LE eh PRSP ERedrad et Fease
an interval hetween one rail 26a_.and the free_end of the pressurizin
rorbor 61 EHE | THE L RCROPRi A6 LAAFS L% of Eatb o e Bl oy of t Hth

i nclined portion_2f, the base er 2, and so on without stress b

LT 21 ng OB 1035 E0aRRor pr BRBr (Yt LR SHA T CYPPRRe S BATuBh e the hi s
can 17 February 2003 52 be replaced by a variety of operating systenms and
operating né& FRICHRY he%%e‘gForlqu%%dl%r Fgﬁéénéfﬂqt%%%gﬁﬂggsﬁﬁezi ng

mentber 61 has its tip portion consistently 5 urged by the resiliency of the
pressuri zi ng2mefber 3% facel f 44§ -a hol d¥Ghdi r éBiSon” PETRRUERS e ti phe
portion holds the inclined portion 2f in an overlapping manner, and the

hol di ng of tk&lGeaIdusEPHartsn s 1 canhbehr disedded MBI s htagbapberded,
pressurizing nmenber 61 by the piston rod of 10 the air_ cylinder 64 by the
drivid§ of tise BeeetyPfndst &he taper surface llc of the recess 1lb

located at the sSuction surface 1la with the corner portions
of the semiconductor element 1 brought in tight contact
with the taper surface 1llc when the semiconductor element 1
is sucked by the suction surface 1lla of the suction tool 11,
15 and the movement for the relative movement to the base
member 2, which is the other object to be bonded, and the
ultrasonic vibrations, applied from or via the suction tool
11, are transmitted without escape nor dislocation.
It is to be noted that the present invention is
20 not limited to the suction and holding when the object to
be bonded, such as the semiconductor element 1, is held for
the ultrasonic bonding. For example, as shown in Fig. 3A
and Fig. 3B, the semiconductor element 1 is received and
held by a pair of taper surfaces 1lllc formed in

25 correspondence with the opposed two sides of a quadrangle



Particularly in the illustrated first enbodi nent, considering the fact that
the base nenber 2 and the inclined portion 2f easily suff gﬁgg
deformation in an initial stage in which the tip portion g?'ﬂ%@ 266
pressuri zing nmenber 61 is brought in surface contact with the inclined
portion 2f in an overlapping manner so as;{o hold the portion 2f and in an
initial stage in which this holding is released, the control unit 24
executes further control such that the operating speed is gradually 20
increased froma slowspeed state at the start of the holding and the start
of the rel eassughiyhe;ohding of chbe REesaUll Zdih MBEDEh Ol enabldng: she

hol ding and the refease 0 ding to be perforned wth [ ess damage.

A di t | i td bz 1,;th
or essuri 21 no henBer 61 PRigR 1Y ThRARELe A e AR e et on

by th t t th 1.t chi it 6 t LEi

by e cont ol gaLt 28 e Logse i SN O tben, e st on Ao

i nclined ' 2f t b 2 ked. by 5 the back

ot i on 45 wh £ B baT ORI BRISE S BTy KRS bt EBAVBy SRS Surta e T T The
itiopi ti 26, the ing¢lined ti 2f 1s held bet th

b essur el g RERBOF 81 dMtF (WG BHERuSOStCt | O 3. S0V Eh SRS SRR erden

the inclined gortion 2f |ocated at the tjp portion, 2b of the 10 base nber
2 construct efP8f S PHIUF T earleRe e breVEHEd £BontHE biPRI&TT ofF Pbeffig

di sl ocated or defornmed during the friction bonding, and sufficient friction
bondi ng can berdedur é§ WialdubYi e ey rnagef8Ret He Iasef néhsert napy

| ocating the pressurizing nmenber 61 in 15 the hol ding rel ease position

after the frfEiFbRoBonBPAGINGhe SHAGEd ngt@FL t heélly amEhSor tS9H RNIYDFR X he

positioning section after the friction bonding and the |oading of a new

obj ect to beebenegel irésnvecdiyedr bedthRbpadvepl OPodFe pricaan i SUNHReRFber

61, as shown 20 in Fig. 5B, in correspondence with each of the plurality of

base nkbberslRlcaoprebsurezeng Lédb 8dbattedprbvitiied haltdirg sanetacs il a,

w ndow 61c, i.e., a through hole through which the netallic bonding

portions of whehw riheg | paés 4 dbcavpgosrdt hecormer negpqudritdron 26fof Baeh

base nenber 2 is exposed 25 and subjected to the frictional bondi ng when

t he semiconductor element 1 brought in tight contact with the
taper surfaces 1llc, and the movement for the relative
movement to the base member 2, which is the other object to

15 be bonded, and the ultrasonic vibrations, applied from or

via the .final friction bonding special tool 111, are

transmitted without escape nor dislocation. According to
one example, the angle 0 of inclination of the taper
surface 1lllc is preferably 90° to 120°. With regard to the
20 material, when the semiconductor element is made of, for
example, Si or sapphire (in the case of LED), the taper
surface 1is preferably made of a hard alloy (cemented
carbide), diamond, or the like in order to prevent the
abrasion of the tool. BAbout a half of the thickness t of

25 the semiconductor element 1 preferably enter the recess



17 February 2003 54 pressurizing | eaf 61b independently provided by slits
6la or the like is overlapped for surface contact to perf of { Ng
and the rel ease of the holding. According to this arrangeOrrlgmé,tJFL(E':T:]yrpng:5
individually 5 holding the plurality of base nmenmbers 2 by the independent
pressurizing | eaves 61b corresponding to 441e nmenbers 2, even if there is a
difference in the position and shape between the base nenbers 2 and the
pressurizing | eaves 61b, it is guaranteed to insert the sem conduct or

el ement 1 10 sucked and held by the suction tool 11 into the through hole
61c through ihg,t hrough hole 61c owned by each pressurizing |eaf 61b while
hol ding the nenbers 2 wi thout nutual interference nor stress, bring the

respective bunps 3 of W%S%ﬂi%oné'ﬂféﬁgeﬁéﬁ@mtﬁei @E:Qc%'&tna%oﬂ\ﬁm%”&?f
wiring 15 lines 4 exposed inside the through hole 61c and performthe

friction bonﬂ{%%&éfstg? A g;@a%mrlfdbuﬁ ROSiHd anal @§f§ﬁgﬁ§.iiﬁ.§s 4

According to the construction the atorenentioned friction

apparatus, t i {4.0D0i L. di.ng/ [ i tion, .
novenent to C?Lﬁe %nfd%]% %%s%%%ﬁ%ggﬁdyl%gghgggi %gégﬁgg%???nt"& %tchhel qraesde’
menber assemply 2A ar r.at as.follows under, the control_of .the.control
unit 24 Thaml%s?aﬁgegugﬁgcgag% n%%bgirleag’s?g#ﬁ:lo%df&rﬁosr |%%%‘§%n$r%m '(t%“nhelcq'l

| oadi ng section_51 25.into.th sitionin ection 20 and _fhe base er
2 February Jo053850038Bhoiy B BARCRE FRRRES, S0t e SaorEiPacgRbed Tt o
t he unl oadi ng/ | oadi n osit%on in%the gositioni@g seﬁkion 6, .then the

st opper 53 RE toPRsi 1TYR the BRsEIARnBEF faSEerbPy 38R Hhethe s not
unl oadi ng/ 1 oading position with the tjp 5 portion of the base nber
assenbl y 2A SYORRAL Y (10 SR oppER B8l By EBRFSCLS PRerE4rtaprahetaster
57 is made to advance by the air cylinder_57a, positioning and hol ding the
frame porti GIEDESH t NER8Bpect tdtithe PBRPLEBNI MG SseRTIFEDRBLOThePdaf (e
the air cylinder 48 is made to 10 contract (retreat its piston) to incline
the positi oMIRHEERRGDON Wb HEEHEHEST n ey, A dh¢ Fifgictd Bpk hEmitastt ng
of the positioning section 26 around the shaft 41 fromthe

unl oadi ng/ | GRfiRLIpoERE | BACkoStiNEasendin® oshe | HeicondurEent iy ement 1

t he~positioning section 26 |ocated ir~ the
with the suction surface 1lla; the adhesion and deposition,

onto the suction surface 1lla, of particles‘ of silicon
powders and chippings generated when the back surface lb of
15 the semiconductor element 1 suffers scratches, scratches
due to the adhesion and deposition possibly caused the back
surface 1lb of the semiconductor element 1 to be sucked and
held; and the abrasion, chipping, and cracking of the
element inclusive of the electrodes la due to the adhesion
20 and deposition, dissimilar to the conventional case. This
enables the improvement of the yield and the prevention of
the reduction in quality due to the scratches on the back
surface 1b. Moreover, it 1s also enabled to prevent the
occurrence of an issue such that the foreign materials

25 (particles) generated between the back surface 1lb of the



15 bonding position is noved parallel downward by the contracting control
of the piston rod of the elevation-use s air cylinder 47, }j t
control. The inclined portion 2f is noved parall el towanjiné?m%éﬁéﬁsg
section 43 wi thout shock taking advantage of the cushioning property 20 of
the air cylinder 47, and the inclined pog@ on 2f is reliably seated and
supported on the backup section 43 without stress as shown in Fig. 5A
Thereafter, the air cylinder 64 is driven to nove down the piston rod,
concurrently holding the inclined portions 2f of all the 25 base nmenbers 2
between the 4d.p fnd espuhLZing r I {FEhY uar 31%6 GL4nand the
backup section 43rbytié¥res?$%ence ?ggggq% %%%fbres§ﬁ¥F§?%g nen%ér 61 as
Syoun [0 ko MhEnebl 01 d%0ok0 heaakate el 11eeLng! bhed jaoptian

s
2f of all the base nenbers 2 are hel tween ressuri zi ng menber 61
and 5 the bac tion.43, .the,seni conduct or el enent 1 sucked.and.held by
the suction %ﬁ#éﬁﬁfiggiﬁ%é?%%d%Pﬁtgﬁﬁ%alﬁﬁ%)%ﬁ?ﬁﬁﬁ%ﬁ%it F eggﬁ qleﬁd
pressuri zing |leaf 61b of the pressurizin nber, 61. The respective bunps 3
of the sem COhdUA L SHEnE 4G S B ROH™ | Aeetntals WPROVRE ZO wiring
l i nes exposed inside the thr h hole 61c, and the, aforenenti oned ..
-initi ;L:l friction bondﬁ‘}%eqﬁ'edgggi o'ﬂlcoq'lqrénﬁBgar Q‘Sb‘bg 8kd %‘%alhogpil(?ﬁi on
bondi ng are perforned. Wen the bonding of the sem conductor elenent 1 to
the base neﬁ@é?“&géeﬁBF919ﬁ dsthenétaiscteyFender Bandsdqr isi&h 185 150h%ove
up the piston rod, concurrently rel easing the holding of the inclined
portions 2f IFIMIHEBase By s D bédedh e h&aPed ofSWHEGH edd@ri &Sng
menber 61 and the backug section 43 by the resilience force of the
pressuri zi ngafEibidred120RERt , 1§ h&edudvgd ohoukee aief f2gt@d | agéy 4in i §hgoved
up in a manner that its piston rod noves upward to extend to nove parall el
upwar d the phsiadtdrimdgrsediicdh @6 |deieed tn bacbdvdafngsppeivedodorafiet he
piston rod of the air cylinder 48 is extended to put the positioning
secti é¥ 26 ok anend tdredinkedditdyel caeverneRs pusi Wildr aftesin t Aadbaiidi Ag
position by the pivoting around 17 February 2003 57 the shaft 41.
Subsequent | ywuftfieistropper BFovsdendeptdrr etfr extpdryy shefacescylcndppo5ed so
as to release the positioning and hol ding of the frame portion 2d with
respect to time ghesidiimyumigprsexf imvétsntand Thersfopper e58hbri snerpovédttdewn
to rel ease the stop by contact by the stopper 53. Next, the base nenber
assenbly 2A fidwats rsowmder dgoing. t2e dohdiihg. wBk kis saocokpadedef. r oHotvheer,

unl oadi ng/ | oadi ng
in the case of Fig. 2C, it is required not to impair the

15 suction and holding of the semiconductor element 1 or the
like. In. the case of the final friction bonding special
tool 111 shown in Fig. 3A, no suction 1is effected, and
accordingly, there 1is no need for providing a device
specially for suppressing air leakage during suction within

20 a range of tolerance. In the case of Fig. 2C, when a
suction tool that has only a pair of opposed taper surfaces
as shown in Fig. 3A is used, it 1is required to provide a
device specially for suppressing the air leakage during
suction within the range of tolerance in order not to

25 impair the suction and holding of the semiconductor element



position by the unloading section 52, and the next new base nenber assenbly
2A is |l oaded into the unloading/loading 10 position and suﬁ}g ted t 0Ehe
bondi ng work, simlarly to the foregoing case. The frictio o H?W&%
apparatus of the first enbodi nent has a novement unit 65 for repetitively
perform ng the positioning of the suction%éool 11 in the 15 pickup,
conveyance, and friction bonding positions of the sem conductor elenent 1
when the bondi ng object handling unit 21 | ocated on the side that the
novenent for the relative novenent is perforned sucks and hol ds the object
to be bondedlsggh @; ihﬁeseniconductor el ement 1 supplied 20 fromthe
conponent supply E tTONn° 31 by means of the suction tool 11 as descri bed

above to pick up and conve he obj ect,, and brings the object, in frictional
contact with the other?%bj%ﬁéefo ¥ Hﬁﬁaﬁﬁv§uéﬂ3%s %%%C%hé% RABSIS 1RF d

and positioned by, the bqndi ng ?%fCt handl i ng_unit 25 22 that does_not
performthe %%%%%bﬂ?gfdﬁxFﬁb r i v& 1St PIEeBPIEA R 9208BPEE 2 FenBAt Wi h
their netallic bonding portions such as the netallic bunps and the wiring
lines 4 faciﬁbr%%che%??%%m$BF thé eREEULASH 0W1¢ﬁ<an91t§ﬂﬂﬁ#ﬁﬂ ect
movenment unit 65 has a transverse novenent 5 nmechani sm 66 for noving the
sucti on®t ool handhingwnike 2éqanded2r afgehenna lpl &g .as sHowialh Bg. 3B and
a vertical novenent nmechanism 67 for vertically noving the tool on this
transver se nbvenkaldipehanicarhmoer f HogesEs tive i dsendedntentdash i athen,
limted to this, and a variety of 10 other novenent nechanisns such as a
mul tiarticul swchobst thhosemdgondumtioas e asarp! ek andetibrt befset omwer 2,
novenents can be used. The suction tool 11 is supported so as to nove up
and down by andopdisig ileedtb8tsbowas nskbyn 1in FiEgs..~22B15d htbagh tHielr 2C,
and Fig. 4A supported to nove along the base nenber conveyance surface into
t he requi redwgoslliiorbdnydithe poahsvuessesnoie asntt hee oledrldmGbugp Orie and
exanple via a voice coil notor 69 as one exanple of the vertical
10 the wiring lines 4, face each other and a relative movement
unit 23 for bringing the metallic bonding portions, which
are the metallic bumps 3 and the wiring lines 4, into
frictional contact with each other by relatively moving the
objects to be bonded to each other, which are " the
15 semiconductor element 1 and the base member 2 held by these
bonding object handling units 21 and 22, relative to each
other, the units being provided on one machine body 25.
There is further provided a control unit 24 for controlling
the holding and positioning of the objects to be bonded to
20 each other by the bonding object handling units 21 and 22
and the relative movement between the bonding object
handling units 21 and 22 by the relative movement unit 23
so as to make the metallic bonding portions of the objects

to be bonded to each other held by the bonding object

25 handling units 21 and 22 face each other and perform



nmovenent nmechanism 67 and is able to performvertical (up20 and-down)
notions for the pickup and the friction bonding of the senj duct qr
element 1 and the pressurization during friction bonding. %‘gébrg?%&io\(?é
novenent unit 23 is, for exanple, an oscillator that has a piezoelectric

el ement for applying ultrasonic vibratio for causing the relative 25
novenment of the suction tool 11 for the fTiction bonding, 17 February
2003 59 and an ultrasonic horn 71 for generating ultrasonic waves is
connected to the suction tool 11. This unit ultrasonically vibrates only

t he necessary- oy L .on .t . and refare, -the_l IS 1.t ted
to be small ﬂ%%%ﬁ%{é}{%%g ibrﬁol%re%%%“ga f&'hleé%ot]hrgio uﬁ%?gﬁﬁ/@géovceo?ﬁ{a%%
bondi ng head 68 is_provided with tor 72 for rotatjvel riying.th
suction tool "1t a%%g?sogg% yé’ Eﬁﬁragoveoﬁn%wqe(fhtt he&hFr 8%?%58 OP%SLL?cte%ADn
of the sem conductor el grrent 1 SLicked and hel d bé/ t he sgcti tool, 11. 10
On the other*hahifethe EERBEREAL YuFBINF S TR $br S BBpi%g’ien Glg-1on
sem conductar elenments 1 enploys a storage cassette 76 in whjch dicin
sheets 74 f dtORAUH}BCcPPRGAHEgenPRondiitt o8l efBhET10P0 2ORA I %g p&r&g@é
separating it into~individuals arLd carrying themare stored 15 in a

nul ti - deck st§Awcedn®ra ECOPR§Ishast FaSErbPeeardP@eet hes r eghomedically
sem conductor el ements 1 are drawn out of this storage cassette 76 into a
conmponent suppligpasiagkevgdas shown in Fig. 1, and Fig. 2 through Fig.
2C, and the sem conductor elenent 1 needed each occasion is subjected 20 to
t he pi ckup perforned dhe heelativenmevenent. upde €RBi ¢spirekiwires riecapiia i on
canera 70 for the imge recognition of necessary data of the position,
posture, qualipgrtabkatabeloogm of ohe sénitdendurenadinegl ehprttl heulsldated
to the pickup is provided in the conponent supply position 77, 25 enabling
the suction uroidis 121t capilckkdp ankle $emlcointiucy otthe 1BoRdbngargbPOOB8 6hd
element 1 with high accuracy and enabling necessary neasures to be taken on
t he basi s ofrdYetineciogmaeds thtaocok tried adiispostad @ine sbhen ek aedefrddtdadie
sem conductor elenment 1. 5 In the illustrated apparatus of the first

enbodi ment, ddwveompohent sepplry feeabilen t3l per famwh hehe pmovededtwotth ome
bondi ng object inverting nechani sm 101 for sucking and hol ding the
flip-chip type sas cdenediher «d-pient hhnsildplg ednilisough rawce ebf iley ershe
handling in the 10 conmponent supply position 77 and subjecting the el enent
1 supplied teelidiedd i aidvandondiuigit THes beidi rg ek Raetid Nwaratd ofechay sm
101 has, for exanple, four suction tools 103 (refer to Fig. 3C) for
inverting usgesdrigderamdwe of 90 on a rotary nmenber 102 for being rotated
by a notor 15 or the like around a horizontal axis 104, and the suction
tool s 1103 pick up the xxem ey origl eRBNESrd0Bmbba idieditNd ashedowfd in

| ocated in the conmponent supply position 77 with the sem conductor el enents
1 facing dowm.qg Aspshowh i Ory 28 ¥PELB-65RANEYI BAohhe tebieBRRlS reaiddies

pi ckup 20 pos&l on or after conveying the elenments tothe pickup position
as i ndicat ed) by &rd M fgdd) 54 8a1 241 Yot BReDQAGLAG ORI Tl gl %R it rvals

mechani sm 101, the i1 nverting nechanism 101 rotates the rotary nenber 102 to

el ement 1 28 B EKEE LR T ot Re 0 5T o5 chaer 74 By SRS boRd NG ooy et
roughly quadrilateral frame-shaped frame portion 2d via

20 connecting portions 2e and with the other end served as

free ends. The base member has a number of portions to

which the semiconductor element 1 is to be bonded, and the

many base members 2 are integrally handled as a base member

assembly 2A. Then, in correspondence with the number of

25 base members 2 inside one frame portion 2d of the base



17 February 2003 61 inverting nmechanism 101 is vertically inverted, and the
sem conductor elenent 1, which is sucked and held by the %#q;ion tgﬁh 103
of the bondi ng object inverting nechanism |0l positioned i t?PuTW %
position in the state in which 5 the sem conductor elenent 1 is inverted,
IS subjected to the pickup by the suctiopgtool 11. In concrete, the

sem conductor elenent 1 that has been sucked and held by the suction tool
103 is sucked and held by the suction tool 11, and thereafter, the suction
by the suction tools 103 is 10 released to deliver the sem conductor

el emrent 1 fmembehe sastmbhyt 0BRs 40BjtoteHe sucplonalboly 1&f |timsst otbe
noted that the reference nuneral 103a denotes a suction hole in Fig. 3C

Mor eover, thethoddcngbohpeaty i nyerthag sechashdurtodt | slembhest oladveanee
and retreat in the 15 direction of arrow Cin Fig. 2A i.e., in the
X-directi onpbbatinegn ébeedtCitwhaheey 4 and Axhe FRirckHBNBYSHi 0BnkNn Wager to
performthe aforenentioned operation. In many cases, the sem conductor

el ement 1 igenBRYf agtyerdlanohand ez t hat eashiel eeheodgaka anshusash 20
metallic bunp 3 face up on the dicing sheet 74. However, if the

seri coBdUCt QEsEhBGNtorl BU! ol 1A XRE | idld o NYBE Ok bito t B8 hansl nfi

obj ect inverting nechanism 101 i s subjected to the pickup by the suction

{0l 11,25 dssphbod, aboe ol en; each o} ealdrenkangad caoh arokakl g burp 3

of 25 the sem conductor el ehent cked up by the suction tool

Febr uary 20032, 1L d0s dpvaat o ace, i ML B ek oboLbechass nesber

2 held and positio t'he positioning section 26. ore,

friicti on bopgdin e ' erfor. Si.mpl ' iC
bunmps 3 andgﬁhegaggiﬁghkggeéggegﬁg chéégﬁqbt é%bqﬁﬁyeggﬁhggy%g§%$§é%&A

ot her conpopent _s I and. suppl hani ap, be.adopt ed
accordi ng tggtﬁg ﬁ%%e%uéﬁéégggnfhéniIﬁ%péagggg uﬁéﬁﬁ%g EHS éﬁﬁﬁgﬁﬁﬁ?b?% be
handl ed. 10_As shown.in Fig. 1.and Fig. 2A .the positioning section 26 is
movediBy a SESPRRLY! 38 hoy e TR, S Bhon SeRReh S URSAh eyt ho
position 78 which_.is aligned in a lin .mﬁtq:th% | oadi section, 51 for

| oadi ng t he®Bade FERGEFD é’se%’F{/e%B&O%ﬁan?he UnitE&di MYTEREL iTn 55°f F2SY
unl oadi ng t he base moer, assenﬁiy 2A and in which the | gadi ng and

unl oadi ng oFeTREE Bage Wethere FednbPy OB& HAATY RO hiuhdRr < folglas%‘%é?w%%‘?s 2
are performed in the X-direction and _a working position 79 which is noved
fromthe | CABFREF urd SRPYY podh ti on TP® | HOLRE YadPr eETBAY20NHRE pBAIRYI ar
to the X-direction and in_which the friction bonding work is perforned and

moved i nto $HEKWBFKRRE PBLFEREntRe ebdeyt itve Realionsast MeMAAnND of e
frame ggrtion 2d held and positioned is subjected to the friction bonding
wor k. Lone eXafplerofCPhel¥- anr EBE HRNREVENEMI e Fedbningmwyl L1 side,
constructed of: a ball thread that is
where the semiconductor elements 1 are handle@ one by one
every time of friction bonding. The semiconductor element
1 sucked and held is conveyed into a semiconductor element
bonding position of each base member 2 located at the frame
20 portion 2d of the base member assembly 2A positioned by the
bonding object handling unit 22, and the metallic bumps 3
and the wiring lines 4 are positioned in the position where
they oppose each other, as shown in Fig. 2A. Then,

ultrasonic vibrations for the relative movement are applied

25 to the suction tool 11, and the semiconductor element 1 1is



17 February 2003 63 forwardly and reversely rotated by a notor; and a

novi ng body that is fixed to a nut nenber neshed with the ﬁggel 64?\?36@3 and
is made to advance and retreat between the | oadi ng/ unl oadi 6% ioh 78
and the working position 79. 5 However, the novenent between the

| oadi ng/ unl oadi ng position 78 and the wordg ng position 79 is not essential.
A recognition canera 81 is also provided under a path through which the
sem conductor elenment 1 is conveyed by the suction tool 11 fromthe
conponent supply position 77 10 to the working position 79 as shown in Fig.

2A. ' This %%ii@d@?&?né%%%’éi Wk Ghediler SHCION NOSLHES, alrhgeangl e
of rotation, and the posifion of the sem conductor elenent 1 conveyed by

the suction 0l %éssh@%é%@o% COLERGELON GHe 04 Jhe %%B?H?Ofbyf hehe

suction tool 11 15 around the suction tool axis, the redoing of pi‘ckup when

the, corr ect Lo SaNOtubbeflone. (3150 00c EUILNELIL S, S 0RCOMN {hen ceamer a

83 for the inmage recognition of the position an e of, 1

parti cul ar, i-ncl i ortio f th Se r 2, i i St
object to bé&eg% l(r)knédeg),%ﬁp%e.f3 t%%gobﬁect Wte‘:Lo %eg fggg?i%onél I%l/\pbgérilll ed I gh
viewed from th uctian tool 11 side ks provided i.n_a,bonding position 82
in whi c5h thgpsegrnalscclgln%%c? ol?aq%?e %tbﬂnﬁilsm’go %%g ?%dt Jﬁ%lbgggerrenber 2 by
friction bonding. This enables t@e pqgit%oni of %he seniconducjgr eI%nent
1 25 sucked and hel d %%F‘i% Rt it6n t0I HE S0P hRORALRE| PP ¥epPlar y
2003 64 5 10 bondi, wi th high accuracy_ and the execution qf a process for

n i
preventing tHE waif FuIeBBHHHWGnt fhe dRPFELRBACt OB endrite ™ 38  DPe

defective base nenber 2. Mreover, the bonding head 68 is provided with a
recognition ued a frictional bonding apparatus provided with a

supply unit for supplying at least one of the pair of
10 objects to be Dbonded to each other, such as the
semiconductor element 1 and the base member 2, to the
bonding object handling unit that handles the object. The
friction bonding apparatus of the first embodiment shown in
Fig. 1 and Fig. 2A through Fig. 2C has a component supply
15 section 31 for automatically supplying the semiconductor
element 1 to the bonding object handling unit 21.
According to circumstances, the apparatus is provided with
a component supply section 32 for automatically supplying
the frame portion 2d of the base member assembly 2A
20 provided with the base members 2 to the bonding object
handling unit 22 and further with a product storage section
33 for automatically storing the frame portion 2d that has
the suspension head 5, as shown in Fig. 12, in which the
semiconductor elements 1 are bonded to the base members 2

25 of the base member assembly 2A, for the facilitation of



for monitoring the bonding work of the suction tool 11, and this enables
t he bonding work state to be nonitored. The upper surface ofcth | ne
body 25 is provided with a nonitor 85 for displaying vari63§¥%®%¥gg§&%ndes
and control states of the control unit 24 and various supports and gui des
based on them and a nmonitor 86 for disphgying the aforenentioned bonding
state in the formof a video inmage or the like, for the conveni ence of the
bondi ng work. In particular, the friction bonding apparatus of 15 20 the
first enmbodi ment shown in Fig. i, and Fig. 2 through Fig. 2Cis provided

with two borgiang Y eet shnfdngiud s 21 and in particular,
necessary-m ni num two bondi ng heads 68 on the side that the novenent for

the rel ative novenent ¢ys perfornBds+ARdrLhe I ngL headsy 168, canyhe, poyed
linearly reciprocally int eug-g§rgct?on. iﬁ%ﬁgﬂﬁﬂ§?|§ gylbgilg?ﬁreggg 66a
and 66b (refer t i ! Fi AA) . r rive (o] ;
reversely ré%gte93§525ﬁ%¥%$9ig' %5 cﬁ%%%%tgﬁ% ngérgP% n%géﬁgﬁghﬁégﬁgﬁism
66. Wth thi r t, the ondi ng. head be erly d by
setting spegﬁfg%éﬁggﬁg%gg c&??%%%%ﬁgiEgégglggchggggﬁﬁaéﬂ(N#%%&%%% iﬁﬁ?im
frictign .February, 2003 65 .bondi ng (the, so-cal.l ed tenparary bonding)
and thg finé%JFé%n %ﬁp%oﬁapaad(tﬁ@QQ}%%Jfgﬁ 8??&&?9d85 |ﬁuﬁ %W?%t T’
interposition qof the reduyction or sio f the frigti.o ndi,ng. t he
roper use 38 abst e itk e fheStPBEEs BoRarRY oA (AL FEA BBfdi ng
between the_initial friction bonding and the final frjiction bonding can
al so be satir8fi & SMAHF ngPt RE HORdESTy rﬁé%d‘G%StBkﬁe%sse?d R he<
initial friction baonding and the final friction bonding while stably
achi evi ng tﬁBtPW€t&F6é§YbﬁuﬂH%ﬁﬁ4M1%ﬂﬂﬂﬁ%ﬁf:R?QHﬁ%%ﬁié%%mo?td???%FeHPe
conditions of the initial friction ponding and the final friction bonding
Wit hout exe€QPRGSESNDISUEPRISH FREHEID cadk cBHEFBI . time hiat cazeedal t A6ugh
the rate of reduction _and so on cannot be strictly specified, tenporary
fixatf8n i sapE5oBAIty cedddi reePH ot hehecompenent f SUOPLOh HORELAE. 3KcceVarkgl y,
this nmeans a state in which the positioning is conpleted with all the
met al | i ¢ buitpies adf naesl .sedrordacebacerehpat of Boded aiy the WLEPRG2arlnes
4 of the base nmenber 2 that is the object to be bonded, or in other 20
wor ds, a stand ifingdli chreductsechonie 2ahéevedulcattothati dedilght easaly.
certain extent. As a concrete exanple, the initial friction bonding is
per f ormed wahhd areldablasoatc Hoighpuspeéd0 y WidontOng sevondsjeand ttchebéi nal
friction bonding is perfornmed with an ultrasonic output of 1.0 Wfor

bonded on the other so that the objects to be bonded’ to

15 each other are frictionally bonded to each other in a one-
to-one correspondence or one-to-plural correspondence.
Furthermore, if the product storage section 33 is provided,
then it is enabled to automatically successively store the
products into a storage cassette 34 or the like in the

20 product storage section 33 even when the products are
successively manufactured at high speed, and to handle the
products in batches of the number required, facilitating
conveyance to another place or subsequent use.

The bonding object handling unit 22 located on

25 the side that the movement for the relative movement is not



25 0.3 seconds. That is, the reduction is effected mﬁth an 17 February

2003 66 out put of not higher than 0.6 (W of the final t g and
not |ower than 0.2 (W necessary for obtaining a certai n Zgljrgem%fag@é]ndl ng

strength or nore preferably effected with an output within a range of 0.3
to 0.5 (W . 5 Thetine is permtted to g shorter than 0.1 seconds. For

t he above-nentioned use in the first enbodi nent shown in Fig. 1, and Fig. 2
through Fig. 2C, the suction tool 11 of one bonding head 68 repeats the
execution of the initial friction bonding by sucking and 10 hol ding the

seniconduct Ing?ﬁ%@%anlsﬁggg}%gd! thhg JEup s eﬁﬂl?ytﬁﬂﬁ:bﬁgg'@ﬁ

obj ect invert and t en conveying t enent onto the

base menber cheidd adlealed by, s ol 10-Fide B The BUCLLER: bA0bLE O

t he ot her béh hea repeat’s exéecu i na riction

bondi ng by ckln and h Id|n th em,conduct.o h as
menber 2 in%g‘ sta E‘tgsnse"g?tley g%%dlpr{é’vhlecgdf nﬁgs abe%fu]tr J(?lgya\%z:afy
after the end of t |n|t friction, bondin e the e bondin ad 68
finishes t h&3h aeét%em c%e BB Sl LS earf E198LPG: o AT of &ﬁtﬁf

hol di n of he next sem conductor el enent 1. and, returns, ndlcate

arrow cgding BRR hbPRi FPL obf 15FLPRe ktﬁ%n%onépﬁlg eJa %%n‘?s
limted to the above ment i oned, suction tqol 11. For exanple, it is n
required to <8 AN5ELsUdle ahbl fbler t RengEngeni EdttuctoraRfefeft £ fsg‘towt he
pur pose of performng the 17 February 2003 67 final friction bondin

t he t enpor afiCheMEGAGed et cohdbiee oPCELEABRLNE Fadiiahe? @ndaBf £RE-| gn6t| al

fri.ction bonding by the one bonding head 68, and it is only required to
relatively fbveudhe R cdhdgbowr Wlemdeitail. With this construction,

if the frame portion 2d of the base member assembly 2A that
10 has a plurality of friction bonding portions to be bonded
to the semiconductor element 1, which is the other object
to be bonded, is positioned one time in the bonding
position by the positioning section 26, then it 1is
sufficient to perform the friction bonding on the common
15 positional criterion in each friction bonding position of
the object to be bonded positioned as described above when
repeatedly handling the other object to be bonded, such as
the semiconductor element 1, by means of the bonding object
handling unit 21 corresponding to it. The handling of the
20 object to be bonded, such as the base member assembly 2A
that has a plurality of portions to be frictionally bonded
to the other object to be bonded, such as the base member 2,
and the bonding object handling unit 22 for this handling
specially require neither a movement for the relative

25 movement nor the movement of conveying the object to be



5 relative to the base nenber 2 or, in concrete, to apply ultrasonic

vi brations. The final friction bonding special tool 111 of,_FLg. 3A Fig.
3B is al so acceptable. Mreover, when the hol ding tool of'Pﬁ§§%?ﬂ¥?8@gnding
head 68 is provided by the final frictional bonding special tool 10 11Z as
descri bed above, the suction tool 11 of yhe one bonding head 68 is not
limted to the one that has a recess 11b and a taper surface 11c as

descri bed above, and a suction tool simlar to the inversion-use suction
tool 103 whose suction surface is a nere flat surface shown in Fig. 15 3C
is also accepfrable A84d8ReldRed abovenel ndead:tine PeckiRs L Diti &ly
friction bonding, i and the final friction bonding of the sem conductor

el ement 1 capie peiformed only by one of the two bonding heads 68. In this
case, when there are the issues of the failure, the 20 damage, and the
limtation in durabili t Qe hendhag; hsa I f @r Lect to
be bonded such as the Its%meﬁgn Uct ot %Fe?r%ﬂtglpshgﬁpﬁfyéﬁ% ﬁgadgl{?hg@r%%
friction bondi . ration.can y tinu t t her b i ng
nead 68 whi FERRRTg v ceederdTheY e 8805 T T R RSt hrodits
operati.on rate can he avgided. 7 February 2003 68.The reduction of.the
friction bo%ﬁ%ﬁ;Q) %ﬁi%nogaﬁhﬁb ?%cﬁ%ﬁ%gﬁyafﬁgmgﬁgr (ﬁ%%%n Pl E8f the
control unit 24 and . al so performed by .stoppi,ng the _relative novepent,,

ot ween ¢ he STALATA ISRA nGERBRL SR | RE S7Hb: PRI SAAHoS BRACLRE
wiring lines 4 or the |ike or_stopping the pressurization between the

metal I'i c bok@Fd 6 t3 .aw*ﬁerﬁgaﬁggt JIPRE St of AR p?'%ggﬁ?\é\gapf%ﬁf'ophe

i nfl uence of ressurizatugn can be set free when perforned bﬁéseparating
the suction?foditaf &55F19% r bRYRhERSBj E€ETE0 PPE O AftietiVa3tdhy a8t fae
sem conductor elenment 1, sucked and held by the_ tool. However, the stoR
state can béréBeainfd i y2Byast SHEH giit hel Br ogredsdofl HrbRsLinedt Wok
according to circunstances. OQtherw se, the reduction of the friction

bondi A§ opergsPeFtcaiP afbe Baagehireel oy Ped@dE ngh®6t hinhdis relat the
nmoverment of the objects to be bonded to each other, such as the

seni conduct Pesditameringl saafidie dhsesneabated, cand towes Preering zunibnof

bet ween the netal lic bonding
characteristics as follows so that the bonding object

handling unit 22 provided with the positioning section 26
holds, guides, and handles the frame portion 2d -and

15 subjects the metallic bonding portions located in the
inclined portion 2f to frictional bonding.

In concrete, the positioning section 26 can move
between the unloading/loading position indicated by the
solid line in Fig. 20 and the bonding position shown in Fig.

20 5A and Fig. 19. In the unloading/loading position, as
shown in Fig. 6 and Fig. 16, the frame portion 2d of the
base member assembly 2A is held and guided along the base
member conveyance surface, for example, horizontally, for
the loading and unloading of the base member assembly Z2A,

25 which serves as the object to be bonded, with respect to



portions. The stop of the friction bondi ng operation can be achi eved by
stoppi ng both the relative novenent of the 20 objects to nded each
ot her, such as the sem conductor elenent 1 and the base ngﬁggﬁnf?ygﬁ@3the
pressuri zati on between the netallic bonding portions of the netallic bunps
3 and the wiring lines 4 or the like. Thiggwi ||l be described in concrete.
25 A rel ation between pressurization and ultrasonic 17 February 2003 69
vibrations will be described first. Fig. 22 is a graph showing a relation
between a load P, an ultrasonic output W and time t in a case where the

ultrasoni c otHPUtbINASnd ediepsl i tHaddiel f esgurt zata on 5 kepitionsdite-at a
| oad P~, according to the friction bonding apparatus and nethod of the

first embodip@itioféd. B3nk$nd IrRRAtShew NG refadhon Bekween the | gad P,
the ultrasonic output W and the tine t in a case where the ultrasonic

output Wis stoppesdwidd thatpr easurigali,0du kepfr t1Q,£0nSt apk adadhe goad

Po, according to the friction bonding apparatus and nethod. Fig. 24 is a

graph showi ngefod £1 a1 ot beheer Lhe | 83d:Font Ngqul 4£asail ¢ Ul AN
et u

the tine t in a case wher e trasohic output Wis reduced wth the 15

pressurg zati o0, fer{ ﬁglﬁdhg%ﬂaﬁme@f %osiiti%ned’“én%‘dﬁggi %8%%'?05& g 4 2

constant. rate, acc ng to t ove nmentio ti1on bonding appar at us

o TEhot. OBkl B AT LRI EGAEL R ReReny O Logg P
OULBUL, WS SSORPE, 1| Doule JLPSSUT 2L Lon pETLAT B CORBLANLY d:iing
cbove Tent| oued LAt P, Benc 1o apeeratus, 200 eI The, buIPS 3 teng, 10
DrOVeTEnt of 1115 b9pdiing sto shLh oLl oass of FLO. 34 LT oy
10 embodiment, the positioning section 26 is constructed so as
to be able to move between the unloading/loading poésition
and the bonding position by pivoting around a shaft 41. 1In
addition to this positioning section 26, the positioning
unit is provided with a position switching unit 42 for
15 switching the positioning section 26 between the
unloading/loading position along the base member conveyance
surface of Fig. 4A and the inclined bonding position of Fig.
5A and a backup section 43 for backing up the frame portion
2d positioned by the positioning section 26 and the
20 inclined portion 2f of the base member 2 when the
positioning section 26 is switched to the bonding position.
The control unit 24 for controlling the operation in the
friction bonding apparatus makes the position switching
unit 42 properly operate according to the loading,

25 unloading, positioning, and bonding operations of the base



The control of the tenporary bonding and the primary bonding, i.e., the
initial friction bonding and the final friction bonding mﬁk”zgp dea&g%bed
next. 5 Fig. 26 is a graph showing a relation between heié e e Aok d
time in a case where the tenporary bonding is perforned by hei ght control
and the primary bonding is perfornmed by hgad control, according to the
friction bonding apparatus and nethod. It is to be noted 10~~ that the

hei ght nentioned here is defined so that, for exanple, the height of a
bondi ng start position in which the suction surface of the suction tool 11
faces the whelp@rl iakeembigntthe wiring lines 4 is 0 and the value of Height
i ncreases as the suction tool 11 noves down. The tenporary 15 bonding is
conpl eted when the heirghthecamasdHratMensi bgtt MMM NebONdiNgshifport
conpleted, the load P effected or. the bunps 3 and the wiring lines (lands)
4 via the shatiom104gl forllsho6eRL! ehleehdys iyl NguiNERRRE dowvars bhe

suction tool by ‘'means of the voice co notor 6 e primry

bondi [ I .t.h ~ t d
cggvlePge: 3S/ %E%.S%%ﬁi \gigné%agt#p%%%v#%%?%e%aa% (G)grnlle b@mﬁ%ﬁe?ﬁﬁt?ovgaay and

the. primary SBofdeg 1 AT PO T Hght LonbrD 2RERm S FRE 360

the primary ing Ts 5er orned ght control. e load P

ffected he..b d. th 7 F 003 71 1. | and
3 Via the S5t BT B ATIS BBhEr Of P St P EhDS S Bt Y F5
conpl et ed whgn t he | oad bfcorres P,. .The suctiton nozzle 11 is no epl/gzr urt her
downwar d by *tfie Wi %e BBFH 1Bt 0260 WhenPPRé b eRpdt i §oB bonding i LS

conpl eted, and the primary bonding is conpl eted when the hejght becopmes h2.
For 581 BOGRkpRoERow Bh A Pt oY bUERBEN Hbi GRET hRA £ PRe Rty Late
where the tenporary bonding and the primary bondi ng ar erfornmed, by, hei ght
control, 1OSQIBESF&i R§ S€o 4th&nsk 5% Rt TS %ﬁnﬁ?%gpﬁﬁbgil‘% t89%and
met hod. That is, the tenporary bonding is conpl eted when the height becones
h:. TRE sucErER1PBOKRCE1 i ifvalr f oY i kefeHodfnard tsrashe hai RestbiPn#Bor
69 when the tenpor aré bonding is conpleted, and the primary bonding is 15
conpl et ed whBRtERE heéf ghintecdiis HRlopdifdlemddngr gosigion aagdaphhe
showing a a rel ation between load and tine in a case where the tenporary
bondi ng andbphdipgi RSy Herdi ag Beedpdyf RHERN bgxteade€omyhl COREEREHRAG to
the aforenentioned friction 20 bondi ng apparatus and nethod. That is, the
| oad P ef f ebvedthe operation control of the control unit 24. As
indicated by the solid lines in Fig. 17 and Fig. 18, ‘the
15 positioning section 26 is positioned while bringing both
ends in the lengthwise direction of the lower end surface
of one guide rail 26a into contact with a pair of stoppers
147A in the unloading/loading position. As indicated by
the two~-dot <chain 1lines in Fig. 17 and Fig. 18, the
20 positioning section 26 is positioned while bringing both
ends in the lengthwise direction of the lower end surface
of the other guide rail 26a into contact with a pair of
stoppers 147B in the unloading/lcading position.

It is acceptable to provide a backup state in

25 which the inclined portion 2f of the base member 2 1is



on the bunps 3 and the wiring lines (lands) 4 via the suction nozzle 11 is

controlled, and the tenporary bonding is conpleted when t S
Pl . The suction nozzle 11 is noved further downward by thg%J%gggngﬁsﬁyﬁntor

69 25 when the tenporary bonding is conpleted, and the primry 17
February 2003 72 bonding is conpl eted whegsthe | oad becones P~. Anpbng the
af orenenti oned various control nethods, the height control generally tends
to be conplicated, and therefore, the load control of Fig. 29 is preferable
fromb5 the viewpoi nt of easiness of control, nmerit in bonding strength, and

reproduci bi | pEymptiopeyveceitBe BR ey oNdifdsésti6guULRed it ake merémened
by height control, and height control is sonetinmes perfornmed. The above is

because the phi gkBessseenbhohaotetieolUnBs idkd the ikl Gold apsen optrol

of the bunps 3 can be achieved by executing height control), "and the

occurrence of ht peyhles;Sueh f‘%eéﬁr‘%’isé " EhT Gl bndug,d 01&%8?5%%%%%: | APsEn and

the failure 1n the entry of In sealant between. the netallic bonding

ti , t . i i t 1ol i j
portions CaanElPﬁ%égqﬁﬁﬁﬁﬁé?tzgrﬁgig%ugbérkga hﬁ%?f%hgﬂgﬁgﬁggkéught in

addi tional | y“execu r bondi n I'n~shape of
t he bumps 3 n .e.accurately._caqn || ed. -l n.thi,s , .t .det ection
of hei ght i58§%F$§Fggé%%§,€Q%rEggéﬁp%%#gé%q% H%gr%gghé%?ggﬁg,sﬁE$EQSﬁsg 0
nmount ed on the voice coil q%%orWEQ, neasur es t?ﬁ current FOSi ﬂon of _the
suction t ool P94SEGF1 ngt hé Ttifentft PREFheSURPEREE RFFERTFon P andP 3Tt Mt s
a detected value to the control ynit 24. this ti.ne, as shown in,Fig. 30,
it is prefer‘ﬁbEQOPB pesre“frcﬁsrﬁ pr@géuriaz%ﬁqlbcﬁltwﬁ ?i’llr%z?dl i S ggsﬁpplﬁiaerﬂg?% a
certain extent (until all the bunps 3 are 17 Fehruary 2003 73 hrou in
cont act mﬁthl?ﬁélﬁF??n@WiQR% BagpgmgRPethe? and %he frame portlonggﬁ'

when the positioning section 26 is switched to the bonding

10 position in which the positioning section 26 1is inclined,
the positioning section 26 located in the bonding position
is moved parallel downward by the contraction control of
the elevation-use air cylinder 47 from the control unit 24,
so that the inclined portion 2f is moved parallel toward

15 the backup section 43 side without shock utilizing the
cushioning property of the air c¢ylinder 47, and the
inclined portion 2f is reliably seated without stress on
the backup section 43. The mechanism for the p;rallel
movement and the movement system of the position switching

20 unit 42 and the positioning section 26 can be constructed
through modification in a variety of ways. However, the
parallel movement of the positioning section 26 can be
eliminated.

According to the positional switching of the

25 positioning section 26 as described above, when the whole



bunps 3 becone regulated in height, and, in concrete, until 100 gf - 980
mN, for exanple) and thereafter perform novenent by a predst 1
constant distance while 5 nmeasuring the anount of descent dl?rr_(e;égwf%ggggeél tion
by neans of a linear scale 160 and outputting the detected value to the
control unit 24. Moreover, the detection pf the load is perfornmed by a | oad
sensor 161, which is nounted on the voice coil notor 69, detects the |oad
effected by the 10 downward novenent of the suction nozzle 11, and outputs
the detected value to the control unit 24. Wen the friction bonding
operation is,540ppsd; betdes) 4R LeaRqral ¥ L9 8o ENBARET RN 3aNd g
i nst ead of reddgtggn? t%e s?op tF g?sngié} rably %ﬁgr?er.alg %ﬁ% reason
for the above. i prevent ansj on_ of, t a o]
(P ERe fgrfa?r{éheﬁ!\;'\n?t%ﬁ By Ol 4?o%§%ic%‘i§t%ﬁ_éfr’%\;\%écgls$§t kf“&hé

prevent the oxidation ring I'rnes

metallic el egtrode rtions,of th ase_ne . 2. _1Dh, concre st

time bet meenﬁ%%%é’%%&ﬁé’?& %‘ghditwr?gcg’nd?Fhesr%ﬁlr%ﬁn%ﬁd:lﬁd—'%te? Zgﬁgpefoé}g%bl y
about 10 ns._ Moreover, _as,s in Fig. 3 arti.cul ar en_on ondi ng
noad 68 15" BATE dBETERRCe? t HE S cPRERTESo s BRd 2o, EBrtRonaobasH & ident
1 beginto slip with respect.to_each other .due to vibrations, the slipis
ot 95 ot | TR YRR oL ok (3 SRERAL hE FOGeRERE O e ad o P Reifry
2003 74 However, if the bondi pg operation is reduced to provide certain
moder at e vi BRu§%nstot Rér g’qrsfperﬁjr'od%‘& &an @ng%ljg‘éﬁ%%%tﬁopgi oTFT

portion as a consequence of tight engagenent between the tool 11 and the
seni conduct leneliehelt UhoapefEbliaripInaeRtine ¢&r hatidsnewhigyidemdhse
vibrations are efficiently transmtted. Mreover, according to a relatjon
bet ween t he inanesemielout patPyevifded| saghk§hey bpses awmbesis ¢n, & GHes

i npedance of a ultrasonic horn 71 during the friction 10 bonding shown in
Fig. 4B, in agrrabice celhilmt serdermimicchther t ieadipgnovesl eadlinrgict iagd
tool 11 and pressurizes the sem conductor elenent 1 against the base nenber
2, thédQresuasitimriegesigtiarihe tonttde ofashe afet dldnal ingpoedeagal nst
the wiring lines 4 with the increasing ultrasonic 15 output W |oad kg, and
so on. Conseazesigtshapndd abfakki csuwndaag aporiionstofoorra netihlli énbups 3
and the wiring lines 4 or the like become hard to relatively nove to each
ot her as thairdidddisighl deoshihhang prasgirteisses, eatendsel | npédagce fiet hdoard
ultrasonic horn 71 is increased during the 20 dividing of the voice coi

not or 69. Thejrefeoyancd heuprfoper efid Pigt hes frittid ohnhahdedg weant ben dexdi,ded
by the event that this inpedance conmes to have a specified waveform or

i ncreases t avtai @pasd foregk viab uehe abds & hrerbaer ralhty dfs the fobjeidtondai ng
can be decided by the event that the 25 specified waveform cannot be
obt ai nexl or Yaacdwesp@staiehed via the frame portion 2d by being moved

into the specified bonding position of Fig. 5A by the

control unit 24 and the position switching unit 42 in the

positioned state and is inclined with respect to the frame

portion 2d, can be positioned again so as to be backed up

20 by the backup section 43 in a posture along the board
conveyance surface as shown in Fig. 5A.

By this operation, the inclined portion 2f of the

base member 2 as described above can be subjected to the

friction bonding to the other object to be bonded, such as

25 the semiconductor element 1, the required number of times



17 February 2003 75 than a specified value. In this case, the decision by
the detection of the inpedance is nmade as follows accordin one npl e.
The oscillator 23, which is one exanple of the relative 5'ﬁﬁ%§ﬁﬁﬂvzﬁﬁgt,
tries to supply a constant current and voltage to the piezoelectric el ement
during the period when ultrasonic vibratigns are effected on the bunps 3.
Because of the heating of the wiring lines 4 and the occurrence of
frictional heat due to the operation of the ultrasonic 10 vibrations, the
bunps 3 becone gradually fixed to the el ectrode portions of the wring
lines 4, w ty, waheh ddiren3egradualdyiecones haf diha tviRih fes The d act
that the netallic bunps 3 gradually becones hard to vibrate |leads to the
suppr essi on fs dhe yachatkons: f£; 5 RijgAqelactr| fBrent .as desegkibed
above, and co&gequently, t he bafh%@§¥§th%lburrenﬁ}sggpﬁ%ed ?r8%1t e the
oscill ator tQ t-he _pi_ezo i c &l t_ar L1y, r . t t her
hand, the vé%tnaegcealap |a2% 'fg(%l Cé]%d pioezj(;eee ectp?)isgqgl%éqrfé/ednt %ﬁs%q}eieg%ti %g’ﬁ%‘/i
constant, a faore e i nmpedance val ue.20 .of . the piezoelectri.c

el enent grag%ﬁI%?%%ﬁ%eﬁﬁéé?%%’thgvﬁgtgPFFb ﬁnﬁ?%}%ﬁ%%u%?Fgl%%c%§e§nﬁard
to vibrate, | as t he, bondj allic e el ectrode

. e. ng of the tallic bunps .3 to t

bor {1 o of ife RS nioTPRGe 4 BPor B3Setih BT oI &f (4 heteniee iy
The control .uni.t 24 obtains change in the 25 inpedance yvalue b etecting
a change i n 1 S™l Gg‘a%f ei)g FeBr Ut %Oé’l%aé&rorrbsnt %péﬁgaf%ﬁgm%e
oscillator 23 to the piezoelectric el enent, and decj des. whet her the bonding
bet ween the%ﬂ#@%q%%? uné%l%thﬂﬂ tﬁ@ngFBEtr&&ngﬁ%%%éhgﬁf PRe RCALRYSC nes
4 is good or not on the basis of the 5 change in the inpedance val ue.
Therefore, tHéhoutt ilef Giding cHrase psicdr méd ufder ¢airsHstdeondi Bnens
while nonitoring the ultrasonic output W the |oad kg, and the inpedance.
Accor di ngl y ANJuhen fikd™d fricti on bonding 10 operation before the
reduction or stop is performed by controlling the pressurization of the
senmi céfduct or el ement IN ddtk taRPHBIHEDFhe Bhas hsembadhmenkeinaniiche
final friction bonding operation after the reduction or stop is perforned
by control | ithg tiesHetprengf sedjtdeancyb ilse.nmover pBréildednctowyerawedntohe
sem conductor elenent 1 and the base nenber 2, or in other words, a height
(for exanpl egdtei §he finedihedswdntionf 2theobaseheemmrk®) meaddseyi Béd
her ei nabove, then it is enabled to prevent the required characteristics
from becom mg thhefudct istereass a cbhseqperdéiohid@ t Becddjcacen2§ bieswernvebde
sem conductor elenment 1 and the

parallel wupward by the extension control of the air

15 cylinder 47 by the control unit 24 in the stage in which
the friction bonding of each base member 2 of the frame
portion 2d ends, and the inclined portion 2f is separated
from the backup section 43 without stress and thereafter
put back to the unloading/loading position from the bonding

20 position by the air cylinder 48.

When the friction bonding ends, or when the
friction bonding ends ©possibly including the upward
movement return if the upward movement return is performed,
the positioning section 26 is put back to the

25 unloading/loading position along the board conveyance



base menber 2 than the specified distance in the final friction bonding
stage for the achievenent of a sufficient bonding state anﬂw%ggn tg§03
excessive col l apse of the netallic bunps 3 and the wiring Ifi ugry
satisfying the 25 half-finished bonding state while the objects to be
bonded 17 February 2003 77 to each othe g is prevented fromcom ng cl ose
to or exceeding the distance between the Sem conductor elenent 1 and the
base nenber 2 in the final friction bonding stage due to the pressurization
inthe initial friction bonding 5 stage and securing the transition from
the hal f-finj ondi st LN t i CJ ngdj ng a f, &
nmetallic bun%gpgg%%dgghggafr?agx*i%g% gggﬁgﬁggq#ﬁg}f?%a?hngﬁkigﬁgﬁiﬁéﬂging
utilizing a specifijed .gin,in the distancg between the objec t o be
bonded to ea%ﬁl%fl{ﬁie?g 1%&%de?25ufl?}?ci” ﬁf:%prglé%uruy\@acﬁ%wg Ffflﬁhég?mrfe]farﬁ‘?
the initial friction, honding.operation is performed for ti shorter than
the final fr?%ﬁbﬁﬁnb%aditgé‘toé‘@r%t‘i%ﬂew%‘? Ehen GG amppad g OfeVeit
the required characteristics frombecom ng 15 d%tective as a cagnsequence of
the excessi VSRbFPRPSEVF %%m%i?%lh*eobﬁﬁﬁs%q aR&%t RNy 45 #]jue
to the halffinished bonding state during the initial frictional bonding
operation i PEeEdtiRy ehebragureslersngl Bvhdity sPadendyoferf sem rig amte
final friction bonding operation 20 for a sufficient tinme |onger than the
initial fri ROBH. YO riRADPRE REHROITRE: Moreover, if the initial friction
bondi ng operation before the reduction or stop (halt) is performed by
controlling the distanter bethe€en whicadirdts ans be 125ddddded Ele eadih wither
and the final friction bonding 17 February 2003 78 operation after the
reducti on orembepinenpeshiormetnbfigont r oFigngShhe apdedsar.i Aatlisowp usfv itdesd
objects to be bonded to each other as described herei nabove, it is enabled
to prevent twkthegupedd cifargeiaéei sktiids f2@m betem rgd ed e€oivércdsiiag
consequence of the sem conductor elenent 1 and the base nenber 2 which cone
cl oserl® o eaxid oghedinbarthide fspec fpedtilost &tesduethat t libepresslsi zatri on
in the final friction bonding stage for the achievenent of a sufficient
bondi ng st ateoranel ttiesn fhemexpessive Qadl liapsmefdilfettbibonet akl ia hhepXK-3
and the wiring lines 4, or prevent the sealant from becom ng hard to enter
or failing idissdterdmgihhectspadcelbetwaerd heiobt eehdodd res hondiedré o téach
ot her, such as the sem conductor elenent 1 and the base nenber 2,

positioning section 26 and a loading section 51 and an
unloading section 52, which are located on both sides of
15 the positioning section 26 and perform the loading and
unloading of the frame portion 2d between these sections
and the positioning section 26, are continuously arranged.
With this arrangement, the unlocading of the frame portion
2d after the friction bonding and the loading of a new
20 frame portion 2d in the positioning section 26 can simply
be achieved by the simple conveyance in a linear direction
utilizing a chain or a belt (not shown) extended through
the unloading section 52 and the loading section 51. The
frame portion 2d loaded from the loading section 51 into

25 the positioning section 26 1s positioned so as to be



by satisfying the half-finished bonding state while the 15 distance between
the netallic bunps 3 and the wiring lines 4 during the init I, GhhN
bonding is prevented. fromconing close to or exceeding1ﬂi?€%%@%k%@b§t t he
time of end of the final friction bonding and securing the transition from
the hal f-finished bonding state into the,g0 sufficient bonding state of the
sem conductor elenent 1 and the base nenber 2 utilizing the specified
margin in the distance between the sem conductor elenment 1 and the base
menber 2 in the final friction bonding stage. Furthernore, it is enabled to
obtain the haldjedrdd Nishede beRdbRgoat 8badahdt he, s coRddahohqeherelh ol
and 17 February 2003 79 the base nenber 2 wthin a specified’range of
di stance i nddis diid ical ad Gid on handings oper i | Lo phpg; LD
initial frictionjbon I ng opgiéﬁion y ?he %gﬁtrd$@o$ydggga§ce bg%wegnbghe
sem conduct qr 1-and base 5.nmenber conirall.l t
di st ance be?ﬂegkggﬁgEseﬁsco%ﬁucto?ﬁélg%gﬁt ’aﬁﬁﬁ?%% bg%e(%%#%grkgﬁiﬁhfhe
final fricti ; i.ng o Lon i.s..of .the contral dat t.this
e, and sECBe R EaTt | SeeatoRl A HH BB, BP0 eRet oS the
excessive adjacency of .t 0 m conductor_elenept 1 to the base nenber 2
in the 5fi naIéO%%e&a?ﬁc%% gﬁr@b#)&f n eopaélrratq‘% - %‘?T‘F gg%bndi ng to the margin to
t he specified distance based on the control dat.a of Ahe i stance between
the seniconductor el enSHEOVSd Bfie BHRYE nkfbert % i APt hitd§ nPPPAF PRSI on
bondi ng stage. 15 If the inpedance of .the voice coil notor 69 for
pressuri zat PEF-THEE &d vén H?P‘flri’&qeﬁfjﬁrhla F$EREYN BondVRYCBpRFEEPERSI &
nonitored and the final friction bondjing operation is controlled according
to this in P& NG he % rGha iRAS oIt P e wekers 8f LeveadoRhe other
vi brations as 20 descri bed above, then it is enabled to achieve the final
friction bofdidfy 52 aféapei tha €eemAuUEPTTdon 0dd| ioft | Eher bgseyermige 2
execution of wasteful final friction bonding operation by weakening,
strendttheni f§atorl Ssttdppi ok €¢lal EPnhp PradEchaledeiivad omdbapdshfiepedatinon
in 25 accordance with the excess or deficiency and the limtation 17
February 2003e8@osfl tileaing |sadtigrf rd cthiivermndilig omet dedbiBpsobherhas
difference in inpedance corresponding to the excess or deficiency and the
linitation showhe ify itdte ohi gyoneli ngndf refgembisaltion o edigrpse Sthadcl bepiuhgi.ng
| ines 4, which are the

The control unit 24 makes the stopper 57 advance to

position and hold the frame portion 2d every time the frame

15 portion 2d is received and positioned in the positioning
section 26 and makes the stopper 57 retreat every time the
bonding operation ends. The stopper 57 is made to advance
and retreat by an air cylinder 57a controlled by the
control unit 24, and no concrete method 1is specified

20 therefor. However, if the air cylinder 57a 1is employed,
then there is the advantage that the aforementioned
clamping is performed without stress by virtue of the air
cushion without specific consideration, scarcely inflicting
damage on the frame portion 2d and so on.

25 As described above, when the frame portion 2d is



5 netallic bonding portions, during the initial friction bonding. The
above-nentioned control is executed on a ' sem conductor gf t has
four bunps as shown in Fig. 7A and a sem conduct or elenenﬁ7ﬁﬂ$ﬂé@§ﬁg§§
twenty bunps as 10 shown in Fig. 7B with the tinme allocation, the | oad
change, and the distribution of~u|trasoq§ out put Was shown in Fig. 4C for
the execution of the initial friction bonding, stopping (halting) and fi nal
bondi ng, and the control is conpared with that of the conventional nethod
"for 15 continuously performng the initial friction bonding and the fi nal

friction bongdiagyasnshowhd npgggtiéﬁing‘%ctf&? ber et 15088 +$BAWR iih Fi 0.

8 and Fig. 9 are obtained, and the she strength is inproved in the case

of the frictyion ing 4S . (hal ) r ; ri it e 20
conventiona.ﬁ%oﬁ gﬁggﬁgdf&%%ﬁﬁ%ﬁﬁgonéﬁgg;Q%ﬁ%¥6¥%?¥#§ghag f%%g g%agﬁﬁg? t he
experi nment [ of.the shear strength_of the netallic ndi,ng rtions
obt ai ned wﬁ:#e“r‘mm?eiéeﬁ?su t|£¥| fcrliag&lc?ﬁ bordf ngff%SF‘Sppipr?g“(lhoé}ti%g), 151no|p‘f $hal
friction baonding, are perforned by the friction bondi of t he first
brbodi ment 151 Heoh Rl e ST hUeht bonCiF FORREST $31Feptudryt 3503 HEPoer

sem conduct ele t that has four, bunps. and the shear strength of the
metal 17 ¢ bdﬁéing gﬁEFio 5286t aFREd Waien 4%he 1Hi t PRFVEREEE o TBBNdiRFY Hhd
the final bondj ng are cont.i nuousl erfornmed in the conventional case. Fig.
9is 5 a grcglp#%?a*i%g R% e ¢ n%?\Y%I?(engsGPFstBF £Re 3SRTSr MOVEERGth B e
metal li c bondi ng portions qbtained when the initial_ friction bondin

st oppi ng (hAXiFgIonanalf ithe PEReti APIsHdi §§ I PerLSAnER®Y £Re the
friction bonding of the first enbodi nent of the present invention with the
senm conductAMUCPRAEHENE ehgheRds t weht Pouhbschhanahéyshandead r Bagtthef
the netallic bonding portions obtained when the initial friction bonding
and the firfsdsdormivrr a? coword i pviotBeyLpantorasdion Phe eodvdherqfalrease.
In Fig. 8 and Fig. 9, the sane values are indicated with a shift in the
case Idf 15 the Hristimn dndrodiim@ntamandet Aehitemednwiithahighee fos idonerl
under st andi ng. ~'or exanple, when a load of 0.24 kg is effected in Fig. 8,
t he vari atiarsuracy he shear strength are indicated in a manner that the
variation in the conventional case is shown on the |left-hand side and the
20 variation in the diseafer he qopdsent wetthodilrenerirangkementonthde the

ri ght-hand side. The shear strength in the conventional case is varied

W thin a widecriangt pirtabmut2 il Of gthe absat m2hbeg, 2wbheneas biyheheheatame
strength in the present enbodinent is varied within a narrower range of 25

about 240 gdrtiaoupd336 Forted hetmede vaipiepbsthbgheb ofl7thebrsparinng2003
8z than in the conventional case. The sanme tendency is

15 leaf that extends into the frame portion 2d and put in a
less stable condition, the positioning wunit of the
illustrated first embodiment is further provided with a
pressurizing member 61 supported by one rail 26a of the
positioning section 26 so that the inclined base portion of

20 the inclined portion 2f owned by each base member 2 that is
the spring leaf is able to be held between the member 61
and the backup section 43 as indicated by the solid lines
in Fig. 5A and to release the holding as indicated by the

imaginary lines in Fig. 5A and a switching unit 62 for

25 switching the pressurizing member 61 between a holding



observed in the other case of the |oad of 0.28 kg and 0.32 kg. Moreover, in
Fig. 9, the nunerical value of 0.8*0.5 neans energy of an i ut put
of 0.8 Wapplied for 5 0.5 seconds. The nunerical val ue of+%§%£@gﬂgggg
energy of an ultrasonic output of 1 Wapplied for 0.3 seconds. Also, in
Fig. 9, the shear strength in the case the present enbodinent is varied
within a narrower range than in the conventional case and a hi gher nean
val ue than the 10 conventional one is observed, simlarly to the case of
Fig. 8 It is to be noted that the initial |oad value only in the initial
stage (onl I t t enp cy b I Ei 8.J:5,0. t I C
éﬁé’a{%ﬂ%}i D4 §”P8%§E)é g@%@%hg‘émkgon with l%g%cctg[h%p e

size is a ving a si rnitial ultraso ut only

in the initja t ag nl uri t o] ing).of. Fig. 9 1is
02 W appl It of o5 11 RECOF DX sttnde e SR tHE Y EREEP IR d oty o
havi ng a side of mm (Second Enbodi nent e second_enhadi of the

b 6sent i etk SRS HOTRE FROR: §US5H Eath, bBEasd et Kk SBbeti ity
sections 26, and two bondi ng heads 68, the | oadihg sectiop 51, and the

i 0adi g SR | GAH> BEHOBE R Yt st cRifg T SF hrodetoRe eRaR s D1,
According to this arrangenment, while perform ng the | oading, positioning,
and um oadifRF¥VeH f—ﬁegtém ebhs0rgiBE/ hBARGERY NRSH HON hanfr £ Iddranhs 2d
17 February 2003 83 that have the base nenbers 2, in these two _positioning
sections 26:mat thef fRanehing i Resitipe die obpeétsonénBe IRl afé under
alternately subjected to the frictional bonding to each of the other

obj ect s to e bepifeol seEhths Ceataind Bisidni £ondaed oPuE| éRerfhel heddingt by
t he bondi ng object handling unit 21. By this operation, the |oading,

posi ti oni ngsel@rbarpoati hon otverhy baweobhecbondibe bpsdediosuehmdss t he
frame portion 2d that has the base nenbers 2, are singly perforned, or even
if atinme longer thaninherd®rtiot for ihdadckndamhgeotherthebjbeste tmemer
bonded, such as the sem conductor elenment 1, before and after the
fricti®nal Zdahiing itoldken, bebaupeesherposntyi nembeirt €li ng epevdidesh,ad he
hol di ng operation, and the hol ding rel ease operati on becone conpl ex, the

ti me needed fprateprbibevelthalts sabj ectrhend ltilkmocyne ald et tappbetedi cri on
bonding to an object to be bonded, i.e., the other object to be bonded,
such as themsent£ondR6ésowhellemdriint, diwndl ted pyvéhebbondeng thl) éetldiandl i ng
unit 21 is reduced by half. Therefore, the work efficiency is inproved. 20

Moreover, wWmdidihe! eads the haldiung eeldasagpocefitans pgsiat hamiqgrg piectdon 26
itself being used in a node in which the one positioning section 26 is only

cont i nuoushy; tisedt sor: Whepo HRgoabjmdudier ben bendatcsutthasct heithamme2d
that has the base nenbers 2 held by the one positioning 25 section 26, has
a pralg em itrhe fidLthopt bendioFg Dpepat ¥ rlapping manner for holding.
However, the concrete holding system and holding structure
can be appropriately changed. The switching unit 62 is
constructed of an air cylinder 64 of which the operation is
controlled by the control unit 24. This air cylinder 64 is
20 driven to operate so as to increase and decrease an
interval Dbetween one rail 26a and the free end of the
pressurizing member 61, enabling the holding and the
release of the holding of the inclined portion 2f, the base

member 2, and so on without stress by utilizing the air

25 cushion property of the air cylinder 64. However, this can



17 February 2003 84 can be continued as usual by the other positioning
section while tackling the problem Therefore, the reducti I
operation rate can be avoi ded. The ot her construction and ﬁ'zeéﬂg!f'é#g?toognd
operation of the second enbodi nent are 5 not changed fromthose of the
first enbodi mrent shown in Fig. 1 througqﬁfig. 6, and therefore, neither
redundant illustration nor explanation i's provided. (Third Enbodi nent) As a
friction bonding apparatus capable of 10 putting the friction bondi ng

met hod of the third enbodi nent of the present invention into practice, as
shown in Fi Fi 4_and.kEndicat y e- 1N 44 nes
200 in Fi g.kgelll?é}?%gég&lg@ée%?%%?%et %Feggggfggngnﬁgg?ﬁgﬁf ra%git gwo%le% h
base rrerrberIn IF s of a pressurizing 15 | eaf 161b as indicated by the
one-dot chain T1nes 200 in Fig. 11 instead of exposing the portion to

whi ch- the sem conducpsotg el eggnts l1isto bte boncged inside the through hole
6l1c of the pressurizinb Weaf th, & qﬁ%ﬂequ}%ﬂ%asur?EFﬁagﬁEﬁﬁgr exists in

th ti to which, the 20 ' tor, el t 1is tobeb d,
enabl i ng { R TEVER PO BRI et WAh 56 Shibi GG 1EOTRIE T Shign

hol e 1c of th ressurizing,lLeaf 161b_is to expose the read paortion_2c
and t<1)56pr e\}Je?ﬁecfhg’Ypr zg@ur fg ﬁglﬁaﬁﬁ’ 184b ?l“r%miﬁ-}a)er%ﬂ?lffg“trh% F%%Bb%rtﬁjon 2¢c
by 25 pressurizatigon. In Fig.. 31 through Fig, 34, reference . 17 February
2003 85 nuner3fl43Ndehot®d S rslicH it BRCRAAThOI B MG iitat EREhat 1P s RALGHERIRd
between a pair of rails 26a and perforns the unl oading, | oading,

posi ti oni ngrokdftih, el tRA dedgt BNt HE bAseNnBHBEL 2RBIBFHMAIPRL r & ence
nuneral 143a denotes 5 a suction hole that enables the suction of a portion
in a vicinithe dioldengasé poe iigirldaed pathipaseimgmgerbe srlepsefadyy
menber assenbly 2A to the suction and holding plate 143,, and reference
nuneral 1430 sheiiol égp athér pughshsieinpefremdrde Muney athe4BCsdenotrest @ f
projecting portion 10 that projects upward and bel ongs to a backup section
143B dbr r espondiing ¢wl itdehack upy selee | dnivBngf of hehkoregoicyd iadeadiofent |
and this projecting portion 143C enters the inside of the through hole 143d
of the suction and hdRaltmgoypl &t by 143 wnel sUppsettstele fiower estnoicHaerdf, t he
inclined 15 portion 2f of each base nenber 2. Reference nuneral 16le
denotes a pordiddmiig oftiehe faassuhazi nghreentbers <l 6 iemdoed: edt h gordesduird zi ng
| eaf 161b of the pressurizing nenber 161 is constructed of a roughly
T-figured neremneas whowion 2 Fi gasBRy anfifet sdanegendnds dpifovimded on tim a
spring 164A, 20 which is consistently urged around the pivot shaft 16le so

that the otdier efNtpoIti e8agk tHe prssetii zthg meiker dédt bepr oaghesHe
projecting portion 143C, enabling the holding of the inclined portion 2f of

the hase nmgymeys&izihef eh@iBert Be basepreahrt asseifadA bénuhteadaedrand

25 | oaded on the suction and hol ding plate 143, positioned in
the inclined portion 2f in an overlapping manner so as to
hold the portion 2f and in an initial stage in which this
holding 1s released, the control unit 24 executes further
control such that the operating speed is gradually

20 increased from a slow-speed state at the start of the

holding and the start of the release of the holding of the
pressurizing member 61, enabling the holding and the
release of the holding to be performed with less damage.

According to the holding operation by the

25 pressurizing member 61, the pressurizing member 61 is put



17 February 2003 86 the unl oadi ng/l oading position on the suction and

hol ding plate 143 by the stopper 53, and thereafter sucked”ggg?hel t he
suction and hol ding plate 143. The pivoting fromthe unloadin ’P%X%Pﬁg
position to the bonding positionis 5 simlar to that of the foregoing
enbodi nent. According to this fourth enbﬁginent, by preparatorily sucking
and holding a portion in a vicinity of thé base portion 2a of each base
menber 2 of the base nenber assenbly 2A, the base nmenber assenbly 2A can be
stably inclined and pivoted 10 between the unl oadi ng/| oadi ng position and
t he bondi ng ;posiiLon,ildid 9-be; pat t t r enpce. nyper 1
corresponds lto tltﬁe gllor cly gfn%le? gﬁ of %e@?%r eéglg?%gégnbo ?Crreg??ag’lndd ?ﬁg
reference TuMARE Y GRnRCSRANENER | BACPI sbaTciad Lo caldant valky

hol di ng and rel easi the 15 hol ding the pressurizing-’l eaves 1b via an
assi sting pl P, ich exten | gng {.he unl oadi_ng/.l oadi ng direction
and is dri vg%[%sgjc\%érdtiegl ‘%}e ngqv’gcggoﬁhgogﬁm&ﬁrhdar S %t& the ?%ggf‘ﬁg
enbodi nent . (Fqurth Enbodi nmen 2 a friction. bonding appar,atus capabl e
of putting TREFASE iIRH bt %5 ﬁ%tﬁ%beo?aﬁﬁemlegﬁ’r% B SdRTRE DS U8 hBY
present. invention into practice,_it is acceptable to ovj de only one
bondiné hea§“§8%§§gﬁﬂ) G ?ﬁg@33§hFi§t§§&R8fQﬂﬂ$Q4éHe%l%%%mﬁh¥nb?P§d 1
make the 25 suction tool 11 of the bonding head 68 suck and hol d the 17
February 2068N§RYSEFCcoRdUERsR efBnehfiel BPEkE4OnANEy ESRETEERI R’ obfBEt
inverting nmechanism 101 in the pickup position, nove the elenent 1 to the
base menber 12CldRgdp@rtsinn B il theld Retison HondPREsSangt ehedf Ppgber
friction bonding. In 5 conparison with the foregoing enbodi nent, the
structure oflt @ dridsenpae Bdﬁﬁ@ﬁﬂoéaﬁixasWhﬁgiﬁhaftﬁﬂE@WQQmﬁ%ﬁrthbe
provi sion of one bonding head 68. By properly conbining the arbitrary
enmbodi nent s 186t iakdt Mo inendht ilovedadardoushentcdt near§ionh@befdlectbe10
owned by the respective enbodi nents can be produced. As is apparent from

t he aBfve dbssei pmeshesf Eheconptevebed neént tba, sprtihg ndealfl i cabondeng
portions of the objects to be bonded to each other are subjected to
friction bopdengntgdr ef m velipredingg ¢dhebebjnectdisbobeté8 wondédfarmed
pressurizing relative to each other, then the netallic bonding portions are

fractional | gulrdnded tthe eaftthi ot hem wbohdangi ncreease surf fieopertat ufejiction
softening, nelting, and diffusion bonding by friction, and the friction

bondi ng bonding can be secured without inflicting damage on the
base member 2. By locating the pressurizing member 61 in
15 the holding release position after the friction bonding,

the unloading of the frame portion 2d from the positioning

section after the friction bonding and the loading of a new
object to be bonded are not disturbed.

Moreover, in the pressurizing member 61, as shown

20 in Fig. 5B, 1in correspondence with each of the plurality of

base members 2, a pressurizing leaf 6lb is provided with a

penetration window 6lc¢, i.e., a through hole through which

the metallic bonding portions of the wiring lines 4 located

on the inclined portion 2f of each base member 2 is exposed

25 and subjected to the frictional bonding when the



operation is tenporarily partway reduced or stopped. As a 20 result t he
netal lic bonding portions and the objects to be bonded to fﬁ otp%hogardly
suf f er damages as a consequence of reduced nechanical and th ?Wﬂ?

i nfluences as in the case where their netallic bonding is perforned at a
stroke, and even a magr_etic disk reading suspensi on head constructed of 25
a thin | eaf sprina, which serves as one Qanple of the 17 February 2003
88 object to be bonded, is hardly defornmed, and the yield increases.

Furt hernore, the shear strength of the nmetallic bonding rather increases

[ he f dj d dth

riction s BEATIHE 1S Hoel Tty Chen el AT rea%?i%%&%?%fﬁ%ﬂ Ynere
b f bond tl t hout

of 1t ing GG oh: %ﬁé‘%ﬁ%}é%é‘ 8558 %'mde%inf”%a%%cﬁoa%ﬁg# 1% BRFLorRue,

one obj ect b onded ca SI| 10 be veye nd handl ed~~in a variety
of ways mhe%ggugfgé%ﬁﬂjQRAEF d% 9 or exanple t he
suction tool . Therefare, %pe heId o Obj ect to be bonded.can
subj ected to pressur|££HQE F@Idi PRFERIRMGTH] /at PYe %Bdﬂﬂédﬁﬁﬁéﬁ
obj ect to be bonded with their netalllc 15 bondlngzgortlons faci ng each

S

ot her, Sand PRéddiWerthvpjlirabihe pbnbede WRMERTLSs oMY Feeuirdgresdpet
p05|t|oned and_held for the bondlrﬁnﬂt can sinply be handl ed. According to
a

one exanpl ePreRsurdizatiovel apvere GOFE esPPnalied stapl thandexisnysy By
only ultrasonically 20 vibrating the one object to be bonded and nerely
appl yi ng ul evgsomi ¢hbratiiohsat ditifensijest ino e bpadetiihel cary shepe
suction tool via the suction tool. In particular, by means of the
ul trasoni c peswaenonde theea alatbiars fovwrenthe arrdeswbi aimedlesvhsnbhbt e
hi gh- speed vari ations, and even 25 m nute netallic bonding portions can
sufficientlytbeis guaranteed to insert the semiconductor element 1
10 sucked and held by the suction tool 11 into the through
hole 6lc throth the through hole 61lc owned by each
pressurizing leaf 6lb while holding the members 2 without
mutual interference nor stress, bring the respective bumps 3
of the semiconductor element 1 into contact with the wiring
15 lines 4 exposed inside the through hole 6lc and perform the
friction bonding with the aforementioned high positional
accuracy.
According to the construction of the
aforementioned friction bonding apparatus, the positioning
20 in the wunloading/loading position, the movement to the
bonding position, and the holding operation of the base
member assembly 2A are operated as follows under the
control of the control unit 24. That 1s, when the base

member assembly 2A is loaded from the loading section 51

25 into the positioning section 26 and the base member



17 February 2003 89 frictionally bonded to each other within a short tine
W t hout excessive col |l apse. Wen one obj ect to be bonded } ucke d
hel d by the suction tool as one exanple of the hol ding tcmifF%DU@V%ﬁgﬂ t he
object to be bonded is received, sucked, and held by at |east a pair of

mut ual Iy opposed taper surfaces of the regess that is simlar to the
external form of the one object to be bonded fornmed on the suction surface
of the suction nozzle and is smaller than the external form the 10 one
object to be bonded is received by at |east the pair of nutually opposed

taper surfacesdfbitiherxecess thiatsisnsi pblaich 025he One-Qbj el tatbe hended
| ocated on the suction surface and is smaller than the external formwhile

bei ng SUCke%rHBGatJl%\?SMC&Ad{’h upbace;gh e spct bgg'itt%lmnque;%%%g%e%tthe

for the relative novenent refative to the other object to

ul trasoni ¢ iducations bELRLO! i ghare of wah LLOM06Vid hs, SUChEGR ool

are transmtte out cape nor dislocation;, enabl'ing riction

are | urthofit ESeape o on
Che back SuPEARREY b hati) MR oPh bE N S e 197 [ Re-BubPron Fhol -

[ f d.f, [ f d i sl d. Thi
e pr Svent FOf GO hB PocRit r SRR of CEPA cRBSCHRS s o2 tnet 1RETH oG8R act

bet ween the hack surface of the 25 ohject to be nded with t suction
ourface ang SEABPEH PR a0y 5663 OONEdRELESn aiRIddRTbne T on s Fade
suction surface, of chippings and foreign erial s, generated n_t he back
surface of tHe 35Hje&Ge ¢ SHohded% Qé%%ngi?alﬁﬁééglﬁﬂFEH ﬁﬁahﬁﬁgﬁépg

injure the back surface of the o%ject,to be L
the frame portion d with respect to the positioning

section 26. Thereafter, the air cylinder 48 1is made to
10 contract (retreat its piston) to incline the positioning
section 26 as shown in Fig. 5A and Fig. 19 by the pivoting
of the positioning section 26 around the shaft 41 from the
unloading/;oading position to the bonding position.
Concurrently, the positioning section 26 located in the
15 bonding position 1is moved parallel downward by the
contracting control of the piston rod of the elevation-use
air cylinder 47, i.e., descent control. The inclined
portion 2f is moved parallel toward the backup section 43
without shock taking advantage of the cushioning property
20 of the air cylinder 47, and the inclined portion 2f 1is
reliably seated and supported on the backup section 43
without stress as shown in Fig. O5A. Thereafter, the air
cylinder 64 1is driven to move down the piston rod,
concurrently holding the inclined portions 2f of all the

25 base members 2 between the tip of the pressurizing member



5 bonded to be sucked and held and may cause the chipping and cracking,
dissimlar to the conventional case. This enables the inprgy he
yield and the prevention of ' the reduction in quality duéﬂkﬁgﬁﬁ%yg@P%tches
on the back surface. 10 The stop (halt) or reduction of the friction
bondi ng operation can also be performed ky, for exanple, stopping (halting)
or reducing the relative novenent between the netallic bonding portions or
by stopping (halting) or reducing the pressurization between ~ the 15

metal lic bonding portions. If the stop (halt) of pressurization is

performed bysiSepft ahldihddiey o Uetd Oy 1091 {1 OfIL L Do Pk ERE! Gohe Papded De! d

by the suction tool, uence o ressurrzation can be conp ely
St oppi ng. (NPT e rbgR Bt s sl oA, BRe e RoAah g 1YY
ci rcunst ances. reover, f.or .ex le, the reduction of .the friction. bonding
operation cg%ealssoa%oee lp%r"‘fkblr%d&g%j) TRUUET Y BYt hiPhe %gl Sgi Fé nddndits of
the objects_to.be 25 bonde ach ot hey, and _the pressurization t wee
the 717 FoBRIRAF 009588 RELe LSRN Kot pBFEroHe L PNeHEdVaRD T e Lot

(halt) of the friction bonding operation can also be perfornmed by staopping
(hal timy) bot thREFE aPP6 By drnt tBA ERBLIGRPEBESOF0 Ve hRMded tHdsh 5
ot her and the pressurization between the netallic, bondi ng portions.

Mor eover , ifa,nC#)oPeéS?an%Ye,tl'E%e SUAGlioRn PPt 6h bbhdiiF Vperdt i BHEbefdre
the reduction or stop (halt) is executed by controlling the distance

bet ween t he t6BjoeEs 8@ €0 beChondegach epERSEUHR 1a8d Eﬁéffiﬁh}P f¢¥ cttibenal
bonding after the reduction or stop (halt) is executed by controlling the
pressuri zat PE®seU R ebj Belbeto @'g bonded txeIRIE Bihebumpten3j tofs the
enabl ed to prevent the required characteristics frombecom ng defective as
a consequenéengicomsiudi@mdpierAny of Bhe obFeegltt drbechohded twithchHhet her
than the predeterm ned di stance due to the pressurization in the final
frictilén bomdinigostldges dr axp srhiioveimbnttivé theogghf holen®lfi, nandodingi ng
state and the excessive collapse of nmetallic bonding portions by satisfying
t he 20 hal f affioriesteed itvovedi ngirsitat 2l whEkécthenobjberidsintg berbdundedoho each
other is prevented fromcom ng close to or exceeding the distance between

t he obj ect s teaphedgndertb 0 eadh fdinkdr fnitheohi bahdimctans berdiorthest.age
in terns of the adjacency, that is, the distance between the objects in 25
the initial whenctthen Heevalintgg &t age: awhsesadidgot helemdrt FebEvatye? 33392
transition fromthe hal f-finished bonding state into the sufficient bonding
state of theefdled |dsdaasidy ngapentisonsdurang theihtsal d4icdi @pakehondi ng
utilizing the specified margin in the distance between the objects to be
bondedst o Smeaeh u hefe piston rod, concurrently releasing the holding

of the inclined portions 2f of all the base members 2
between the tip of the pressurizing member 61 and the
backup section 43 by the resilience force of the
pressurizing member 61. Next, the elevation-use air
20 cylinder 47 is moved up in a manner that its piston rod
moves upward to extend to move parallel upward the
positioning section 26 located in the bonding position, and
the piston rod of the air cylinder 48 is extended to put
the positioning section 26 back into the unloading/loading

25 position from the bonding position by the pivoting around



Moreover, if, for exanple, the initial friction bonding operation before

the reduction or stop (halt) is executed by controlling t ﬁﬁﬁr tion
of the objects to be bonded to each other and the fi nal fﬁﬁgg%ona 5%‘%ﬁding

10 after the reduction o.r stop (halt) is executed by controlling the
di stance between the objects to be bondeg~to each other, then it is enabled
to prevent the required characteristics from becom ng defective as a
consequence of the adjacency of the objects to be bonded to each other 15
than the specified distance in the final friction bonding stage for the
achi evenent t ff4isCci en 1§555H t.at e d essi ve,C se,of
t he netalIiggﬁbngﬁﬁgypéﬁfion? by sé??gﬁﬁﬁngtﬁﬁe %Eﬁ?ﬁg?nﬁﬁmegsbgkg%ﬁgggtate
whil e the obj t e d o] hee~Ls event fr i n 0
close to orgggggé iga tﬂg%%i§ﬁ§%c5§gg?%%gn ?ﬁé o%jec % ﬁg)bgggg%%gh ?%geach
other in thetingl hrictin bagding stage dyg o Lhe pressyrizabion,ip,the
initial frictron bon ﬁng Stage and gecuring he transi £ron ron19he N
hal f-fini shed _bandi sggte int ithensuffi i.ent gndin% %%9te of tQP 53
metal |ic boRdioRg port onds dBPPAG PREF KA et T 0haf™ 17 b UK. 2003 93
bondi ng utilizing the specified margin in . the distance between the objects
to be gonde&st Blogﬁgh%&"%e UFEHT ST RS SO KT LAEF oY ﬁB?eﬁggP,p!EFor
exanple, if the initial friction 5 honding operation before the reduction
of stop (hafty | SRKEoUTRR POS%a THHE SR TS0 hankt REAY e of SERELSPRE
friction bonding operation after the reduction or stop (halt), then it is
enabl ed to ﬁhévg‘h‘?mﬂfégré‘iﬂﬁkr ed ScHAR :RAPE sthR f LB/ DeBLARAGNEE8RELDE as
a consequence of 10 the excessive collapse of the netallic bonding portions
due to the RaBfifiopi SNedhSon@ilogdingt S9Gtde 4y tand . thei_exbnaEWbBadeng
operation in securing the required final bonding state by executing the
final frictméwbﬁéndﬁﬁﬁe@@bYatanlﬁorl%ﬁ%%#fikﬁuﬂﬂ:tbﬁneumgﬁ@éingﬁéﬂa@h&g of
the 15 initial friction bonding operation. Mreover, for exanple, by
execulPng t Besiificnaland | eubosckeadityy bher &ansh neef gpeky hes imiditiYontor
stop (halt) with the control of distance between the objects to be bonded
to each ot h&heafdregntingl kciaisg -t he di stance 20 between the object's to be
bonded to each other in the final frictional bonding operation after the
reduction or stop (halChe orfrtild ilvasi oofditte cpnaodtdat acht theés finmet it
is enabled to obtain the half-finished bonding state in which the objects
to be bondedmbodéaehtot hets are | aozeednw t himi 25 the pfedet eepenitdivahge of
distance in the initial friction 17 February 2003 94 bondi ng operation
and secure phefsuhfing emte fpoaltiohdhiyor Hotige ngusttdton wdbbutl lexicesshae
adj acency of the objects to be bonded to each other during the final
frictien bopdckgpepercatieyarceos r espandivig ttion heomal gl N pbe itthensr edet ehai ned
5 range of distance on the basis of the control data of the distance
bet ween t hesehjieehsiut@oke dpanded:t a ededn other Hondhhg iobijtdad Hhahdling
bondi ng stage. If, for exanple, the inpedance of the ultrasonic

unit 21 located on the side that the movement for the

relative movement is performed sucks and holds the object
to be bonded such as the semiconductor element 1 supplied
20 from the component supply section 31 by means of the
suction tool 11 as described above to pick up and convey
the object, and brings the object in frictional contact
with the other object to be bonded such as the base member
2 held and positioned by the bonding object handling unit

25 22 that does not perform the movement for the relative



horn connected to the oscillator (23) attached onto the 10 holding tool in
the initial friction bonding operation before the reducti f alt)
is nonitored and the final friction bonding operation aftggiﬁﬁ%&&220@$ion
or stop (halt) is controlled according to this in performng the friction
bondi ng by neans of ultrasonic vibrationg 15 then it is enabled to achieve
the final friction bonding state neither ?oo much nor too little or

prevent. the execution of wasteful final friction bonding operation by
weakeni ng, strengthening, or stopping (halting) the final friction bonding

operati on | fodesardangem et henexgess con, 20, def | ghepoynand,the i miation
of the bonding on the basis of the difference i n inpedance corresponding to
e o oess fecdehiel snak At el WILaL on ol therdo ol i on bondhpg ol the

metal | i c bondirng portions during thé i icti n

i npedance reflecting, the progress .degree 25 and limtation of the friction
TherBtPinryB00s &

bondi ng. Febrd F§O§0 § 54 R&SVEPH e friction bondi ng apparatus is

provided with: the tm& bondi n ob&ect,han&%igg units that can hold two
obj ects to be bonded t8SedfWTIFRT HAdTpoR7t PGS the LOBRSVEL SPedpR¥iMeREy so
that their netglllc 5 g%n%ing ﬁortions face each other; the relative
movereRt unPECPARL SBar®br itRG t RBVOIPBostt msGtiod hbRB!ng: boMiitddd ofh¢ he
two objects to be bonded to each other into frictional contact with each
ot her by reF&EPYER] FBVPRgCOPhE BBREE £t SR Thoitddt o b ot NERr heF 3 by
the two bonding 10 object handling units relative to each other; and the
control uni POVABENEaAQBHMIbINt Bd hEPHE| VETEHF PO t MONiLARg ofhe h&oehj @Rt s
to be bonded to each other by the bonding object handling units and the
rel ati ve novehent tEANENErEENdINAYeBISECt MFdNyfR u@ s by Hokever at | tee
novenent unit 15 so as to nmake the netallic bonding portions of the objects
to be bondedresenichnyehddomelid Mot heimboedi hg tbilect amahd ivaristiv sof ace
each other and performthe netallic bonding by bringing the objects into
frictional cbheacmonanerdachechhoishyg tdech ebst i vemmbemernticullfart heolnt r o
20 unit is made to tenporarily partway reduce or stop (halt) the friction
bondi ng opewhbvsenonehenmt hesf ai compd exomdivegnqurdr tadayt resh oesly @me st © pgeed
(halted) can be automatically reliably achieved. Mreover, for exanple, the
rel ati ve nowemesédunit 25 is only required to nove one of the bonding
obj ect handling 17 February 2003

The suction tool 11 is supported so as to move up

and down by a bonding head 68 shown in Fig. 1, Figs.'ZA
15 through Fig. 2C, and Fig. 4A supported to move along the
base member conveyance surface into the required position
by the transverse movement mechanism 66 as one example via
a voice coil motor 69 as one example of the vertical
movement mechanism 67 and is able to perform vertical (up-
20 and-down) motions for the pickup and the friction bonding
of the semiconductor element 1 and the pressurization
during friction bonding. The relative movement unit 23 1is,
for example, an oscillator that has a piezoelectric element
for applying ultrasonic vibrations for causing the relative

25 movement of the suction tool 11 for the friction bonding,



96 units so as to relatively nove the one relative to the other, and it is
preferable to performthe novenent of one of the bonding ofj L Ng
units by the relative novenment unit by neans of uItrasoniéﬁvﬁ%%ggggﬁé? as 5
descri bed above. Mreover, in a case where the bonding object handling unit
| ocated on the side that the novenent for._the relative novenent is not
performed has, for exanple, a positionin&gsection, whi ch receives the

obj ect to be bonded, 10 holds and positions the object, subjects the object
to the friction bonding, and unloads the object after the friction bonding,

if the obje o_ be hat__has p al i por.ti o 0_be fractionally
bonded to t%%K%t%erugg?ggsgago%ﬁénbdﬂhe%g%sgS%éFF%&ﬁéhq%%%%?s?%%ﬁ %Pbﬁg
only required to_ 15 performthe friction, bondi til].on th psi ti onal
criterion cdﬁhnnc?%Pg%EﬂgfrFQtidﬂ“%onﬁ?ﬁ@lﬁﬁrtggﬁﬁof i%e pos??'%ﬁedHBB%ect
to be bonded repetitively. handlin he ot her objects to be bonded.b
means of |t e RO Gth Wt HARAL T hoUTYL D6 MRGRARR TG o W oPHGE 107
objects. This 20 sinplifies the handling_of the object to be bonded having
a plurality™oPpdrii A toheeeteret i Bhal Lp2Boddedard it bt HerPebpBetd it o
be bonded as well as the structure of the bonding object handling unit that
can hardl e EFeIdENectless imeluenee i on bbAdPRGeappaYiditus JEQERPBRE, abbfe,
25 one object to be bonded out of the two objects to be bonded 17
February 2069ngingo hedch &t hed Psovaddfedibh, af drototant? efobneobahdvagy
obj ect handling unit out of the two bonding object handling units. The one
obj ect to berigidgd tBe fauckikempltoolanlbbjard tie bebbended lcavinegta brane
portion and the netallic 5 bonding portions in the inclined portion that
ext ends froswiltich f tduee pdmdatidmt ©f hesdaot@imn porfi obhandsesicaobilinédr
relative to the franme portion. The one bondi ng object handling unit has,
for exanpl eelehentodi tsiuakieny ssettiadrd oy tPosiducniony wowll hbl di ng t he frane
portion of the one object 10 to be bonded.. The positioning section, for
exanpll®, can be npbvedOmntidr¢ hethelkoddimyy/ | iaeli ngnposenitorswdEele shetdor
obj ect to be bonded is | oaded and unl oaded with the frame portion of the
one object 8Ba bfoboruetllyEnd atHeguaeit@aldng:dhectemeeyanced sumflaces aad

t he bondi ng position where 15 the inclined portion of the one object to be
bonded hol dstgrare pasidsattiag vBe fihamevipiosd | ofdi&sngnclshred sSo As t Gor
extend al ong the conveyance surface and the netallic bonding portion owned
by the inclisnggep@ihig0tHeS St €St @ectOrt BecBhel i e bAndin@indhgroaess
bondi ng object handling 20 unit is further provided with: for exanple, the
position swskeRira@ ikl titf amn ¥ itfdiviiddles RAsd td DR (oh §eeh dRNa PEL ¥WeSRefihe
unl oadi ng/ | oadi ng position and the bonding position; and the backup section
for pesforming bagkup s@dbaktihe, i Reld nediporhyosnebtt he anestobLgetits be
bonded 25 positioned by the positioning section is backed up from 17

Fepruary 2008e required semiconductor elements 1 are drawn out of this
storage cassette 76 into a component supply position 77 as
shown in Fig. 1, and Fig. 2 through Fig. 2C, and the
semiconductor element 1 needed each occasion is subjected

20 to the pickup performed by the suction tool 11. For this
pickup, a recognition camera 70 for the image recognition
of necessary data of the position, posture, quality rank,
and so on of the semiconductor element 1 subjected to the
pickup is provided in the component supply position 77,

25 enabling the suction tool 11 to pick up the semiconductor



98 bel ow when the positioning section is swtched to the bondi ng position.
The control unit is also, for exanple, able to switch the 9?%%&k1n5§55
section between the unl oadi ng/l oadi ng position and the boHding posiiion by
5 controlling the position switching unit according to the |oading,

unl oadi ng, positioning, and bonding operafjons of the one object to be
bonded. Wth the above-nentioned construction, the object to be bonded
provided with the portion to be fractionally 10 bonded to the other object
to be bonded is handled and subjected to friction bonding by the bonding
obj ect handldy it.; Thg ore. the [ BCls, to b : i G d
to handl e dJ%Q%% t he %actiﬁﬁatﬁ%ﬁé oﬁﬁQ%gﬁgﬁ%avégffogﬂgggﬁgpg, g“%%%& mal
size or a vario e .ol ~ 15 thi i t ory. Qhj nare J raldy
Formed i nt o T EET At reif ot Ty ast el BR FirBr g S Ta
portion, so that the objects are successively, subjected tao frictian _bonding
Do & piural iHF H UG Tk 21D b Yortbe TREELER'S SRECOPRNCHSE (Ao
section can hold and guide 20 the frame portion of the objects to be
bonded. The imnclined portion, which is inclined with respect to the frane

portion of the objects to be bonded positioned by being noved jnto the
specif&%d i nclined pmﬂQithebylﬂﬁ@%;ﬁﬁW%f uﬂPPZEﬁEthecﬁasiFﬁﬁn &HitShi ng
unit in the 25 positioned state, is put in a_posture along the conveyance
17 February T80 9@ f 8¢ aRBMBEERRtoNEHPRGH nS_BEH_1t oglae lbsaclgé’&té‘f?”oy

t he backup section while perform ng the |oading, unloading, and pasitioning
similarly t@PiHE dpchdfitly af bgeaépal opmﬁcésﬁam@fwgacmgcg%hsas 181cifodui t
board still in the 5 unl oadi ng/| oadi ng position al ong the conveyance
surface. Thissi@&Hd esandhe b@i—géﬂgtotb@ subjjlect@duln o tvieef r isemilewnstiediory t o
the other object to be bonded the required tinmes without difficulties by

t he bondi ng edimestt handbppdiedi tthiratgh smomadeifdd ctieatobjaedl ing nitharthe to
the case of the 10 general pl ate-shaped object positioned al ong the
conveyidghce swnfrapentEveepmhenpble tiingl ihkedapadr sibgd eatid nighetmenbéemehst lhas
the inclined portion are nmade of a spring leaf that is easily vibrated or
def orned, sufupmliiest fioi cthen Hohdiagncaponeéinabl y BEepetdoordiedy wickbheat
inflicting damage 15 such as deformation and injury on the |leaf. The

posi ti oni ng isextdtmganeptrhdsm t hélunhaadi nipof dxeenmly ectfduxr beuedrided,
to a plurality of places of which the other object to be bonded has been
fractional | wdedndad3 anxk idre doarliqg ) afoewinbgecinyoube handedelywalai ng
put back to 20 the unl oadi ng/| oadi ng position along the conveyance surface

by the contrgl g orand fdies PPShéhB8r SMobCHRY Yilidg Wiekat&8 Byl &l keRor
bondi ng ends.

15 or the like around a horizontal axis 104, and the suction

tools 103 pick up the semiconductor elements 1 on the

dicing sheet 74 located in the component supply position 77

with the semiconductor elements 1 facing down. As shown in

Fig. 2A, while conveying the elements to the pickup

20 position or after conveying the elements to the pickup

position as indicated by arrow C in Fig. 2A by the bonding

object inverting mechanism 101, the inverting mechanism 101

rotates the rotary member 102 to make the suction tool 103

face up. By this operation, the semiconductor element 1

25 picked up from the dicing sheet 74 by the bonding object



In this case, if there is provided with a pair of guide rails for hol ding
and guiding the frame portion of 25 the object to be bond e
positioning section and 17 February 2003 100 the | oadi ngc} ﬁe%{#%ﬁ&%% t he
unl oadi ng section, which are |ocated on both sides of the positioning
section and can performthe |oading and unl oadi ng of the object to be
bonded between the | oadi ng and unl oadi ngédecti ons and the 5 positioning
section are continuously arranged so as to enable the frame portion to be
conveyed in one direction, then the unloading of the object to be bonded
after the friction bonding and the | oading of a new object to be bonded in
t he positi oA rddag ome@gﬁnéismpw/%e igchveyedcpylyo inecEbpdeyatd ithea

| i near direction extending through the unl oading section and the | oadi ng
section. Mmseneonductore elemdrtgdi devlriaih sisf surkgbsbnfomiaig skertithe is
provided with a stopper, which can advance toward the other guide rail,
clanp the fsamEidh pgerdli oh0df of héhebjpeoditng médjmridetnvertivgdmnagtianism
positioned in the positioning section between the stopper and the other

gui de rail, 1@ndpoan tiemnehtin ochelwasieid heosl abtgn ngn ahd sheteodhr ehiahi t
can nmake the stopper advance every tinme the object to be bonded is received
and positiorde@ ifeRl-dheupostt icdrirMegtsert ien ek reéd pati sevarlyjéctedt he
bondi ng operation ends, then the dislocation due to the novenent for the
relative nmoverenpiaRdpt heyVvitiat isus ieh t kecat her .obj ent tcenke drdedhean
be prevented by nmaking the control unit and the stopper clanp the frane
portion i meeall-enihentcdd éhemtham paidt ORakS dradedubRba Rl pRSidi 8)i ng
section 17 February 2003 101 and positioned in the specified position,
enabl i ng thenkr iselitaRrbdng d» e fesia n&&idwhébdhbgh@hepgﬁbt&@ﬁaltool
accuracy. There are provided the pressurizing nenber supported by one

gui de rail ‘ifl,t*%‘?;dp‘%?l't)eltxje%ﬂ‘%c,se@ﬂé WLSO dhay B | BGLEREH 986%0@0@\’\@%0' by

each spring leaf Is able to be held between t%e pressuri zi ng nmenber and the

baCk“g.oseCt %:%ﬂe%rsetdo A 8%%?1&&9 10l di«s@ﬁi‘é&%’&%‘%%'} té‘fezhé‘xﬁ!:i nede pof t kg of
ject or port

the o 0 be bonded i1's med at the tip ron of the spring | eaf

that eXtend§uEEE%nF ﬁ%%¥§nﬁjﬁpr£60%hea é@foﬁmﬁkﬁﬂjnglynitﬁéoﬁssmﬂscﬁkng

this pressurizing me bétween t he "hol di ng position and the hol di ng

rel ease POSLLGN alyd: POALJ ODheturen thensi | ohig, uBLhorad thegutden

rail, and t control "unit can pu pressurizin

hol di ng poshhan SYeEYqt! e thealleiled © bt BBAEL A S55LY 4 ting
mechanism 101 is. able to advance and retreat in the
15 direction of arrow C in Fig. 2A, i.e., in the X~direction
between the dicing sheet 74 and the pickup position in

order to perform the aforementioned operation.
In many cases, the semiconductor element 1 1is
manufactured and handled so that each electrode la and each
20 metallic bump 3 face up on the dicing sheet 74. However,
if the semiconductor element 1 after Dbeing vertically
inverted by the bonding object inverting mechanism 101 is
subjected to the pickup by the suction tool 11 as described

above, then each electrode la and each metallic bump 3 of

25 the semiconductor element 1 picked up by the suction tool



positioning section and can put the pressurizing nenber into the hol ding

rel ease position every tinme the bondi ng operation ends. W t.his
arrangenent, by putting the 20 hol ding nenber into the holﬁ?ﬁﬂxﬂﬂgﬁppgn by

the control unit and the position swtching unit when the positioning
section subjects the object to be bonded to0 the friction bonding so that
the inclined portion of the object is bacKed up by the backup section with
the inclined poi tion 25 extended al ong the base nmenber conveyi ng surface,
t he 17 February 2003 102 inclined portion located at the tip portion of
the spring l.eaf.can be prevepnted from bein L br at ed Lsl ocated, or
deformed in ef%??c%#%ﬁ %%ng?%% E?%g%lﬁf?% ¥ﬁ8ei%cPan ep%@?@oﬁﬁ%ﬁ%f 2
bet ween t he hq%fin% nmber_.and t he backughS secti.qn, and this gnableé
sufficient f15¢ti oA™Bon®PRd EME selir e t PO G3ATHE | ngeGar8Be 67t he
spring leaf. B tting the_hol ding nmenber in the hol ding rel ease positjon
after the fﬁqg%%%b%%mdt%%,fFﬁEFéORSQQ9Qﬁ%ﬂrQRﬁq%ﬁﬂQ% ?g% Eﬁléﬁ&ﬁﬁémﬂdthe
obj ect to be bonded fromthe positioning 10 section after the frictional
bondi ng and 3theS Yk ng2bing RB&® BEitadt 1co BEasontiednd | Fhenwipiagsdinsgisng
menber is provided with the penetrati on wi ndows through whi ch i ndependent
pressurd zi nd T Lad ralgp@hdi ng to the spring | eaves can hold a 15
plurality of spring |eaves in an overl appi ng manner and can rel eas-a the
hol di ng and the netal |Inddrmhdi iy porrieny obft hethacl i nedppoeniton sabptiye
spring | eaves are exposed to the pressurizing | eaves and subjected to
fricti on bordistigmsbyanadsvipgdal Imedivddi sis t henpber adapted specondihgaves by
20 the independent pressurizing | eaves corresponding to the spring | eaves,
it can be gudweantygmz, tsudinl dst hem wihtilpped maamalrd ,nfdfiebce nompstesss tand
performthe friction bonding wth the aforenenti oned hi gh accuracy with no
obstructi onbexérdretl dd.om t he pressurizing | eaves via the 25 penetration
wi ndow owned by each pressurjzing | eaf even 17 February 2003 103 there is
a di ffl@rence in positixn, ssbapeinamd .o bDnahar Fegch 2X, t beespbisigibeawves
and for each of the pressurizing

section 26 is moved by a Y-direction movement mechanism 91

between a loading/unloading position 78 which is aligned in
a line with the loading section 51 for loading the base
member assembly 2A and the unlocading section 52 for
15 unloading the base member assembly 2A and in which the
loading and unloading of the base member assembly 2A having
a number of base members 2 are performed in the X-direction
and a working position 792 which 1s moved from the
loading/unloading position 78 in the Y-direction
20 perpendicular to the X-direction and in which the friction
bonding work 1s performed; and moved into the working
position 79 every time each base member 2 of the frame
portion 2d held and positioned is subjected to the friction
bonding work. One example of the Y~-direction movement

25 mechanism 91 1is constructed of: a ball thread that is



| eaves. | f the bonding object handling unit on the side 5 that the novenent
for the relative novenent is perforned has: the suction to £ mhicgophcks
up the supplied object to be bonded by suction and hol di ng, %ﬂU V e
object, brings the object into frictional contact with the object to be
bonded hel d by the bondi ng obj ect handling unit in 10 which the novenent
for the relative novenent is not performéd with their nmetallic bonding
portions facing each other and subjects themto the friction bonding and
the novenent unit of this suction tool, then there is the advantage that
the friction bondi bet ween t he qQpposed 15 netal lic bonding portions of
the object a4 g\ﬁﬁjeé'@trsteg beF Yotied B¥n abem‘BE?Fbrﬁé‘GPa‘i‘ RPYREpeed
wi thout s stress by applying the novenent for the relative novenent_ and
variations t®%4hetPat dishjiebted otBe aondedmefbri drieshed siwidhardiswebght are
smal | by conparison with those of the 20 other object to be bonded for the
reason that eW8adbnangoris omade b&of r pévanaal |gndomiddraat t hetossy sbigect
to be bonded exists or for a simlar reason. If two bondi ng object handling
units are prioddded/omlidesligialepeshiblieome? foapdenhef orotltieng epas L veonoVnent
is 25 perfornmed, then, by setting the specifications 17 February 2003 104
correspondi Mypweyegach appl i cavvemedor fdedweasrt i alkheri cioedibgAdinhgadndgt he
final friction bonding with interposition of the reduction or stop (halt)
of the fri ctooen thomdiiyy and phepevdnkius) nop$heisang? tie wsdopeEbahtial.
conditions of the 5 friction bonding between the initial friction bonding
and the final ftecoghonibandtagecan dle d4ati slsed pyoswieéghingddhe sbopdichg
obj ect handling unit to be used for the initial friction bonding and the
final frictitercuemdivigidli lteeStadhycaedierd Pgellemehypes @k fddrotd wad bpRdi ng
on the 10 different conditions of the initial friction bonding and the
final frictior handinth Wébput 1eXaH | gk t BEmpeABhECahgh 18N8l t Cat e77
control. Moreover, when one bondi ng object handling unit itself suffers
failune darageghanddriniidat beriehoduradi ldst ysabwhheiobiraet, tonbe -bopded 15
held by the unit has a problem the friction bonding operation can be
continued agnysyals hd hemgbhernLendiing 2bj £et thandhiig i o yhiit e, t agkl i ng
the problens, and therefore, the reduction in the operation rate can be
avoi ded. 20 ghfy1tWa, POShihRAY SEd | RS M i ded. i | seRerbAnLRg L he
| oadi ng, positioning, and unloading of the objects to be bonded in the two
posi tioning eﬁ%@fe'ngnslatc&h%?éﬁ”tb%' ”%?e b, Al st ”%oedlhy §40j e¢hknNgahfge

on e n bond ther

obj ects to be ed to t ricti ing tothe o obj ect to be 25

bonded handlc%q:r%%tqg?l bBBgi n@o-Obé.heeCt IQ%Q‘EEBQQ B@i tthé hesuction tool 11

15 around the suction tool axis, the redoing of pickup when
the correction cannot be done, and so on. Furthermore, a
recognition camera 83 for the image recognition of the
position and the state of, in particular, the inclined
portion 2f of the base member 2, which is the object to be

20 bonded, i.e., the object to be frictionally bonded when
viewed from the suction tool 11 side is provided in a
bonding position 82 in which the semiconductor element 1 is
bonded to the base member 2 by friction bonding. This
enables the positioning of the semiconductor element 1

25 sucked and held by the suction tool 11 for the friction



17 February 2003 10S | oadi ng, positioning, and unloading of one object to
be bonded are singly performed, or even if a tinme |onger tpﬂﬁ @@g té for
handl i ng the other object to be bonded before and after the ¥ V
bondi ng is taken because the 5 position sw tching operation, the hol ding
operation, and the hol ding rel ease opera hon beconme conplex, the tine
needed for repetitively subjecting the object to the friction bonding to

t he other one object to be bonded handl ed by one bondi ng object handling

unit is reduced by 10 half. Therefore, the work efficiency is inproved.
darmge. - and TIPSt (o1 br LHOP s PO oSr Fhe BB cEtors he botcl REPHCBY ¢ he
usual by {nEoFS BYRET DU B oD/EETS HanAPOAGLN (O Ghire « SEREFRESEREOT
Vol ded. " THELAFISHS of Bishcf ndlShsarius BFet M eacht. | A0S fray LHE

provided with the friction bonding 20 apparatus in each of the cases and
the supply ®eREiNGr Reamdl §Pnd satPTeusdednish 2 phrfFoanisppact@neryess
bonded to each other to the bonding object handling unit that can handl e
it. In3the &bsvEORdHOrdmed tdenHONEEibothide TS anehbeR cabby slpphyidng

t he object to be bonded in which 17 February 2003 106 many objects to be
bonded are ithdisviahsilas hizinell bdndingewow kf raoratchetsuppl yeamiittorater y Thee at
need, the aforenmentioned friction bonding operation can be successively
repetitivel pppert cswethdet adertitchemobhéve tiwdie Bbnded mndviHedotwigrh 5a

di fferent object to be bonded manual |y supplied or automatically supplied
every tine apniged Bomorheispipiningmivar iths neonufact unddgs odnd gantevy of
secondary products and final products can be achieved automatically, easily
and reliabl gtatelsi gbf spded bygntrodt ivomat | Y 4boadd nyrahieodd elyjpepotrs st oahd
bonded to each other in a one-to-one correspondence or one-to-plural

corr egpondenae deer Hadwedmoamt tngmpf ande omdémetot hes. folre &f £ kaeiig obrd
characteristics of the present invention can be used singly as far as

possi bl e or aifBramkh taemRkedIIMPf svarsous Gorbi fisth 0BE. aAlxtichghima?e
present invention has been fully described in connection with the preferred

enbodi nment soirheheofl iWet, h fbef ehenee rive rtike AL MY iBh i Wgsk . it is to
be noted that various changes and nodifications are 20 apparent to those

skilled in the art. Suehgdianges and i Ereath 8AS bR b 84 ogd as
i ncluded within the scope of the present invention as defined by the
appended cl ahes il ASSehibey i ERar snbher eff omi g, 17 Rebyuany 2003through
15 Fig. 2C is provided with two bonding object handling units
21 and in particular, necessary-minimum two bonding heads
68 on the side that the movement for the relative movement
is performed, and the bonding heads 68 can be moved
linearly reciprocally in the X-direction individually by
20 ball threads 66a and 66b (refer to Fig. 1 and Fig. 4A) that
are driven to forwardly and reversely rotate by a motor in
the horizontal (lateral) movement mechanism 66.
With this arrangement, the two bonding heads 68

can be properly used by setting specifications

25 corresponding to each application to the initial friction



| 07 CLAIMS 1. A friction bonding nethod conprising: tenmporarily reducing or
stopping a friction bondi ng operation partway when two obj to onded
to each other (I, 2) are 5 pressurized agai nst each other'ﬁﬁ%éwg?%?ﬁgsty
noved to put netallic bonding portions (3, 4) of the objects into
frictional contact so as to performfriction bonding of the netallic
bondi ng portions. 2. A friction bonding ®et hod as claimed in claim1, 10
wherein the .friction bonding operation is tenporarily reduced or.'stopped
partway when the netallic bonding portions are fractionally bonded to each

other by the frictio cont act. be en the nmetallic bondin rtiqQns
pressuriyzi ng’o 1| g?#’@elﬁ/oﬁ%@}ﬁ%é\gﬁ?%r&ﬁytgo glﬁgﬁdeﬁng5p‘%ﬁ gfl g
two objects to be bonded rel ati to the ofher object to be bonded (2)  of
the two obj lsCttld”be%fB‘ff{Pébqi n?/’g"esta‘i%'?% gﬁichp%ﬁ@awe 8BFE¢R I o g’éth

bonded (1) is held by a holding tool (11, 111) with the netallic honding
portions of AHETRNFRILH 0Che PORIFEIHL IR, e&h 8EREr . 050 He Affricédpsn
bondi ng nmethod as clained in claiml, wherein the holding tool is a suction
tool (11), HMRAHE friBYi FhDoPEPRYE ogératdOndr8CEEhper aﬁ%q‘sﬁrr eklieed top
stopped partway when the netallic bonding portions are fractionally bonded
to eacl? ot h&ongdittiarhe ofet &l c fEdrdiing 2bopeiridonbefuesiont Ghfer i dniisAall
contact with each other by 17 February 2003 108 sucking and hol ding the
one obj ect tixiss ilpondehdin)g afnd Heha vibirobl efr sct bohebboddrd bgnt héshobei ng
tool with the netallic bonding portions facing each other and pressurizing
and rel ati velatisfiiety bhhesenecbbhgctheo doedi pnidead wicBh trredpectised tfhe

ot her object to be bonded (2) of the two objects to be bonded. 4. A
friction borihendg migtilkkdd fasi o mmegbridiranyamdetiod Ciaabsftithiongbo8ding
wherein the relative novenent is perfornmed by subjecting the one object to
be bonded (Whidfe 19tdheyt wahdejvdcios tioe bewbonggske $ oodl t fmaisotd €n vibbnatnans.
5. Afriction bonding nmethod as clained ~in any one of clainms 1 through 4,
wher eil® t he cpleeaalijoet 4O defbeneetl ebntheibtwe ol eis iwibeabofdedtisna
sem conductor element (1), the other object to be bonded of the two objects
to be 15 bomded iing dakdr ebiet fORal NEFrhiedy dn?) bordddnfhevfaHfait oBxbendl g
operation is tenporarily reduced or stopped partway when the netallic
bondi ng por tdoams idfae < acld enalilda thondad #®)1 each ot her by pressurizing and
novi ng the sem conductor elenment relative to the circuit formng body with

metal 20 electrode portty ansid asd, t hetasOLRORAUCHOIt £l SFERL4RUE 1At And
frictional contact with netal electrode portions (4) of the circuit formng

vond e Sk SL LTSS IR T i bond e RO BRI
the ong obj eali 10 BRGquired for the initial  friction bonding.
Accordingly, this means a state in which the positioning is
completed with all the metallic bumps 3 of the
semiconductor element 1 bonded to the wiring lines 4 of the
base member 2 that is the object to be bonded, or in other
20 words, a state in which all the bumps 3 are regulated in
height to a certain extent. As a concrete example, the
initial friction bonding is performed with an ultrasonic
output of 0.5 W for 0.1 seconds, and the final friction

bonding is performed with an ultrasonic output of 1.0 W for

25 0.3 seconds. That 1s, the reduction is effected with an



17 February 2003 109 bonded by the suction tool, the one object to be

bonded is sucked and held by being put in contact with and J a
pai r of opposed taper surfaces (11lc) that is fornmed on a sﬂ%F§§%¥§ﬁ¥@éce

(11a) of a suction nozzle and able to be 5 brought in contact with an
external edge portion of the one object e be bonded. 7. A friction bonding
nmet hod as clainmed in any one of clains 1 through 6, wherein the tenporary
reduction of the friction bonding operation is perforned by reducing the 10
rel ati ve novenent between the netallic bonding portions. 8. A~friction

bondi ng et hod A5 ¢l ai MEd Ty Y OREAT 61 TRy 1 Shrough £ o uhergin e

tenporary stop ict ing operation i's performed by stopping

h | at i . ~ | Ii ¢, bondi i ) AL
et on bobSTIE M SIECTonaE \TRER, 2 P800 ORI or Butaibing
reduction -or sto

_of the friction bondi ng operation is erforne% b
st oppi ng thé& p?%ggfﬂ'?z qg&?eoe?&eghorf%en%tsglrlein@%nai‘:ndgop%"'ft PO .e%@.lyA
friction bon? ne h%3¥ﬂ2 claiped . in.claim9, 20 wherein the stop of the
pressuri zat iS #¥£§ ' ﬁ“b?uggﬁﬁré?i T He ﬁ%?ﬂ?n@ftd%FSaH%nyBoﬁ%@he
one object to be bonded held by the tool. 11. A friction bonding nmethod as
claimed in & 5&@%ﬁi§ﬂﬁﬁﬁﬂ§?€%qw§ﬁuﬁﬁffh%%ﬁﬁﬁiﬁh%%eor%dEEFPBHSof the 25
friction bording operation is performed by reducing the @ 17 February 2003
110 rel ative novenent EGF t hENBbj RV TPt HOMRRd & %eachlot Hete and e
pressurization between the netallic bondiqg gprtions. 12. A friction
bondi ng et §8@CEdTENg $EEWNN Idhyishe b AnElBigs 4 threugh Tig.wHEreithean
initial friction bondin
suction too 11 of one bonding head 68 repeats the
execution of the initial friction bonding by sucking and
10 holding the semiconductor element 1 supplied into the
pickup position by the bonding object inverting mechanism
101 and then conveying the element 1 onto the base member 2,
as indicated by arrow A in Fig. 2A. The suction tool 11 of
the other bonding head 68 repeats the execution of the
15 final friction bonding by sucking and holding the
semiconductor element 1 on the base member 2 in a state in
which the one bonding head 68 has been moved away after the
end of the initial friction bonding while the one bonding
head 68 finishes the initial frictional bonding, departs
20 for the suction and holding of the next semiconductor
element 1 and returns, as indicated by arrow B in Fig. 2A.
The holding tool of the other bonding head 68 1is not
limited to the above-mentioned suction tool 11. For

example, it is not required to specially suck and hold the

25 semiconductor element 1 for the purpose of performing the



operation before the reduction or stop is perfornmed by controlling a

di stance between the objects to be bonded to each other, a qgfin?o
friction bonding operation after the reduction or stop is Eﬁ?? PR 89
controlling the 10 pressurization between the objects to be bonded to each
other. 13. A friction bonding nethod as clainmed in any one of clains 1
through 11, wherein an initial friction H%hding operation before the
reduction or stop is performed by 15 controlling the pressurization between
t he objects to be bonded to each other, and a final friction bonding

operation affer the reduction qQr stop is rfaormed q% controlling. a
di st ance bet the{@tﬁte‘cﬁré t%’%&éjﬁgdedyﬁeo &&éh of PO TRF LY  ARA8] on
bondi ng method as claimed in any one of clains 1 through 13, whergin an
initial fricI$OCUUHE R ot eheRh bef Aiehe Fiu@idn oF &ilsp iipitial
perfornmed for a time shorter than a tine of a final friction bonding
operation aff®eFCEHen reer@iRdntBr tReopnesbongding hepelt i66n &Ity ifetdidd’ as
clainmed in any one 17 February 2003 111 of clainms 1 through 13, wherein
an initial free4imme bédedi hglapervalvormded oltdet heendgandueiosr eiepent 1
performed by controlling a distance between the objects to be bonded to
each other, mnhtivdasps tdfe cbaseolmaidtiar 0Bt @imedint adrer®ttd,netot lapply
di stance between the objects to be bonded to each other is controlled
during a finaltfasationvionathgneper dhieortiafalerfthet iedubbnoingr ssieap.allb.
A friction bonding nethod as clained in any one of clainms 1 through 15,
wherein an itodl alliflri otfi oFibondBAg 4AdopEia@t i 03B befor e lide raedegtitabrl eor
stop is perforned by controlling the pressurization between the objects to
be bonded t diesedveart hewheandhen Harsiinf teoht bdl that sothéai beddding head
68 1s provided by the final frictional bonding special tool
10 111 as described above, the suction tool 11 of the one
bonding head 68 is not limited to the one that has a recess
11b and a taper surface 1llc as described above, and a
suction toopl similar to the inversion-use suction tool 103
whose suction surface is a mere flat surface shown in Fig.
15 3C is also acceptable, as described above.
Indeed, the pickup, the initial friction bonding,
and the final friction bonding of the semiconductor element
1 can be performed only by one of the two bonding heads 68.
In this case, when there are the issues of the failure, the
20 damage, and the limitation in durability of the one bonding
head 68 itself or the object to be bonded such as the
semiconductor element 1 held by the head, the friction
bonding operation can normally be continued by the other

bonding head 68 while tackling the issues. Therefore, a

25 reduction in the operation rate can be avoided.



at the time, the pressurization between the objects to be bonded to each
other is controlled during a final friction 15 bonding opeﬁfFion eﬂéqﬁé t he
reduction or stop. 17. A friction bonding method as cl ai med’ [ FPUA|
wherein the friction bonding operation is tenporarily reduced or stopped
partway when the netallic bonding portionggare frictionally bonded to each
ot her through the 20 frictional contact between the netallic bonding
portions by pressurizing and noving one object to be bonded (1) of the two
objects to be bonded relative to the other object to be bonded (2) of the

two objects to be bondggs i Be@usials | Waheh 418 10N OBLEEE nl0 fiseRonded is
held by a holding tool 25 (11, 111) with the netallic bonding portions of

the objects 577 Eegféiéfo\hﬁeg?ﬁb%%%h X é;ﬁePQPij@H a¢i1Y 1eagh QEQGV%3m01

i npedance of a ultrasonic onnected to an oscillator (2

attached ontgife 5l ding (oLl spuppbtacad dyringcaniy tale frighion.e

bondi ng operation before the redu on or 5 op form ng

bondi ng by the_ ul sqQni.G . vibrat, on ﬁﬂﬁ a. fi friction_ bondin
operation af Oe‘f&P%lré@r ggc]éu%ﬁzéolﬁ géljlés?t Zr%)e 1% Cont r]é(;qlf%lolrl n %%%%%%I%%cegj\;vi ttﬁh? he
nmoni tored i npedance. 18. A friction_bondi.ng nethod as ¢l ai in.claimA4,
10 wheﬁgin t %t%gg}%b%SE St6§b3 on%%% (ng‘ t %n?ao‘gbféct ?olﬁgebdﬁﬁed
is a sem conductor_el nt, and the other .obhject to,be bopded,(2), of the
Lo oby ect 5 TR HONGEE |47 8 SHENEEFEOR SELERR nd T SysBRRE L ohchRaing
constructed of a thin |leaf spring. 15 1% A frictign bondi ng appar at us
conpri si ng: Rt Bl ngWobPedt® | FRg (i 5L 10T 2PF LESHIRGPHLIRG 1t Wl e
objects to be bonded (1, 2) and positioning the objects so that their
metallic boﬂﬁ?&P%&ﬁ%i%ﬁspFﬁééuéééﬁtéPﬁeﬁan be set free when performed

by separating the suction tool 11 apart from the object to
10 be bonded, such as the semiconductor element 1, sucked and
held by the tool. However, the stop state can be obtained
only by stopping the progress of pressurization according
to circumstances. Otherwise, the reduction of the friction
bonding operation can also be achieved by reducing both' the
15 relative movement of the objects to be bonded to each other,
such as the semiconductor element 1 and the base member 2,
and the pressurization between the metallic bonding
portions. The stop of the friction bonding operation can
be achieved by stopping both the relative movement of the
20 objects to be Dbonded to each other, such as the
semiconductor element 1 and the base member 2, and the
pressurization between the metallic bonding portions of the
metallic bumps 3 and the wiring lines 4 or the like.
This will be described in concrete.

25 A relation between pressurization and ultrasonic



20 a relative novenent unit (23) for bringing the opposed netallic bonding
portions of the two objects to be bonded into frictional c i each
other by relatively noving the objects to be bonded held b@pfﬁﬁh?&%bggnding
object handling units and 25 a control unit (24), which controls the

hol di ng 17 February 2003 113 and positggning of the objects to be bonded
by the bondi ng object handling uniis and " the relative novenent of the
bondi ng object handling units by the relative novenent unit so as to nake
the netallic bonding portions of the objects 5 to be bonded held by the

bondi ng obj g¢thandln ig@ih@oggg%rgg%?hqﬁq%k.and brings the objects into

frictional contact wth eac t her e relative novenent for achi evenent

¢ Ilic bonding. _ ; ; X :
O T oL C oo, £hg cont el L LRTRAIAILY RSB0 ARG 10
clained in

| aim,19, wherein nmovenent aof one_of the bondi ng object .handling
units by theoPel ati o8 oA A T uquevl\’fo?ﬂgd%ﬂﬁeul LR i CA A DB B,
15 21. A frjction_bondi ng appar at as claimed in _claim19 or 20, erein
one obj ect | FOEbELbORTGH r SRPhut obs e PaUrEen i EnauF (A< 35 L2 Al eq
by one5bond%%8 obj ect. handl i ng unht of the two bondi ng object handling
units,>the tot’rl[%tﬁrbt b hoRded®Pe afn/obPECTI e 50 bbRBed ¥t 1t
has a frane portion (2d) and the netalljc bondigg_portion(éA) in an_.
i nclined po?@?%hn?2§Pp§ﬁéFu§x?€ﬁd§eFP8ﬁlPﬁétﬁFh ﬁﬁﬁtQWQP Wtk he Frane
portion and is inclined wth respect to_the franme portion, the one bonding
obj ect hand?3 ngSurd tIFRN aSPOWAHS 13 ohehatsent eWeE® §loe pHO3At iFoni Hre and
hol di ng t he 17 February 2003 114 frame portion of the one object to be
"‘bonded, ultrasonic output W, and the time t in a case where the
ultrasonic output W is stopped with the pressurization kept
10 constant at the load P,, according to the friction bonding
apparatus and method.

Fig. 24 is a graph showing a relation between the
load P, the ultrasonic output W, and the time t in a case
where the ultrasonic output W is reduced with the

15 pressurization performed constantly, i.e., with the load P
increasing at a constant. rate, according to the above-
nmentioned friction bonding apparatus and method. Fig. 25
is a graph showing a relation between the 1load P, the
ultrasonic output W, and the time t in a case where the

20 ultrasonic output W 1is stopped with the pressurization
performed constantly, i.e., with the load P increasing at a
constant rate, according to the above-mentioned friction
bonding apparatus and method. The bumps 3 tend to more

easily associate with the wiring lines (lands) 4 with the

25 improvement of the bonding strength in the case of Fig. 24



t he positioning section can nove into a unloadi ng/loading position in which

the frame portion of the one object to be bonded is held i ong
its 5 conveyance surface and the one object to be bonded ?@qﬁ%g%%gggﬁ%

unl oaded and a bonding position in which the inclined portion of the one
obj ect to be bonded that holds and positg%ns the franme portion is inclined
so as to extend al ong the conveyance surface and the netallic bonding 10
portion |located at the inclined portion is subjected to netallic bonding,

t he one bondi ng object handling unit further conprises: a position

- hi [ f rm i hi - .
ecti on 1's BBed it G RETEL i o et T o2 e podt FoA BAd-t fd- bond

unl 0adi hg € "bondi ng
position; and . a bac section.(43) f perform ng backup. so a_that.the
i nclined portion of tH&on& BHjTEdt f%r bgﬂﬁon%eéﬁp%ré%%{i g[hoerb‘P gtﬁ’epcp tnk
positioning_section. .is supported fraom bel pw. whep the,posjtiqning section is
swi t ched topFﬁ@a§§'65ﬁ5ﬁﬁggp0%1?ibngh%nﬁniﬂbggoﬁf?ﬁglgﬂi OegﬁPgoﬁggt%be
position switching unit, according to, the |oading, unloading, positioning,
and bondi ng f&fnatlh%r&r?é”t%] 3&“43&%&’)&){;&%& ?ﬁ%’?%?QSW—FEhi ng the
positiagning section between_the unl oadi ng/| oadi ng 25 position and the
bondi ng position. 17 ¥ebr 4&r yt 2063 94D 2 ShRWMINGt forF Py REPUFEHUS
as claimed in claim?21l, wherein the positioning section has a gair of qguide
rails (26a) heddhdonvéppdg apBdgubdifg the dnE€F edhar® béhBon8EBPOLRE Yone
object to be bonded is a spring leaf, the 5 inclined portion is forned at a
tip porti onbondifg sppi ey earmnest didedeilgditdecenerptamengortticonprafdrivhe
positioning section is provided with: a pressurizing menber (61) that is
supported bpomddrgui de rrérfofnedie pai Loed gadbueredi | saotoxdengodia i Shieng
section and able to nove between a 10 hol ding position in which the
i nclined porftriietiomndrbryindheappricagubeand imesthmid bétwden tdhebe noted
pressuri zi ng menber and the backup section and a hol ding rel ease position
i n whil®h-t hehladl dthg iteirgittasedtdathen sherehiig deiftingd?) st hathatwi t €hes
t he pressurizing nenber into the holding position 15 and the hol di ng
rel ease posiexiamp liegt wetesn hbke ghtessiur az ibogpdienpestand tlos idienguidewhach,
and
the suction surface of the suction tool 11 faces the wiring
lines 4 on the wiring lines 4 is 0 and the value of height
increases as the suction tool 11 moves down. The temporary
15 bonding is completed when the height becomes h,. When the
temporary bonding is completed, the load P effected on the
bumps 3 and the wiring lines (lands) 4 via the suction
nozzle 11 1is controlled by moving further downward the
suction tool 11 by means of the voice coil motor 69, and
20 the primary bonding is completed when the load becomes P,.

On the other hand, conversely, Fig. 27 is a graph
showing a relation between height, load, and time in a case
where the temporary bonding is performed by load control
and the primary bonding is performed by height control.

25 That is, the load P effected on the bumps 3 and the wiring



the control unit controls the switching unit so as to position the

pressuri zing nmenber in the holding position every tine the j to be
bonded is received 20 and positioned in the positioning segf?%ﬁgéhgﬁb% t he
hol di ng rel ease position every tine the bonding operation ends. 23. A
friction bonding apparatus as clainmed in_claim?22, wherein a plurality of
spring | eaves each of which is 25 the onglobject to be bonded exi st inside
the frame portion, 17 February 2003 116 the pressurizing nmenber is
provided with a pressurizing |eaf (61b) that can hold each spring | eaf

bet ween the pressurj zi menber_and the hackup_section while inde dently
covering t he =g néi?ﬁgg? heV 1? eggﬁr iHH G B | %%?ZLBI oJrsrgloé%srg’g'qter?g
hol di ng of the spring |eaf, and each pressurizing_leaf is provided with a

t hr ough hol @%b 1R ort ERFE T E@q%é‘tgal LiSc BORGLSE §5br MEGH ofthtghe Load
inclined portion of each spring leaf to subject the nmetallic bondin

portion to f39%Mh Bondi ngThelospgtion RnRgEdengliool sf oFONGIddi fg e one
object to be bonded by receiving the one object to be bonded in contact
with two op[ﬁ@éwacra?beéYsuﬁh%c@@%@lc??illmtqmmﬁ9ca‘Mh%@ rthe breumper auy
contact with an external edge portion of the one abject to be bonded in a
recess J 11bbdnding timtcompseretar 208 ttheaprtaanhabofiding of st lgempdjedsd to
be bonded (1, 2) ' formed on a holding surface (1l1a, 111a) and is snaller
than ' the eshtesy fdle frwigh2Segomes ding tool as clainmed in claim24,
wherein the one object to be bonded is an IC chip, and side 20 surfaces of
the IC chip are regul aieggl byst hiestwo @paosedhoapiery sar freclest 1 Q6. béthaah ng
tool as clainmed in claim24, which is used when the friction bondi ng nmethod
clainmed in aights dndl@im® int br eugl Whdre mHe i témperacyi bending and

. Ash. A [.A.As5. Al. A Ay. A A An.As. A A A Ay. An. A Al.A A A .A As. Asy. A An. AsH

CAS[. As. A AlgheA] o iMldr A9 BIA LAY . Al ASe ABEAEdASDA. AReAghtA. AbnArdi A AF
A Ar. A An. A A As. Asn. As9. A AL. Ar. Ar. AH. A[r. Al . A A Af[ _.An. A AsL. A". As. A AH

y. Any. 1A 5. A ddlrdAsg APSEhAHE FArAReAT! oA edAE AL AN - PoAQDnés Hpplard tudH. AH
.As. AL. A ALA. A" . A& A9n. AH. A9n. AYr. A. A3. A&n. A9A. AFr+d; Ng9 J L
and method. That is, the temporary bonding 1is completed
when the height becomes h,. The suction tool 11 is moved
further downward by the voice coil motor 69 when the
temporary bonding'is completed, and the primary bonding is
15 completed when the height becomes h,.

Furthermore, Fig. 29 1s a graph showing a
relation between load and time in a case where the
temporary bonding and the primary bonding are performed by
load control, according to the aforementioned friction

20 bonding apparatus and method. That is, the load P effected
on the bumps 3 and the wiring lines (lands) 4 wvia the
suction nozzle 11 is controlled, and the temporary bonding
is completed when the load becomes P;,. The suction nozzle

11 is moved further downward by the voice coil motor 69

25 when the temporary bonding is completed, and the primary
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100 gf = 0980 mN, for example) and thereafter perform
movement by a predetermined constant distance while

5 measuring the amount of descent from the position by means
of a linear scale 160 and outputting the detected wvalue to
the control unit 24. Moreover, the detection of the load
is performed by a load sensor 161, which is mounted on the
voice coil motor 69, detects the load effected by the

10 downward movement of the suction nozzle 11, and outputs the
detected value to the control unit 24.

When the friction bonding operation is stopped
between the temporary bonding and the primary bonding
instead of reduction, the stop time is preferably shorter.

15 The reason for the above is to prevent the expansion of the
bumps due to heat and to prevent the oxidation of the
wiring lines 4, or in other words, the metallic electrode
portions of the base member 2. In concrete, the stop time
between the temporary bonding and the primary bonding 1is

20 preferably about 10 ms.

Moreover, as shown in Fig. 35, particularly when
one bonding head 68 is provided, once the suction tool 11
and the semiconductor element 1 begin to slip with respect
to each other due to vibrations, the slip 1is not

25 extinguished no matter how the movement is made fast.
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tight engagement between the tool 11 and the semiconductor
5 element 1 particularly when the variations halt), and the
vibrations are efficiently transmitted.

Moreover, according to a relation between the
ultrasonic output W, the load kg by pressurization, and the
impedance of a ultrasonic horn 71 during the friction

10 bonding shown in Fig. 4B; in the voice coil motor 69, which
vertically moves the suction tool 11 and pressurizes the
semiconductor element 1 against the base member 2, the
pressure increases after the contact of the metallic bumps
3 against the wiring lines 4 with the increasing ultrasonic

15 output W, load kg, and so on. Consequently, the metallic
bonding portions of the metallic bumps 3 and the wiring
lines 4 or the like become hard to relatively move to each
other as the diffusion bonding progresses, and the
impedance of the ultrasonic horn 71 is increased during the

20 dividing of the voice coil motor 69. Therefore, the proper
end of the friction bonding can be decided by the event
that this impedance comes to have a specified waveform or
increases to a specified value, and the abnormality of the
friction bonding can be decided by the event that the

25 specified waveform cannot be obtained or becomes greater
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The oscillator 23, which is one example of the relative

5 movement unit, tries to supply a constant current and

voltage to the piezoelectric element during the period when

ultrasonic vibrations are effected on the bumps 3. Because

of the heating of the wiring lines 4 and the occurrence of

frictional heat due to the operation of the ultrasonic

10 vibrations, the bumps 3 become gradually fixed to the
electrode portions of the wiring lines 4, with which the ‘

bumps 3 gradually becomes hard to vibrate. The fact that

the metallic bumps 3 gradually becomes hard to vibrate

leads to the suppression of the wvariations of the

15 piezoelectric element as described above, and consequently,

the value of the current supplied from the oscillator 23 to

the piezoelectric element gradually reduces. On the other

hand, the voltage applied to the pilezoelectric element is

theoretically constant, and therefore, the impedance value

20 of the piezoelectric element gradually increases as the

metallic bumps 3 gradually becomes hard to vibrate, i.e.,

as the bonding of the metallic bumps 3 to the electrode

portions of the wiring lines 4 progresses in conformity to

the Ohm's law. The control unit 24 obtains a change in the

25 impedance value by detecting a change in the value of
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5 change in the impedance value.

Therefore, the friction bonding can be performed
under various conditions while monitoring the ultrasonic
output W, the load kg, and the impedance.

Accordingly, 1if the initial friction bonding

10 operation before the reduction or stop is performed by
controlling the pressurization of the semiconductor element
1 and the base member 2 against each other and the final
friction bonding operation after the reduction or stop is
performed by controlling the degree of adjacency, i.e., the
15 distance between the semiconductor element 1 and the base
member 2, or in other words, a height (for example, height
from the surface of the base member 2) as described
hereinabove, then it is enabled to prevent the required
characteristics from becoming defective as a consequence of
20 the adjacency between the semiconductor element 1 and the
base member 2 than the specified distance in the final
friction bonding stage for the achievement of a sufficient
bonding state and then the excessive collapse of the
metallic bumps 3 and the wiring lines 4 by satisfying the

25 half-finished bonding state while the objects to be bonded
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vl 0%T. ()-1"
0% () -! éue to the pressurization in the initial friction bonding

5 stage and securing the transition from the half-finished
bonding state into the sufficient bonding state of the
metallic bumps 3 and the wiring lines 4 during the final
frictional bonding utilizing a specified margin in the
distance between the objects to be bonded to each other

10 under sufficient pressurization.

Furthermore, if the initial friction bonding °
operation is performed for a time shorter than the final
friction bonding operation time, then it is enabled to
prevent the required characteristics from becoming

15 defective as a consequence of the excessive collapse of the
metallic bumps 3 .and the wiring lines 4 due to the half-
finished bonding state during the initial frictional
bonding operation in securing the required final bonding
state by performing the final friction bonding operation

20 for a sufficient time longer than the initial friction
bonding operation time.

Moreover, if the initial friction bonding
operation before the reduction or stop (halt) is performed
by controlling the distance between the objects to be

25 bonded to each other and the final friction bonding
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5 defective as a consequence of the semiconductor element 1

and the base member 2 which come closer to each other than

the specified distance due to the pressurization in the

final friction bonding stage for the achievement of a

sufficient bonding state and then the excessive collapse of

10 the metallic bumps 3 and the wiring lines 4, or prevent the

sealant from becoming hard to enter or failing in entering

the space between the objects to be bonded to each other,

such as the semiconductor element 1 and the base member 2,

by satisfying the half-finished bonding state while the

15 distance between the metallic bumps 3 and the wiring lines

4 during the initial friction bonding is prevented.from

coming close to or exceeding the distance at the time of

end of the final friction bonding and securing the

transition from the half-finished bonding state into the

20 sufficient bonding state of the semiconductor element 1 and

the base member 2 utilizing the specified margin in the

distance between the semiconductor element 1 and the base
member 2 in the final friction bonding stage.

Furthermore, it is enabled to obtain the half-

25 finished bonding state of the semiconductor element 1 and
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the initial friction bonding operation by performing the
initial friction bonding operation by the control of
distance between the semiconductor element 1 and the base

5 member 2 and controlling the distance between the

semiconductor element 1 and the base member 2 in the final
friction bonding operation on the basis of the control data
at this time, and secure a sufficient final friction
bonding state without excessive adjacency of the

10 semiconductor element 1 to the base member 2 in the final
friction bonding operation corresponding to the margin to -
the specified distance based on the control data of the
distance between the semiconductor element 1 and the base
member 2 in this initial friction bonding stage.

15 If the impedance of the voice coil motor 69 for
pressurization-use driven in the initial friction bonding
operation is monitored and the final friction bonding
operation is controlled according to this in performing the
friction bonding by means of ultrasonic vibrations as

20 described above, then it is enabled to achieve the final
friction bonding state neither too much nor too little or
prevent the execution of wasteful final friction bonding
operation by weakening, strengthening, or stopping

(halting) the final friction bonding operation in

25 accordance with the excess or deficiency and the limitation
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difference in impedance corresponding to the excess or
deficiency and the limitation of the friction bonding of
the metallic bumps 3 and the wiring lines 4, which are the
5 metallic bonding portions, during the initial friction
bonding.

The above-mentioned control is executed on a
semiconductor element 1 that has four bumps as shown in Fig.
7A and a semiconductor element 1 that has twenty bumps as

10 shown in Fig. 7B with the time allocation, the load change,
and the.distribution of ultrasonic output W as shown in Fig.
4C for the execution of the initial friction bonding,
stopping (halting) and final bonding, and the control is
compared with that of the conventiconal method ' for

15 continuously performing the initial friction bonding and
the final friction bonding as shown in Fig. 4B. Then, the
results as shown in Fig. 8 and Fig. 9 are obtained, and the
shear strength 1is improved in the case of the friction
bonding stopped (halted) partway by comparison with the

20 conventional continuous friction bonding. That is; Fig. 8
is a graph of the experimental results of the shear
strength of the metallic bonding portions obtained when the
initial friction bonding, stopping (halting), and final
friction bonding are performed by the friction bonding of

25 the first embodiment of the present invention with the
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continuously performed in the conventional case. Fig. 9 is
5 a graph of the experimental results of the shear strength
of the metallic bonding portions obtained when the initial
friction bonding, stopping (halting), and final friction
bonding are performed by the friction bonding of the first
embodiment of the present invention with the semiconductor
10 element that has twenty bumps and the shear strength of the

metallic bonding portions obtained when the initial °
friction bonding and the final bonding are continuously
performed in the conventional case. In Fig. 8 and Fig. 9,
the same values are indicated with a shift in the case of
15 the present embodiment and the conventional case for better
understanding. For example, when a load of 0.24 kg is
effected in Fig. 8, the variations in the shear strength
are indicated in a manner that the wvariation in the
conventional case i1s shown on the left-hand side and the
20 variation in the case o0f the present embodiment is shown on
the right-hand side. The shear strength in the
conventional case is varied within a wide range of about
110 g to about 260 g, whereas the shear strength in the
present embodiment 1s varied within a narrower range of

25 about 240 g to about 330 g and the mean value is higher
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observed in the other case of the load of 0.28 kg and 0.32

kg. Moreover, in Fig. 9, the numerical wvalue of 0.8*0.5

means energy of an ultrasonic output of 0.8 W applied for

5 0.5 seconds. The numerical value of 1*0.3 means energy of

an ultrasonic output of 1 W applied for 0.3 seconds. Also,

in Fig. 9, the shear strength in the case of the present

embodiment is varied within a narrower range than in the

conventional case and a higher mean value than the

10 conventional one is obsefved, similarly to the case of Fig.

8. It is to be noted that the initial load value only in

the initial stage (only during the temporary bonding) of

Fig. 8 is 0.2 kg, and the IC size is a square having a side

of 2 mm. The initial ultrasonic output only in the initial

15 stage (only during the temporary bonding) of Fig. 9 is 0.2

W applied for a time of 0.1 seconds, and the IC size.is a
square having a side of 2 mm.

(Second Embodiment)

The second embodiment of the present invention

20 shown in Fig. 10 is provided with two positioning sections

26, and two bonding heads 68, the loading section 351, and

the unloading section 52 can be used by switching of a

movement mechanism 91. According to this arrangement,

while performing the loading, positioning, and unloading of

25 the objects to be bonded, such as the frame portions 2d
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sections 26 at different times, the one objects to be
bonded are alternately subjected to the frictional bonding
to each of the other objects to be bonded, such as the one

5 semiconductor element 1 handled by the bonding object
handling unit 21. By this operation, the loading,
positioning, and unloading of the one object to be bonded,
such as the frame portion 2d that has the base members 2,
are singly performed, or even i1f a time longer than the

10 time for handling the other object to be bonded, such as
the semiconductor element 1, before and after the
frictional bonding is taken because the position switching
operation, the holding operation, and the holding release
operation become complex, the time needed for repetitively

15 subjecting the one object to the friction bonding to an
object to be bonded, i.e., the other object to be bonded,
such as the semiconductor element 1, handled by the bonding
object handling unit 21 is reduced by half. Therefore, the
work efficiency is improved.

20 Moreover, when there is the failure or damage of
one positioning section 26 itself being used in a mode in
which the one positioning section 26 is only continuously
used, or when the object to be bonded, such as the frame 2d
that has the base members 2 held by the one positioning

25 section 26, has a problem, the friction bonding operation
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can be continued as usual by the other positioning section
while tackling the problemn. Therefore, the reduction in
the operation rate can be avoided. The other construction
and the effect and operation of the second embodiment are
5 not changed from those of the first embodiment shown in Fig.
1 through Fig. 6, and therefore, neither redundant
illustration nor explanation is provided.
(Third Embodiment)
As a friction bonding apparatus capable of
10 putting the friction bonding method of the third embodiment
of the present invention into practice, as shown in Fig. 31
through Fig. 34 and indicated by the one-dot chain lines
200 in Fig. 11, it 1is acceptable to pressurize only the
free end of each base member 2 by means of a pressurizing
15 leaf 161lb as indicated by the one-dot chain lines 200 in
Fig. 11 instead of exposing the portion to which. the
semiconductor elements 1 is to be bonded inside the through
hole 6lc of the pressurizing leaf 61lb, so that no
pressurizing member exists in the portion to which the
20 semiconductor element 1 1s to be bonded, enabling the
prevention of contact with the suction tool 11. The
through hole 16lc of the pressurizing leaf 16lb 1is to
expose the read portion 2c and to prevent the pressurizing

leaf 161b from damaging the read portion 2c by

25 pressurization. In Fig. 31 through Fig. 34, reference
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numeral 143 denotes a suction and holding plate that 1is
arranged between a palr of rails 26a and performs the
unloading, loading, positioning, suction, and holding of

the base member assembly 2A, reference numeral 143a denotes

5 a suction hole that enables the suction of a portion in a
vicinity of the base portion 2a of each base member 2 of

the base member assembly 2A to the suction and holding

plate 143,‘ and reference numeral 143d denotes a through

hole. Reference numeral 143C denotes a projecting portion

10 that projects upward and belongs to a backup section 143B
corresponding to the backup section 43 of the foregoing
embodiment, and this projecting portion 143C enters the
inside of the through hole 143d of the suction and holding

plate 143 and supports the lower surface of the inclined

15 portion 2f of each base member 2. Reference numeral 1l6le
denotes a pivot shaft of the pressurizing member 161, and

each pressurizing leaf 161b of the pressurizing member 161

is constructed of a roughly T-figured member as shown in

Fig. 32, and its one end is provided with a spring 164A,

20 which is consistently urged around the pivot shaft 16le so
that the other end portion of the pressurizing member 161
approaches the projecting portion 143C, -enabling the
holding of the inclined portion 2f of the base member 2.
Therefore, the base member assembly 2A 1is unloaded and

25 loaded on the suction and holding plate 143, positioned in
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the unloadirg/loading position on the suction and holding
plate 143 by the stopper 53, and thereafter sucked and held
on the suction and holding plate 143. The pivoting from
the unloading/loading position to the bonding position is

5 similar to that of the foregoing embodiment. According to

this fourth embodiment, by preparatorily sucking and
holding a portion in a vicinity of the base portion 2a of
each base member 2 of the base member assembly 2A, the base
member assembly 2A can be stably inclined and pivoted

10 between the unloading/loading position and the bonding
position. It is to be noted that the reference numeral
164D corresponds to the air cylinder 64 of the foregoing
embodiment, and the reference numeral 164 corresponds to
the piston rod for collectively holding and releasing the

15 holding the pressurizing leaves 16lb via an assisting plate
164P, which extends along the unloading/loading direction
and is driven to vertically move by the air cylinder 64 of
the foregoing embodiment.

(Fourth Embodiment)

20 As a friction bonding apparatus capable of
putting the friction Dbonding method of the fourth
embodiment of the present invention into practice, it 1is
acceptable to provide only one bonding head 68 as shown in

Fig. 35 instead of the two as shown in Fig. 1, make the

25 suction tool 11 of the bonding head 68 suck and hold the
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element 1 to the base member 2, and perform the initial
friction bonding and the final friction bonding. In

5 comparison with the foregoing embodiment, the structure of
the present embodiment can be simplified by virtue of the
provision of one bonding head 68.

By properly combining the arbitrary embodiments

out of the aforementioned various embodiments, the effects
10 owned by the respective embodiments can be produced.

As is apparent from the above description of the .’
present invention, if the metallic bonding portions of the
objects to be bqnded to each other are subjected to
friction bonding by relatively moving the objects to be

15 bonded and pressurizing relative to each other, then the
metallic bonding portions are frictionally bonded to each
other with an increase in temperature, softening, melting,
and diffusion bonding by friction, and the friction bonding
operation is temporarily partway reduced or stopped. As a

20 result, the metallic bonding portions and the objects to be
bonded to each other hardly suffer damages as a consequence
of reduced mechanical and thermal influences as in the case
where their metallic bonding is performed at a stroke, and
even a magnetic disk reading suspension head constructed of

25 a thin leaf spring, which serves as one example of the
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increases. Furthermore, the shear strength of the metallic
bonding rather 1increases since the friction bonding
operation is partway reduced or stopped, and the friction
5 bonding is reliably achieved without problem. Accordingly,
there can be performed metallic bonding neither tooc much
nor too little without inflicting damage on the objects to
be bonded to each other.
In this case, one object to be bonded can easily
10 be conveyed and handled -in a variety of ways when sucked
and held by the holding tool or, for example, the suction
tool. Therefore, the held one object to be bonded can be
subjected to pressurization and relative movement relative
to the other object to be bonded with their metallic
15 bonding portions facing each other, and the other object to
be bonded, which is only required to be positioned and held
for the bonding, can simply be handled.
According to one example, the relative movement
can be achileved simply and easily by only ultrasonically
20 vibrating the one object to be bonded and merely applying
ultrasonic vibrations to the object to be bonded held by
the suction tool via the suction tool. In particular, by
means of the ultrasonic vibrations, the relative movement

can be obtained with minute high-speed variations, and even

25 minute metallic bonding portions can sufficiently be
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frictionally bonded to each other within a short time
without excessive collapse.
When one object to be bonded is sucked and held
by the suction tool as one example of the holding tool and
5 when the object to be bonded is received, sucked, and held
by at least a pair of mutually opposed taper surfaces of
the recess that is similar to the external form of the one
object to be bonded formed on the suction surface of the
suctiocn nozzle and is smaller than the external form, the
10 one object to be bonded is received by at least the pair of
mutually opposed taper surfaces of the recess that is
similar to the one object to be bonded located on the
suction surface and is smaller than the external form while
being sucked by the suction surface of the suction tool.
15 The movement for the relative movement relative to the
other object to be bonded and the ultrasonic vibrations
both of which are given from or via the suction tool are
transmitted without escape nor dislocation, enabling the
friction bonding to be efficiently achieved. Moreover,
20 there 1s no friction since the back surface of the one
object to be bonded sucked by the suction tool 1s not
floated from the suction surface and not dislocated. This
enables the prevention of the occurrence of scratches due

to the frictional contact between the back surface of the

25 object to be bonded with the suction surface and the
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adhesion and deposition, on the suction surface, of
chippings and foreign materials generated when the back
surface of the object to be bonded suffers scratches, which
may rather injure the back surface of the object to be

5 bonded to be sucked and held and may cause the chipping and
cracking, dissimilar to the conventional case. This
enables the improvement of the yield and the prevention of
the reduction in quality due to the scratches on the back
surface.

10 The stop (halt) or reduction of the friction
bonding operation can also be performed by, for example,
stopping (halting) or reducing the relative movement
between the metallic bonding portions or by stopping
(halting) or reducing the pressurization between the

15 metallic bonding portions. If the stop (halt) of
pressurization is performed by separating the suction. tool
from the object to be bonded held by the suction tool, the
influence of the pressurization <can Dbe completely
eliminated. However, the stop (halt) state can be obtained

20 merely by stopping (halting) the progress of pressurization,
according to circumstances.

Moreover, for example, the reduction of the
friction bonding operation can also be performed by

reducing both the relative movement of the objects to be

25 bonded to each other and the pressurization between the
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metallic bonding portions.

Moreover, the stop (halt) of the friction bonding
operation can also be performed by stopping (halting) both
the relative movement of the objects to be bonded to each

5 other and the pressurization between the metallic bonding
portions.

Moreover, 1if, for example, the initial friction
bonding operation before the reduction or stop (halt) 1is
executed by controlling the distance between the objects to

10 be bonded to each other and the final frictional Dbonding
after the reduction or stop (halt) is executed by
controlling the pressurization of the objects to be bonded
to each other, then it is enabled to prevent the required
characteristics from becoming defective as a consequence of

15 the adjacency of the objects to be bonded to each other
than the predetermined distance due to the pressurization
in the final friction bonding stage for the achievement of
the sufficient final bonding state and the excessive
collapse of metallic bonding portions by satisfying the

20 half-finished bonding state while the objects to be bonded
to each other 1is prevented from coming close to or
exceeding the distance between the objects to be bonded to
each other in the final friction bonding stage in terms of
the adjacency, that is, the distance between the objects in

25 the 1initial friction bonding stage and securing the
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transition from the half-finished bonding state into the
sufficient bonding state of the metallic bonding portions
during the final frictional bonding utilizing the specified
margin in the distance between the objects to be bonded to

5 each other.
Moreover, 1f, for example, the initial friction
bonding operation before the reduction or stop (halt) 1is
‘ executed by controlling the pressurization of the objects
to be bonded to each other and the final frictional bonding
10 after the reduction or stop (halt) is executed by
controlling the distancé between the objects to be bonded
to each other, then it is enabled to prevent the required
characteristics from becoming defective as a consequence of
the adjacency of the objects to be bonded to each other
15 than the specified distance in the final friction bonding
stage for the achievement of the sufficient bonding state
and the excessive collapse of the metallic bonding portions
by satisfying the half-finished bonding state while the
objects to be bonded to each other is prevented from coming
20 close to or exceeding the distance between the objects to
be bonded to each other in the final friction bonding stage
due to the pressurization in the initial friction bonding
stage and securing the transition from the half-finished
bonding state into the sufficient bonding state of the

25 metallic bonding portions during the final frictional
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sufficient pressurization.

Moreover, for example, 1f the initial friction

5 bonding operation before the reduction or stop (halt) 1is
executed for a time shorter than the time of the final
friction bonding operation after the reduction or stop
(halt), then it is enabled to prevent the required
characteristics from becoming defective as a consequence of

10 the excessive collapse of the metallic bonding portions due
to the half-finished bonding state in the initial.
frictional bonding operation in securing the required final
bonding state by executing the final friction bonding
operation for a sufficient time longer than that of the
15 initial friction bonding operation.

Moreover, for example, by executing the initial
friction bonding operation before the reduction or stop
(halt) with the control of distance between the objects to
be bonded to each other and controlling the distance

20 between the objects to be bonded to each other in the final
frictional bonding operation after the reduction or stop
(halt) on the basis of the control data at this time, it is
enabled to obtain the half-finished bonding state in which
the objects to be bonded to each other are located within

25 the predetermined range of distance in the initial friction
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5 range of distance on the basis of the control data of the
distance between the objects to be bonded to each other in
this initial friction bonding stage.

If, for example, the impedance of the ultrasonic

horn connected to the oscillator (23) attached onto the

10 holding tool in the initial friction bonding operation
before the reduction or stop (halt) is monitored and the

final friction bonding operation after the reduction or

stop (halt) is controlled according to this in performing

the friction bonding by means of ultrasonic vibrations,

15 then it 1is enabled to achieve the final friction bonding
state neither too much nor too 1little or prevent. the
execution of wasteful final friction bonding operation by
weakening, strengthening, or stopping (halting) the final
friction bonding operation in accordance with the excess or

20 deficiency and the limitation of the bonding on the basis
of the difference in impedance corresponding to the excess

or deficiency and the limitation of the friction bonding of

the metallic bonding portions during the initial friction
bonding with the impedance reflecting the progress degree

25 and limitation of the friction bonding.
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can hold two objects to be bonded to each other and

position the objects respectively so that their metallic

5 bonding portions face each other; the relative movement

unit that can bring the opposed metallic bonding portions

of the two objects to be bonded to each other into

frictional contact with each other by relatively moving the

objects to be bonded to each other held by the two bonding

10 object handling units relative to each other; and the

control unit that can control the holding and positioning

of the objects to be bonded to each other by the bonding

object handling units and the relative movement of the

bonding object handling units by the relative movement unit

15 so as to make the metallic bonding portions of the objects

to be bonded to each other held by the bonding object

handling units face each other and perform the metallic

bonding by bringing the objects into frictional contact

with each other by the relative movement. If the control

20 unit is made to temporarily partway reduce or stop (halt)

the friction bonding operation, then the friction bonding

partway reduced or stopped (halted) can be automatically
reliably achieved.

Moreover, for example, the relative movement unit

25 is only required to move one of the bonding object handling
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of the bonding object handling units by the relative
movement unit by means of ultrasonic vibrations, as

5 described above.

Moreover, 1in a case where the bonding object
handling unit located on the side that the movement for the
relative movement is not performed has, for example, a
positioning section, which receives the object to be bonded,

10 holds and positions the object, subjects the object to the
friction bonding, and unloads the object after the friction
bonding, if the object to be bonded that has a plurality
portions to be frictionally bonded to the other objects to
be bonded is positioned once, then it is only required to

15 perform the friction bonding still on the positional
criterion common to each friction bonding portion of the
positioned object to be bonded by repetitively handling the
other objects to be bonded by means of the bonding object
handling unit corresponding to the other objects. This

20 simplifies the handling of the object to be bonded having a
plurality of portions to be frictionally bonded to the
other objects to be bonded as well as the structure of the
bonding object handling unit that can handle the object.

In the friction bonding apparatus described above,

25 one object to be bonded out of the two objects to be bonded
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object handling unit out of the two bonding object handling
units. The one object to be bonded is, for example, an
object to be bonded having a frame portion and the metallic
bonding portions in the inclined portion that extends from
this frame portion into the frame portion and is inclined
relative to the frame portion. The one bonding object
handling unit has, for example, the positioning section for
positioning and holding the frame portion of the one object
to be bonded. The positioning section, for example, can be
moved into the unloading/loading position where the one
object to be bonded is loaded and unloaded with the frame
portion of the one object to be bonded held and guided
along the conveyance surface and the bonding position where
the inclined portion of the one object to be bonded holding
and positioning the frame portion 1is inclined so as to
extend along the conveyance surface and the metallic
bonding portion owned by the inclined portion is subjected
to the metallic bonding. The one bonding object handling
unit is further provided with: for example, the position
switching unit for switching the positioning section
between the unloading/loading position and the bonding
position; and the backup section for performing backup so
that the inclined portion of the one object to be bonded

positioned by the positioning section is backed up from
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able to switch the p051tlon1ng section between the
unloading/loading position and the bonding position by
5 controlling the position switching unit according to the
loading, unloading, positioning, and bonding operations of

the one object to be bonded.
With the above-mentioned construction, the object
to be bonded provided with the portion to be frictionally
10 bonded to the other object to be bonded is handled and
subjected to friction bonding by the bonding object
handling unit. Therefore, the objects to be bonded, which
are hgrd to handle due to the fact that the objects have,
for example, a very small size or a various shape or are
15 thin vibratory objects, are integrally formed into a flat
frame, handled wholly collectively with a large frame
portion, so that the objects are successively subjected to
friction bonding to a plurality of objects to be bonded.
In such a case, the positioning section can hold and guide
20 the frame portion of the objects to be bonded. The
inclined portion, which is inclined with respect to the
frame portion of the objects to be bonded positioned by
being moved into the specified inclined positicn by the
control unit and the position switching wunit in the

25 positioned state, is put in a posture along the conveyance
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surface and positioned again so as to be backed up by the
backup section while performing the loading, unloading, and
positioning similarly to the handling of general plate-
shaped objects such as a circuit board still in the
unloading/loading position along the conveyance surface.
This enables the object to be subjected to the friction
bonding to the other object to be bonded the required times
without difficulties by the bonding object handling unit
that is handling the object, similarly to the case of the
general plate~shaped object positioned along the conveyance
surface. Even when the inclined portion and the member
that has the inclined portion are made of a spring leaf
that is easily vibrated or deformed, sufficient friction
bonding can reliably be performed without inflicting damage
such as deformation and injury on the leaf. The
positioning section can perform the unloading of the object
to be bonded, to a plurality of places of which the othér
object to be bonded has been frictionally bonded, and the
loading of a new object to be bonded by being put back to
the unloading/loading position along the conveyance surface
by the control unit and the position switching unit when
the friction bonding ends.

In this case, if there is provided with a pair of
guide rails for holding and guiding the frame portion of

the object to be bonded so that the positioning section and
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located on both sides of the positioning section and can
perform the loading and unloading of the object to be
bonded between the loading and unloading sections and the
positioning section are continuously arranged so as to
enable the frame portion to be conveyed in one direction,
then the unloading of the object to be bonded after the
friction bonding and the loading of a new object to be
bonded in the positioning section can simply be achieved by
the conveyance in a linear direction extending Ehrough the
unloading section and the loading section.

Moreover, 1if one of the guide rails of the
positioning section is provided with a stopper, which can
advance toward the other guide rail, clamp the frame
portion of the object to be bonded received and positioned
in the positioning section between the stopper and the
other guide rail, and can retreat to release the clamping,
and the control unit can make the stopper advance every
time the object to be bonded is received and positioned in
the positioning section and retreat every time the bonding
operation ends, then the dislocation due to the movement
for the relative movement and the vibrations of the other
object to be bonded can be prevented by making the control
unit and the stopper clamp the frame portion immovable when

the frame portion is loaded into the positioning section



10! A sy&L0%&' () - 1! sy&LOYAA& () - 1! sy&L0YB8& () - 1; \ pyWsoP1 !
*S&L0UKKE ()- 11" s&L0%WY& ()-1! s&L0%T& ()-1!D " s&10% | & ()+

“S&I0%{& ()-1 “s&L0%& ()-1 <uV7 ! @ 10%: ()- @' 10%& ()-ﬁ)’fék%é.‘a(%?ow
"109& ()- 10 10 10! K " s&L0%& ()- lo<uwlsuV7 ! @ 109%& ()-! 9%d0%& ()-1P

S &10% () - & Sf &10%UFUR () - &1 y* S$100BSE() -1 y" S$10%: () - u( H "2uV7

|, 11 109%& ()-/ $10%& () -, + 109%& ()-!s' f&L0IEA& ()-1$10%& ()-! Q $10% ()-)ghij
{~~ = 11" g&l0%=¢& ()-1y10%& ()-F"10%& ()- 10 10 10 3$10%& () -

I [3$T09%& ()- " znzxVA~_ = 1 g&10% & ()-1!' g&l0% & ()-1! g&lo% & ()-1!

5309088 O LBRERAL. 110 OSBRI Mpign, anabiong

S8 0 IS WIS Qo OB i s gapng ngeiions:
accuracy.

There are provided the pressurizing member

5 supported by one guide rail of the positioning section so

that the inclined portion owned by each spring leaf is able

to be held between the pressurizing member and the backup

section or to release the holding even when the inclined

portion of the object to be bonded is formed at the tip

10 portion of the spring leaf that extends into the frame

portion, and the switching unit for switching this

pressurizing member between the holding position and the

holding release position at a portion between the switching

unit and the guide rail, and the control unit can put the

15 pressurizing member into the holding position every time

the object to be bonded is received and positioned in the

positioning section and can put the pressurizing member

into the holding release position every time the bonding

operation ends. With this arrangement, by putting the

20 holding member into the holding position by the control

unit and the position switching unit when the positioning

section subjects the object to be bonded to the friction

bonding so that the inclined portion of the object is

backed up by the backup section with the inclined portion

25 extended along the base member conveying surface, the
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leaf can be prevented from being vibrated, dislocated, or
deformed in the friction bonding stage with the inclined
portion held Dbetween the holding member and the backup
5 section, and this enables sufficient friction bonding to be
secured without inflicting damage on the spring leaf. By
putting the holding member in the holding release position
after the friction bonding, there is no obstruction to the
unloading of the object to be bonded from the positioning
10 section after the frictional bonding and the loaiding of a
new object to be bonded.
If the pressurizing member is provided with the
penetration windows through which independent pressurizing
leaves corresponding to the spring leaves can hold a
15 plurality of spring leaves in an overlapping manner and can
release the holding and the metallic bonding portions of
the inclined portion of the spring leaves are exposed to
the pressurizing leaves and subjected to friction bonding,
by individually holding the plurality of spring leaves by
20 the independent pressurizing leaves corresponding to the
spring leaves, it can be guaranteed to hold them without
mutual influence nor stress and perform the friction
bonding with the aforementioned high accuracy with no

obstruction exerted from the pressurizing leaves via the

25 penetration window owned by each pressurizing leaf even
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there is a difference in position, shape, and so on for
each of the spring leaves and for each of the pressurizing
leaves.
If the bonding object handling unit on the side
5 that the movement for the relative movement 1s performed
has: the suction tool, which picks up the supplied object
to be bonded by suction and holding, conveys the object,
brings the object into frictional contact with the object
to be bonded held by the bonding object handling unit in
10 which the movement for the relative movement is not
performed with their metallic bonding portions facing each
other and subjects them to the friction bonding; and the
movement unit of this suction tool, then there is the
advantage that the friction bonding between the opposed
15 metallic bonding portions of the object and the other
object to be bonded can be performed at high speed without
stress by applying the movement for the relative movement
and variations to the held object to be bonded of which the
size and weight are small by comparison with those of the
20 other object to be bonded for the reason that only one
portion to be frictionally bonded to the other object to be
bonded exists or for a similar reason.
If two bonding object handling units are provided
on the side that the movement for the relative movement 1is

25 performed, then, by setting the specifications
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of the reduction or stop (halt) of the friction bonding and
properly using the same, the stop (halt) conditions of the
friction bonding between the initial friction bonding and
the final friction bonding can be satisfied by switching
the bonding object handling unit to be used for the initial
friction bonding and the final friction bonding while
stably achieving two types of friction bonding on the
different conditions of the initial friction bohding and
the final friction bonding without execufing the
complicated and delicate control. Moreover, when one
bonding object handling unit itself suffers failure, damage,
and limitation of durability or the object to be bonded
held by the unit has a problem, the friction bonding
operation can be continued as usual by the other bonding
object handling wunit while tackling the problems, and
therefore, the reduction in the operation rate can be
avoided.

If two positioning sections are provided, while
performing the loading, positioning, and unloading of the
objects to be bonded in the two positioning sections at
different times, by alternately subjecting the objects to
be bonded to the friction bonding to the other object to be

bonded handled by one bonding object handling unit, the

()-
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bonded are singly performed, or even if a time longer than
the time for handling the other object to be bonded before
and after the frictional bonding is taken because the
5 position switching operation, the holding operation, and
the holding release operation become complex, the time
needed for repetitively subjecting the object to the
friction bonding to the other one object to be bonded
handled by one bonding object handling unit is reduced by
10 half. Theréfore, the work efficiency is improved.
Moreover, when one bonding object handling unit itself
suffers failure, damage, and limitation of durability or
the object to be bonded held by the unit has a problem, the
friction bonding operation can be continued as usual by the
15 other bonding object handling unit while tackling the
problems, and thefefore, the reduction in the operation

rate can be avoided.
The friction bonding apparatus of the present
invention may be provided with the friction bonding
20 apparatus in each of the cases and the supply unit for
supplying at least one of a palr of objects to be bonded to
each other to the bonding object handling unit that can

handle it.

In the above-mentioned construction, while

25 automatically supplying the object to be bonded in which



L0%G& () - @10%G& ()- 1D Y " $109%& ()- ~Kpz[<l: 10 10G

L $109%G8" () -, 8t ! 10%G&’ () - 3! 10%G& ()-|[+$10%&'()-|d+$10%&'()1 &ﬁ%ﬂ?ﬁ@ﬁm
10 10G :$10% 10% & ()-1' 10% & ()- 110% & ()- 10% & () - F"15% %G
10GB. gLA?N: 10

10G 10% & ()-!>@109%6 % & ()-110% & ()-1.10% & ()-!10% & ()-!s$10% /& ()- L3l
a?N. 10 1

10G! x- $10% / & () -y+1 10% & ()-y) ! 10% & ()-y' 1 10% & () -1 Q #$10% / & ()-!! 10% &
"()-L2345dYNCO 10G 10/ 10/ 10/

St el oo s Gp .
13?(?&&%)&2#%%%% %’%%’1%?1 &f’é%rﬁ’&' J)me\(l SR 1S Vi ERABBRIER QT € ok

PTb&k.{floo lfﬁéboégf%QQE%é?; OPOQﬂ? fg&%égss¥§e§y02g£§%£%llo & ()-

TYy&10%& () - &10%I& )-nPA " y&10% | & () -nPa " 0%99& m/a?MC! &10% z&
1homha: ()1 BEEO5BR0) JrapieRm: ey @Hb%é 5 TeReBOreLokrt) Shartae v
0/$10%&f() | 109& )- #$10%&f()-' 10%&k§) S"lO%&f&)-'[$10%&' - BUVWKi
~ ="y&bol's® é@gg&n% tgrq Mendgst manual supplie or

automatically supplied every time at need from the supply
unit. The manufacturing of a variety of secondary products
and final products can be achieved automatically, easily
and reliably at high speed by frictionally bonding the

10 objects to be bonded to each other in a one-to-one
correspondence or one-to-plural correspondencé for the
mounting of one on the other.

The aforementioned characteristics of the present
invention can be used singly as far as possible or in a

15 complex form of various combinations.

Although the present invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it is
to be noted thdt wvarious changes and modifications are

20 apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the
scope of the present invention as defined by the appended

claims unless they depart therefrom.
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- 109 () "reducing or stopping a friction bonding operatlon partway
when two objects to be bonded to each other (1, 2) are
5 pressurized against each other and relativity moved to put
metallic bonding portions (3, 4) of the objects into
frictional contact so as to perform friction bonding of the
metallic bonding portions.
2. A friction bonding method as claimed in claim 1,

10 wherein the .friction bonding operation 1is temporarily
reduced or. stopped partway when the metallic Dbonding
portions are frictionally bonded to each other by the
frictional contact between the metallic bonding portions by
pressurizing and relatively moving one object to be bonded

15 (1) of the two objects to be bonded relative to the other
object to be bonded (2) of the two objects.to be bonded in
a state in which the one object to be bonded (1) is held by
a holding tool (11, 111) with the metallic bonding portions
of the objects to be bonded facing each other.

20 3. A friction bonding method as claimed in claim 1,
wherein the holding tool 1is a suction tool (11), and the
friction bonding operation 1is temporarily reduced or
stopped partway when the metallic bonding portions are

frictionally bonded to each other with the metallic bonding

25 portions put into frictional contact with each other by
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sucking and holding the one object to be bonded (1) of the
two objects to be bonded by the holding tool with the
metallic bonding portions facing each other and
pressurizing and relatively moving the one object to be
5 bonded with respect to the other object to be bonded (2) of
the two objects to be bonded.
4. A friction bonding method as claimed in any one
of claims 1 through 3, wherein the relative movement 1is
performed by subjecting the one object to be bonded (1) of
10 the two objects to be bonded to ultrasonic vibrations.
5. A friction bonding method as claimed in any one
of claims 1 through 4, wherein the one object to be bonded
of the two objects to be bonded is a semiconductor element
(1), the other object to be bonded of the two objects to be
15 bonded is a circuit forming body (2), and the friction
bonding operation is temporarily reduced or stopped partway
when the metallic bonding portions are frictionally bonded
to each other by pressurizing and moving the semiconductor
element relative to the c¢ircuit forming body with metal
20 electrode portions (3) of the semiconductor element put
into frictional contact with metal electrode portions (4)
of the circuit forming body, the portions serving as the
metallic bonding portions.

6. A friction bonding method as claimed in claim 3,

25 wherein, when sucking and holding the one object to be
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a suction surface (lla) of a suction nozzle and able to be

5 brought in contact with an external edge portion of the one

object to be bonded.

7. A friction bonding method as claimed in any one

of claims 1 through 6, wherein the temporary reduction of

the friction bonding operation is performed by reducing the

10 relative movement between the metallic bonding portions.

8. A friction bonding method as claimed in any one
of claims 1 through 6, wherein the temporary stop of the
friction bonding operation is performed by stopping the
relative movement between the metallic bonding portions.

15 9. A friction bonding method as claimed in claim 7
or 8, wherein the temporary reduction .or stop of the
friction bonding operation is performed by stopping the
pressurization between the metallic bonding portions.

10. A friction bonding method as claimed in claim 9,

20 wherein the stop of the pressurization is performed by
separating the holding tool away from the one object to be
bonded held by the tool.

11. A friction bonding method as claimed in any one
of claims 1 through 6, wherein the reduction of the

25 friction bonding operation is performed by reducing the
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portions.
12. A friction bonding method as claimed in any one
5 of claims 1 through 11, wherein an initial friction bonding

operation before the reduction or stop 1s performed by
controlling a distance between the objects to be bonded to
each other, and a final friction bonding operation after

the reduction or stop 1is performed by controlling the

10 pressurization between the objects to be bonded to each
other.
13. A friction bonding method as claimed in any one

of claims 1 through 11, wherein an initial friction bonding
operation before the reduction or stop is performed by

15 controlling the pressurization between the objects to be
bonded to each other, and a final friction bonding
operation after the reduction or stop is performed by
controlling a distance between the objects to be bonded to
each other.

20 14. A friction bonding method as claimed in any one
of claims 1 through 13, wherein an initial friction bonding
operation before the reduction or stop is performed for a
time shorter than a time of a final friction bonding
operation after the reduction or stop.

25 15. A friction bonding method as claimed in any one
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(%ontrofﬁgng a di%%ance between the objects to be bonded to

each other, and on basis of control data obtained at the
time, the distance between the objects to be bonded to each
other 1is controlled during a final friction bonding
operation after the reduction or stop.

l6. A friction bonding method as claimed in any one
of claims 1 through 15, wherein an initial friction bonding
operation before the reduction or stop is performed by
controlling fhe pressurization between the objects to be
bonded to each other, and on basis of control data obtained
at the time, the pressurization between the objects to be
bonded to each other is controlled during a final friction
bonding operation after the reduction or stop.

17. A friction bonding method as claimed in claim 4,
wherein the friction bonding operation is temporarily
reduced or stopped partway when the metallic bonding
portions are frictionally bonded to each other through the
frictional contact between the metallic bonding portions by
pressurizing and moving one object to be bonded (1) of the
two objects to be bonded relative to the other object to be
bonded (2) of the two objects to be bonded in a state in
which the one object to be bonded is held by a holding tool

(11, 111) with the metallic bonding portions of the objects

10"
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attached onto the holding tool 1is monitored during an
initial friction bonding operation before the reduction or

5 stop when performing frictional bonding by the ultrasonic
vibrations, and a final friction bonding operation after
the reduction or stop is controlled in accordance with the
monitored impedance.
18. A friction bonding method as claimed in claim 4,

10 wherein the one object to be bonded (1) of the two objects
to be bonded is a semiconductor element, and the other
object to be bonded (2) of the two objects to be bonded is
a magnetic disk reading suspension head constructed of a
thin leaf spring.

15 19. A friction bonding apparatus comprising:

two bonding object handling units (21, 22) for
holding two objects to be bonded (1, 2) and positioning the
objects so that their metallic bonding portions face each
other;

20 a relative movement unit (23) for bringing the
opposed metallic bonding portions of the two objects to be
bonded into frictional contact with each other by
relatively moving the objects to be bonded held by the two
bonding object handling units; and

25 a control unit (24}, which controls the holding
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so as to make the metallic bonding portions of the objects
5 to be bonded held by the bonding object handling units face
each other and brings the objects into frictional contact
with each other by the relative movement for achievement of
metallic bonding,
the control unit temporarily reducing or stopping

10 the friction bonding operation partway.

20. A friction bonding apparatus as claimed in claim
19, wherein movement of one of the bonding object handling
units by the relative movement unit is performed by
ultrasonic vibrations.

15 21. A friction bonding apparatus as claimed in claim
19 or 20, whereiﬁ one object to be bonded of the two
objects to be bonded (1, 2) 1is handled by one bonding
object handling unit of the two bonding object handling
units, the one object to be bonded is an object to be

20 bonded (2) that has a frame portion (2d) and the metallic
bonding portion (4) in an inclined portion (2f) that
extends from the frame portion into the frame portion and
is inclined with respect to the frame portion,

the one Dbonding object handling unit has a

25 positioning section (26) for positioning and holding the



l, & &10% " & () - 10% & ()-@O0%W& ()-!d

%0% " & ()-1s810% " & ()-iijjjkkk}[<1= 1 10 4 %O%&' ()-4!i 4, %@QUC Coged)-4
210%4 & ()-0"10% & ()-! & &10%"& ()- !f& &10%"& ()- kkkﬂﬁ%%égﬁsﬂ%:éq}lo 4
od!: fs$I0%&R () -1 @ 10%& ()-9! 109%&' ()-f109%& ()-!10% ()- 10 102nmmb?0boo_=K=
1 10! 9" %40%&' ()- $9' % 0%& ()- $10%& ()-}k,

$10%&' ()-1!109%& ()-!10%& ()-op<pvp|pp*q+d;, qdE:/ 10 10

: $10%&' () - Y5! 109%&' ()-1310%&' ()-Y1! 109&' ()-/$109& ()-Y+! 10%&' ()-,q-qg>qBqr)ss
srP. /! $OF@ 10%##& ()-!! F@10%z& ()-!!:

F@ 10%pp& O ()1 NIOVE: L) ~E! 100! L re 1 SOF@ 1
F@ 10908 (el dFQdonds (d! MOk o) 109E6) pelBBtiuiyuy) @

0! 10%& () - -! 109 () - ! {{SEQ 1GR3& QrinSMEE@AQ % & (hy! uOydyuu} " {4 $0R@ 1L
| F4%40%p& () -
unloading/loading position in which the frame portion of
the one object to be bonded is held and guided along its
5 conveyance surface and the one object to be bonded 1is
loaded and unloaded and a bonding position in which the
inclined portion of the one object to be bonded that holds
and positions the frame portion is inclined so as to extend
along the conveyance surface and the metallic bonding
10 portion located at the inclined portion is subjected to
metallic bonding,
the one bonding object handling unit further
comprises: a position switching unit (42) for performing
switching so that the positioning section is moved into the
15 unloading/loading position and the bonding position; and
a backup section (43) for performing backub so
that the inclined portion of the one object to be bonded
positioned by the positioning section is supported from
below when the positioning section is switched to the
20 bonding position, and
the control unit controls the position switching
unit according to the loading, unloading, positioning, and
bonding of the one object to be bonded, thereby switching
the positioning section between the unloading/loading

25 position and the bonding position.
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section is provided with: a pressurizing member (61) that

is supported by one guide rail of the pair of guide rails
of the positioning section and able to move between a
10 holding position in which the inclined portion owned by the
spring leaf is held between the pressurizing member and the
backup section and a holding release position in which the
holding 1is released; and a switching unit (62) that
switches the pressurizing member into the holding position
15 and the holding release position between the pressurizing
member and the one guide rail, and
the control unit controls the switching unit so
as to position the pressurizing member in the holding
position every time the one object to be bonded is received
20 and positioned in the positioning section and in the
holding release position every time the bonding operation
ends.
23. A friction bonding apparatus as claimed in claim
22, wherein a plurality of spring leaves each of which 1is

25 the one object to be bonded exist inside the frame portion,
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the pressurizing member is provided with a pressurizing
leaf (61lb) that can hold each spring leaf between the
pressurizing member and the backup section while
independently covering the spring leaf, the pressurizing
leaf holds or releases the holding of the spring leaf, and
each pressurizing leaf is provided with a through hole
(6lp) for exposing the metallic bonding portion of the
inclined portion of each spring leaf to subject the
metalliclbonding portion to friction bonding.

24. : A holding tool for holding the one object to be
bonded by receiving the one object to be bonded in contact
with two opposed taper surfaces (llc, 1llc) that can be
brought in contact with an external edge portion of the one
dbject to be bonded in a recess (llb, 111b) that is similar
to an external -form of the objects to be bonded (1, 2)
formed on a holding surface (lla, 11la) and is smaller than
the external form.

25. A holding tool as claimed in claim 24, wherein
the one object to be bonded is an IC chip, and side
surfaces of the IC chip are regulated by the two opposed
taper surfaces.

26. A holding tool as claimed in claim 24, which 1S
used when the friction bonding method claimed in any one of

claims 1 through 17 is put into practice.



