; VAKYZ[\] e3eq(nDv(6T( 1 FRICTI ONAL BONDI NG METHOD AND APPARATUS AND
HOLDI NG TOOL USED FOR FRI CTI ONAL BONDI NG APPARATUS 5 Tech&" The
present invention relates to a friction bonding nmethod an “@m nd a
hol di ng tool used for the friction bondi ng apparatus, and rehﬁ%
friction bonding nethod and appar at us anﬂaa hol di ng t ool used ot 10 the
friction bondi ng apparatus suitable for nufacturing an electronic circuit

board and a suspension head by nounting an el ectronic conp se
menber s_uch as a sem condu_ct or el enent on, for_ exanpl e, a mmwmmmwﬁ or
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mount i ng. densi ti es, - and T M7 g OB AR LR HREPSEINS rount i ng
el ectroni c conponents by providing netallic bunps on el ectrodes forned on a

sem conductor wafer and netallically bonding the netallic bunps with a

W ring 525 pattennnlcfaolr nﬁdeloc[n acircuit board is al so used for

The present invention relates to a friction
bonding method and apparatus and a holding tool used for
the friction bonding apparatus, and relates to a friction
bonding method and apparatus and a holding tool used for

10 the friction bonding apparatus suitable for manufacturing
an electronic circuit board and a suspension head by
mountihg an electronic component on a base member such as a
semiconductor element on, for example, a circuif 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 increasing 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 Dboard is also used for




2 tmanufacturing an electronic circuit board. This can easilycope wth the
mniaturization, the fine structure, and theincrease in nounting densities
of el ectronic conponents andconnection routes.5The netallic bonding is
achieved typically byfriction bonding utilizing ultrasonic vibrations.

O course, being not limted to this, the tallic bonding canal so be

achi eved generally by frictional contact with arel ati ve novenent. 10However,
a conparatively strong frictional contact by pressurization and vibratory
rel ati ve novenentis needed for the netallic bonding by frictional

gont act bet ween, m put & et al | 6, bonding. porLions. HOYEVErp a8 cop easity,

t heseni condd¢tdr-& nt> becones e mnu he retal lic anps

th I t b . 1. d.theel ectrodes..and wri ti f th

Gircult pat tTRE (B BBERal PECAPEY BERGRETT o T < U1 o BRCons Th Rod the
Therefore,the frictional contact is grone-to be eXﬁessive gossibhﬁdgngging
the netal i ctBThPRSAnt tARUL G 1Dt FEFH, 9BcBLEFhEC AL ShEPFPRRPRIF a

consequence of the excessivecol |l apse of the netallic bunps striding over
the finecircTRipatt et nt@Mbe8ausi ng defective sealing as aconsequence the

failure_in the entry of, the seal.ant of anexcessively, reduced gap .hetween
the cirduit board and %ﬂ%zé%ﬂﬁﬁédﬁhugPB &%t %ﬁﬁé?%@#hgs’ 5@2%y_
coll apse of the .3 netallic bu , | f the_ frictional contact is redyced
in order to :%bFbPRe B%%géngroﬁgfi§?l?ﬂenu%ﬁﬁaﬁEPéFlin Eﬁ%FﬁBSbeconég
insufficient, and the sem conductor elenent, which ha en estinated to be
bonded, subs%ﬁﬁ%ﬁ?{yb?éPgsn@torfm%BeﬁaE@ FHéSeIEE?rQﬁiéEiFFC crdgagr §an

defective or causes a failure at an early. stage. Lately, there has, been
known the te2hf®l & BFRLSVAE nfdRersf SRV helakl Aot 2bon SOREEEEd 6HER ehi n
| eaf spring for reading a magnetic di sk 400a as shown in Fig. 15. 10 The
suspensi on hE@42BHYE PSVEUPPbrted so that its base portion can be pivoted
by a rotary shaft 400c, and read is executed by scanning the nmagnetic disk
400a wi-Ph a readi ng pofPVeNeZ00d ? ocfPWwaEati gty p Foansh i drartdeaaly

t he
contact by pressurization and vibratory relative movement

is needed for the metallic bonding by frictional contact
betweeﬁ 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 1is prbne to be excessive, possibly
damaging the metallic bumpé 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



radial direction and rotating the magnetic di sk 400a around 15 a spindle
400e . A nunber of sensing termnals are arranged in the read portion 400d
of the suspension head 400b, and a sem conductor el enent 400f for read is
bonded onto wiring Iines extended fromthe sensing termnals to the base
portion side of the suspension head 400b.. 20 The sem conductor el ement 400f
is bonded to the base portion side of théssuspen5|on head 400b where the
width is conparatively large and the wiring interval is increased, and
connected to the wiring pattern by way of a bonded wre 400g 25 Fbmever
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accuracy of not greater, than 0.3 -, needed for the bonding. Nbreover if
forei gn mat &3H S (Hard ]r]d’rre%)ataofﬁéreea?]oyt t'ea‘i“aead portion and the 15 wiring

| i nes of the suspensiaon head 400b as a COH% nce OfE%h ocC urrence 9

silicon powder from t He*'&h cohB&EorRas e WIhh ultt

vibrations are applied to the sem conductor el epent 40Q0f duri Irl tign
bondi ng vi a ¥REt PorPUSRAPTIRA glﬁéﬁls P nePRStEHET 88 rﬂa‘ﬂt a4 lrbr ?9

spring for reading a magnetic disk 400a as shown in Fig. 15.

10 The suspension head 400b 1is 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 400d 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 is 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



20 anot her reason, then the read characteristics of the elenent are often
i npai red, reducing the yield. Such foreign naterials are generated not only
in the case of a silicon sem conductor element but also in the case of a
GaSi sem conductor el enment. Moreover, the sane 25 thing can be said for
Lira, LiNb, and the like used for a 5 SAW (Surface Acoustic Wave)
elenment, and it is also generated in t he ‘case of crystal. The foreign
material s generated fromthese nmaterials nmean the scrapes, scratches, and
chi ppi ng of the back surface of the sem conductor 5 el enent 400f itself,
which leads to.the ro hne s_and s f_the_back surface I usi ng
a reduction |ﬁl&3& %ﬁ e%ﬁﬁkf4§§¥Fi?{h5? Esemffﬁ gﬁmaﬁgﬁgase %’ t he
frequency o petition of bondi ng_by .t he suct| t hgse .forei

bt ar ol 2 aBREEEG L2 HRATHT SOPr HHE of SHOHERE Sotihsh FOOF SRF

gradual |y ag .. _Thi SO causes Lhe further roughness of

surface of ﬁ?:‘-,ggsu C@&ﬁdﬁ@tsco%héq dnghPATIR &{)étqkﬁ) ge er?épt

qual ity of the senlconductor el epent 400f d further reducin el d
because of §§¥$Wiﬁun§%ﬁﬁﬁeEﬁecF+%pPﬂﬁt18naﬁg 5&§cﬁqi§q8§199eﬁ%44kﬁﬁg

i nclusive of the electr In order to cqpe with this, it is att npted to
reduce X he di%r5BoRi & tg’ﬁts f YORY t ol naP teaVad Sof0q WA NG 1

reduce the friction bondln time by ultrasonic,waves from.the norna value
of 0.5 sec tHIiFirkde. tep %Prmzé’%ﬂ@gat}?}énﬁtlr?eﬁ@@fke&t&%eaco%cf }R9e
bonding. It is also attenpted to clean the suction surface of the suction
tool by perityi€h %0W1§ﬁ|ﬁ§n4¥ﬁ9r@aﬁhpéd extfalhorie deframesegnéo cope

productivity, and there is another issue that the oEeratlng life of the
suction t oolWith sHoks cREd r8p larergBtadiioh dilee metallic bonding of the

semiconductor element 400f provided with metallic bumps,

10  then the semiconductor element 400f is required to have a
very small size of not larger than 2-mm square according to
circumstances, and a positional accuracy of not vgreater
than 0.3 U is needed for the bonding. Moreover) if fbreign
materials (particles) adhere to the read portion and the

15 wiring lines of the suspensionbhead 400b as a conseguence
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



25 to polishing. 6 When bondi ng the sem conductor elenents 400f to _ the
suspensi on head 400b, a nunber of suspension heads 400b are arranged
parallel so as to integrally extend froma frame portion to the inside of
the frame portion, allowing 5 the whol e body to be handl ed as one

pl at e-shaped nenber. Therefore, the heads can be handled simlarly to the
circuit board to which electronic conpongnts are bonded. However, each
suspensi on head 400b has its base portion connected to the frane portion by
two narrow 10 connecting portions. According to the experinents carried out

B h i , i i il f or,red if.th
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parti cul ar, een ditfrcult t i abl ond em con

el enent 400f to the s nsion_.h 4 by the. fricti ondi rfornmed
conventionapﬁyeﬁFFﬁgu?%Bﬁe%bggﬁbﬁggegggggnéﬁgnaﬁ es§cg%ge$he%§&%§ghes’

i nventors, mhg reﬁetitiveky c%yriega% ou{tlr arious eéﬁfri%%pt%d%quctor
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25 a fricti%@ @%gﬂﬂg%ﬂnggg¥gégvié%%giflggugﬁggbgergguction in quality
after bonding. Furthermore, 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 accumulate. This also
causes the further roughness of the back surface of the
semiconductor element 400f to be bonded, worsening the

quality of the Semicohductor element 400f, andv further

reducing the yield because of easy occurrence of chipping

15 and cracking of the element inclusive of the electrodes.

In order to cope Qith this, 1t is 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.



performng nmetallic bonding just enough w thout damage onthe objects to be
bonded to each other and a hol ding toolused for the friction bonding
apparatus; on the basis ofthe aforenenti oned new y obtai ned

know edge. 5Di scl osure O Inventionln order to achieve the aforenentioned
obj ect,the present invention is constructed as follows. According to a first
aspect of the presentinvention, there is %rovided a friction bonding

met hod10conpri sing: tenporarily reducing or stopping a frictionbonding
operation partway when two objects to be bonded toeach other are
pressuri zed agai nst eagh other andrelativity nmoved to t_nmetallj opdi ng
portions of theobjects E?ﬂob??ii%??o%&e C%W%%?n%%c%%rtgfsggp% mAfOCOP 99
frictionl5bqgndi ng of the tah&i{ ondi n ortio s.Accordinﬁ to % S 88Qd
aspect of the*pr THRBh(IEH T4 & e T TPV oY FIPTRTION BoA %né

net hodaccording to the first ct, wherejn the friction bondi.n eration
i s tenporar iali’iﬁgr@’dﬁé@geglr R4 5l pEPt VB Whe er%laﬁélyal ?i‘geﬁgn%prrp?é“ 2

portions are_fractionall onded toeach other by the frictjonal nt act

Dot wean- t he SR |§CUOHR i pbRE SRSL08 prroddif [SATNE dver T Ebie i 9LETABHi ng
oneobj ect to be bonded of the two objects to be bondedrel gtive to the other
obj ect 20 b HondBaLE! oY t%Zgﬁb?’é’I& %D B2 Baﬁdéglﬁﬁ?‘aﬁ?t%ﬁ% PRMQAT ch
the one object to 8 be bonded js held Ey a_holding tool wth the nE%allic
bondi ng portiHLRThe G et e HoRFed PRRCILRG eddfidefedy. AlcoFdfng
to a third aspect of the present 5 invention, there is provided friction
bondi ng met Mo @eEorRRael t P tHel 5 reteakpertc ﬂﬁ%P%PﬁnFEeaHSIHPH efool is a
suction tool, and the friction bonding operation is _tenporarily, reduced or
st opped partway when t%@W%%ﬁ%dIPécﬁoﬁ&ﬁﬂfqﬁﬁqqcﬁ%a%régBPaéFF%n%F$yb85ﬁded
to each other with 10 the netallic bonding portions put into frictional
contact witHPeEekrnt ANIRCRREKItTR dhe hdiding P98 tdvd objYectWPo BaTrBBHded
of the two objects to be bonded by the holding tool with the netallic

bondi n¥0 por t oRREE BERGgPeRERCBE her ASFOLSHESS Urq ZFhR) arBeF ERaRF§eFdrid#Png
the one object to be 15 bonded with respect to the other object to be
bonded of theutweyolbhecterasefe borriteor Rccbhai hgaco i@ foukt haRdpeeeidt t he
present invention, there is provided a friction bonding nethod according to
any one of t#efermed, tarduyh therleadpiet defounghepr®rn ehéiktéfgt Pdé, 1T
movenent is performed by subjecting the one object to be bonded of the two
obj ects to besbotideficwltul thcasenicsegitbr Sheordefaemattivhg tkeadingt Faspect
of the present invention, there is provided a friction bonding nethod 25
accordi ng t odefigcoieeoprotiecti asd radvagd voelth adpepesticuldawheddi hashe
one object to be bonded of the two obj ects to be bonded is a sem conduct or
el emenl5 t hebeehedidBjicntl tt Cher dbhaledy oboride thvo sepécorduotor ledsdedti s a

circuit form ng body, and the friction bonding operation is
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 issue, 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



5 tenporarily reduced or stopped partway when the netallic bonding portions
are fractionally bonded to each other by pressurizing and noving the .

sem conductor elenment relative to the circuit form ng body with netal

el ectrode portions of the sem conductor elenent put into frictional contact
10 with netal electrode portions of the circuit form ng body, the portions
serving as the netallic bonding portions. According to a sixth aspect of
the present invention, there is provided a friction bonding nmethod
according to the third aspect, wherein, when sucking and 15 hol ding the one

obj ect to DBebondad Y e UL 104 00k 1LRE WG o61 kG DeqBARGET dro

sucked and ing put 1 n contac th and received by a pair of

0pPosed t apeRosubiases thatd SubREERILON MK, SuEdage B adrsuidaan

nozzl e and be broug In contact w an external 20 e portion
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present invention, thére is provid accor

any one of EB% %%E§%F%§%§§%%€$Eé%ﬁga%gﬁ%'Z$¥Nﬁ§ﬁ’j%§ﬂ£§ tenporary reduction

of the friction bon eration1s p or e educing the rel ative

nmovemnent 0 _bet n e.netall.i ¢ bonding portions. According to an eighth
aspectgbf t%%sﬁﬁgggnf b%vgﬁﬁﬁgﬁfﬁghere is provided a friction bonding

nmet hod according to any one.of the fir t hrqugh_si , ! ein
the tenporary stop of&¥heo¥??Etﬁﬁh %%%2%%8 3%5?a??gggﬁgggggﬁééné%xby"

stopping the.rel ative, mvenent. bet.ween the tallic di ortions.
Accglrodi gg tg—'hg ﬁﬁrﬁtsﬁnécsﬁél&enoq:rlotrhelsprcé)sn %rqncﬁifec{nta}soné,)oqtqhoé'&r]%’ Ps provi ded a
friction bonding nethqod 10 according _to t.he .seventh or eig aspec
vmmmnthetmmmmy%%ﬁf%%% osﬁm(ﬁﬁ%e$ﬁ%ﬁoﬁ%J%%m%%§%ﬁon
is performed b t.oppi ng. the pressurizati on between.the netallic bondi
por?ions. Aéﬁﬁ%ﬁﬁﬂégﬁo ghfﬁﬁhphﬁpéﬁpYﬁé?ieEbr%§éﬁglf§'i?@%ﬁf?%nﬁﬁ%hﬁ%gis
provided a friction bqnd%ng nethog according to thetninth asgec%¢.w€erein
the stidh of GRTHSEIir i T5PPERAFL L¥er FOPREU By LepdtaPPid s hd hotf hy R ool
away fromthe one object to be bonded held the .tool . /According,to an
th aspoct Rrding Pt b PHEIRY G nere POIGRLT ¢ BF MO Es
bondi ng nmet hod according to any one of , the first, through sixth._aspects
wherein t he SHIUCtPERSD] B f 1PEET SRE bBRAGI nG | oReFR peHFGE e

reduci ng the relative nmovenment of the objects to be bonded to each ofher
and the predfidtZatitoh Bey eﬁozé"%%emﬁﬁﬁiﬁll& klﬁﬂfgli% BOFELBRE. ok OLRS

objects into frictional contact so as to perform friction
15 bonding of the metallic bonding portions.

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

20 the metailic 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 Dbonded
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



11 According to a 12th aspect of the present invention, there is provided a
friction bonding nethod according to any one of the first through 11lth
aspects, wherein an initial friction bonding operation before the 5
reduction or stop is perforned by controlling a distance between the
objects to be bonded to each other, and a,final friction bonding operation
after the reduction or stop is perfornmed by controlling the pressurization
bet ween the objects to be bonded to each other. 10 According to a 13th
aspect of the present invention, there is provided a friction bonding

et hod acconrgi n ny: oneg, Q9f; t fir g t h,; wherein injtia
friction bo%ﬁ%ngoggg?at}%n?fgf%rg9tﬁi ?%ﬁ%@%ggnggéispgﬁﬂ?sEggr#ggﬁigl%i
controlling LS j Lon b e e (apject e ach
ot her, and ék?ﬁﬁégff?#%F%gﬁgb%ﬁdﬁ%ﬁgoggﬁgfﬁgnt%?ﬁ%% ?ﬁéasgdjgﬁﬁgﬁpoéggﬁop
i's perforned,hy.,controlling a distance between the objects to be bonded to
each other. According to a 14th aspect of the present 20 invention, there

[ Brovided, @ frlct ! onband iy et bod, acon i noeboeany gpe oot LiLst
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friction bondi ng operation teér the reduction or stop.
15t h t the, i i , . i . fri i
bondi g, ot R ne Fae ohershe SapeR, MAERR SIS AGEIRY LfesLi 88,
initial friction handi ng operatiqn beforg the redyctign or stop.is .
por f or med by oM ngoRTal St Aot BBt dgett iU 5 THBAS. PB B8 tioRdel®t o
each other, ,and on basis _of, control data o?ﬁain d at tBe tit > tgﬁagg§tance
between the SHIRAYHY b&BENEEd T SHORPSPhAT DNl PP dd P g 4 Fi nal
friction bondi ng. operatjon after the reduction _or ,stop. Accordi to.a, 16t h
mspect of t TP ERO RS EbITRS AT ot Leharhat LY pPSORSEata PRFR: PR BoliERg
t hod i t . the fi t th h 15th t wh i
Lt T T R AR S T i s LR
erformed by controlling the pressurizatiQn, between, t he objects to, be
bonded to edthth et her then ol Shakt 8o ot doRP i ngar A oBhe! HBASSE ERGPEI me,
t he pressurization between the ohjects to be bonded to each, of her i
oo Do T ot i OF | FBE ehPe Pas oA P fre o b e Fas pALITRE2EPN or
stop. According to a 17th aspect of the present 20 invention, tgfre is
providedaafV%%?iGHeb&ﬁﬁ%ka%tH8Hdé880ﬁm§ﬁ}QQ§tﬁ%c%Bﬁr@ﬁqgﬂﬂa er waBflei n
the friction bonding operation is tenporarily reduced or stopped partway
when the metRFEFEUBLANRHg 306t t Fenatavelr iRaVidial Fpebdﬁb@edopgesgcr%t &r

through the frictional contact between the 25 netallic bondin% portions by
pressu??zingb%ﬁﬂeﬁDVFﬁﬁ pgepect 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,



13 object to be bonded of the two objects to be bondedrelative to the other
object to be bonded of the twoobjects to be bonded in a state in which the
one object tobe bonded is held by a holding tool with the netallic5bonding
portions of the objects to be bonded facing eachot her, an inpedance of a
ul trasonic horn connected to anoscillatO@ attached onto the holding tool is
noni toredduring an initial friction bondi'ng operation before thereduction
or stop when performng frictional bonding by thelOultrasonic vibrations,
and a final friction bondingoperation after the reduction or stop is
Gontrol | ed ipaseardance dhiNobhecorL! Yt damedanceAccerdi ng . an dgth
e ed a ndl ng

aspect of the presentinvention; t re 1s provi riction
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control uni Qr?ﬂﬁQﬁ%Qiﬂﬁréﬁg PRELHEI & ﬁgsﬁﬁgﬁ&gqﬁc fin (ﬁm%hﬁa%ﬁféﬁ%%eto

be bonded by_the bondi j ect_ _handl.i ' h lati t of
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friction bonding operation partway. According to a 20th aspect, of the
present i nventtorPOt RS | Y v e rm%ﬁgw%méﬁ“%ﬁg%%%%%ccor di ng
to the 19th aspect, wherei n ppvenent of ope of 20t he bondi ng obj ect handling
units by the rel ative HMVFEHREANI £Ci s2 pet Forhe@RETF t rakonfke bresent

vi brations. According to a 21st aspect of the presentinvention, there is
provi ded a f¥#+&@3okPbondiffyappsr aPER¥EE8f dithg fird atien1 oPRNEL R0t RehRpect |
wherei n one object to25be bonded of the two objects to be bonded is handl ed
by 15 one 3FREMPDbFectthanBNirg @FPecsh e bolBRRg BI5Y haRdl i ng
units, the one object to be bonded is an object to be bonded that has_a
frame borti orOEHHNY hEhReORNY | PTIRMEI RY HE thUHed BK thel i 09t t B8Rt hat
extends fromthe frame 5 portion into the frame portion and is_inclined
with respectth® e ¢Rie@et pbethenconrgedohe peakedgandjketdnandPehBIuRPE has
a positioning section for positioning and holding the frane portion of the
one obj ect tb1beobEAGEd,Wwilth t Redpdadisiichgb¥edt iRmiaRfmMARPITRD haper

unl oadi ng/ | oadi ng position in which the frame portion of the one object to
be bonded i sswefacamdthatdds diwmed tan canvegihen syrfface afd 2 heughéon
object to be bonded is | oaded and unl oaded and a bondi ng position in which
the 15 inclinedzperendnadfle Heo ope bbpeehtt dnbeopdrddd tiHdr #l astangal
positions the frame portion is inclined so as to extend al ong the
conveyafce sedfaceonhtorhefnthal phe dbnethgtpobei bandedat ed at the inclined
portion is subjected to netallic bonding, 20 the one bondi ng obj ect
handling unit further Boaopriddrg: %o paesi seyrnshi taspagt urdi ftdve pereeeRitng
switching so that the positioning section is noved into the

unl oadi ng/ | oani’egt pos; t i Urerad itshepondideg pasifiyiort;iemd beniddaiou pregdrdon
for perform ng backup so that 25 the inclined portion of the one object to
be bonded according to any one of the first through sixth aspects,

wherein the temporary reduction of the friction bonding

25 operation is performed by reducing the relative movement



16 - positioned by the positioning section is supported from bel ow when the
positioning section is swtched to the bonding position, and the control
unit controls the position switching 5 unit according to the |oading,

unl oadi ng, positioning, and bonding of the one object to be bonded, thereby
swi tching the positioning section betmeeq t he unl oadi ng/ | oadi ng position
and the bondi ng position. According to a H2nd 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

¢onveyi ng aqgegyégﬁpg%%hﬁ?ﬁgflg@{ggﬂ%%g%gg?pgpggg, the one object to be

bonded is a spring e 1nclined p onis forned at a tip 15 portion
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t he bondi ng operation ﬁgggrding to a ninth aspect of the present

invention, there 1is provided a friction bonding method
10 according to the seventh or eighth aspect, wherein the
temporary reduction or stop of the friction bonding
operation 1is performed by stopping the pressurization
betwéen the métallié bonding portions.
According to a 10th aspect of the present
15 invention, there is provided 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 1ith 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.



According to a 23rd aspect of the present invention, there is provided a
friction bondi ng apparatus according to the 22nd aspect, wherein a
plurality of spring 10 | eaves each of which is the one object to be bonded
exi st inside the frane portion, the pressurizing nmenber is provided with a
pressurizing |l eaf that can hold each spr'gg | eaf between the pressuri zing
menber and the backup section while indeL ndently covering the spring |eaf,
the 15 pressurizing |eaf holds or releases the holding of the spring Ieaf,
and each pressuri zing Ieaf is provided with a through hole for exposing t he

retal | i ¢ bondi ng port%. el i Ed%feﬁt'ggpgktea%q (ﬁ |ng to a

subject t he netalllc ortlon rrcti ondlng
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invention wll, 6 becone ﬁggar fromthe followa%g description taken in
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conj unct i on HIFFTHhdDrE IR Lo R FEht T eof with reference to the
acconpanylng ,
According to a 13th aspect of the present

invention, there 1is provided a friction bonding method
according to any one of the first through 1lth, 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 14th aspect o©of 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
friction bonding operation after the reduction or stop.

25 According to a 15th aspect of the present



drawings, in which: Fig. 1 is an overall schematic view of a friction 20
bondi ng apparatus according to a first enbodi nent of the present invention;
Fig. 2A is a perspective view showing the total novenment of a bonding
object handling unit in an operating state, for a sem conductor elenent in
the friction bonding 25 apparatus of Figh%l; 19 - Fig. 2B is a sectional
view show ng a state in which a sem con tor elenment is sucked and held by
the suction tool of the bonding object handling unit of Fig. 2A; 5 Fig. 2C
IS a perspective view showi ng the suction surface of a suction tool as one

exanpl e of &E@Fhehgbpg £g§£?gfia§2 A2RNdg gbj ?Eicﬁi‘&q' ig&&%# Qr;eeﬁoqjo 2A,

vi ened from rspective view show ng a par
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sectional view a SUC on to nver I Ng

stop 1s performed by controlling a distance between the
5 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 is controlled during a final
friction bonding operation after the reduction or stop.
According to a 16th aspect of the present
10 invention, there 1is 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 éontrolling 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 1s «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



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 is a graph showi ng a general
friction bonding operation state perforned conventionally; Fig. 4Cis a
graph show ng one exanple of the frictiog bondi ng operation state in the
friction bonding 25 apparatus of the fir ? enbodi nent of the pr esent

i nvention; 20 Fig. BAis a sectional view showi ng the positioning section
of the bondi ng object handling unit, for the base nenber of the friction

bonding appagatys of  Fi Be, i'}?i?é%%:&g'oéBehse ahart Eﬁhé}r%gp' g@gﬁﬁe PeisReL) | ve

vi ew of the pressurizing t he preéssuri Zi ng € positioning
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bondi ng portion of the 2%—bu sen onchtggxgkfnent between the ¢

f
the fricti o HondiHPor athéFielst °BhBo e 58 enﬁsth%ﬂfE%ﬁe nd

t he conventional case; 25 Fj O.is .a pers tive view showing a frjction
éhfﬁng an Enitiéﬁ. %rictionp bogggng operation beTore %he

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.

Accordihg to an 18th aspect of the present
invention, there is 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 is 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 ofva 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;



21 bondi ng apparatus according to a second enbodi nent different fromthe
friction bonding apparatus of Fig. 1; Fig. 11 is a perspective view show ng
a relation of bonding position between a sem conductor elenent and a 5 base
menber, which serve as a pair of objects to be bonded to each other in the
first enbodinment; Fig. 12 is a perspectiye view of a base nmenber assenbly
showi ng a rel ati on exanpl e between the bhie member of Fig. 11 and a frane
portion that enables the handling of 10 a plurality of base nenbers in the
block in the first enbodinent; Fig. 13 is a sectional view showng a state
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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 21lst 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 is handled by



Fig. 17 is a detailed |l eft-hand side view of the 25 positioning section of
Fig. 5A 22 Fig. 18 is a detailed right-hand side view of the)positioning
section of Fig. 5A;Fig. 19 is a partially enlarged detailed view ofthe
positioning section of Fig. 5A in the bonding position;5Fig. 20 is a
partially enlarged detailed view ofthe pf)%i tioning section of Fig. 5Ain

t he unl oadi ng/ | oadi ngposition, where the hol ding position of the

pressuri zi ngnmenber is imaginarily indicated by two-dot chain lines;Fig. 21
is a partially enlarged detail ed view of 10t he positioning section of Fig.
9A, where the hel g 4 dde | 2ENgnOERREr Yiofiding object
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pressuri zation 23 hy the fr.iction bonding apparatus and nethod of the
first . errb&ﬁ’l rﬁglr‘?t%rﬁ*be p?\srﬁsnd graph showing a relation between a | oad,

an ul trasoni ¢ out put, ,and tcgrre i,n a, case vi,?eerc t enSdluiItra d ut_is
stopped with increasin epresf%eurikiozi’t%}? bf & F r it %n bondi ng appar at us
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10 the ©positioning section can move into a
unloading/loading position in which the frame portion of
the one object to be bonded is held and guided along its
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 sufface 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



and nethod of the first enbodinment; Fig. 27 is a graph showing a relation
between the height, load, and tinme in a case where the tenporary 15 bondi ng
is perforned by | oad control and the prinmary bonding is perforned by height
control by the friction bonding apparatus and nethod of the first

enbodi nrent Fig. 28 is a graph showing a églation bet ween height and tine in
a case where the tenporary bonding and 20~the primary bondi ng are perfornmed
by hei ght control by the friction bonding apparatus and net hod of the first
enbodi ment Fig. 29 is a graph showing a relation between load and tinme in a

Case where tébes[it@;}iﬂfeg]ogr iéyg?lﬂ_?'é ?%Io%q_clt.ito q.nr??g DLELRLY gt%ugggggageae%wﬁd

by | oad contro ction bondi hg appar thod of the
first , enbaqdi t; Fig. [ : how ng. a rel ati ep_t he | oad
and ti e for Gl alieRy HiS . %%lgigﬁnght¥%%%¥§5l%ggdggﬁﬁgﬁ%%ﬁd?ﬁg;gg%g.
31 is a detailed plan view of the positioning section of a friction bonding
appar at us a?%oor}cg%rﬁ% IfooS]?aFJtcf'nrf’r aa%(?erbodi ment of the present invention; Fig. 32
is a detailed right-hand sidetvi mhottthe 0 Eosiﬁ%onin _éectionigf Ehe
fricti on bonding apparatuscOf CEPY. U81ti FORTEPASe HF TR ITE DB 6EPPY be
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friction bondinﬁ%ﬁg&ﬁ$$ u@gghafi%%?31 in ,a state in which the object to be

bonded is i mRP¥ ALY i BABHE P2t he bondi ng position from the

unl oadi ng/ | oadi n osition d held by the pressurizin eaf ;
g gp Accor Png to % 22&% aspect g%% the present

10 invention, there is provided a friction bonding apparatus
according to the 21st aspect, wherein the positioning
section has a pair of guide rails for conveying and guiding
the oné object to be bbnded, the one object to be bonded is
a spring leaf, the inclined portion is formed at a tip

15 portion of the spring 1leaf 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 guide rails of the positioning section and able
to move between a holding poéition 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



25 Fig. 35 is a perspective view of a friction 25 bondi ng appar at us
according to a fourth enbodi nent of the present invention, provided with
one bondi ng heady and Fig. 36 is a block diagramof the control unit of the
friction bonding apparatus of the first enbodi nrent of 5 the present
invention. Best Mbde for Carrying Qut the_lnvention Before the description
of the present invention proceeds, it islf{o be noted that Iike parts are
designated by |ike reference nuneral s throughout the acconpanyi ng 10

drawi ngs. Enbodi nents of the present invention will be described in detai
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of a suspension head for reading a ,, recording nmedium such as a magnetic

di sk, as sh&@Sn Fig. 11, and relatively noving the netallic bonding

portions of netallic bunps 3 and wiring lLines (lands, for exanple% 4,
According to a  23rd aspect of the present

invention, there 1is provided a friction bonding apparatus
according to the 22nd aspect, wherein a plurality of spring
10 leaves each of which is the one object to be bonded exist
inside the frame portion, the pressurizing member 1is
provided with a pressurizing leaf that can hold each spring
leaf between the pressurizing member and the béékup 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 of the

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



5 which serve as the netal electrode portions of both of the objects 1 and
2 in the transverse direction, or in other words, along the surface of the
base nenber 2 (for exanple, in the direction perpendicular to the verti cal
direction) relative to each other as shown in Fig. 2B for the 10

achi evenment of friction bonding so that Ee sem conductor elenment 1 is
bonded to the base nenber 2. However, thé present invention is not limted
to this. The present invention is effective when generally applied to the
manuf acturing of an electronic circuit board 15 by bondi ng general

e ectroni ¢ camanent s gl ustveRl Bpgenrector ad a8AABA A fIdCU poard

and the manufacturing of a variety of secondary products and products by
fractional | Qﬂi t ic.b i i o o I OUS .ects to be
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the two opposed taper surfaces.
According to a 26th aspect of the present
invention, there is provided a holding tool according to
10 the 24th aspect, which is used when the friction bonding
method according to any one of the first through 17th
aspects is put into practice.
Brief Description Of Drawingsb
These and other aspects and features of the
15 present invention will become clear from the following
description taken in conjunction with the preferred
embodiments thereof with reference to the accompanying
drawings, in which:
Fig. 1 is an overall schematic view Qf a friction
20 bonding apparatus according to a firét embodiment of the
present invention;
Fig. 2A is 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;



| i ke having satisfactory electrical conductivity and accurately fornmed by
subjecting an end portion of a wire to, for exanple, welding and diffusion
bondi ng by ultrasonic vibrations and heating and thereafter separating the
trail 10 portion. It is to be noted that the sem conductor elenent 1 is not
limted to the silicon wafer and is permtted to be GaSi, Lira, or LiNb
used for a SAW (Surface Acoustic Wave) elénent or the like. As shown in
Fig. 11, the base nenber 2 of the 15 suspension head 5 is constructed of a
Ehin spring |l eaf and has a shape tapered fromits base portion 2a toward
iits tip portion 2b. al |1 g,dat.s 4a ' rimn for_r [

magnetic disk are dezggl' a%?a%%e o%ggﬁgggggfé@ég%f£%$%3%$papgﬁgﬁgﬁ g% to
forma read port,ion 2¢, . 0 |l Lc .bunps f th i,conduct or
el ement 1 ar“gllrréed agl i25cea llac‘r);)qbc%)“{nk(}eogf t(g)nf%ﬁgkkvi rlisngg‘llfzggg fntcﬁaﬁgg]%r\% S ghse
signal lines_ _extended fromthi,s read portion 2¢c toward. the base rtion 2a
side with a ss"b%t‘{:li il ego?él é)tfi' 0 heof 83??8§p§%’&eeﬁccce,h?r§ﬂ“r%% Pﬁé%s%e#s?bn
head 5 t hat mes to 25 produce the magnetic data read function. As shown
in Fig. 287" 13 and Fig. 14, the suspension head 5 has its base portion

2a pi |1 t th ' f tat] f t haft.7 b
the rotBry Shaft 7 w NGt HromIP HOTEeopt Bt THeY bsREEoF L Foh 39°H T ed

around the rotary shaft 7. 5 The read.portion 2c faces th netic disk 9
on a drive (ﬁ‘élkf%c%oogs atos‘éﬁﬁho?n%Pﬁé ra%li SPedi R 6h Pﬁer@’%’gn]é?f@lﬂ?sk 9
rotatively driven,_readin nd trapsmitting. the magnetic_data_recorded on
t he magnet i ctcb‘?Jskoaﬁh%c‘%‘%b%r@gt%bl%‘étfl??%&rblhgb%gF ngt nEt Bod?df Yheved
first enbodigﬁgt, s exenplified in Fig. 2B, by pressurizing and relatively
nmovi ng the semf® Wor element 1 and the base nenber 2 relative to each
other, which are the objects to be bonded to each other so as to bring the
metal lic bunps 3 and thedwi 8 mS 1 # T IPCGhi ¥R Y54 BRPHERY AePaFfief 2
bondin? portions, into friction contact, the nmetallic bunps 3 and the
wiri ngt?i nestiat e $rictivhaipdiditie$Res iddch toHer 25Ths FRAEEL6ALHBAdI ng
operation is tenporarily partway reduced or stopped (halted) . 20 The
reduction of®¥3eP¥?i @ onthdndioyibper akPeh cah bEhachfeiedipy, Pepding
exanpl e, either stopping %halting) only the relative novenent between the
seni conduct otPRIENERT 4T ahidt hk/ base nenber 2 or stopping (halting) only
the pressurization when the netallic bunps 3 and the wiring 25 lines 4 are
relatively nmoved with Pt@ssdB zafi oh Pédet helew 29L ' thectfiiginl TReistdpn
(halt) of the pressurization can beachieved either by releasing the
pressuri zat i ANSInPnsYecbppi beeL haf t Fhg) BRe progress of the
pressurization. X herwi se, the reduction of the friction bonding
operatt®8n5can al so be Bt%i ededipyaredabipgal hElgegpéeaopushéobr thethéPrt he
relative novenent of the semiconductor element 1with respect to the base
menber 2 andiRVierpirgswferati onbetween the netallic bunps 3 and the wiring
lines 4. Thestop (halt) of the friction bonding operation can belOachi eved
by stopping (halting) ¥he.réhaisve pevepeative vhewenifcthdubpodisbehead 1
with respect to the base nenber 2and, when the relative novenent is
acconpani ed ¢fprdssubpdradinegn otiecst oppndgitbalunidy) ofheFig es8driatad i heAs
descri bed above, if the sem conductor elenent151 and the base nenber 2 are
noved rel ativendéngaokadt her thebfrhgtibe hetdlihgcopempsidnandatkeodi therg
lines 4 intofriction contact, then the nmetallic bunps 3 and the wiringlines
4 conme2fo haveibn el evated tenperature by thefriction and are fractionally
bonded to each other with the20softening, nelting, and diffusion bonding
thereof. If thisfrictiBhgbordd nisoper graph ishdawipor aridgnesztlucdd ictsbopped
(halting) partway, then the nmetallic bunps 3 andthe wiring lines 4 and al so
t he sem condbochdinegl epenatioandthetebpeefoembdr c3nseatdéehypligcei ve damage
due to the25reduction in the nechanical and thermal influences,

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;



30 - dissimlar to the case of the netallic bonding perforned at a stroke.
Accordi ngly, even when the counterpart object to be bonded to which the
sem conductor element 1 is to be nmetallically bonded is the base nenber 2
constructed of a 5 thin |leaf spring of the suspension head 5 for reading

t he magnetic di sk, deformation hardly Oﬁé¢rs and high yield results.
Furthernore, the shear strength of the allic bonding portions of the
nmetallic bunps 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 fri CtEii .ebo%i nqsi S a(el %g?l&xogﬁtﬂi e‘Qﬁdelv)’Vi 5\%88 i#éouqh,pe In

this case, if, for exanpl e Sem cond eénent 1, I C one of

the pair of _agbj.ects .ta be ded ach., o i8S e . hel Vi a
suction toopofjf,%lféll\ﬂ% c%ects)g?%%s Otafg tgl}lee 8?%@%%@ ooﬁo}ﬁﬂée%(ho?gggéggo%ﬁtds
shown in Fi 2A .and. Fig. 2B, then.the elenent. can be.easil nyeyed from
t he pickup g%?ﬁt'%% Pss?hgmﬁggg‘ﬁ%ﬁbgﬁez Hﬁéhﬁﬂgt ?&%&%ﬁyaégﬁgﬁﬁggaﬁ)

easi |y handl ed iqja vari ety of ways. Therefore, the held sem conduct or

el enent 1, i%h 20 is the one obj ect to be bonded, can be pressurized and
relatively noved rel a t he base_ne

ti, t 2, .Whi IS .th t.h bj ect
to be tonded, with thd it iﬁsbﬁnﬁg%lnﬁgg’t ﬁé‘l\ﬁr:g%ﬁglﬁséirﬁé’g?cjilvsﬁrni‘%né”g(r:e
t hei talli di ti , . faci h_oth .sh in _Fi B d
the 25 base Horlfth BrCRRTEH:FESt hebt Ror TBB) ELForo 0 Bondeabys of (e
only required to be positioned in the specified position, -, sinplifying

the handl i n@C N &R S HrEhedmtd o rel ati ve noverment is only

required to ultrasonically vibrating the sem conduct or elenent_1 and the
base member 2, and it E%gsugfpa(g“§%§§pectlve VEER 8F e positioning

section of Fig. 5A;

10 Fig. 7A is a plan view showing a 4-bump
semiconductor element having four metallic bumps in a
concrete example of the semiconductor element;

Fig. 7B is a plaﬁ 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



apply ultrasonic vibrations to the object to be bonded, or for exanple, the
sem conduct or elenent 2 held by the suction tool 11 via the tool, sinply
and easily achieving the relative novenent. In particular, relative
novenent 10 can be obtained with a m nute and hi gh-speed vibration state by
the ultrasonic vibrations, and the frict%?n bondi ng can sufficiently be
performed in a short- tinme w thout excesSive coll apse even between the

m nute netallic bonding portions of the netallic bunps 3 of the 15

sem conductor elenment 1 and the wiring lines 4 |ocated on the base nenber 2

f-or the rramgoql(t‘gfei 'ngag a}rQ@ngs%‘?{}%mr{b‘aadgg' Wen sugkigng é}%oc?%ééﬂf‘g

the object to onde such as the semTconductor elenent 1,

suction t 00lgdelae 2! N G oNUGLOlo LR, I aép}sarrgag@iﬁvgagf Jueked, and

hel d by a recess por s formed 1n a rec as shown

in Fig. 2B and Fig. 2%H4%Or dignaapgggbgggiggrgﬁg% %&gpg%%%pgigﬁﬁééﬁg?gool

11, simlar to the exterhal or m of e sSem conduct o

[ oo obl eg! (ot BofEpenaed; Pt HER NG ' 8o lBbh 8o LOR) USR] Ul o

form 32 i rare- e taper SuUr C capabl e of -, com ng

i i gh i th | i d f th | ed i h
qoadr i 19 er R ds Tty it R S r BV EoRp OB Bl or TS T i B8gqch the
of the suction tool 11,

comng in contact .5 wi,th the suction surface 11a ¢

with the four® STafds O\(l)%heﬁelrhuéberi#]a"fset? aefmlh%(%é?eré tface of the seniconductor
el ement 1 brought in tjght nt.act_ with the taper .surface_11c. Wth 1his
arrangenent, the sem cﬂb]rﬁmc?gr & e%ﬁ?ril?e\%ﬁfﬁ ivslet‘”heogbjaeéasteo %%m%%ﬁded,
10 is received by the taper surface l1l1lc of the recess 11b | ocated at.the
suct i on sur (ECEMELY \FRIVIRE LoTREACHIT (THHPLT TREYSE BoRdiet o "erRREnt 1
brought in tight contact wth_ the taper. surface 11c en_{ he, _seni conduct or
ol emont 15 LG b 1 et iEn BUrFLSE SRR o itRLOE b onSRabERE 100 5
and the novenent. for. the relative novenent to the base nper 2, i.ch.is
the oth®r otf eé)tlutré‘lli@yboﬂge&?asfndmteﬁ‘@eﬁlstrla%orﬁh@ ngPﬁﬁso’n%, ti“ﬁp},\?éasﬂ om
or via the suction tool 11, are transmtted w thout escape nor dislocation.
It is to be PRRXYEPRE’ t he present invention is

Fig. 13 is a sectional view showing a state in
which a magnetic disk is read by a suspénsion 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 ihvention;

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 is 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;



20 not limted to the suction and hol di ng when the object to be bonded,
such as the sem conductor elenent 1, is held for the ultrasonic bonding.
For exanple, as shown in Fig. 3A and Fig. 3B, the sem conductor elenent 1
is received and held by a pair of taper surfaces 111c formed in 25
correspondence with the opposed two side% of a quadrangle 33 roughly
simlar to the external formof the sem %nductor el enment 1, which is the
object to be held and bonded, in a recess 111b fornmed on a hol ding surface
111a of a final friction bonding special tool 111, which serves as anot her

5 exanpl e of the holdk?%.tqgliQNg égyfiéwaygﬁﬁ?H%%%gggﬂeRﬁ.w of the

sem conduct or el enent which 1s the object to be is held by the

hol di ng Sur%@%ﬁt&%%ﬁp%fs%%%iUnn%% Eﬁ%@ti n bondi ng special tool 111, the
: . s

sem conduct or élénment "1 1S receive ¢ pair of opposed taper surfaces

10 111c of the recessE% bfgx;ge? ?%rEEElT Lghggfggaf@%%a%agﬁ QQJJnépsn

pai r of opposed corner "portions o e sem el ement broug

i gh ith. . f , nt for.: ,
Lelati ve moviore s I eGSR BY Fi T IR (e o

bonded,. and the ul trasqnjc yibrations ied fromar via.the fin
frictié% bondi ng specﬁgﬂ”té% 1912 B?Etﬁgg%gnFF§$%3ﬁ ﬁﬁJa%£§%ﬂﬁ§§§”of

Caperourf addiel FRE 1 ety 8 o Wb, Wi ragari R TR S R
the case of HEEYE e WABET Gt aRBLf LoBr BAGHAU: ade 8P dhatarattiye |
of the ool DR 1 HIAIRRTHY UG STy THe U bortietor
clenent 1 preferably Siler dhe;Lecess.ydabiiby M s apsengenent e
4 10 the positioning section of Fig. 5A, where the holding
position of the pressurizing member 1is imaginarily
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 is 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, énd 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



or the like as described above can efficiently be achieved. 5 The back
surface 1b of the sem conductor elenent 1, which is the object to be bonded
sucked by the suction tool 11, does not float fromthe suction surface 1lla
and then is not dislocated, and accordingly, there is no frictional contact
between them This enables the preventi023of the 10 occurrence of scratches
due to the frictional contact between thé& back surface | b of the

sem conductor elenment 1 with the suction surface |la; the adhesion and
deposition, onto the suction surface 1la, of particles of silicon powders

and chi ppi ngs, ganer AL ed: MBENLL0A HACK ULLAGE U@ nlBnbhe creripongucs or

él enent 1 suffers scratc es, scrat ue to t adhesi on and position

possi bly caqgﬁ%th% ck surface 1b of the sem conductor element 1 to be
ducked and held; ‘and t'he abrasion, chipping, and cracking of the el enent

i ncl usi ve of the e|ecp§%¥es2§aigu%_t QﬁgﬁfggnFZQéigqf$ﬂx§%édé§ht%e

dissimlar to the conve ional “Case. fi's en ~The Tnprovenent
T e B B bR edsgbS, ' SRBIA T Sl e b i s
oCouTT opce oLy ETRLE AN BL L0l 88 SR ELEL PndopLBBLSL el
by the friction bonding apparatus and method of the first
embodiment;
Fig. 26 is a graph showing a relation between
height, load, and 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, load, 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 is 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 Dbonding 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



35 r sem conductor elenent 1 and the suction surface |la adhere to the
metallic dots 4a and the wiring lines 4 on the base nenber 2 to inpair the
read characteristics, and the yield in manufacturing the suspension head 5
is inmproved. 5 Indeed, the suction and holding or the hol ding wthout
suction of the object to be bonded, such gs the sem conductor elenent 1, by
the taper surface 11c as descri bed above 2 required to be effected only in
the direction in which the object to be bonded is noved for the 10

af orenenti oned rel ative novenent or vibrated, and it is sufficient to

rovide & paiL, of dRPekoRULEgees lle aRRosetd n hlengdhr epld ongl TpYETENt.

Therefore, e€i ef” Oone © Show i n and

accept abl e. wever, in the case of Fig. 2C, it is required not to inpair
the 15 sucti%ﬁ#%ﬁ%ﬁ%% ding of the sem conductor elenment 1 or the like. In

t he case of the final rictégn.bondin gpgﬁial t ool %%% shomgekn Figtth,

no suction is effected ~ahd ac%%r%i%ﬁ Y e"¥s®no dF or pv%g?dlng a
devi ce spec

|1y for, suppressing air_Jeakage. during suction within 20
range of tolg?% c8hd ntfrﬁee ?8§egeo)fp]ﬁ]gr?l%, %\?ﬁenc u8¥i SEALE £Ra rﬂgs
only a pair of €$% sed ta&er surfaces as shown in Fig. 3Ais used, it is
required to %?5 X4EVY te special Iy for suppressing the air |eakage

during suction within fhe range of tolerance .in porder not _to 25 inpaj t he
suction and hol di ng ofﬁiﬁe sgﬁicdﬁauc?or %€H€ﬁ¥f %%aﬁ o 1fie P?ﬂg.kﬁeln
order to achieve the friction bonding as descrihed aggve . the frictign
bondi ng appaP@fHELIORIR%e FRCSEOBDARE neft i FidwdePHIH T woeBBAERAYS

obj ect
J according to a third embodiment of the present invention;

Fig. 32 is a detailed right-hand side view of the
10 positioning section of the friction bonding apparatus of
Fig. 31 in a state in which the object to be bonded is
positioned in a unloading/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/loading 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 1is
inclined while being positioned in the bonding position
from the wunloading/loading position and held by the
pressurizing leaf;

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



5 handling units 21 and 22 as shown in Fig. 1 through Fig. 3B for holding a
pair of objects to be bonded to each other, such as the sem conductor

el enent 1 and the base nenber 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 ag% a relative novenent unit 23 for
bringing the netallic bonding portions, ich are the netallic bunps 3 and
the wiring lines 4, into frictional contact with each other by relatively
novi ng the objects to be bonded to each other, which are the 15

.

gen conduct %rﬁii‘%ﬂfﬂ%p%afé‘@u% hscéemﬁgn%r £, Feh A DY hBs8emBARIJIY 1abhi ect

handling units 21 a 2, relative to each other, the units being provided

on one machi fy di%ﬁzenTé‘ig{rgoiSq%tJMééberw%wmvdr%e%&l&g{q Rladiflidnd4 for

controlling the ing and | oning of the object e bonded to 20
cach other by Lhe, ondhag o eck DalL i, Bl Sk Zoirbd ey el ve
{heobj ects T Do bonned Poioind SeBrAn O e’ TRt e et
by br i ngi ng TRer Tt 1 E S Cont act . w th each ofher by relative

novenent . queb&)g&&% fj&it g}_éfrr%l/f% %E&?%%%rg{igﬁ/ partway reduce or stop

the friction bohding operé%!o ) _ t1on bonding partway 5
reduced or stopped as ﬁg?gféb%geabé@%ff%f?%%pmgélE%El%mesent invention

proceeds, it is to be noted that like parts are designated
by like reference numerals throughout the accompanying

10 drawings.

Embodiments of the present invention will be
described in detail below with reference to the drawings.
(First Embodimént)
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 below 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 and a base member 2, which serves as a




reliably achieved. The rel ative novenent unit 23 is required to nove a part
t hat bel ongs to one of the bonding object handling units 21 and 22 and is
hol di ng the bondi ng object and 10 relatively nove the one relative to the
ot her as described above, and it is preferable to performthe novenent of
one of the bonding object handling units gl and 22 by the relative novenent
unit 23 by ultrasonic vibrations as descglbed above. 15 Accordingly, in the
first enmbodinent, as shown in Fig. 12, a plurality of strip-shaped

el ongat ed base nenbers 2 are arranged parallel to one another at regul ar

int I i 1. | ti .end -

Coughl v cundr AR FOfRbRS oA, | Y 22 sBepRnS B HAONNEOE LA o
ortions 2 ith t d - .epds._ T : h
o nummer of Tkt W b a8 PV RGBS PO RISAED s] D SRR, B2

d th . int . ’
gty DA IRERD: e N onbDL BT BhieY pAATNIE Forthinl ARG of

. . hen, in"corres nce e nunber o
I nsi de One1ﬁé¥§if¥gtﬁ&ﬁpgd3ogﬂd“%f¥¥§§ lines (lands, for example) 4,

5 which serve as the metal electrode portions of both of the
objects 1 and 2 in the transverse direction, or in other
words, along the surface of the base member 2 (for example,
in the direction perpendicular to the vertical direction)
relative to each other as shown in Fig. 2B for the

10 échievement of friction bonding so that the semiconductor
element 1 is bonded to the base member 2.

However, the present invention is not limited to
this. The present invention is effective when generally
applied to the manufacturing of an electronic circuit board

15 by bonding general electronic components inclusive of a
connector and so on to a circuit board and the
manufacturing of a variety of secondary products and
products by 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 is constructed of,
for example, a silicon wafer. In order to produce

25 specified element functions by electrically connecting the



38 -~ nenber assenbly 2A subjected a plurality of tinmes to netallic bonding
to the sem conductor elenents |, the bonding object handling unit 22 for
handl i ng one base nenber assenbly 2A is nmade to handl e the base nenber 5
assenbly 2A by hol ding and gui ding one frame portion 2d conmon to the
plurality of base nenbers 2 in the base ggnber assenbly 2A, and position
the frame portion 2d of the base nenber senbly 2A in a specified bonding
position so as to subject one frame portion 2d of the base nmenber 10
assenbly 2A to the bonding to the sem conductor elements 1 by a frequency

corr espord i 4 Lienuaber, of g Dase ARTReLs Lol W (0N, Lo. ner g ae

portion 2d ase ne asse he unF&s are 'si nply
Ki d hol.di h ' to b d b [ t
ek 0 2 STBRAT %4 I SRER e 2 5 0I5, B "ERRS L 08 TSR 00 o0
I ts 1 handl ed i f. friction. di.ng.
e conduct Gy B aerid SR e T 1 o Cbryay St T b5 Bert EBRAGLYBr
I t bondi iti f 2 | t t th 0
or U1 on 20 of R S eRBeh GEsoRB § LERLESSNE drcd YT IS Bahk no St ect
handl i ir 22, dt tallic b 3 dth i ri | i 4
posi t1 oned 1B TheBB8] P oft ML ERe) ossasd. eeit thter g BiSurofnEReg
2A. Th | t [ i, brati . f th | ative, t applied_25 t
the suction 1ot 182VARE t 18 SeHaorithiet o LerbRahe 1 1Tl Ty Coafif Lo
agai nst the base nenper_2 as the need arjises. The pressurization rongtes
the fricti orPBoMR Myl HyF QR %t F %BE%ﬂ%n?no?n?hgoﬁﬁf%?l? %oﬂgfﬁg ©r

portions of the metallic BumPS & 2ndat Ne Mg 1108180y "8t K onic
vibrations and heating and thereafter separating the trail
10 portion. It is to be noted that the semiconductor element
1 is not limited to the silicon wafer and is permitted to
be GaSi, LiTa, or LiNb used for a SAW (Surface Acoustic

Wave) element or the like.
As shown in Fig. 11, the base member 2 of the
15 suspension head 5 is constructed of é 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 forﬁ 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.



5 operating to make the bonding fast and reliable. According to the
friction bonding apparatus of the first enbodi nent as descri bed above,
there can be constituted a frictional bondi ng apparatus provided with a
supply unit for supplying at | east one of the pair of 10 objects to be
bonded to each other, such as the senicogguctor el ement 1 and the base
menber 2, to the bondi ng object handling“dnit that handl es the object. The
friction bonding apparatus of the first enbodi ment shown in Fig. 1 and Fig.
2A through Fig. 2C has a conponent supply 15 section 31 for automatically

: v N . o . bi ect TN
31 Abcordi g 941 ERet ahcoh BREPRBSIPN DS it doe T & ehebaent
I ti 32 f t ti I [ t he_f ' d h
Race wember Z8sBAEPy 3AY2C BTN dED B ite S tEmag 23 e 5 e Fonti ng
bj ect handl ] it, 2 d. f h i_t h duct - [

Ut ot i cal 15 SHhY1 15 Eha 1 PRSP Borela 2 B hat thel shiheth Heka's
h [ ig..12, in which th ' t | ts 1 b d-t
fhe base mombRraf 2088 Br5% HEOBhbe™ nanbbr  BEGcREr P SACRP oF CEREYf SBFF Lt &t | on
of 40.- transfer to another place. Th% t hus- constructe frictiondbonding

appar atts cam*Sut&B8sBPdY e ?l%?ggﬁy bEr FRMATHE afoF ementFoneddr Ve

haracteristic friction bondi Lon bet. the 5 object to be. .
bonied, _SuChISE* t Re SBoffCOILETBT ohlft TRt 1 S7 0ok hake niRgRBb-Ect s

are individuall andl ed .and .t he other object.to be bonded, such_as e
base member 213%ut nﬁpﬁ€§PWFl§hp8FF¥8?'su%%?ééﬂgnéﬁﬂglﬁfapfgﬁﬁg?J¥%a%Bethe
conponent supply sectiopn 31 every.tine_at need, or 10 autonmatically from

t he conponen£g§%%5+9 da ?iBﬁCQEdé9e99 FﬁﬁemagnﬁEéS.%?ﬁg nuf acturing of a

variety of secondary and final products can be achi eved automatjca

easily, and reliably aﬁcﬁPﬁﬂlEBeéﬁlﬁﬁ%ﬁgﬁ%FFbOBnEOGHF&%:Q%ﬂgﬁib%#déaeon

the other so _that the objects to be bonded tqQ 15 each other are

fracti éRal | yEhbfbed §° Rther 35 a°FRBPI1SAECcor FRspoitiénce & PY

one-to-plural correspondence. Furtherpore, if the product storage se&tion
Fprep

33 is provi dBHSSEREAZIRT| s Khbl B 2Bl YAt Bnaficddny stReesSeld 61-8*t he

products into_a storage cassette 34 or the like in the
element 1 and the base member 2 relative to each other,

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



20 product storage section 33 even when the products are successively

manuf actured at hi gh speed, and to handl e the products in batches of the
nunber required, facilitating conveyance to another place or subsequent

use. The bondi ng object handling unit 22 |ocated on 25 the side that the
novenent for the relative novenent is n 41 - performed is provided with
a positioning unit that has a positioniﬁ%asection 26 for |oading the frane
portion 2d of the base nmenber assenbly 2A provided with a plurality of base
menbers 2, holding this, positioning the same in the 5 bonding position for

frriction bO@Qhegloﬁnd U@BQthﬂ&>thﬁa$ fame af {gr %Q%ssﬁ&ﬁ%b?ﬁoﬁoqgh9ggeF'g

5A and Fig. 6 show schematic views o he positioning section 26

16 t hr ough 5%:211 gl 5@1"‘6&% et %Q}T%%I!Lg% [’c‘h C%é%éﬂﬁkg iohf ddeg }qui}ma

portion 2d ase er “asse as ap urallty o]

friction bogggpglﬂgy” k 89?1:%.%;2 g@%gg@d%&?& Gl Cc%%duﬁ&gtssﬁlr?%@éﬁ}r.

which is the obj ect S p05| i oné

DorforS Poebihal kel 1RSI 300 LR, EPucLDSN kEnbindih })e%'a%rﬂ)

performthe fric {85’ bo common 1 0si |ona |on ineach

LQ'SEH%2?3%%@2%%%%?2%&&‘53} A B tl?%Q?ggﬁ?%i SBcoBoRash
andl | ng unPE 2T G0 eegaie o TER e b¥h2‘°’ A areng Sor ot '038 Sop e%rftt& be
port fons o HEY AT ERal F”B%ﬁde“e”b' KEo8Fher b “ bfel 55 ik add L Buch
Pandl i ng. SpEECHERD | &fﬁ.“la‘l’eet% her B smaenth T0r HE 0l bt 95 mibBment
nor the ”DVEQ%Bt ?Laﬁ%?veX%ngtth Pglggioéoigghdlng operation can be
10 achieved by stopping (halting) the relative movement of the
semiconductor element 1 with respect to the base member 2
and, when the relative movement is accompanied by
pressurization, by stopping (halting) the pressurization.
As described above, if the semiconductor element
15 1 and the base member 2 are moved relative 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 is 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,



42 - handl ed and bonded, and the structure beconmes sinpler by that nmuch. In
the friction bonding apparatus of the first enbodinent, wth regard to the
obj ect to be bonded of each 5 base nenber 2 of the base nenber assenbly 2A
that has the aforementioned frane portion 2d and the nmetallic bonding
portions such as the wiring lines 4 in aﬁ inclined portion 2f that extends
fromthis frame portion 2d inwardly of t 8 frame portion 2d as shown in
Fig. 12 and is inclined with 10 respect to the frame portion 2d as shown in
Fig. 5A, the positioning section 26 is nmounted on a positioning unit of

onanActer G B8 LA | LIk o el o, oL Sl LSl o
Lo Do L0 B0 Inukenian | VB Yldp Srlamestisersobpeat bl
Soction, 20 S0 TENBCLE LR Wikoortallopdiag, pERkhuS dleaed by ! he
19, e, YILEZELDU S 0agoAL! O 35 DAL, Fh0h Mg, dD g (e
R Dase. Tenlet, COEYERES B EiaGR BLaSHRIRLe, OK! S0 L A LDE
the obj ect trgagr?et?fgd%q.’skv,\j torl]efcg'\l.§ aegiorgohar%?iy occurs and high vyield
results. Furthermore, 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 is
the other object to be bonded, with the metallic bumps 3
and the wiring lines 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



- the bondi ng object handling unit 22. In the abovenenti oned bondi ng
position, the frame portion 2d is inclined so that the inclined portion 2f
of each base nenber 2 of the frane portion 2d of the base nenber 5 assenbly
2A hel d and positioned by the positioning section 26 extends al ong the base
menber conveyance surface, and positioneqﬂgnd hel d so as to subject the
netal lic bonding portions of the wiring IMi'nes 4 owned by each inclined
portion 2f to netallic bonding. In the illustrated first 10 enbodi nent, the
positioning section 26 is constructed so as to be able to nove between the
tnl oadi ng/ | oadj ng Ltign.and. th I Ng.pesi ti.on jyotin C Ol a
shaft 41. In a%giF?gﬁiggatﬁ?%qﬁ%sﬁ??gﬁgﬁﬁg%egﬁi&%KEGQg?ﬁéyﬁ%%i??ga?gggﬁnit
is provided with. a.position switching unit 42 for 15 switching the

gosi ti oni ng %%%?%%% ﬁ%éb% ge%%n?%%n%hloading/loading position along the
base nmenber conveyance, surface of. Fig. 4A and.the .incli bondi osition
o Fig  SA and & backdioteelran gat BronsuRifibiRe petePEle RRVERER SRS "
posi ti oned 2% ihe osi%iﬁnkng ifction.ZG gnd tge %O inclined Eor%iontgg of
the base menB3rY2rGARH tRe PolltfBRPAHCEELY] SAC2E TRIs ECRERES ERS
bondi ng_position. The confrol upit 24 for controll,ing the operation_in the
friction bonﬁ#ﬂ@eﬁﬁp ré?ﬁt ﬁ%?egaFﬁeﬂﬁ % ’sﬁpgcH%ndﬁnﬁ?ggbcb?%BeFPy
operate accordi to the | oading, 25 unlqgading, positionin nd ,bgndi ng
operations ofPPhE BALESORIC. VABREETORSs &bl i AP1eCt nte nHe; PPUdEPar od
first enbodi nent, a support_base 45, which supports the position, swtching
Uni t 42 on t AEFSHEFETRAS, | STRE IR EPIGEOT o HLERRed Lip AT dSih BYS5 an
el evation-use air cylinder 47 with respect to a base 46 of .the positi,oning
Gt thar haSUEheoRatRA JdctThh HBeatonls BB poRRt oRaShhd PROETE on
switching unit 42 is constructed of an_air %yLinder 48 operated between the
support baset®§ #Hfdatieds rBeVERA porti bR SRHHEWSG ti BRtAL YD TOVENGR D26,
This air cylinder 48 switches the positioning section 26 inng thg ,

unl oaditAg/ | o&8PnPPoSPAdReShd"L R RndiAY H5os PRAo M HP HRRF By TBEHRE o7
extended and contracted by the operation contrgl of the control unit 24. As
i ndi cat ed byStRESsobYd ERResULSTRSERic7 Fi®retdones, e 15hSosifEiahilcg
section 26 is positioned while bringing both ends in the | engthw se |
direction of PPRE81pgweranF &kl Fakanbly ok glicddaraad 268 i dt oMt adt™™f t h
a pair of stoppers 147A in the unl oading/loading position. As indicated by
the two-dot WhR&DAUL] RESesAiMRgCOltagsg EVGN Petvasd IhepadntiténmedadddiS on
26 is positioned while bringing both ends in the |engthw se direction of
the | ower enBosdifgice RArEHeEnDdt hef gutle raigtadddd ntbuBpatact wEh &hsair

of stoppers 147B in the unl oadi ng/l oadi ng positiaon. '
15 semiconductor element 1 and the wiring lines 4 located on

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,



It is acceptable to provide a backup state in 25 which the inclined portion
2f of the base nenber 2 is 45 pronptly received by the backup section 43
by the novenent of the positioning section 26 into the bonding position, or
in other words, a state in which the | ower surface of the inclined portion
2f is supported while being brought in 53?ontact wi th the upper surface of
t he backup section 43. However, in order "to nore snoothly performthe
backup without stress and accordingly without |ess danage inflicted on the
base menber 2 and the frane portion 2d, when the positioning section 26 is

Swi tched to £ he bondi Q&u&?epoﬁérﬁé’—%il% Vw%iag%rit h%;gg&%%in LR g:%ﬁoil%” ge is

i nclined, the positioning section 2 cat n I'ng position s

qoved paral l gl dognvard, by she caghragt! opieantigl dlodihe gluat bon- ype air

c¢ylinder 47 from1he control” unift e inclined portion 2

moved paral | eledayer dodget e hagko SeCthan 358 i oute Shock,ukLLL 2T 1g

t he cushioni ng proper the air cy the i ncli ned portiron 2f
[ l'i abl i ti 43. T '
For' the par ot oot Ehent At Ehee PObRENE "Souran cbt T Retfaal EF oREEHATER ng
modi 1 cBt 1 o H aclar CHEY Lo e G oLt KaCparaTrir Horent offERe
iti i ti 26_. b | im nated.. i to th iti
Bt tchi ng of St (587 pgel T ont ho "BBcrq (A1 26l See s PPRER. AUBVEC uich FRE
whol 46 body. obt ai ned_by .i nt ti | ur al it f b b ith
the frame portlbICSa T CoBortERe Ferly MEPUFEY by EREPEr SHERTT  Gn 3dt Fhi ch
[ fficiently | h b 2 t b th bj to b
bonded and St &Ehes o Vel S8ub] Bkt od to PR i Cidn bORARRGSTE™Ene ofREr
bj ect to be_bonded h lity of .sem t I , ,th
osi t1 oni ng. SBEFTORAYEERD! AeHRRE gt dEL e 15 A POPETOn SR PropPBEan t h
the b mp 2. By thi i on, whil f ' | oadi ng,
uni oadiflg. ate FEOR oh¥ng T8 mFFAFFy U THE cALE G hARBI ITRF TEheraP
| at e- sh d. obj h [ it d still jn th | oadi ng/ | oad
ichrpuent s st A At IR T

inclined portion 2f, which helongs to the base nenher 2 that is the object
to be 15 bongEd P&si FPBAEANIFEEPhe FHEAR ot t iRFPWH by 1Bei nftHov EARERES t he

speci fied bondi ng position of Fig) 5A b% the control unit 24 and the
posi tion swi YERRNERENFEPES FHTEABSpLSFt WBRBAtEEaFBMARANAECFREI PAEHSRIL A

respect to the frape portion 2d, can be positioned again so as to be backed
up is sucked by the suction surface 1la 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 1is

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 1llc formed 1in

25 correspondence with the opposed two sides of a quadrangle



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
menber 2 as described above can be subjected to the friction bonding to the
ot her object to be bonded, such as 25 the sem conductor elenent |, the
requi red nunber of tines 47 by the bonqgng obj ect handling unit 21 that

handl es the '- object without difficulty, |n1IarIy to the case of the

general pl ate-shaped object positioned along the board conveyance surface.
Even when the inclined portion 2f and 5 the base nenber 2 that has the

ortion 2f a SR | e ves, o suffer.vibrations and
RO 2o T P S e %gres% FREmat %féeaéﬁf“ésgaawﬁaut

flictin d uch .t he .def rmation. a d injur n them 10.In.
ggparatusgofgpggg??rgf gﬁ glnent%' i t ekﬁ%gb%ign?%ﬁ E%% £9n E% Fs
noved paral | rg t sea the in ed porti.on 2f bac
segtlog 43 m?%ﬁ% ?@Hggsgb p8§|f?0ﬁ?h§l§ggﬁqﬁ %fﬂ% EFBQF
i 94T 1 ETEEERE Bl ?1%%%&? 0% Tokiai "”%r?r%%%w?% égeﬁ%‘éﬁb%‘%'z f
unit 24 in t a o]
the bac uppié%'es?@ﬁ 287 dc?wﬂ?dlscﬁnrré%'g ”Ed ndfidr nl%ﬂ%'rﬁaﬁﬁ R khaunen "

| oadi ng/ | oadi n 03| n fromthe bonding 20 position by the air cyllnder
i, Thon” ne P S il oot o ko o bonare) ditees
0SSi i nc i.n e novenment return i u V u
Ps perfgrned obHg po§Ft%§¥f PEe o Dting pHipr hacr ﬂélﬁhéIQSthe final
unloadlngllogg%gﬂ%805|g along t he hoard conve ance 48 - surface of

Fig. 6 by th 154 af®PaHE lpodidqlon 111 swi ERAI ngemArPgRctRy

whi ch the unI?adln ?f the frane
elemen is recelved by the pair of opposed taper surfaces

10 11lc of the recess 11lb located at the holding surface 1llla,
with the pair of opposed <corner portions of the
semiconductor element 1 brought in tight contact with the
taper surfaces 1l1llc, 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 © of inclination of the taper

surface 1llc 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 is preferably made of a hard alloy (cemented
carbide), diamond, or the like in order to prevent the
abrasion of the tool. About a half of the thickness t of

25 the semiconductor element 1 preferably enter the recess



portion 2d that has undergone the friction bonding of the sem conduct or
elenments 1 to the inclined portions 2f of the 5 plurality of base nenbers 2
and the | oading of a new frame portion 2d can be performed. For the
unl oadi ng and | oading, the first enbodi nent shown in Fig. 1, Fig. 5A and
Fig. 6 is provided wwth a pair of guide 5%ils 26a, 5l1a, and 52a for hol ding
10 and guiding the frame portion 2d so that the rails can convey the frane
portion 2d in one direction, or in the Xdirection in the illustrated first
enbodi ment, where the positioning section 26 and a | oadi ng section 51 and
an unl oadi ng; gggtion 52, which are | ocated on both sides of 15 the
posi tioning section 26 and performthe | oading and unl oadi ng of the frame
portion 2d between the eghi.Qns si thani RY. o] : e
conti nuously arranged.ﬁs&ﬁhq¥ﬁ$% %??%%%%ﬁ%ﬁ?ﬁ ?ﬁ%fuﬁgéggféﬁ %Fﬁ %ﬁ%r%ﬁe
portion 2d r riGti | NQ: oadi;n f.a . 20
p_ort: on 2d ?‘%ﬁ%hggggégt :Ogcnit(r%lgoe ggé(}td%%%[ggg%%gs?n% f/i %gl%acvﬂll%\%&d %/IE%%QE
si mpl e conveyan in. e [ [ [ a - ot
Shoan) oxt erdbdCif DG FRelint budr naodelhi Saf s et eRely ket agesebon
51. The.fra ofti.gn gad f he i i Q jnto 25, t
po;it!o%ingngggt%%ﬁgzgﬁﬁgﬁégi_|oéggk§8 §§3§?4§§€%?% -é¥§ﬁﬁ¢£hgﬁiggsgﬁe
L e W RS A A A R
owned by the_ positioni ection_26 and. tenporatil oj ect.s.into.th
conveyance pﬁgﬁSbQOEhng?f §§PWnE§? gﬁ?thPeSVEFécésEiﬁoaﬁdiﬁhﬁbg}ES ?§the
11 oni , 26 i i ded. wi th ¢ i ol
Pail 203 of GnSlBOSFERoniRY SECOFOATIGY OFAPACL RS BPhEF I=CaPAa L BOBTARD ¢ he
frame portion 2d of the base nepber 2 10 that i s the object, to be_bonded
recei ved andgﬁggF?Ppnggeph the ﬁ%%?tiSHPngEecﬁiﬁh ﬁgqﬁﬁQﬁﬁﬁpth%fongggnd
cont rof Suni t ©34RARBES: %ot BEFEE B9 adVihod S o 366! L gn i ol AOPRESFr ans
portion 2d eve ti the frane ortion_2d is received and sitioned in
the posi ti onPRGYEERt LBE 28U (9 B opper S8 FREAUGEO by BEGME e 1t he
bondi ng operation _ends. The sto r 57 is de tq adyance gn retreat by an
air cyllnder W5ER E5ft PO S THATOR TRl thF 1 29SS HAR ABOCOREPSLE 1hBE hod
is specified 20 therefor. However, if the_air cylinder 57a is enpl.qyed,
then there i SPfRe BRTant¥ge Phats WHECH oﬂéﬁt&nt?gnéaa%’?%ﬁl]p‘?%g % ﬁéﬂ‘flGPﬁ‘ed

Wi t hout stress by virtue of the air cushion w thout specific consid%ration,
scarcel y ianPHﬁ?ﬁé éﬁﬁa6818ﬁlpﬁé 9ﬁ§ﬁ§a68ﬁtWBﬁn2&h§n§a§5 ghrface 1lb of

15 the semiconductor element 1 suffers scratches, scratches
due to the adhesion and deposition possibly caused the back
surface 1b 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 is also enabled to prevent the
occurrence of an issue such that the foreign materials

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



25 As described above, when the frame portion 2d is 50 | oaded into the
positioning section 26 and positioned in the specified position, the frane
portion 2d can be nade i movabl e by clanping the frame portion 2d, in the
positioning position by the control unit 24 and the stopper 5 57. The frane
portion 2d is prevented from bei ng disloagted by the novenent for the

rel ati ve novenent or the variations of t ot her object to be bonded such
as the sem conductor elenment 1 to be frictionally bonded to the base nenber
2 owned by the frane portion 2d, and therefore, 10 the friction bondi ng can

be achi eved yith. ANl POS LigNR! 1 deeur agy. MoRSQKers, GopIng i Uktde,

arr angenent e incline portio base ‘menber owne
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Tnes 19 Fi g BA and (I CasrEnd I ihgeae Ak Habaoby o Piogt R y
ronber 61 bePkEH ROFARAD. o1t Hos PEDGR antd aPRoIRAE Pl B4CB fosi Thon
' the hol di HEHESHFSTP vty e FameHFor FRBR 205 OF 858 1 AQCbasE
i oadi ngi | GYEFSEL R BRGH Cant® pGSSLGREY £A OHo BOREFRG o2ty orbR nEbe

positioning section 26, under the control of the control unit 24, and gut in
t he hol di ng direction in which the object to be bonded is moved for the

10 aforementioned relative movement or vibrated, and it is
sufficient to provide a pair of taper surfaces llc opposed
in the direqtion of movement. Therefore, either one of the
forms shown in Fig. 2C and Fig. 3A is acceptable. However,
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 is effected, and
accordingly, there 1s 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 is 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



rel ease position every tine the bonding operation ends. In order not to
inflict damage on the base nmenber 10 2 during hol ding, the pressurizing
menber 61 is provided as a plate nenber that has a resiliency, and is
supported on the rail 26a while being able to pivot between the hol di ng
position and the holding rel ease position by w hinge pin 63 with its tip
portion brought in surface-contact with the 15 inclined portion 2f in an
over | appi ng manner for hol di ng. However, the concrete hol ding system and
hol di ng structure can be appropriately changed. The switching unit 62 is
¢onstruct ed Qfo?n ﬁgr%ﬁgéinder 64 of which the operation is controlled by
the control uni E . I'S"air cylinder 64 is 20 driven to operate so as to

i ncrease and decrease an ig}géya“upe%% gﬂﬁ&?efgg lg%@?ﬁﬂﬂglt%%n%ﬁ ?%g of

tthe pressurizing nenber 61, enabl i hg ol ding a € release 0

hol di ng of the inclined.portion,2f, .the base nenher 2, and s n wt t
stress by ut FFEtheaheakg?‘fe’ZS &?shifgﬁiCﬁ%SBer??}Hgfnghea%??r%%l?n \gr ggllé
However, this.ca 5 e replaced by a.variet f erating.syste and
oper ati ng -_%ﬁﬁéﬁan?@ﬁgalW@P t he a?%?gﬁgﬁgiowéagarggﬁgekgﬁg} heortr)l?JeCt
pressuri.zi ng_nmenber 61 has Lts_ti.p,portion consistentl urge th
resiliency ofaf lB?eEQﬁEFz?igaﬂgnﬁgra§1589¥8lﬁni lg'hélgpﬁﬁ &%r§¥9ro§%,n
which the ti ortign _hol ds the ipcljned, portion 2f i n_overl appi v
nmanner, and Eﬂg LGRG & R i‘?1€| Phéﬁcﬁ r 2 %%%ﬂeiet?eleéggeﬁ’tg\%r'
pushi ng up the pressurizi ng .nenber 61 by the piston.r of 10 the, air
cyl i nder 64 Eycghésd i ﬁé%ﬁCQWﬂ¥Qﬁqr<§%qWﬁE§ %4§n@agg?cgﬁﬁﬁlyeﬁﬁefhg’
illustrated first enbodi nent, considerig% t he fact thaf_the bgge nﬁﬁber 2
and the i ncl PREd BRI TAN 19 8PPy 3%Uf FEPWHankye Fafd def orfat PRI et T
initial stage in_which the tip portion of the 15 pressurizin%)nenb r 61 is
brought in sBetaddi€oRPRELNG PRICASNSNCESEd 3FoitifomeI R il AP YRS IPafBihg
manner so as to hold the portion 2f and in an initial stage .in which this
hol di ngdY s r éh€a¥ddingné 186nt fol faReL S28 e REOTTe &1t &L Aot JICVERE Y hat
the operating speed is gradually 20 increased from a, sl ow speed sta %63}
the start of WHé Kol dfog BRENETRBIsERS Wﬁt%#k9Qé?%%§én6fPPHélHBPmnﬁ} t he
pressuri zi ng nmenber 61, enablinguthe hol di ng and the rel ease of the hal ding

to be perfor @@ wed mMeddlddiftagBumpgcot digig t BREhe" HolRE nd 18§ ati oty t he

25 pressurizing nmenber 61, the pressurizing nenber 61 is put )
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
so0 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



53 in the holding position by the control unit 24 and the ' _ switching unit
62 when the positioning section 26 is subjected to the friction bonding in
a state in which the inclined portion 2f of the base nmenber 2 is backed up
by 5 the backup section 43 while being extended al ong the board conveyance
surface in the positioning section 26, Hg inclined portion 2f is held

bet ween the pressurizing nenber 61 and t backup section 43. Wth this
arrangenent, the inclined portion 2f located at the tip portion 2b of the
10 base menber 2 constructed of the spring | eaf can be prevented from

vibrating oty hel ng i sLogal g0,0r alOiiRd kg LBe X el N, 0oodh pge . and

sufficient 1"on bon I 'ng be 's cured MA hout i ct'ing danage on the

base menber 2., Byl acalifg. the BLESRYLLZLAG Heter 63,4 AR e el di g |

rel ease posi efr ron ondlng, ‘unl’oadi ng" ©
t 2d f t t ft the f d th
poTLy on 20 T1emide PESLLLSRLOR,Sctlon ALl St Al Ll gD Bardkpg and, he
h 20 Fi d h
b “the. pi ur PITOG BREETRDer s°3, W 'eggar.%#gtf%‘?% SRR Pl gy ™
ith t d 61 th h
hetal |15 bort S Bbr (ond CEPRERe R 1T T HE 4 eaeteé;%iiﬂavﬁ‘é fhirfatd
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The relative movement unit 23 is required to move

a part that belongs to one of the bonding object handling

units 21 and 22 and is holding the bonding object and

10 relatively move the one relative to the other as described

above, and it is preferable to perform the movement of one

of the bonding object handling units 21 and 22 by the

relative movement unit 23 by ultrasonic vibrations as
described above.

15 Accordingly, in the first embodiment, as shown in

Fig. 12, a plurality of strip-shaped elongated base members

2 are arranged parallel to one another at regular intervals

with only the base portions 2a at one ends connected to the

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



pressurizing | eaf 61b i ndependently provided by slits 6la '- or the like is
over | apped for surface contact to performthe holding and the rel ease of

t he hol ding. According to this arrangenment, by individually 5 holding the
plurality of base nenbers 2 by the independent pressurizing | eaves 61b
corresponding to the nenbers 2, even if §@ere 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 conductor elenent 1 10 sucked and
hel d by the suction tool 11 into the through hole 61c through the through

hol e 61c o e SUph Zi 1b., whi {.di ng, £ he sppbers, 2
wi t hout nu?@% ?%te?%gﬁgﬁgz n%% s?ggig?éﬁéin%m?%gﬁﬁgggg%t?%% Eﬁhps 3t§} t he

sem conduct g ceh RNt plolihg CoRtagho W Ll I e LERD A didias, 4 1expased

i‘nsi de the throug o] perform ictron bonding wt

The af or ermoBCTGREY 1 PORET b BN e ankbrat o ERE PRt Trbhfna ™0 Ih the.

ondl ng” appar at Us, e posifion

unt oadi ng/ | gaging POSLLLGR, L8 OVeREn. tQ ol heoRandi ng, poSiLLony AL he

hol di ng opera e nmenber "assenbly aré operated a ows

under He CUUALIG] SRR A Lot ey Sop VAL LIE BATE SRR
section 26 %%%m%%? Qgsqjﬁyng?hrality' of base members 2 in the base
member assembly 2A, and position the frame portion 2d of
the base member assembly 2A in a specified bonding position
so as to subject one frame portion 2d of the base member
10 assembly 2A to the bonding to the semiconductor elements 1
by a frequency corresponding to the number of the base
members 2 with regard to one frame portion 2d of the base
member assembly 2A. The units are simply handled by
sucking and holding the object to be bonded by means of the
15 suction tool 11 on the bonding object handling unit 21 side,
where the semiconductor elements 1 are handled 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 is



55 - assenbly 2A, or the franme portion 2d is received into the '.

unl oadi ng/ | oadi ng position in the positioning section 26, then the stopper
53 noves up to position the base nmenber assenbly 2A in the

unl oadi ng/ | oadi ng position with the tip 5 portion of the base nenber
assenbly 2A stopped by the stopper 53 by Bontact. Thereafter, the stopper
57 is made to advance by the air cylinde? 57a, positioning and hol di ng the
frame portion 2d with respect to the positioning section 26. Thereafter,
the air cylinder 48 is nmade to 10 contract (retreat its piston) to incline

Lhe positionjng. a80l] N 20.2355NOND 1Kl Grorift,ans| ELOwndd fied her ALyt ing

of the positioning secti around the 41 fromthe

un! oadi ng | ofgl ng paStlon it - HeNdl 00 ST EL Dy SENGLENY Yyt Nene

posi tioni ng sect ['ocate bondi ng” position 1s ved paralle

downvard by {0, 6001 T RSL LRI COBE U Ol sy PLET B0-RO0 OLCLAG ooVl | 00 Use

air cylinder ., déscent "control. e Thclrine tion i's noved

Ilel t d back ti it hout shock t akj dyant f th
hor B U T DG U
[ [ . u u i on, Wi u
Shown 19 F OB D, SArTAre (he BPITERR s pr ok AT {0 ove: down
the piston rod, concuryrently. holding the dnclined portions 2f oftall tge 25
base menbers 2 bet vveeni‘(fﬂ%r%rrbgo %t ﬁ%h?)r SO PRI 2PEELATET R4 t he

backup sectign 43 by the resi.lience force of.the a., pressyrizing nenber 61
ne shown i n H%. HASING FRGLTETY nornSSeariorn dhBifs neAa Lhag  Be
portions 2f of al| _the base nenbers.2 are .held between the pressurizin
erber 61 arkoBeHHet SRk TOCrRORSA3 Do e AREA R0 RIS L ChcRed
and held by the suction tqol 11 is insert%q Lnto t he thr%u hol e .61c gf
each pressurPYPRYY | 8 %616°06F FHRP ¥ HRGuATzi R RENEE 69 € r &§péct Pve
bunmps 3 of the, sem conductor el ement 1 are brqught jn contact with t?e 10
wi ri ngtPi nesCRIeXposedO nditle PRRAEAr oligh RAL 618ER8Rd t FEEF ordfrentPBned
initial friction bonding, reduction_or tenpaorary stop, and final fri%%ion

bondi ng are PeRIEPRHEECTORertideHondi ngRef HHe S&FiccoRBTEEdr & erént T2t o
t he base nenber assenbly 2A ends, the air cylinder 64 is driven to 15 nove

: Y . .
up the pist oROR8HNIcBREBFFeRERFLIBeddity Wi MAMIIRP oiPe P ecti nedhe
portions 2f of all the base nenbers 2 between the tip of the Eressurizing
menber 61 an8rifkigBcRopdiBgt PBR24ALHS PhethesflirahcemberéBepr fhewn 1n
pressurizing_menber 61. Next, the elevation-use air 20 cylinder 47 is noved
up in a mannBigthat ancs Bkt off r BArABgRs Flipwarkd thiesd eRAMPonfbh e SHRPAN el
upward the positioning section 26 |ocated in the bonding position, and the
pi stonlPod ofeEhéoni rPlyfPRdeausBra sl GadiishdedPrPaYpng tiHEe pssrirsrrRgtor
section 26 back into the unloading/loading 25 position fromthe bondi ng
posi tion by ?hémﬁntotﬂng1é?ouﬁ@e 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



57 'the shaft 41. Subsequently, the stopper 57 is nmade toretreat by the air
cylinder 57a so as to rel ease thepositioning and holding of the frame
portion 2d withrespect to the positioning section 26, and the stopper 535is
noved down to rel ease the stop by contact by the stopper53. Next, the base
menber assenbly 2A that has undergonet he bondi ng work is unl oaded fromthe
unl oadi ng/ | oadi ngposition by the unloadiﬁg section 52, and the next new
basenenber assenbly 2A is | oaded into the unl oadi ng/l oadi nglOposition and
subj ected to the bonding work, simlarly tothe foregoing case. The friction

bondi ng app ratus oft;he th§§enqgg£gent has a novenent unit 65 for
repetitivel é?*&?ﬁiné’fﬁb 5b§i§10n|ﬁg of the suction tool 11 in

t hel5pi ckup, ) fricti b i . it f_th i t
b emont 1 when the borite BBP EEEhRERRE P Rg ML o AP R BN T R har
th_e novement for therelative npyene t.‘ir erforfrred sgcks d_ehol o%sicglpe

obj ectt o be BohASHOSHERLLEVhe! Gart LONHRIY oP SEESHEht CHE o T T BUIOT 1URTS he

conponent supply sectiagn 31 . means of thesuction tool 11.as described
above to pi GUARFGRF /eyt Fet Obt &Lt | PIRATRT | n§SSFRS 185 e HTEHY | crional
contactwith the other object ta be bonded such as.the base nenber2 held and
bosi ti ohed P4 bomdPhgORCE 5% ThSt 58B3CPRARCRGEn SIBT I b m

t he novenent for the relative 58 venent wth thei tallic, bondin
portions UG ah¢ hBide FREhI TREVbARBECANd SFRe WG U Hde AT hgER%ch
other for the execution of friction bonding. The nnvenen% unit 65 has_a

transverse novenehies FR2RIRI SM 6E #BFKHﬁV?ﬁﬂ“Fhea§uEPFO 3S50IMeMPSE t A n

the required range on a plane as shown in Fig. 1 and a verticgi novenent
mechani sm 6 24 MGk 33 Ly |SPRRVISHY tTRPRIA SRR LY rEiil 63 s el Fdvenknt

nmechani sm 66. However, the present invention is not limted to this, and a
vari ety of 1EPHRMAD ovewRRitY medRahiQhs Sliche¥8Ty mbifiear t3culB®eFtobodt
whose one arm has a conpl ex novenment of those novenments can be used. The
suct i oh?t ool2uBonat i t 64080 e t BORBIRCHP AVPPIHWNSBFEACBoridi n§VRERd 68
shown in Fig. 1, Figs. 2A 15 through Fig. 2C and Fig., 4A supported to nove
al ong the basdereabercednyefhficBaslfrataringo othe reafliiged PbsFEFORIBYYt he
transverse novenent nmechani sm 66 as one exanple via a voice coil notor 69
as one exanpidofinpé wEOCUEHS rAAfeneat aFBARIRHAs AEPERTH Gl Wbl eS8 p¥r f or m
vertical (up 20 and-down) notions for the pickup and the friction bonding
of the sem comduceddabllynert hidghd speedpriessmeupitingn e i AGIRELctiNbe
bondi ng. The rel ative novenent unit 23 is, for exanple, an oscillator that
has a pi ezodberdedcoal difentotberappl Vit ubheaobiests biat pendarstetaliSi ng

the relative 25 novenent of the suction tool 11 for the friction bonding,
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 1into a storage cassétte 34 or the 1like 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



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-m ni mum suction tool 11, and therefore, the load is permtted
to be small, 5 exerting less influence on the other units. Mreover, the
bondi ng head 68 is provided with a notor 72 for rotatively driving the
suction tool 11 and is able to correct oflswitch the direction of suction
of the sem conductor elenment 1 sucked and held by the suction tool 11. 10
On the other hand, the conponent supply section 31 for supplying the

$em conduct or enents. 1 enpl oys ,a _st.orage_cassette 76 in whj dici_n
Sheets 74 f(?rergﬁf‘@éjiih% Pﬁgvéé%dc ct rpé’lsé%\%ﬁtmilgt ounal%i {éﬁ%té El%gcgass
separating it i.nt.o i.ndividyals qgg farr ing.thenbar stored 15 iné% £

mul ti-deck SQAEIOMTS SHTIR sheetCT4  PRGL NEalFFfed FAHE PEFHHY Y <¢ ©

sem conductqr, elenents 1 are drawn out_of this storage cassette .76 into a
conponent s yb%%%ipﬁgﬁef7%£§%ﬁhhﬁ %ﬁ BrgVifiedy Wit g2 fiﬂﬁ%ﬁ£%¥F9g.

2C, and the sem conduct or el t 1 eded each_occasion is subjected 20 to
the pickup FATOITREPEYS t he SELCREA (01 1100 Fbr “ehi 89 pPBRUSIE rdboght ¢ i on
canmera 70 fqor the inage, recognition of pecessary data of the positio
posture® qu qrt%}%nRgsaﬁaogof&JF o?r%ﬁEl%%m%@d‘f%ﬁtguora%@e af 10 Q%%ted

to the pickup is provided in_the conponent supply position 77, 25 enabling
the suction tote BPERYF prlek Gﬁl?ﬁbogeﬁPﬁaﬁﬂgctOFXgRG%Aﬂﬁﬂﬂﬂﬁl%:v@tﬁ A gh
accuracy and enabling necessary neasures to be taken on the q;iis,of ihe
recogni zed FRREMFLINBEH0E] tAAIPES1EACHLNE FEEIN & eRROMREL of ©
element 1. 5 In the illustrated apparatus of the first enbodi ment, {he
conponent supgpiSiEecEion 31 isdoryrkherdpkait ded Witth ErbonaPRgteBreeen/

i nverting mechani sm 10l for sucking and holding the flip-chip tyge

seni conduct okt diehtame Rpptiey 2drotighhaoPaserrerPent 2RapdP Kg2inthak 10
conponent supply position 77 and quiecting the element 1 supplied to the
frictibd® borkiRhga PAETBSASYNG fobieketion ePPRAynaePRANLOMS1IEP ], Ppafed
exanpl e, four suction tools 103 (refer to Fig. 3C) for inverting use at

i nterval s oft®othe aemscargustsperclEo®ftorl bevhchotist ey Bhebt 8PIeStor
the |ike around a horizontal axis 104, and the suction tools 103 pick up

t he sem conduet dre elkamstad 1 ignh Piesidiloneg sipe@ FTdMeocdbedths tRending
conponent supply position 77 with the sem conductor elenments 1 facing down.
As shown in Fegitlon whyl etbenvepisigiohdng e@fitsiarn t3He pi Ekep 20CposPtion
or after conveying the elenments to the pickup position as indicated by
arrow C in Feygffbieytthe bawficrgn obhectfnimtdrar ngondéhaniosm g, cppaon
inverting nmechanism 101 rotates the rotary nmenber 102 to nmake the suction
tool 1038 faceocspti®yal hczidpeiani om eaehsémicsadnctmndingrepesition 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



25 picked up fromthe dicing sheet 74 by the bondi ng obj ect 61 inverting
mechani sm 101 is vertically inverted, and the sem conductor elenent |,

whi ch is sucked and held by the suction tool 103 of the bondi ng object

i nverting mechani sm 101 positioned in the pickup position in the state in
which 5 the sem conductor elenment 1 is iE erted, is subjected to the pickup
by the suction tool 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

tel eased Lo delver the semeanductor glement. .t from e, suCLiaR Leos, 103

to the suction S fo e no ed e ref erence nu raI 3a
denotes a s tlon hgle in Fig. 3C. Mdreover, the bondi ng object |nvert|ng
rmechani sm 1 |s 5t to advance and retreat in the 15 direction of arrow C
in Fig. 2A, i.e., int recti.an b n the dicing _sheet 74 apd

pickup position in or a § R AR N2t 198 the ibdle

th s t 1 fagtured handl & d th h
cl ot fode. 18 LR 20" ZJ‘F%‘%r%Lﬁ%”EH%ag SH5Eoi e ke MG Soctirh
Ho f th dyct t 1 after b t d b
the bort hgboaoaeeeir?%%%r s g%‘sfﬁ%ifié%o%é “Ver foy
th tion tool 11 as d bed ab th t h
motal |1 c. bur SF TS AR S ERREGn AR GIOTbl RoRPeL TR ek BBt Ly CReP 8o

t ool portions such as the wiring lines 4 in an inclined portion
2f that extends from this frame portion 2d inwardly of the
frame portion 2d as shown in Fig. 12 and is inclined with

10 respect to the frame portion 2d as shown in Fig. 5A, the
positioning section 26 is mounted on a positioning unit of
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
nember 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



62 11 face down to face the wiring line 4 of the base nenber 2 held and
positioned by the positioning section 26. Therefore, the friction bonding
operation can be perforned by sinply making the nmetallic bunps 3 and the
wiring lines 5 4 face each other. Indeed, a variety of other conponent
supply systens and supply nechani sns can E@ adopted according to the type,
such as the shipped posture, of the conpé ent to be handled. 10 As shown in
Fig. 1 and Fig. 2A, the positioning section 26 is noved by a Y-direction
novenent nmechani sm 91 between a | oadi ng/ unl oadi ng position 78 which is

aligned in arhin %A%ﬂ? 23¥%ﬁ§9§”9u§&ﬁ§%9 O?&T%przboadingnﬁhghgasgbgggper

assenbly 2A and t g section unloadi ng th ase nenber

assenbly 2A ande | 0. uhi cfotheokoading.and unigading gl the hase, megger ;o

assenbly 2A having a nunber o érs are perforned Tn the

oo T SR St S R (L8, TRl B R (BTN s e,

Ioading/unloaﬁlng position The - ct per pendi

"o the wor RENB host t it 19 %evaFS ! nBoBatTbaCd fEmber S S tho FPaRE
One. exaipl e SPOPRBLYE AT B5CCOR D RENT: 35 tritharianes - FECRERa: PAEFERRor
2 movi ng body ot RRETE | 5T o LB 1o S BeL s 8 Yy ER ehe a1 1T hr 836 and
5 ade Lo RGuanes Ao RELL S PELIeED (e Jand sl oagl o, BOSLL90n R
cssent Ll . ACPEESGRRi vh cdifer 41BE0PS LHSER prioy PHBE unGSr S Bhr AREhLBEGh

whi ch the sem conductaor elenent_ 1. is conyeyed hy the suction tool 11 from
e Moo nerBoEbRahy 20odid | BRE L PERRL B uor it L1 balretes hamt i m
Fig. 2A_ This enables the. i mage.recognition of the suction ure, the

h 0s ,
angl e oF rotSFPB ImgRE . t KBepBEFLIFORT ORIt RECELRTCRAGEL GPstructed so as

to be able to move between the unloading/loading position
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 Dby 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




el ement 1 conveyed by the suction tool 11, the angle correction due to the
rotation of the suction tool 11 15 around the suction tool axis, the
redoi ng of pickup when the correction cannot be done, and so on.
Furthernore, a recognition canera 83 for the inage recognition of the
position and the state of, in particular, the inclined portion 2f of the
base nmenber 2, which is the object to be?40 bonded, i.e., the object to be
fractionally bonded when viewed fromthe suction tool 11 side is provided
in a bonding position 82 in which the sem conductor elenent 1 is bonded to

fhe base ne b [, Gt bondi ng. This enabl es the positioning of the
seniconductggie%%nﬁ%gﬂﬁgg}gg%ked and held by the suction tool 11 for the

friction 64 bondi ng Wi th, high .accuracy, and_the execution of _a process - __
f.or preventing the wastef gPebgLanliunsg 5 at%/%e?%% coﬂ‘ﬁ?fc B 'err%ntSDLﬁPﬁoor%

def ecti ve b§§e nme erwéi %b%eov%r t% bondi ng. head 6€ ﬁs grovL ed.wth a
recognition CHiter &84 For Hgﬁlfgﬁi 3%%&9?&) %gSVb k0PIt B Sucti o t oo
11, and thi s .enahl es the bondin rk.state to he nonitored. The. u r
surface of tsfr%e r?%:arﬁ%(ne ody® ﬁﬁ%éom%%ist?ec?%tt%t}ée rﬁ)%‘ﬁqo)ru%Barf rdcﬂfrgg?%yi ng
vari ous. contr ol des, and contr ol stﬁgs of _.the _control ni.t 24 _and VE%iOUS

suppor t3 and1¢° Y?j@sorbh%%%l oh' thé s §l7nﬁﬁ!t or 88 r 5 ?pl%ﬁ%g he
aforenent | ones BgIdbag:plate i he Tgup ol & videp.inge ar e ke, o
apparat us Ofiésheu{ni.)g%t p%r ci%inr’renénghgl\r/l\g ip%slziit%.'onl’sv?lngclﬂrgcj gmtitr:]r CgJ:"éghis
constructed of an air cylinder 48 operated between the
support base 45 and the free end portion of the positioning
10 section 26. This air cylinder 48 switches the positioning
section 26 into the unloading/loading position and the
bonding position -at need by being extended and contracted
by the operation control of the control unit 24, As
indicated by the solid lines in Fig. 17 and Fig. 18, the
15 positioning section 26 1is 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/loading position.

It is acceptable to provide a backup state in

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



15 Fig. 2Ci
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s provided wth two bondi ng object handling units 21 and in
necessary-m ni num two bondi ng heads 68 on the side that the
the relative novenent is perfornmed, and the bondi ng heads 6
linearly reciprocally in the X-direction individually by 20
66a and 66b (refer to Fig. % and Fig. 4A) that are driven t
d reversely rotate by a mot o3 n the hori zont al (lateral)
hanism 66. Wth this arrangenent, the two bondi ng heads 68 c
used by setting specifications 25 corresponding to each
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However, in order to more smoothly perform the backup
without stress and accordingly without 1less damage
inflicted on the base member 2 and the frame portion 2d,
when the positioning section 26 is switched to the bonding
position in which the positioning section 26 is 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
the backup section 43 side without shock utilizing the
cushioning property of the air cylinder 47, and the
inclined portion 2f is reliably seated without stress on
the backup section 43. The mechanism for the parallel
movement and the movement system of the position switching
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

positioning section 26 as described above, when the whole
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conplicated and delicate control. In this case, although the rate of
reduction and so on cannot be strictly specified, tenporary fixation is 15
only required for the initial friction bonding. Accordingly, this nmeans a
state in which the positioning is conpleted with all the netallic bunps 3
of the sem conductor elenent 1 bonded to the wiring lines 4 of the base
menber 2 that is the object to be bonded, 4%r in other 20 words, a state in
which all the bunps 3 are regulated in helght to a certain extent. As a
concrete exanple the initial friction bonding is perforned with an

RS A N T S R AR N R
is, the reduction.,is effected 66 out put . of not .higher, than_0.

(W of the TTRER -ecﬁfroaﬁn%oﬁa%osn BehofS) BRI RR B! ey than 8
W th an out paE=RFt MG S Fangd oI Ot 350 BN e The Brrecrs pAT Ea?l%ée?o
be shorter than 0.1 econ For he above- nment one use n t.he

enbodi ment sRB®A T g Ffoﬁcoﬁ‘etshr%h %ﬂ&c 2ct° ‘15% 13616’1 11
of one bondi ng head re , tiaon of the |n|t|al friction
bondi ng~by s# EFﬁaséﬁﬁliogngﬁF Sdtﬁ ggﬁléSn&G&PBr bepdiag: tP §§ﬁppt@§ Hinto
Comvoyi gt HOBAFERDRD PoROATHY naoe Srg%g”g{&gg&ggcggngg%%mok“e“
conveying th b i Cat in
Fig. 2A. The suction tool 11 of ,the qther bondin % 68 repeats th
execution of © ﬁ@eﬁgsfFnthFrPEPFGnoﬁéﬁalﬁ&cﬁ9°§u%ﬁiﬁﬁ S5d 3Rt Gt eﬁhghe
senlconductor element 1 on _the base nenbher 2. in_a state_in which the one

bondi ng head{58MRaBOBEERNNEFe BT RN CSF Wit ht hECeh@ssr MEARSTS -al B itti%n

bondi ng while the one bondi ng head 68 finishes the initial frictional
bondi ng, depQP?§a ion, while performing the loading, unloading, and

10 positioning similarly to the case of handling general
plate-shaped object such as a circuit board still in the
unloading/loading position extended along the board
conveyance surface of Fig. 6, the inclined portion 2f,
which belongs to the base member 2 that is the object to be

15 bonded positioned 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



20 for the suction and hol ding of the next sem conductor elenent 1 and
returns, as indicated by arrow Bin Fig. 2A. The holding tool of the other
bondi ng head 68 is not linted to the above-nentioned suction tool 11. For
exanple, it is not required to specially suck and hold the 25 sem conduct or
el enment 1 for the purpose of performng the 67 "~ final friction bonding
of the tenporarily bonded sem conductor éi’ement 1 after the end of the
initial friction bonding by the one bonding head 68, and it is only
required to relatively nove the sem conductor elenent 1 5 relative to the

base menber 2 or, in copcrete, .to apply ultrasonjc vibratjons. The fjna
friction borRl nahﬁpgﬁrﬁlQ%oniﬁitoBPﬁd&l@A URYT Fidd. %%ai:s hé‘lr’éi;r}es the
accept abl e. reover,, en the_ hol ding togl ,of the other bonding head 68 is
provi ded by ‘V?n&thgpgti l%%%ﬂ?ﬂgs§ﬂégﬁ5hytd6? €119238 & scg?%ed
above, the suction tool 11 of the one bonding head 68 is not |jmted to the
one that has9en%%tksP AP TNPRET apdY] &sihr f ROS 1t1ongd déi@PﬁbeHhﬁbog‘é?r‘gnd a
suction tool simlar to the inversion-use suction tool 103 whose suction
surface is ORFYINER SUFFace- shBYAR Wherg thes e lided RPHc¥ptabl @rdas
descri bed above. | ndeed, the ickug, the initial friction bonding, and the
final f?ictioh bBAdRNGFPhe sEhfEoRddctidle PRReRR 128ar5e Yt f 8PReEIonl y
by one of the two bonding heads 68. In this case, when there are the issues

of the fail uk®2Vehe tipltdakege BAd IWEL Y niidmaddang darsbi FREGTBRELAR, one

bondi ng head 68 itself or the object to be bonded such as the _
sufficient friction" bonding can reliably be achieved

without inflicting damage such as the deformation and
injury on them.

10 In the apparatus of the first embodiment in which
the positioning section 26 1is moved parallel downward to
seat the inclined portion 2f on the backup section 43
without stress, the ©positioning section 26 1s moved
parallel upward 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



sem conductor elenment 1 held by the head, the friction bonding operation
can normally be continued by the other bonding head 68 while tackling the

i ssues. Therefore, a 25 reduction in the operation rate can be avoi ded.

68 - The reduction of the friction bonding operation . can be perforned by
t he operation control of the control unit 24 and al so performed by stopping
the relati ve novenent between the netalli4® bonding portions of the 5
nmetallic bunps 3 and the wiring lines 4 or the |like or stopping the
pressuri zation between the netallic bonding portions. Wth regard to the

étop of pressurization, the influence of pressuri,zatjon can_be set.éree
when perfornﬁ‘drt§cgeﬁgr &t9ng é[]ﬁéy s@&‘f’iBﬂnEBEi H‘li'p 4 ?I}%nweﬁepfiﬁjl tPt o
10 be bonded, s cg,as t he senjconductor el enent 1, sucked apd hel d_by the
tool . HowevetWLERBIEE opfttat 426 ar e YBBERI netF oMy B Loppf nd ihe THFBGr oss
of pressurization according to circynstance O herwi,se, the reduction of
t he frictioanBEHPﬂgggp&ﬂi'cﬂF%aﬂn F58°he ibﬁi é&qﬁquﬁﬂﬂﬁ%ﬁftﬁihtgﬁe 15
rel ati ve novenent of the ob&ects to_be bonded to each other, such as the
seni conduct of SR ERBAVCEOENGL ERENbEse hBnbRBE 2DCAARCEhBOBFESBET F2aPfokle
between the netal lic bonding portions. The stop of the friction bonding
operati 8n caR‘BE24¢éRYeQédPBy SsTEPPIeRS Botalhd He'd el 2R F4RI b efeREWoE TERE 20
objects to be bonded to each other, such as the sem conductor elenent 1 and
the base menBeEt20NaAd £AB PPeBSLIPEREFon between the netal lic bonding
portions of the netallic bunps 3 and the wiring lines 4 or the like. This
wi |l be described in cBRErettdi® 25URLlPaAARTON B wedRaFABTsur i R i oh1ERE
ultrasonic 69 vibrations will be described first. '. Fig. 22 is a graph
showi ng a r ePBPPEATBBEWEBAYWE [BadiP; &n BREras8ni @nguEpgt %\Il§n8rf>i"ﬁféefi in
a case where the ultrasonic output Wis reduced with the pressurization
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 direction, or in the X-
direction in the illustrated first embodiment, where the
positioning section 26 and a 1loading 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 uhloading 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 lcading section 51 into

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



5 kept constant at a |oad Po, according to the friction bonding apparatus
and nethod of the first enmbodinent. Fig. 23 is a graph showng a relation
between the load P, the ultrasonic output W and the tine t in a case where
the ultrasonic output Wis stopped with the pressurization kept 10 constant
at the load Po, according to the friction bondi ng apparatus and net hod.

Fig. 24 is a graph showing a relation bef®een the 1 oad P, the ultrasonic
output W and the time t in a case where the ultrasonic output Wis reduced
with the 15 pressurization performed constantly, i.e., with the load P
Increasing at_.a C rate._accordi t.o _the_above tioned friction
ondi ng apparEOse thn et b TEfSETS PAnETEbAsR” SREw S B ween
the load P, the ultrasonic out t. W. and the tl@%ﬁ&i ﬁ)a case mherQine 20
ul trasoni c &Rt chl §1 ltOrll"J‘tnr?e i Yo 98tF oried- Ve

constantly, oad P.increasin onstant rate,. acc d| ng

a
to the abové‘nﬁﬁPPBﬁéd %&(ﬁqupbdﬁﬂl g9 appgf 5t djﬁbtﬁHB dTH% b
tend to nore eas aSSOC|a£e with the mnrlng Ilgﬁs ( andsg %
i npr overrent R§¥° Jt i AGCEEPRNGh At HETPRIAT yFl%rOJZ%, tszén
than in_the case of Fi 2 and Fig., 23. The co of the terrporary
bondi nSE‘ and Cc%veéﬁr}%?rgparf(?;'hd?%d:hei T (iﬁf'ﬂe”‘rdrﬁlir% friction bondi ng and t he
final friction bonding will be descri bed next._ 5 Fl 26 is a show ng
a rel ati on between heﬂ’&?ﬁeo"feo%d agnFNAe IR & iCase elté‘et Héogjeﬁg%r?
bondi ng i s performed by height control and the primary bonding is erfor med
by | oad cont§EIUECH dihPIW IIRS Mt i s BRRANQ bp st AR Fet HORY. 1t
is to be noted 10 that the height nentioned here is defined so that, for
exanpl e, théeMeightl t6a Cb%nfcnq]gp%ﬁlaﬂorbww%twp vt chPwaed sthe i ohher

surface of the suction tool 11 faces the wrlng
side to clamp the frame portion 2d of the base member 2

e25

10 that is the object to be bonded received and positioned in
the positioning section 26 between the one and the other as
shown in the figure, and retreats to release the clamping.
The control unit 24 makes the stopper 57 advance to
position and hold the frame portion 2d every time the frame

15 portion 2d 1s 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 cylihder 57a controlled by the
control unit 24, and no cohcrete method is 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



lines 4 on the wiring lines 4 is 0 and the value of height increases as the
suction tool 11 noves down. The tenporary 15 bonding is conpleted when the
hei ght becones hl. Wen the tenporary bonding is conpleted, the |oad P
effected on the bunps 3 and the wiring lines (lands) 4 via the suction
nozzle 11 is controlled by noving further downward the suction tool 11 by
neans of the voice coil notor 69, and 2% he primary bonding is conpleted
when the | oad beconmes P2. On the other hand, conversely, Fig. 27 is a graph
showi ng a relation between height, load, and time in a case where the
tenporary b9n i erf.orned b¥ﬁéoad control a primary, bonding is

I th
per f or ned byogég h%%5|ﬂ§Qﬁ.p9§l P1P§,§QR§¥%539§ @%ﬁbéﬁﬁﬁ' %6 Blinps 3

d the wirj 711, lands) 4 via th tion le 11 |
Gont 1ol 1 60, Ehoa RREAE Pampti Y- Bonal R 18 S X PG O | 9Rd™BEEoes

P1. The suction nozzle 11 kﬁlnnved further downward by the voice coil notor
69 when thel?@ﬂﬁa?g?y BYhofdidT i cort et £42MEnd PORE LS nedd: bbAdi &§Si s
conpl et ed mhen.%he hei ght beconmes hz. Fig. 28 is a graph showing a relation
bet ween hei BRELTAAQLEY MBOPACLORARE (RBreCRRECLeHBolary BBAJERE akAPPRE

pri mar bongzng are perfornmed by height control, 10 according to the

af oremBnti onéd fri ¢tFon IBEAG ndHdparat & ant mePRevenedt fEomi heeing

t enporary bgndang i s . conpleted when the height becones hl. The suction tool
11 is noveddtitPhaFedofmwalre BYVERBNYofeE EBRI rRBALLVEONGHERSRRe O e¥P6r ar y

bonding is conyleted, and the primary bpndin% is 15 conpl eted when the
hei ght becol®§ fbions of the other "object To be bonded such as the

semiconductor element 1 to be frictionally bonded to the
base member 2 owned by the frame portion 2d, and therefore,

10 the friction bonding can be achieved with higher positional
accuracy.

»Moreover, coping with the arrangement that the
inclinéd portion‘2f of the base member 2 owned by'the frame
portion 2d is formed at the tip portion 2b of the spring

15 leaf that extends into the frame portion 2d and put in a
less stable condition, the ©positioning unit 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 fhe 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



Furthernore, Fig. 29 is a graph showing a relation between load and tine in
a case where the tenporary bonding and the primary bonding are perforned by
| oad control, according to the aforenentioned friction 20 bondi ng appar at us
and nethod. That is, the load P effected on the bunps 3 and the wiring
lines (lands) 4 via the suction nozzle 11 is controlled, and the tenporary
bondi ng is conpl eted when the | oad becord#s Pl. The suction nozzle 11 is
noved further downward by the voice coil notor 69 25 when the tenporary
bonding is conpleted, and the primary 72 bonding is conpleted when the
[oad beconmes PZ.s. Among the aforenmentioned varjous control ods, the

hor ght  contrt CHbHhr TRy {RELTES BRL RONpI Poat bR AT her erBrse Fhetead
control of Fi is ef er.abl e fronbthe viewnoi nt of easiness of, control,
mer i n_boihgZb? enghRorBRa 2 PaptBRuai S ar L ASEVar2SH Hel pr s kG boftd ng
is required_to be perforned by height contr ndhei ght , contrql is

Somet ies. pE? PRI HEORbb0En | SEELL ERE hEnEnE ERRESIOEBROPor dof Lt fie’ bumps
3, i.e., thelOcqll apse contro f the bunps 3 can he achi eved byexecuti ng
hei ght cont FoF, %frftfépt W@“@@Eurée%&?tof 16 gﬁ&?es"i@@ﬁ%s%gh&?‘?-%%f dte to
excessive col |l apse _and thefailure . in the entry of the resin seal ant between
t hemet al | i cFRORUYRG por tﬁ%sueﬁﬂaﬂéng/gs)éﬁﬁaa. PONIEGera fpf’ﬁé%ﬁ(gfl&ﬁt .

control is additionallyexecuted during the tenporary bondi.ng, e change in
shapeof thelBuips ?%%f{ulrb% RBISétéeeurfg}eeIQO%EE%W d.sleﬁttlﬁigb %&s&,ﬂ he
detection of height isperfornmed by, for exanple, a linear sensor 160, which
i s20nount edtBf FRBEYBLcRICSRL r%’tn&roég,u%%'esalﬁ%ep‘éﬁr +BNERBSPOLEANEE t he
suction tool 11 during the novenent .in thevertical direction, and outputs a
det ect ed vaF@te®detREEOREPBI CUAFY Dameathenpenfing CR§rahofA Pﬁdﬁrg. 30, it
i spreferable to performpressurization until a |load is25applied to a
certain extent (untilIB12regE BAfpso3inféictydapagepppu§he PASCORCHPETW t h
the wiring lLines 4 and_all the .bunps 3 beconme regulated in height, and, in
concr éPe, u%tﬂPE@OgghOlngernﬁpefBFe§§§ﬁﬁFéFgaﬁémgﬁérééfﬂérPﬁéWﬂgﬁﬁnﬁ@enent
by a predeterm ned constant distance whil e5neasuring the anount of descent
from the podi Pillafebyavdmisoihat | hasap FEdid ie@vandisht bt EPAgOrReddédect ed
val ue tothe control unit 24. Mreover, the detection of the |oadis

per formed byha Fread 2&asehilel beaiiehahle nbanpedobnbekwgencéEheohiolgdngr 69,
detects the load effected by thelOdownward novenent of the suction nozzle
11, and out passtipadendctbe Raldéngoreheasentrsii tdeint bya anwhdmaeh®ify %X i on
bondi ng operation is stoppedbetween the tenporary bonding and the primry
bondi ngi nst waghofitsedutpi pertilea stopusheins prefageattontswy t €k th5The
reason for the above is to prevent the expansion of thebunps due to heat
and t @5pr evénclihedoyiotdtiioon 2f ihewry iauptlamsing manner ofAsr hadidd gt he
nmetallic el ectrodeportions of the base nmenber 2. In concrete, the stop

ti mebet weenHpWe vesnpdhar ycdioritey mbdime pyshemyahdnbionding? Giratcdivats vy
about 10 ns. Moreover, as shown in Fig. 35, particularly whenone bondi ng
head 68 is provimedappmopriihtedyctdlomgedl 11w sWétsbimhgontidt ob2elisrent
1 begin to slip with respectto each other due to vibrations, the slipis
not 25ext i ngubsiséduatennbifemnhewrt oy limvererftd icf nedehf ddte. opeta bildoweier

if the bonding operation is reduced to provide ,certain noderate

vi brati ons, cohére liledpbydiabhed camenrgdgemert 2dor t iThi s( engagatemdeyordd grs as a
consequence oftight engagenent between the tool 11 and the

sem c@dduct drisgleamreb lopartieul aol yashenot henveeast | cnsd haldgreaswl an
thevi brations are efficiently transmtted. Moreover, according to a relation
bet ween t helhtteasaii chetivpet \Wnd healidad2&y ndrebeurfrzed i emd anfl the

t hei npedance of a ultrasonic horn 71 during the frictionlObondi ng shown in
Fig. 4B, inphesuaizdneoi membiecar 63, Wainddblenig calley mmiekirthe st itdre t ool
11 and pressurizes thesenm conductor elenment 1 against the base nmenber 2,

t hepr essur e riene=easeF afheehdltE reortfacthefindia met aldrte dmes3 tdgaibeste t he
wiring lines 4 with the increasing ultrasoniclb5output W |oad kg, and so
on. Consequeridber the ardaldd cbandiinthdqar t senssof byheutel siing hhuepsaid and
the wiringlines 4 or the Iike becone hard to relatively nove to eachot her
as thegiff ws@ﬁo@pgﬂdﬁr&rmmw,ai&ndﬁneidmem.ce Hfwd e Ul tH as afe e
horn 71 is increased during the20dividing of the voice coil notor 69.
Therefore, the properend of the friction bonding can be decided by the
eventthat this inpedance cones to have a specified waveform orincreases to
a specified value, and the abnormality of thefriction bonding can be

deci ded by the event that the25specified waveform cannot be obtai ned or
becones greater



75 r ' than a specified value. -. In this case, the decision by the
detection of the inpedance is made as follows according to one exanple. The
oscillator 23, which is one exanple of the relative 5 novenent unit, tries
to supply a constant current and voltage to the piezoelectric el enent
during the period when ultrasonic vibrations are effected on the bunps 3.
Because of the heating of the wring limés 4 and the occurrence of
frictional heat due to the operation of the ultrasonic 10 vibrations, the
bunps 3 becone gradually fixed to the electrode portions of the wiring

that the neta T PRI O datsfy SEcoeeehard s 0%tPms crltybBhEar (B,

suppression of. the variations of the 15 piezoelectric el enent as described
above, and CORA¥YLERTIy, the value of the current supplied fromthe

oscillator 23 to the pie oel% tric enenttg{adu Iy reduces. On thg ot her
hand, the voltage appltEd toPhe pitdPFETEATIORSS enettt FRITRERT et i calFy

constant, and therefore, the inpedance value 20 of the piezoelectri

oot b SRt PUE o0, matthe PR it e pErm e pe s d, ST SE SEBREL Yhar o
to vibrate, i.e., .as the bondi.ng of the_netallic bunps 3 to the_ el ectrode
porti ofie of SFHECWTY ng N nd&SA INEBGYesEs THE cotHOTITYE 1Mt « MEREEH < Sfaw
The control ,unit _24 obtains a change in.the 25 inpedance value b et ecting
L e N R T G TR B vy LB b s A R R S

t he piezoeleciric elenenak and deci des_whet her the ggndlng bet ween t he
metal lic bufpsds ERE thelired:Pedbipbrefond 8P PNETWAPPARYI MABECE | &0Food

or not on the basis of the 5 change in the inpedance value. Therefaqre, the
friction boRBEn§OLEddnEe Gerflty mbACLiRRE PaFF4EE dndidht R WAL FRSABNPYori ng

t he ul trasoni c_out put the | oad kg, and the inpedance. Accordingly, if
the initial PEFRERPOHPLERG BFCEGUSHGAAT Seheorel the FeRIuBtFbANOECSt 6F i s
performed by controlling the pressurization of the sem conductor elenment 1
and t A& baséhﬁeﬁﬁérCzlé§§?ﬁ5§4e§¥ht6?h@Flghagtﬁé theakifr F¥tiefeBoRdi-ng

operation after the reduction or stop is | , ,
Particularly in the illustrated first embodiment,

considering the fact that the base member 2 and the

inclined portion 2f éasily suffer damage and deformation in

an initial stage in which the tip portion of the

15 pressurizing member 61 is brought in surface contact with

the inclined portion 2f in an overlapping manner so as‘to

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 1is 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 1is put



performed by controlling the degree of adjacency, i.e., the 15 distance

bet ween the sem conductor elenment 1 and the base nmenber 2, or in other
words, a height (for exanple, height fromthe surface of the base nenber 2)
as descri bed hereinabove, then it is enabled to prevent the required
characteristics from becom ng defective as a consequence of 20 the

adj acency between the sem conduct or el emedit 1 and the base nenmber 2 than
the specified distance in the final friction bonding stage far the

achi evenment of a sufficient bonding state and then the excessive collapse

of the netal,lic_bumps.3.and the.wiring lipes 4 by satisfying the 25

el Tt nishdd boien g i ERe DeFt ELEho R BBEs St hoRtbh 24 g she,
other is preveq; d fron1c%ni§% clﬁse tg or _ exgeedin& the dista het ween
the seni con®ict S @%mERE 1 8Ad PRE"bakRS meRBat E2OMHhRE heSFFIar™ £ r4%t i%h
bondi ng stage.due . .to the pressurization in.the.nitial friction.bonding 5
otage and o ST Eherd RS, EE LR P DPORaiRA: i i Shahe bSRarAg B S ot o
the sufficient .bondjng state t he tallic bunps 3 and the wiring lLines 4
B ne 1 he AGIRIES ORa Rt bahdPiy th | P3smoRaRBRESA | b RSFEFY PR (o

di stance between the objects to be bonded to each other 10 under sufficient
pressun zat iGIF BaFteriRfreton 14 el het PELDer PEERBACHo ARG Ziqad:riici.s
performed for a tine shorter than the final friction bonding opeéath§$
time, then iPHTELEHN edUdastevdnt the rBY;FLARNERdr a8BBFF SR &4 r g
becom ng 15 defective as a caonsequence_ qQf the excessive col | apse of the
metallic buﬁ&?k?%ﬂﬂjHQﬁiRﬂqi%ﬁyqﬁrﬂﬁiqlhﬁR¥QQ?tﬁﬂﬁrﬁﬂQQ§Wﬁ%ﬁﬁRﬂtﬂﬁﬂF?@
state during the initial frictional bonding operation in securing the
required firkll PhdFRg bRskEPhYeSEEPEr My t Hethi ARiLst Ariangie i fighe
operation 20 for a.sufficient tinme longer than the initial friction bonding
operation tifRelimadovertienr £fie Jofated aki EhpotiBorRPRELOPpertt i96n B8 ore

the reduction or stop (halt) is performed by controlling the distance
bet weekf t he Rifectemighe 2 constructed of the spring leaf can be

prevented from vibrating or being dislocated or deformed

during the friction bonding, and sufficient friction

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, in 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



25 bonded to each other and the final friction bonding operation after
the reduction or stop is perfornmed by '. controlling the pressurization of
the objects to be bonded to each other as described hereinabove, it is
enabl ed to prevent the required characteristics frombecom ng 5 defective
as a consequence of the sem conductor elenment 1 and the base nenber 2 which
cone closer to each other than the speci PRed distance due to the
pressurization in the final friction bonding stage for the achievenment of a
sufficient bonding state and then the excessive collapse of 10 the netallic
bunps 3 and the wiring lipes_4, or prevent the seal ant from becamni ng hard
to enter or H&$3Hg 4 %n %?fné1Phé95ﬁﬂﬁ9qiﬁ€1%ﬁP¥?¥94ﬁéeg%s%i;%% ded
to each other, such_as the sem conductor elenent 1 and the base nenper 2,
hy satisfyi iRF t hRS hdifer i i sREET bRt g foratt Wi Te EARTASTdITSt PR Vet ween
the netallic bunps 3 and the wiring lines 4 during the initial friction
bondi ng i s priev e eEiTF ARE IR IR 1 ki t he di stance at the
time of end of the final friction bonding and securing the transjtion from
the hal f-finished bondt$PEIERE itht othhe ZFrayrdamatdnt BEndiMEL €t@eal by t he
sem conductor elenment 1 and the base pnenber 2 utilizing the specified
margi n ?n t e ErANERe et Weehl ENeCEchrEENHGROSE Sellefihtthie aldePenBaRE |
menber 2 in the final friction bonding stage. Furthernore, it is enabled to
obtai n the HFIIFFIHiRhed BIEE nflBt Ko SR igehi Eendirs o eBPEFBNt 21 and
79 the base nenber 2 within a specified range of distance in the initial
friction borRVely dferdiasn by perdbfferenedeinnithal PesiEipbn ashdshgre
operation by the control of distance between the sem conductor elenment 1
and the baserStwesibethe bage cosnbers i hgendhetle spageeupbtiegnl ehees 61b,
sem conductor elenent 1 and the base nmenber 2 in the final friction bonding
operation onithdshaghsrentend comt islseddt athe t¥gmiqdndicton sdemeata 1
sufficient final friction bonding state without excessive adjacency of the
10 seni@ondustokeed| emanthald obyhdhsassugbhder t2oln theintaalthe i Ehrengh
bondi ng operation corresponding to the margin to the specified distance
based on t hehebat rolc dathr@fgh hethdi sttdvraidiet Weode t 9é csenvbeAdubior eafbment
1 and the base nenber 2 in this initial friction bonding stage. 15 If the
i npedance ofptréesyoizingoilkafiotédd 6thfle hebdsngi zhei ovempegsdr? vehthauthe
initial friction bonding operation is nonitored and the final friction
bondi ng opermutwal i tniveanfewdied raoc aridiass ,t drtimgs the pespecting bhmps 3
friction bonding by nmeans of ultrasonic vibrations as

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 bondiﬁg apparatus, the positioning

20 in the unloading/loading position, the movement to the
bonding position, and the holding operation of the base
member assembly 2A are operated as follows wunder the
control of the control unit 24. That is, when the base
member assembly 2A is loaded from the loading section 51

25 into the positioning section 26 and the base member



20 descri bed above, then it is enabled to achieve the final friction
bondi ng state neither too 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 operation in 25 accordance
with the excess or deficiency and the lipitation 80 of the follow ng
friction bonding on the basis of the difference in inpedance correspondi ng
to the excess or deficiency and the limtation of the friction bondi ng of
the netallic bunps 3 and the wiring lines 4, which are the 5 netallic
bondi n ort] ri e.initdal friction bondi vie- i oned
gp a{s%’bsr%bl 2A9 Lpesihn éﬁ'ur%[mcc)er e%{aﬂnlec!rh %&tkggre@éﬁv@&o 121%‘3“%8

control is executed on ‘a Sem con at has four bunps as
thown i n Fi g B RHAAGERTRELR Slel ST ne PRZMCERRIBET b S O
of “the i ni (1 r FAE SROBERE! nh e 5051 B (AaI 0w} Sha PEnde Borir e and
cont | nuous Y SETONT 70 §he PR CrAPoFP (7oA BEHaRRY e G- 1 na f FHEL i on
0 are Ot ai MO L Pia SRBAr> AT eRSTRa"e FAPEBOLY At K GRS PVt nene ©
convent i onal® KRS HUBReSY{ FLF Bt bondP RO CaPhar | SRa T oRPIR & ghpRadF ¢ he
bt ai ned WheiP (VAT IR 175 Ly orc BOONH, 5 (2 op? RpL (R P rEpe. BAMETPRal
friction bonqhgﬁé%%gggerforned b he .friction b%ndkgg gLeZS the first

enbodi ment of e T Eht | Wi ¢ RESPec positioning
’ section 26. Thereafter, the air cylinder 48 is 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/loading position to the bonding position.
Concurrently, the positioning section 26 located in the
15 bonding position is 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 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 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



81 -~ sem conductor elenment that has four bunps and the shear strength of
the netallic bonding portions obtained when the initial friction bonding
and the final bonding are continuously performed in the conventional case.
Fig. 9is 5 a graph of the experinental results of the shear strength of
the netallic bonding portions obtained when the initial friction bonding,
stopping (halting), and final friction béﬁdlng are perforned by the
friction bonding of the first enbodi ment of the present invention with the
sem conductor 10 el enent that has twenty bunps and the shear strength of

t he netallic ond rtions obtajned nthe initial friction bonding
and the fina ‘%SQQP%F%%%t?%%%H%?y %2?¥0F?%dr?%l}h%n%%n %ﬁ??oﬂgltﬁﬁse
ln Fig. 8 and Fl the s giues re indicated with a shift_in the
case of 15 t?ﬁf %ﬁﬁ%ﬁ&n%ﬂ% A THVR ot eht P on2d *BCEeF$9r B%tte?n
under st andi n For exa %Q a |oad of 0.24 kg is_effected in

the variatiors®ifrite é@? g%%t+P%1%P?%d?%%Eéﬂn?n 25 HhnRet Fhﬁtbﬁﬁé
variation in the conyentional e i s shown on the | eft-hand _side and the
20 vari ati or"§ ?%% as&®e O@Q%ﬂjﬁﬁﬁﬂﬁﬁﬂ ERBoBFrRERt i i8FoWeEe Y hel and

ri ght-hand sj de. E shear strength in the conventional case is varied
within a w de' a]H@‘é BP S66GH oM t%h%béemlzeedgptme@é@@etwfe khegeked

strength in tﬁg present enbodinent is varied within a narrower range of
held by the suction tool 11 1is inserted into the

through hole 6lc of each pressurizing leaf 61lb of the
pressurizing member 61. The respective bumps 3 of the
semiconductor element 1 are brought in contact with the
10 wiring lines 4 exposed inside the through hole 6lc, and the
aforementioned initial friction bonding, reduction or
temporary stop, and final friction bonding are performed.
When the bohding of the semiconductof element 1 to the base
member assembly 2A ends, the air cylinder 64 is driven to
15 move up the 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 Dby the resilience force of the
pressurizing member 61. - Néxt, the elevation-use air
20 cylinder 47 is moved up in é 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



25 about 240 g to about 330 g and the nean val ue is higher 82 " than in
the conventional case. The sane tendency is observed in the other case of
the load of 0.28 kg and 0.32 kg. Moreover, in Fig. 9, the nunmerical value
of 0.8*0.5 nmeans energy of an ultrasonic output of 0.8 Wapplied for 5 0.5
seconds. The nunerical value of 1*0.3 neans energy of an ultrasonic output
of 1 Wapplied for 0.3 seconds. Al so, in5?ig. 9, the shear strength in the
case of the present enbodinent is varied within a narrower range than in
t he conventi onal case and a higher nean value than the 10 conventional one
;S observed, S|n1Ia Ho th% gase of . F s tab noted t at the
ﬂ i'n t we

initial |oadhFal tRe sﬁquQFlégaggh?oﬁﬁfRﬂﬁﬁ n Tthe 8 ary
bondi ng) of Fi |.C si

dt h i.de of
2°mm  The'| ARl BYashs & A ptlg oRES ng‘fﬂ'essf%%”a S5 SRt orly

during the te ary bondi ng) lied for a f 0.1
seconds, an('ﬂ’ot%ltoélé‘lgzea g h 519 h8§| nbhﬁ s%[\’é%‘ggf QOWHC’? Se%%)nd”q:
Enbodlnent) The second enbodi nent of the present nven 20 shown in Fig.
10 is provi d&FRA%h ‘%%t%%sPPﬁbﬁanBl%cﬁe&%% nd2t tg&mﬂtﬁé’ﬂ?eradib

t he | oadi ng section 51, and the unloadlng section 52 can be used b

swi t chithg ofl % IRFAShEIo I ch &R 18Ase1 . thee ool RY (PR RY difeiPP&Hhi | e
perform ng the | oading, positioning, and unl oadi ng_of 25 the objects to be
bonded, suc@%ﬁ;tﬂextraﬁg epBetiCoMETRE T %EF?WE&thae thré Bése PO in

t hese two p05|t|on|ng
the bonding work is unloaded from the unloading/loading

position by the unloading section 52, and the next new base
member assembly 2A lis loaded into the unloading/loading

10 position and subjected to the bonding work, similarly to
the foregoing case.

The friction bonding apparatus of the first
embodiment has a movement wunit 65 for repetitively
performing the positioning of the suction tool 11 in the

15 pickup, conveyance, and friction bonding positions of the
semiconductor element 1 when the bonding object handling
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



sections 26 at different tinmes, the one objects to be bonded are
alternately subjected to the frictional bonding to each of the other
obj ects to be bonded, such as the one 5 seniconductor elenment 1 handl ed by
t he bondi ng object handling unit 21. By this operation, the | oading,
posi tioning, and unloading of the one object to be bonded, such as the
frame portion 2d that has the base menbe?® 2, are singly perforned, or even
if atinme longer than the 10 tinme for handling the other object to be
bonded, such as the sem conductor elenent 1, before and after the
frictional bondin% i s taken because the position switching operation, the
hol di ng opeF&WﬁHﬁ,taﬁH*?het¥ﬁ&Hiﬁ@tﬁéﬂéQSQQﬁﬁ%Q%iRﬁF%%%B%ESESHpPEXFhPhe
time needed for repetitively 15 subjecting the one object to the friction
bondi ng to #FtE8ilest PUBPFe BBGhde§, Wilrand t %ﬁtﬁﬂfQQﬁQQHQQH? e NsEn dedF,
such as the sem conductor elenment 1, handl ed by the bondi ng object handling
unit 21 is rEGuEEEBFiRa P fracdiore Pod Nfork ef ficiency is inproved. 20
Mor eover, when there is the failure or damage of one positioning section 26
itsel f being used in dhfodeCYHGRF cHlilfte ©helpssid | BAPRGVEEEEI FRVERIRE only
continuously used, or when the object to be bonded, such as the frane 2d
that has t h&asis@lmEnbeps Tohelgvhpgt Hh®neussdion obPy 25 sWEEhdh Zde has
a problem the friction bonding operation 84 . ~ can be continued as
usual by t h&esttigedagindeodimg sdamcomspiiiann didk ity thenst golwartical
Therefore, the reduction in the operation rate can be avoi ded. The ot her
const ruct i omcaiedertie Betheniand Wpefari orewifiade B emoMdngnitdd neaelaran 5
not changed fromthose of the first enbodi nent shown in Fig. 1 throu%P Fig.
6, and t her dffdrse, tr@inswar seedmedenent | gurat@riiEn no¥6 expl deVRT /i s the
provi ded. (Third Enbodi nent) As a friction bondi ng apparatus capable of 10
putting the dodssntoringtandiimp nes hoet ol imheedhitpd thdsediamehta sfanied Yorasent
invention into practice, as shown in Fig. 31 through Fig. 34 and indicated
by t hel ®ne- ddtheshanavénees 2@Thamifigg duchi @S sa aswéptiabitd cud apr exRkat ze
only the free end of each base nmenber 2 by neans of a pressurizing 15 | eaf
161b as i ndivdats dne tdran dress dotcat@lex Inatesn@) ¢h Higse TMoverssrezsl eHn
exposing the portion to which the sem conductor elenments 1 is to be bonded
i nside the thw owggd.hol e 61c of the pressurizing | eaf 61b, so that no
pressurizing menber exists in the portion to which the ’ .

The suction tool 11 is supported so as to move up

and down by a bonding head 68 shown in Fig. 1, Figs. 2A
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 is,
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,



20 sem conductor elenment 1 is to be bonded, enabling the prevention of
contact with the suction tool 11. The through hole 161c of the pressurizing
| eaf 161b is to expose the read portion 2c and to prevent the pressurizing
| eaf 161b from damaging the read portion 2c by 25 pressurization. In Fig.
31 through Fig. 34, reference 85 -' nuneral 143 denotes a suction and

hol ding plate that is arranged between a®Pair of rails 26a and perforns the
unl oadi ng, | oading, positioning, suction, and hol ding of the base nenber
assenbly 2A, reference nuneral 143a denotes 5 a suction hole that enables
the suction of ,a portion in.a vicinity of the base. porti.on 2a_af each base
member 2 of bk SB&hﬁﬁBBPlﬁsgﬁﬁﬁi y ]2AP?’6 gﬁgegﬁgﬁﬁgn u&%dfaﬁ&n&i%d”?)‘f%?e
143g and reference nuneral 143d denotes a,through_hole. Reference nungral
143C denot es'% p?%?%%gfﬁg p&fti oo FRatipro;j %P% upwar d and onydlto a
backup section 143B corresponding to the backup section 43 of the forggoing
enmbodi ment , %ﬂrﬁfacffﬁ%lfpﬁ]o]jﬁécYM‘@a‘g%ﬂP%ylﬁ ARCESS AYE AL oFUueheon

t hrough hol e 143d of the suctign and hoIdin% pl ate 143 and supports {he

| over surfacde®df the #neI FREACESTBor £PBn 1980 Se RET LS hrdifbre 2small,

Ref erence nuneral 16le denpotes a pivot shaft of the pressurizing nmenber

161, and eacd PFeirieshglnEhrenegenodf thre OfPess Wiidisng MR Va%L FRe
constructed of a roughly T-figured menber as shown in Fig. 32, and its one
end is proviRRRARY hh%aépﬁﬁnéslBEQYlQGd\AMl@ﬁ iBs MR sh%ent?y TP bR %R bYnd
the pivot shaft 16le so that the other end portion of the pressurizing

nenber 161 appiobeheshehespebiert itRplpotti cdnd43e ehdBl itRy CRETRETDi Pg of
the inclined portion 2f of the base nenber 2. Therefore, the base nenber
assenbly 2A $Witeh oddedl ahrostioaderf onstdeiectebdn Brel hofHi AenPrater143,

positioned in 86
element 1 sucked and held by the suction tool 11.

10 On the other hand, the componént supply section
31 for supplying the semiconductor elements 1 employs a
storage cassette. 76 in which dicing sheets 74 ‘for
subjecting the semiconductor element 1 to a dicing process
separating it into individuals and carrying them are stored

15 in a multi-deck style, and a dicing sheet 74 that carries
the 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



t he unl oadi ng/ | oadi ng position on the suction and holding ', plate 143 by
the stopper 53, and thereafter sucked and held on the suction and hol di ng
pl ate 143. The pivoting fromthe unloadi ng/l oading position to the bonding
position is 5 simlar to that of the foregoing enbodi nent. According to
this fourth enbodi nent, by preparatorily sucking and holding a portion in a
vicinity of the base portion 2a of each Hdse nenber 2 of the base nenber
assenbly 2A, the base nmenber assenbly 2A can be stably inclined and pivoted
10 between the unl oadi ng/l oading position and the bonding position. It is

to be noted tgat tge ef er.ence nuneral 164D corrgiponds ﬁo the air cylinder
64 of the fofegBfRy emboditidnt B tHEPARY ened nufiRpBl 1284 B&FFESHENds

to the piston rod for co]lectively holdi and rel easing the 15 hol di ng the
L esour ot noReBSEeS 5o Eaknntal Ehfndsia: 8T bhn. FARPURZRRe et SaPEng

t he unl oadi ng/ 1 oadi ng direction and is driven to vertically nove hy the air
cyl i nder 64 gget éSPgﬁééoﬁﬁa éﬁbBBiﬁén?.d@fSGFﬂHeEﬁBB&Fﬁﬁﬁﬁft?é egent
friction bonding apparatus capable of putting the friction bonding nmethod
of the fourth-enbodi ment of the present invention into practice, it is
acceptabl e to provide only one bonding head 68 as shown in Fig. 35 instead
of the Pwo as shown inlRig.the nhkkusheabedsueppanatssl 2if of thhe HdAditng
head 68 suck and hold the 87 sem conductor elenment 1 picked up by the
bondi ng obj eBFPPAVBERFNg FHRR hAARRIATIILL | FUPRd Ypi 8RGE1ABsI 31 onk s mdvie thige
element 1 to the base nenber 2, and performthe initial friction bonding
and t he finaprpypggpowlggn@,Q?nq#pg object inverting mechanism 101 for

sucking and holding the flip-chip type semiconductor
element 1 supplied through more efficient handling in the

10 component supply position 77 and subjecting the element 1
supplied to the friction bonding. The bonding object

v inverting mechanism 101 has, for example, four suction
tools 103 (refer to Fig. 3C) for inverting use at intervals

of 90° on a rotary member 102 for being rotated by a motor

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. 24, while conveying fhe elements lto 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



5 conparison wth the foregoing enbodi nent, the structure of the present
enbodi ment can be sinplified by virtue of the provision of one bonding head
68. By properly conbining the arbitrary enbodi ments out of the
af orenenti oned vari ous enbodi nents, the effects 10 owned by the respective
enbodi ments can be produced. As is apparent fromthe above description of
the present invention, if the netallic béhding portions of the objects to
be bonded to each other are subjected to friction bonding by relatively
novi ng the objects to be 15 bonded and pressurizing relative to each other,
then the metallic bonding portions are fractionally bonded to each ot her
with an incrieasrtiing eppehandss, LoFt dsi ngerbbralhy, iawprhidduspsd bRl ng
by friction, and the friction bonding operation is tenporarili part way
reduced or stsppmhdukstar 20lewsuntt 1.t hvérimdt alsi susdedi nepgoheldndyandhe he
objects to be bonded to each other hardly suffer damages as a consequence
of reduced mauttEircato@hdl @ Bepfaithenlonsiogs oy dat t hwerisanahreehanesp
metallic bonding is perforned at a stroke, and even a magnetic di sk reading
suspensi on Hedd waosist rare@dimfthe pickup position in the state in which
5 the semiconductor element 1 1is inverted, 1is subjected to
the pickup by the suction tool 11. In concrete, the
semiconductor element 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 semiconductor element 1 from the
suction tools 103 to the suction tool 11. It is to be
noted that the reference numeral 103a denotes a suction
hole in Fig. 3C. Moreover, the bonding object inverting
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 is
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 being vertically
inverted by the bonding object inverting mechanism 101 1is
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



25 a thin leaf spring, which serves as one exanple of the 88 object to be
bonded, is hardly deforned, and the yield ', increases. Furthernore, the
shear strength of the metallic bonding rather increases since the friction
bondi ng operation is partway reduced or stopped, and the friction 5 bondi ng
is reliably achieved wi thout problem Accordingly, there can be perforned
metal lic bonding neither too nuch nor to®2ittle 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 exanple, the suction tool .
Therefore, tht fefe @aenobpefdceothe Wontled tinebé efibfhetbdseomember 2
pressurization and rel ative novenent relative to the other object to be
bonded with kekdr Aedal IHos 5 di®edi gy pokheonpdsddiliopisach sedieion and6t he
ot her object to be bonded, which is only required to be positioned and held
for the bondThegretanesi hbey fyéchandl édndiogoratians ttimronearxaapper fommed

rel ati ve novenent can be achieved sinply and easily by only ultrasonically
20 vi brati ngoyheivpéyobpédngt ¢hiee redrddd cardinper & yarmpptlye ngivihgaddnks
vibrations to the object to be bonded held by the suction tool via the
suctionbtool 4 facepae&chubbherby neans of the ultrasonic vibrations, the

rel ati ve novenent can be obtained with mnute high-speed variations, and
even 25 m nute netal |l i tndead} ngapovarbasy cafi satheei enbipohent 89ubply
frictionally bonded to each other within a short time w thout excessive
col | apse. \Wensbeamsobnedctsupplhe reriteadi $18s suakethearsdidiat byctbedsngt icon
tool as one exanple of the holding tool and 5 when the object to be bonded
i s recei ved, tbackgde, andchelad WheatsHigasid sogeiur®ef ofit tlhél gomppasad taper
surfaces of the recess that is simlar to the external formof the one

obj ect to bebbondedlédarned on the suction surface of the suction nozzle and
is smaller than the external form the

10 As shown in Fig. 1 and Fig. 2A, the positioning
section 26 is moved by a Y-direction movement mechanism 91
between a loading/unloading position 78 which is aligned in
a line with fhe loading section 51 for lbading the base
member assembly 2A and the wunloading 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 79  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 is 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 1is



10 one object to be bonded is received by at |least the pair of nutually
opposed taper surfaces of the recess that is simlar to the one object to
be bonded | ocated on the suction surface and is snmaller than the external
formwhil e being sucked by the suction surface of the suction tool. 15 The
novenent for the relative novenent relative to the other object to be
bonded and the ultrasonic vibrations both3of which are given fromor via
the suction tool are transmtted wi thout escape nor dislocation, enabling
the friction bonding to be efficiently achieved. Mreover, 20 there is no
friction since the back surface of the one object to be bonded sucked by
the suction fgaa4dl hotnd | sgvegselgmatiatasktbvnasmdtaes aaddnet moving
di sl ocated. This enables the prevention of the occurrence of scratches due
to the frictishal thaht d6t bietatbehot lte Mackmeubkac easfhachew2Bholshectbalol be
bonded with the suction surface and the 90 ' ~ adhesi on and deposition, on
the suction BWigagteandf is, madepitagsadvienter girgh metecadl sbgeweent ethavhen
the back surface of the object to be bonded suffers scratches, which may
rat her i nj url®adiadagil cagdifrar oafitinn obf eandt thbe wo rkdmde pdso thiers Litked
and held and may cause the chipping and cracking, dissimlar to the
conventd onalHawester , Thi $henabhegendret i npredwerment bhet hel gddd iy Andl ddding
prevention of the reduction in quality due to the scratches on the back
surface. 10 PR tsitaop (haenyl ther edudtiingn wds 1thiord r 781t iien radndé sxeopes AL i on
can al so be perforned by, for exanple, stopping (halting) or reducing the
rel ati ve novenercobetiween tbamersaldl cibondisg pardviodesd otnkderst appbaith
(halting) or reducing the pressurization between the 15 netallic bonding
portions. |fthitwegt ophidbhl ttheofsqmisssuductadt osleseper flor fd donvegear aty ng
the suction tool fromthe object to be bonded held by the suction tool, the
i nfl uence oftlehespressurtzali dl canbecloonpbrepehynel istopatego Hawrer77 t he
stop (halt) state can be obtained 20 nerely by stopping (halting) the
progr e€lss of tr eshar ivatiiony posdtdong 19 aisr censkAnces. FMgre@rer, fmiis
exanple, the reduction of the friction bonding operation can al so be
performed byeradies nghdothatbe rieeloatite ofbwefethe obuthecabjreithids) bend5
bonded to each other and the pressurization between the

angle of rotation, and the position of the semiconductor

element 1 conveyed by the suction tool 11, the' angle
correction due to the rotation of the suction 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, vin 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



91 nmetal lic bonding portions. Mreover, the stop (halt) of the friction
bondi ng operation can also be perfornmed by stopping (halting) both the

rel ative novenent of the objects to be bonded to each 5 other and the
pressuri zation between the netallic bonding portions. Mreover, if, for
exanple, the initial friction bonding operation before the reduction or
stop (halt) is executed by controlling the distance between the objects to
10 be bonded to each other and the final frictional bonding after the
reduction or stop (halt) is executed by controlling the pressurization of

he objects.to be bonded to each other, then.it is enabled to prevent the
oo e e TR bPa BecokRry ARbs e te Sl PR e neh St he

adj acency of_the objects to be bonded_t ach .ot her_than the predeterm ned
L tance’ dudiaio PREVERELSY iR | GhS KoY e DOPAANG 1t PR (RATH I A | or
t he achi evenent of the sufficjent final bonding state and_the excessive

col | apse Ofqnﬁ%ﬂqqclbdﬁﬁiﬁgqﬁﬁQQQﬁ¥?b93§§HW§%h%© She 2HORSPFEFY ni 'SHed
bondi ng state while the objects to be bonded to each other is prevented
from comi ng RAENS ohﬁﬁdeﬁjéee’eﬁ N Phedar sidtde def AERANE heOBL[EEET 3 P he
bonded to each other in the final friction bonding stage in terns of the
adj acenty, tTRE MR L1Edeing stmdReMEiReaP T he b tI¢hian §orl ihitiand |
friction bonding stage and securing the 92 transition fromthe

hal f - fi ni shethbonem#gles atbej Readipe Worduf§iaiento bbBRdMRG idLxEe -of ThHR
metal | ic bonding portions during the final frictional bonding utilizing the
speci fi ed ne#RPSY | urhecai sifankle bdarbdnet neodhj et sia OPJE’)@ngﬁ@eél’ltté’l 5 each
other. Mreover, if, for exanple, the initial friction bonding operation
before the reukEeBBoriar opl IMAYING svakbeys eePbirebiiedr s i ¢l t frentrol
pressurization of the objects to be bonded to each other and the final
frictional bowmiieg oF ather amdEnoddueribn 2% shep (@@iays i suppeEittedaBy
controlling the distance between the objects to be bonded to each ot her,
then i10is egiabliesl bpaspdevantthee raswli 2 edoshipacBér ifs ol ol ek obirag
defective as a consequence of the adjacency of the objects to be bonded to
each ot her 1&fohemenhiornpdchbbndindi stafiee im the fonml ofr iactvictedohuidg

or the like, for the convenience of_the bonding work.
In particular, the friction bonding apparatus of
the first embodiment shown in Fig. 1, and Fig. 2 through
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



stage for the achievenent of the sufficient bonding state and the excessive
col l apse of the netallic bonding portions by satisfying the half-finished
bondi ng state while the objects to be bonded to each other is prevented
fromcomng 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 béhding stage and securing the
transition fromthe hal f-finished bonding state into the sufficient bonding
state of the 25 netallic bonding portions during the final frictional 93
-~bonding utilizing the specified margin in the distance', between the

obj ects to ROMOHYED (EHeead A herd urgEPSFRLYCi BaRdpress @ athen. Mrabver,
for exanple, if the initial friction5bonding operation before the reduction
gr stop (hal¥yi¢EecREEIMF althee sIoFakled hapriperyi neoRdinge with
final friction bonding operation after_ the reduction or stopg?galt)I then it

i s enabl ed tPPPREEHtIHe Péquiheddritian seircsstebmdecsrengt BeEkEenve
as a consequence of 10t he excessive col | apse of the metallic bondi ng
portions dudt@dirg hal Byf ithshrEopendiag stsat@esarihedi aboivel f rihg | ohap
bondi ng operation in securing the required final bonding state by executing
the final fréerdbnlvondihgdper afirdetion absofiing ehetwean | bhger inhhhat hat
of thelb5initial friction bonding operation. Moreover, for exanple, by
execut i ng t herieiiomlbendineebdridiedt opel af ¥ bet berf dpendbegreanceisn be
stop(halt) wth the control of distance between the objects tobe bonded to
each ot her apattehied| bingwihehdhngt dhee2Bativernhe¢hd 6B) dot e cuped béaded
to each other in the finalfrictional bonding operation after the reduction
or stop(hal t¥heninheidbhsisiofiomdoondingl andt that fihas frihetion bserdabbed
to obtain the half-finished bonding state in whichthe obj ects to be bonded
to each ot hewhiale btebiygd asittirwizit heher ddet erypeedofanyyel dfiati sbandéngn
the initial friction 94 bondi ng operation and secure the sufficient final
frictidh ', bpedabtgoss ab€ diflfieuenexcessiive oadj acdentye ointheabbfettsibn be
bonded to each other during the final friction bonding operation
correspondi ngotditdne amdr gile t 6ihbé preiddtierm heddbhngangelafutdi skanoeing t he
basis of the control data of the distance between the objects to be bonded
to each ot hecomplibased namdadleficate ovobonding stage. If, for exanple, the
i npedance of the ultrasonic horn connected to the oscillator (23) attached
onto the 10 hol ding tobh thitheaksijt balthbligtt ithie hofth ngt opedatt bonbehdr e
the reduction or stop (halt) is nonitored and the final friction bonding
operation af ser onheaneductdeonsoristdp Epakti¥ies, cadnpddad, attoationg te
this in performng the friction bonding by neans of ultrasonic vibrations,
15 theb5it isnkpabl edghdradhi efert hethiénal ifittcalon bendthen 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 is, the reduction is effected with an



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 accordance with the
excess or 20 deficiency and the |imtation of the bonding on the basis of
the difference in inpedance corresponding to the excess or deficiency and
the limtation of the friction bonding o 6the netallic bondi ng portions
during the initial friction bonding with the inpedance reflecting the
progress degree 25 and limtation of the friction bonding. 95 Moreover,

the friction bonding_apparatus is |, rovi de ith: the two honding obj ect
handl i ng uni¥EH%H tgga ol Y9 ol’i}“@ so't"g ggwb&?degh?oféé’@ﬂ ogﬁje‘?tja
position the objects respectijvel that .their nmetallic 5_bondi ng, portions
Pace. cach. oSt BE s vEOHBLeRBAD Tn2t WHamaasr S hof T heoBpRbecke
metallic bondin%Eg%ntio s of th%hﬂ§§ pgects to be bonded to each other

into frictidhaf tBctOSH S eq By SEERRETPel 9 nB\PERg PREI®HFREYs to
be bonded to each other held by the two bonding 10 object handling unjts
rel ative to %%ﬁ???ﬁ%éW}t%nﬂntHétEBﬁtﬂﬁﬁhﬁﬂtatﬁ%?g%aﬁfc8n9r6¥’t%e§h6WHing
and positioning of the objects to be bonded to each other by the bonding
obj ect Pandl THY &Hie staRPEM ¥ aiG e ndRredt BRaR ne- boRdFPddbj ect
handling units by the relative novenent unit 15 so as to nake the netallic
bondi ng portions of tHEHhj EELs tPPE HoMRePR eadt¥t heR hd® byfikst
bondi ng obj ect handling units face each other and performthe netallic
bondi ng by beMPRAHERheSkeci® Tl o ¥rindohhy - cdnthEepught higachCot RBE by
the relative nmovenent. If the control 20 unit is nmade to tenporarily
partway reduéceiont opr¢hall) thE fenetiandbndi ngeeder 88i oASPERER t hBS

friction bonding partway reduced or stopped (halted) can be automatically
reliably ach¢¥segtion 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 bondinnghile 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 is 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



Mor eover, for exanple, the relative novenent unit 25 is only required to
nove one of the bondi ng object handling 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 object handling units by the relative
novenent unit by means of ultrasonic vibrations, as 5 described above.
Mbreover, in a case where the bondi ng obféct handling unit |ocated on the
side that the novenent for the relative novenent is not performed has, for
exanpl e, a positioning section, which receives the object to be bonded, 10
hol ds and posjtions the object, subjects the object to the friction
bondi ng, andt i load< i i8] ecPOREL®Y t heffri ERPon BOWEPRETILY t HROBBFRct
fo be bonded that has a plurality portions to be fractional%g bonded to the
§

at her obj ectseniEydusdiried §kemaks t ilonéd tedce thenegndt PE o reybFiel to
15 performthe friction bonding still on the positional criterion conmon to
each fricti ofr bordimPprinorovitheeonppdrendhed bopdctst 02h@ bbndRdoByY
repetitively handling the other objects to be bonded by neans of the
bondi ng obj eceawiretl | tg unetatbvebypamiingthe tiembeorduepects.ereRits 20
sinplifies the handling of the object to be bonded having a plurality_ of
portionS to beldtieei traltihe boaded membiere 3t logr, obj) ecoscretbBe BondedPay
wel | as the structure of the bonding object handling unit that can handle
t he obj ect. whttésoni¢cvibnabbousng Spearfinesl dbsketbed boodeng 26peadal
object to be bonded out of the two objects to be bonded _
tool 111 of Fig. 3A and Fig. 3B 1s also acceptable.
Moreover, when the holding tool of the other bonding head
68 is 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
1lb and a taper surface 1llc as described above, and a
suction tool 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.



97 ' to each other is handled by, for exanple, one bonding object handling
unit out of the two bonding object handling units. The one object to be
bonded is, for exanple, an object to be bonded having a frame portion and
the netallic 5 bonding portions in the inclined portion that extends from
this franme portion into the frane portion _and is inclined relative to the
frame portion. The one bondi ng obj ect haﬁ@ling unit has, for exanple, the
positioning section for positioning and hol ding the frane portion of the
one object 10 to be bonded. The positioning section, for exanple, can be

moved into the unl oadipg/!l gadi ng.positl on wher he _one obj ect . honded
i s | oaded and unIoadedf@?t%egﬁgg%ggné”%og??o%rgFEﬁﬁg gﬁgu%%} c?ﬁggggégg ‘
bonded hel d and gui ded al ong, the nveyance surface_and t ondi_n

oot 11 on wiher 85188 FES ML Bof BP0 R R E A bngSBhE et o ThE honasHCL
hol di ng and posjtignin he_frame_portion. is_incljined,so as, to extend al ong
t he conveyante! ur?gceg%%d ¢ %OnEPgF%?Emﬁgnd?ﬁg 5tPPP6Hgom£38 b§eﬁﬁglve
inclined portion is_subjected tq the tallic bonding. The .one bondin

b ect - hand| FRESBE it TS L Fr (SRS A R WG BEHIORS (A8 poeFt i on
switchipg unit for,switching the positioning secition bhetween. the

ni oadi g/ | BEFADLHESEFET A He BORAMG 100e: LSS ncok hEhBackkke s8Et i on
for perforning backup ,so t hat the,inclineg&fortion gf t he one, obj ect. .to be
bonded 25 poSFPPBRRE By*® hBT BBSVFTBAFHGRs RATHER s CBEcKRRE At ¥T ofPIGE Y ~
bel ow when the Eositionin section is swtched to {he bonding Eositi . The
control uni tPPECAPRY: f L t&xarRAFd abPeths SHAFCHPE NBTBBSTEL 6AF A" sett on
bet ween t he unl oadi ng/ | oadi ng position and the bonding position by 5
control | ing tREIPBRFEI BA BFRCCSHIrAF AR &¢0rkfE et offRR WBSHiH&Fformed

unl oadi ng, positioning, and_ bondi ng operations of the one object to be
bonded. W t hP¥Yh&SRBEFEIRENEPENSHEGRS MR o aprrbbfeeR thepePpsRded®
provided with the portion to be fractionally 10 bonded to the other object
to be B8ndedPPsPREAGFed SHfE Sfbjtdra eﬂe%cqrﬁllm% DLAEPAE by FHEKBONENHyg
obj ect handling unit. Therefore, the objects to be bonded, which_ are hard
to handl e dubetd PHethgcttocHat tHRWSIBCctShhavkorf sEaERafpReLea OPER} TG |
size or a various shape or are 15 thin vibratory objects, are integrally
forned into anivaty raePPHhdERE BWESUINESEo|QfecProeFyYrizahian| acge i iave
portion, so that the objects are successively subjected to friction bonding
to a plurality efiregpetesces-beObbréiwdsel nthgcheducideon ofe thesiftrishileg

section can hold and gui de
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 fhe relative movement of the

20 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 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 the franme portion of the objects to be bonded. The inclined portion,
which is inclined with respect to the franme portion of the objects to be
bonded positioned by being noved into the specified inclined position by
the control unit and the position swtching unit in the 25 positioned
state, is put in a posture along the conveyance 99 i surface and
positioned again so as to be backed up b@9the backup section while
perform ng the | oading, unloading, and positioning simlarly to the
handl i ng of general plateshaped objects such as a circuit board still in

the 5 unl oadi,ng/l oadi ng.positian _al ong the conveyance surface. This enables
t he obj ect ?&gggtéﬁBfe%Fgg %8 gﬁécFFEgFi%ﬁrﬁﬁnding to the other object to
pe bonded the required,.ti wi thout difficulties by the_bonding object
handl 1 ng uni t {hat | s THEhGIAgd ha BERRE: ST 3k EOSEHERC RELVEER: e 10
general plate-shaped object positioned along the conveyance surface. Even
when the in Ioiaﬁleg"p(?rnt il{)]TF Hife %rlfrfﬂ'btr ﬁha’t‘nﬂagl?‘ﬁe%i he Pn&&sﬁor"&e&ﬁ are
made of a spring_leaf that is easily, vibrated or deformed, sufficient
friction boﬁ@@n%%ﬁﬁ?§QQ¥9ﬂﬂ%FHﬂ$[ﬂﬂ%%rﬁﬁﬁuﬁFFhU&FhiﬁHQ(RQQﬁf

such as deformation and injury on_the | eaf. The pasitioning section can

per for m t he X§RCoalPRFLBRLL Mt 0lff edPafo Be b FOFAIng atpl urRfi thr It iMaces
of which the other object to be bonded has been fractionall|y bonded,, and

t he | oadi ngPORd4 e RPERFEHIS: e MESH@EY By B g ik pRadinetiy 1 He 9

unl oadi ng/ | cadi ng position along the conveyance surface by the contraql unit
and the posidd orf sti PERPRg UMWiTheh TREALAPRL RGFWSSI WME ehdd Fn tiiss
case, if there is provided with a pair of guide rails for holding and

gui di ng t he WP OB | FREREE 28, t FEIbbfRet Tighepet bdRded S¥SEh¥PeERe the
positioning section and

ultrasonic output W is stopped with the pressurization kepf
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 outpﬁt W, and the time t in a case
where the ultrasonic output W 1is reduced with the

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

20 ultrasonic output W is 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



100 "~ the |l oading section and the 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 |oading and unl oadi ng
sections and the 5 positioning section are continuously arranged so as to
enable the franme portion to be conveyed in one direction, then the

unl oadi ng of the object to be bonded aftéf the friction bonding and the

| oadi ng of a new object to be bonded in the positioning section can sinply
be achieved by 10 the conveyance in a linear direction extending through

t he unl oadin tio t he | oadi ng section. Myeover, if o of the
guide rails ag?ft P t%ﬁﬂ md* s’iaa('&eci § SO%I’PSJKH'CIE%;V\?Q LS, o%%‘er, whi ch
can advance toward the other quide rail,. cl the fra 5 portign aof the
gbj ect to be bonded r%v&@“&r"f(‘j’q‘pog' ti%lﬁ%daﬁr%‘ﬁwrdbs%r‘a}irﬁgg éﬁgti‘%ﬁe
bet ween the stopper and the other guide rai],. and can retreatf to rel ease

t he cl anpi ngﬁ’r]af%rﬁf RPRGRF ol it o Heketdhet stobher RRORAHRE ry*%i me
t he object to be bonded is recejved and ﬁositioned in 20 the positioning
section and 3 katr EErSR thoRAIME Whhtliny FpRratPesh B%Ss: then the

di sl ocation due to the novenent for the relative novenent. and the
vibrati®ns of the otheii®bj &bt 19D Be PHRARJ SEAYIBE p? evEdtdd By Rkt he

control unit and the stopper clanp the frame portion i movabl e when 25 the
frame porti oReiEhFoad@Pdnt dchetpBsi t iBnidhg Setd i yereipthe temporary

bonding is performed by height control and the primary
bonding is performed by load control, according to the
friction bonding apparatus and method. It is tb be noted
10 that the height mentioned here is defined so that, for
example, the height of a bonding start position in which
the suction surface of the suction tool 11 faces the wiring
lines 4 on the wiring lines 4 is 0 and the valué 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 is controlled by moving further downward the
suction tool 11 by means of the voice coil motor 69, and

20 the primary bondingbis 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



and positioned in the specified position, enabling the ,. friction bonding
to be performed wth higher positional accuracy. There are provided the
pressuri zing nmenber 5 supported by one guide rail of the positioning
section so that the inclined portion owned by each spring leaf is able to
be hel d between the pressurizing nmenber and the backup section or to

rel ease the hol ding even when the inclinéed portion of the object to be
bonded is formed at the tip 10 portion of the spring |eaf that extends into
the frame portion, and the switching unit for switching this pressuri.zing
menber between the hol di ng position and the hol ding rel ease positi t a
portion bet wetReE hd 1&Ridschi gvbﬂiﬁh%uPQqﬁﬁiﬂuﬂnggﬁl}1ahH3t QnEBHgES runi t
can put the 15 pressurizing nmenber into the hol ding position every iine t he
abj ect to be2BBndedei sLFBRET Y HRPDIY t ilche FFWIGTEDodeonthE sé€efon
and can put the pressurizing nenber into the holding rel ease position every
time the bonBPREMBBer Bt on g“rmas SWATH Ohi §0FZlgngéfent S bOFEEL | AFTERET20
hol di ng nmenber into the holding position by the control unit and the

posi tion swi 8eNPHgTraniRY whBR tFRl¢Rsiclildni AgteectdonwBeb) &ts TREPEBREYt to
be bonded to the friction bonding so that the inclined portion of the

obj ect Ps babReding by wEEEdedh 6 G Wilnane berfingdipocempiessd
extended al ong the base nenber conveying surface, the 102 inclined
portion Iocawgénathﬁhéeﬂgbtpbﬁﬁp@ﬁSoﬁzthe spring | eaf can be prevented from
being vibrated, dislocated, or deformed in the friction bonding stage with
the inclined portion h&ig-bet®heds thedHoPl niorerber aanke el paclkgyween

height, and time in a case where the temporary bonding and

the primary bonding are performed by height control,
10 aécording to the aforementioned friction bonding apparatus

and method. That is, the temporary bonding is 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 1is a graph showing a
relation Dbetween 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 via 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



5 section, and this enables sufficient friction bonding to be secured

wi thout inflicting danage on the spring leaf. By putting the hol di ng nenber
in the holding release position after the friction bonding, there is no
obstruction to the unloading of the object to be bonded fromthe
positioning 10 section after the frictional bonding and the | oading of a
new obj ect to be bonded. If the pressuriZgng menber is provided with the
penetration wi ndows through which i ndependent pressurizing | eaves
corresponding to the spring | eaves can hold a 15 plurality of spring |eaves
In an overla inqaganner and can rel ease the hqolding and the netallic

bondi ng port Cg‘h%l FhefmRY SR W i i 0503t GHNSR Teeaves are exposed
to the pressurizing |l eaves and subjected to friction bonding,_ by

i:ndi vi dual 'y hol di ng t3ePRH urh8 i 35PN IRET edvieo By 2o tHe! i hlepefdient
pressuri zing | eaves corresponding to the spring | eaves, it can be

guar ant eed tohol8LERENCRPEESt FRRAFAL Lvhf FeRET et A0PEstGBURL LGt §5br f 3R%h t he
friction bonding with the aforenmenti oned high accuracy with no obstruction
exerted fromtipeeREsukRei A§afesPasnpla AFeF 98- péfetitati i stiakicv BHBd by
each pressurizing |eaf even 103 ' there is a difference in position,
shape, and sEhenWewroindacafofeagicnagti od | eanbsohnd NadiiteadR oPopdeng
pressurizing | eaves. |If the bonding object handling unit on the side 5 that
t he nmovenentSEErnNgHe repdi vEeRBQEREAP LS tFer f or AERVETERE, t HOISuCPY ERaT ol
whi ch picks up the supplied object to be bonded by suction and hol di ng,
conveys the bpdtrg bfi Agguikedobpede pgrdormest iihdle eBHt aeentwreh t aARd
object to be bonded hel d by the bonding object handling unit in 10 which

t he nmovenenthebght hecomlzal vel srovv@m@itines npeyforiedred wlihle t Repvenetial |ic
bondi ng portions facing each other and subjects themto the friction

bondi ng; andee®eus®vémentthidinesst koatsadt ioh tbel bunmsh Bherled.s t hbe
advant age that the friction bonding between the opposed 15 netallic bondi ng
porti ohS of ¢hbklapjectceambdrehe @fhethe bumps 3 can be achieved by

executing height control, and the occurrence of troubles
such as short-circuit due to excessive collapse and the
failure in the éntry .of the resin sealant between the
metallic bonding portions can be prevented.

15 Moreover, if the height control is additionally
executed during the temporary bonding, the change in shape
of the bumps 3 can be more accurately controlled.

In this case, the detection of height is
performed by, for example, a.linear sensor 160, which is

20 mounted on the voice coil motor 69, measures the current
position of the suction tool 11 during the movement in the
vertical direction, and outputs a detected value to the
control unit_24. At this time, as shown in Fig. 30, it is
preferable to perform pressurization until a load is

25 applied to a certain extent (until all the bumps 3 are



obj ect to be bonded can be perforned at high speed without stress by

appl ying the novenent for the relative novenent and variations to the held
object to be bonded of which the size and weight are snmall by conpari son
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 simlar reason. If tw bonding B%ject handling units are provided
on the side that the novenent for the relative novenent is 25 perforned,
then, by setting the specifications 104 corresponding to each application
for the initial friction t bondin nd.the final friction bonding wth

i nterpositi %’ﬁoélfgtht el?e&?&tiac# o‘f”gggo%b(enam“flﬁg S5 i &t iad'ﬁijbéﬂ&li nd*&nd
properly using th ane, the stop (halt) conditions of the 5 friction

ondi ng bet S %e el‘ﬁqnlealrefgr”il@tpcie(dr: Borldi ¥ and e 1 RANGES & dHblohdi ng
can be satisfjed Ey §mﬁ%§€in t he bondingpﬁbject handling unit to be used
for the ini ti%d PFicFi of® Bofimg Tokd EKEMPLRAI #Rflct FRPrSRRERRg R Trm
stably achieving two types of friction bonding on the 10 different _
condi ti ons &Y QQﬂtgﬁl fr i AL ISFRENRS angeR k2R F nalitiegCicon HhER ng

w t hout_ executing the conplicated and delicate control. Nbreover, when one
bondi n@® obj FERHHIANY QAT RscPF daFERRE faPRULEe ®PRFAGLOTaRY IMeAR%L I on
of durability or the object to be bonded 15 held by the unit has a problem
the frictiof hohdiif¥peteattdnl 6&napd @BﬁPPﬁGéa9a§¥’€s%t%F%é’%]t%rto
bondi ng object handling unit while tackling the problens, and therefore,

t he reducti5$qIFQQEF%ﬁe?%%Foﬁ4Pah@Q%ﬂP%R¥@v%b@eéetﬁgtﬂﬂntW@ pé t1erdng
sections are provided, while perform ng the |oading, positioning, and

unl oadi ng of*& REWERES BRY deldaAdeanFart A6ly wohpesi tisomavg st tqontheat
different tines, by alternately subjecting the objects to be bonded to the
fricti on boY#¥5§ t 6°the BORRF difectetechs 26heo heddlesdasy bre Hondi ng

obj ect handling unit, the 105
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 primafy 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 is

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.



| oadi ng, positioning, and unloading of one object to be ,~ bonded are
singly perfornmed, or even if a tine longer than the tinme for handling the
ot her object to be bonded before and after the frictional bonding is taken
because the 5 position switching operation, the holding operation, and the
hol di ng rel ease operation beconme conplex, the tine needed for repetitively
subj ecting the object to the friction boﬁding to the 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. Mreover, when one bondi ng
object handling unit itself suffers failure,, danage, and |limtation of
durability ﬁo"&nveerdbj él‘%t et'tfbe b OBaﬁBQd RGP VPR hdSurf§ LF'Ef‘séatBr IV 9% he
friction bondi operation %gn be,continued as usual by the 15 other

lfondi ng obj &ttt | i RGOGRETSahi VEPFAELPPRg t HE'$TDbI éifs, BRALAEFef iR,
the reduction in the operatjon rate can be-avoided. The friction bondi ng
appar at us of TIPS ROF Mt  BRIAASMBRE pPEY 4R RiSt B (IRNFFIRITH Of
bondi ng 20 %pp%{atus in each of the cases and theagggply uni t for supplying
at | east one-Biita PAFFIYRCRDj RETECER bBehbREdd Lo HFRR heeni errfEecbohdi ng
objectdgandlin unit_that can_handle it. In the above-nentioned

const r utti ot 1St e b5PabtarHLRcal YWhaihpihe ngathet sepactadsd) e awhdelei n
whi ch 106 nmany objects to be bonded are indjvidually handl ed at |east '~
from the suppt8Famidnearg efkecnbediramenbite@nenti oned friction

bondi ng operation can be successively repetitively
Moreover, according to a Trelation between the

ultrasonic output W, the load kg by pressurization, and the
impedance of a wultrasonic 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 bdnding 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 havé 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



performnmed between the object to be bonded and the other 5 different object
to be bonded manual ly supplied or automatically supplied every tine at need
fromthe supply unit. The manufacturing of a variety of secondary products
and final products can be achieved automatically, easily and reliably at
hi gh speed by frictionally bonding the 10 objects to be bonded to each
other in a one-to-one correspondence or dfe-to-plural correspondence for
the nounting. of one on the other. The aforenentioned characteristics of
the present invention can be used singly as far as possible or in a 15
conpl ex forn%of various_gonainaiions. Al t hough the present invention has
been ful ly deBeRiBeBPFRIELRAEEIBR - with the preferred enbodi ments t her eof
with reference to the acconpanying drawings, it is to be noted that various
changes and nodi fi cati bRs t&i€ %P PpaFeht &CitHe B [Bhed detedel R t ©Lsuch
changes and nodifications are to be understood as included within the scope
of the presekbei ARREABASad Sd&RFed H\f AHOWH RGP EI A BR ORFes¥alRes -
depart therefrom 107 . CLAIMS,.1. A friction bonding method conprising:
t enpor ar i | yr 888ciafidrladitdpptag #PChct BN OBEndRFRIRBRr &Ei dHParehafiNen
two objects to be bonded to each other (1, 2) are5pressurized agai nst each
other afAd rel@VPPRRy neREEr t FPRSTetRl | PEPBSNdI hig $OItiaHs @rrantof abRe
objects intofrictional contact so_as to performfriction bonding of
thenmetal | i c Boh8rag por thenpigzoaleetEiroalBBABENGUNERAOENES PEFAPRRHNER
claim1, 10wherein the friction bonding operation is tenporarilyreduced or
st opped partwayragenich#iksasirne bsadeAifpeterons &he braesi dnal Ppcposged
to each other by thefrictional contact between the netallic bonding
portions byppéssbei hieadiagd ofeltdts welsinmvi ieoné abfiethet ocberendedo$( 1
) of the two objects to be bonded relative to the otherobject to be bonded
(2) of the t®vicbjieved thede wedetoi nehat aperiatinm caft Hhonalsjasenico be
bonded (1) is held bya holding tool (11, 111) with the netallic bonding
porti oAdof tMébubftéons,tothe Bungel flacbrgowmachgvadeal293. fikeédi did ofhe
bondi ng nmethod as clainmed in claim1,wherein the holding tool is a suction
tool (11), amdethebdectiantivoradi vf oper atimmd slimepodar ivith edosed the
or st opped partway when the netallic bonding portions arefractionally bonded
t o each ot hebuwpish 3 hgranbtally codoré ngREpdr tticonsibmatd .nt oThei feicondlhat
contact with each other by

the metallic bumps 3 gradually becomes hard to vibrate

leads to the suppression of the variations 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 piezoelectric element is
“theoretically constant, and therefore, the impedance value
20 éf 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



108 ' sucking and hol ding the one object to be bonded (1) of thetwo objects
to be bonded by the holding tool with thenetallic bonding portions facing
each ot her andpressurizing and relatively noving the one object to ‘
be5bonded with respect to the other object to be bonded (2) ofthe two
objects to be bonded.4. A friction bondin%bnethod as clainmed in any oneof
clains 1 through 3, wherein the rel ati ve 'ffovenent i sperformed by subjecting
t he one object to be bonded (1) of 10the two objects to be bonded to
ultrasonic vibrations.5. A friction bonding nethod as claimed in any oneof
claims 1 through 4. wherein. the one object to be .bhagndedof et objgects
to be bondedcﬁgr%pgeni%%Rﬁékﬁgr e]%ﬁ%ntﬁﬁff t 56 qﬁggogbje%? t o "be bgﬁged
of the two objects.to_bel5bonded is a circuit, formn od , and .t he
trictionbond?%%z%%ﬁ?%Efbﬁ i%I%Qﬁﬁﬁﬁeuﬁq FEfUSSP owh%Fgﬁﬁgdgéért§89%h%ﬂ t he
metal | i c bondi ortions are.frictionally bondedto, each other
pressurizingbﬁﬂge v%ha PﬁgagéﬁFc RSt r%ﬁqgaﬁher%&%ﬁ'ﬁ%ﬁ%op?ﬁgxg??cﬂft
form ng body_w th netal 20el ectrode portions (3) of the_seni conductor

el enent puti hE® MHdEi%n Fn%nt‘lacf'svmgcor?dgef’ﬁl ’é%c??o&é"%%??bﬁs <:’(fgf) 5ket he
circuit forniﬁg bod¥, Ege gortions seriing as thenetal lic bonding

porti ong. 6. PPRt BN BBNITREAAREROU2 Yl ai med in cl ai m 3, 25wherei n, when
sucki ng and hol ding the one_object to be . 109 ''bonded by the suction
tool, the one object tBhBEeEBHEed&QE,§GGE$&QQHP %P%yc%%i?% B&F tppmed
contact with and receivedby a pair of opposed taper surfaces (1llc) that is
formedona subPfBA SIRFLRYS (FPRYIGLORSs It h RERZFerard dfle HobEBEPBHGNt
in contact with an external edge portion of .theoneobject to be bonded.7. A
friction bonAPRBRethollgsiPgi K8d PRIaR)ENEBPEERAFRs 1 t hrough 6, wherein
the tenporary reductionofthe friction bonding operation is perforned, by
reduci ngt helOrel ati ve A6GeKREARIBEr wedh t RBenetBiticlhoddiR§L1pBr t PORELIBTI A
friction bonding nethod as clainmed in an¥oneof clainms 1 through 6, wherein
the t edfor ar pPstapiert HEFPEe i dhoRAFHGTARBr RF 0F P pff digPMed by

st oppi ngt herel ati ve_novenent between the nmetallic bonding portions.159. A
friction bon6PR§rALLABE ABecPapssdrigatiannrfoithg seHéCORAUCKETt EAEHECRTY
reduction or stop ofthefriction bonding operation is performed by

st oppi ngt hephes\d i thR i BASBeMREORT: e ABRaNFE c eBSRdiaAtg9Forandnshep final
friction bonding nethod as clainmed in clainb, 20wherein. the stop of the
pressuri zati d8icsipar feonddasy seprration ehteholtdieng adbwitiamayos r 64PPhé Sone
obj ect tobebonded held by the tool.11. A friction bonding nethod as cl ai med
in anyoneof gkaifesmedt hvogghtsolikiageithet Kegreduetfi adigceneysf di-&t-irorkhe
bondi ng operation is perforned by reducingthe | 10 rel ative novenent of

t he objléct s ddsbengendetwasreadhe oshrl cahducherpredsnenitz dt | @d beheedd stche
nmetal lic bonding portions.12. A friction bonding nethod as clainmed in any
one5of cl ai meekbefr @uglerl in vihidrest nvends ni &i hetohét i(6arbexampdepeha@tiiodrt
before the reduction or stopis performed bycontrolling a distance between

t he obj ect st droa bohdedstoéach otferthandoaséi mémifer ctdlon asondiasgopdest i on
afterthe reduction or stop is perforned bycontrolling thelOpressurization
bet ween t he djrednsboyehebonerd itto Eaic leotairdredl 3to A fnevenitont e ndiagy imetdhod
as claimed in any oneof clainms 1 through 11, wherein an initialfriction
bondi ngoper atoheur alg¢fearie ttilvs  rfeduc emordm s tdgdies: tpare graned dopEseprenas |dinhg
the pressurization between the objects to bebonded to each other, and a
final a0 cti dhebantijamoper adveoweaht €het Femietuciicmwre dmgits bephdr ride
bycontrolling a di stance between the objectsto be bonded toeach other.2014.
A friction bardiengnembénd 2astbhai etk | spacy faedof dtsbamee 1 imhr blagh fidal
wherein an initialfriction bondi ngoperation before the reduction or stop

i sperfornmed ffaricatiione kshatitrey d¢theae afot nehef aghfienahknicbiform sufficient
bondi ngoperation after the reduction or stop.2515. A friction bonding

nmet hod as cl @omwdngn anpgteneand ltheaf thai nexdesbivoeghcdBlapder e arhe
initial friction bonding - operation before the reduction or stop is
perfornmed by mpartingld ivgnss dB shaacehketwigeimdg heinds ect Byt G alvd siigriced tioe
each other, and on basis of control data obtained at the 5 tine, the

di st ances bet wegrr-ifie) igHRL soridihe Honeedwholeaghe objects to be bonded



other is controlled during a final friction bonding operation after the
reduction or stop. 16. A friction bonding nethod as clained in any one of
claims 1 through 15, wherein an initial friction bonding 10 operation
before the reduction or stop is perforned by controlling the pressurization
bet ween 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 15 bondi ng
operation after the reduction or stop. 17. A friction bonding nethod as
clainmed in claim4, mhe&gin the friction Bon i ng operation hs tengorarily
reduced or sF8pp&AcPar PRA§Ewhif t RECHEREPFi cTHBMdi RG™pBFti 6hSS&reto ©F
frictionally bonded to each ,other through the 20 frjctional contact between
the netal | i c®BEREFARIpSPEI GHS URRGSr L&V SA ngh antehbe? MY OHeT 0B} 8RB Eo Lbe
bonded (1) of the twyp objects to be bonded relative to the other object to
be bonded (2%P8f thife Q3RS IMRRES £ olBe WHendedaln Brighier i RORALRE ShEI6ne
object to be bonded is held by a holding tool 25 (11, 111) with the |
netal | i ¢ bonf8PRg fPorthoner8Fsihbzabieet 30 they initigl pErbghied PLEdA§Ieach
ot her, an inpedance of a e, ultrasonic horn (71) connected to an oscillator
(23) atPachedt8fAfo ante RBFHrHEIt &di1e | sraphitorRd fdem nhan hedifrifanishieét i on
bondi ng operation before the reduction or 5 stop when performng frictional
bondi ng by tRendingasohrte vilsytat i 6Re, swbficiemal bonddmidonskahai Rt the
operation after the reduction or stop is controlled in accordance with the
moni t or ed i npegaRédc 1BMPS {3 apforthsondl higndret hoasad cdwrmd Fheclfdnalg,
10 wherein the one object to be bonded (1) of the two objects to be bonded
is a sem condyécsionpdnehending telbihigrg 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 operatibn time, then it 1is 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 boﬁding
state by performing the final friction bonding operation

20 for a .sufficient time 1longer thaﬁ 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 Dbonding



object to be bonded (2) of the two objects to be bonded is a magnetic disk
readi ng suspensi on head constructed of a thin leaf spring. 15 19. A
friction bondi ng apparatus conprising: two bondi ng object handling units
(21, 22) for holding two objects to be bonded (1, 2) and positioning the
objects so that their netallic bonding portions face each other; 20 a

rel ati ve novenment unit (23) for bringing tthe opposed netal lic bonding
portions of the two objects to be bonded into frictional contact with each
other by relatively noving the objects to be bonded held by the two bonding
obj ect handling upits; and 25 control uynit (24), _which controls the

ol ding 119584 Bhat S AR B it o eistbrecbE 1SR gt Thp RS BB ng
object handling, units and the relative novenent_of the bondjng object
andl 1 ng. unt EOUBHOL hEnFof BE & RSVEIRER: 1O CRdE s 910 ks FRabRupgRied
bondi ng portions of the objects 5 to be bonded hel d by the bondin bj ect
handl i ng uni £S P2 & lbtﬁérQ%ﬁfqﬁQQbsh?ﬁ%l%%?%ﬁ?s'Pﬁt&QW?E?bgﬁglto
contact with each other by the relative novenent for achi evenent of |

metal |i c bonBFRYSEhe EB®L r oTeTh ¥d enptaia i TisthicGhg FFo% oppPRse™ERS he
friction bonding operation partway. 20. A friction bonding apparatus as

cl ai meddi n cP&ERFESVEWRST & nCRBIRHBARCE! Odndhst $91el Gt eP obEeERreRAND i ng
units by the relative novenent unit is performed by ultrasonic vibrations.
15 21. A fri éPFofhBoRaiSfy MEFPaTtatLsvRCR | GPHRdCLASRT afFfh £9CBr o2 Twidrad n
one object to be bonded of the two objects to be bonded (1, 2) is, handled
by one bondi k§eobjRadiHiadl FA§tance dlue hdot vieh®oRFiessUshZast oRantii ge
units, the one object to be bonded is an object to be 20 bonded (2) that
has a frane pérelonfriatiand kordiag algtiagvod@itngther taehi¢ugment grpf a
inclined portion (2f) that extends fromthe franme portion into the frane
portion and P8fifaciepsédbandAngespese ead flely &he SEHaEssH Ve v 1de@ ot ng

obj ect handling unit has a 25 positioning section (26) for positioninq}and
holdinéothe 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 ahd 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 duringAthé 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 stafe 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



114 ' frame portion of the one object to be bonded, “,, the positioning
section can nove into a unloading/loading position in which the frane
portion of the one object to be bonded is held and guided along its 5 °
conveyance surface and the one object to be bonded is | oaded and unl oaded
and a bonding position in which the inclined portion of the one object to
be bonded that holds and positions the f rlzhre portion is inclined so as to
extend al ong the conveyance surface and the netallic bonding 10 portion

| ocated at the inclined portion is subjected to netallic bonding, the one

bondi bj handl i it t [ s iti it chi it
(42) for per FBPNEAG oG o6 TRER GnePSosteiooh Aot T off-PEoRBRed™ nt o
the 15 unl i ng/,l oadi il d t.he bondi ng, ition; dab
Secti on (43 CPBr 150 Fcn REIBELRNp EebHAG TREFTRPRnGY JOrTrOM OISt R tone
obj ect to be_ bonded pasitioned B§ hhe positionlng Sﬁctigg is su portedffrom
bel ow when t AB*pd8é tlgﬁﬁﬁﬁlQBCt RI-8IswPPEREGIPE t RE 26P6on&PRETHdsi Fifon,

and the control unit controls the position switching unit according.to the
oadi ng, unl BATFABCEpBSHEER e anERboRRTHG T FRETERE dbj &t Fhebbase
bonded, _thereby sw tching the positioning section between the
unloadiﬁg/loﬁ&%ﬁ@rZS:$osgPﬁon4%ﬂ¥QQﬁ} di Hgeposiistamee 138tyron. Ahe
friction bonding apparatus as clainmed in claim',~ 21, wherein the _,

posi tioni ng SEPLFBAIRES0R Sdiemeaft duidde! 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 ffiction
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“elemeﬁt 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 1is monitored and the final friction bonding
operation is controlled according to this in performing the
friction bonding by means éf 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



rails (26a) for conveying and guiding the one object to be bonded, the one
object to be bonded is a spring leaf, the 5 inclined portion is forned at a
tip portion of the spring | eaf extended inside the frane portion, and the
positioning section is provided with: a pressurizing nenber (61) that is
supported by one guide rail of the pair of guide rails of the positioning
section and able to nove between a 10 hoﬁ@ing position in which the
inclined portion owned by the spring leaf is held between the pressuri zing
menber and the backup section and a holding rel ease position in which the

hol ding is released; _and a,sw tgchjng uni 62) that sw tches .the

pressuri zi ngoére%%?r Fﬂ?gOWﬁﬁgh T h %s&’tol(“ﬁﬁ' 8hd %,\#h% RSy Ofel EASe
position beg¥§§€ t he ressuniziag menber and thg.oneleui rail, and the
control uni t9torTIYrs® t He swPERPRGSUNTPE 5B BT O Post i 'St hE*pFESsuPT zi ng
menber in the hol ding positiqQn every tipe the one ohject . to he bonded Ls
recei ved 20 i%@%@?‘%oﬁ@& iT& h%lIB{VJE?H%‘ﬁi RS s ‘?ig 15 aOPnbft%Pm d?hg
rel ease position every, tine the_bondi ng operation ends. 23. A frictio

bondi ng appaF%@u%eE%li+%iFﬁﬁpﬁn3cP§9WF%?,WM%%QQ &%?%ﬂtﬁ@quyc%faE%rFﬁﬁ

| eaves each of which is 25 the one object to be bonded, exi st _inside the
frame portiofctaliie 'Lor¢ingr QKi%iSg & | $hEr ovPdEd ki t Rraction
pressurizing ;,~ leaf (61b) that can hold each spring | eaf between the
pressurizingb ¢-and the backup section while independently covering the
spring leaf, the pressurizing 5 | eaf holds or releases the holding of the
spring | eaf, and each PRessIPIEETHRLMekned HABLRY Wit h SXeMT&Hgh ORol 8
(61p) for exposing the metallic bonding portion of the inclined portion of
each spring seaicepdegbpecelenentet afhet BandfAgr pBEEPEN2E0SRPYBL ABNFL1T-

bonding. 10 24 . A holding tool for holding the one object to be bonded by
recei vi ng t héAopadols eamiesiidgieriderll¢merbnt adhaki fias ivIpposedPapés
surfaces (1lc, 11lc) that can be brought in contact with an_external edge
porti ohOof thbBowneinbféet 7B Wethorbedtimeaaiéeessipnribthel1ippdt kRS,
simlar 15 to an external formof the objects to be bonded (1, 2) forned on
a hol di ng suahdceheldastribufiandofsushabbenichantrhé Bxeer AAPWhoim F29. A
hol ding tool as clained in claim?24, wherein the one object to be bonded is

an | C chip, 46d £vde 20 serfeseddont ofie tite chitpl wral r dgulcdtiad bponkd nGwo
opposed stopping (halting) énd final bonding, aﬁd the control 1is
compared with that of the conventional 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 is 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



taper surfaces. 26. A holding tool as clainmed in claim?24, which is used
when the friction bonding nethod clainmed in any one of clains | through 17
is put into practice. 25
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ddddd' eeeeuf | j hkk}xsni d_Z]]ca] ca] cal.ca) ca] ca] ca] ca] cal.ca] ca] ca] ca] ca] ca] ca
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20 variation in the case of 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 is wvaried within a narrower range of

25 about 240 g to about 330 g and the mean value is higher
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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 observed, 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 51, 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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-’ that have the base members 2, in these two positioning
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 objectl
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 if 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 damége 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 problem. 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 Figi
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 thé

free end of each base member 2 by means of a pressurizing

15 leaf 161b 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 pressuriiing leaf 61b, so that no
pressurizing member exists in the portion to  which the

20 semiconductor element 1 is to be bonded, enabling the
prevention of contact with the suction tool 11. The
through hole 16lc of the pressurizing leaf 161b is 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 is
arranged between a pair of rails 26a and performs the
unloading,vloading, positioning, suction, and holding of
the base member assembly 2A, reference numeral 143a denotes
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 refefence numeral 143d denotes a through
hole. Reference numeral 143C denotes a projecting portion
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 l43d.of the suction and holding
plate 143 and supports the lower surface of the inclined
portion 2f of each base member 2. Reference numeral 1l6le
denotes a pivot shaft of the pressurizing member 161, and
each pressurizing leaf 16lb 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 1644,
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 is unloaded and

loaded on the suction and holding plate 143, positioned in
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the unloading/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
similar to that of the foregoing embodiment. According tol
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
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 réference numeral 164 corresponds to
the piston rod for collectively holding and releasing the
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)

As a friction bonding apparatus capable of
putting the friction bonding method of the fourth
embodiment of the present invention into practice, it is
acceptable to provide only one bonding head 68 as shown in
Fig. 35 instead of the two as shown in Fig. 1, make the

suction tool 11 of the bonding head 68 suck and hold the
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semiconductor element 1 picked up by the bonding object
inverting mechanism 101 in the pickup position, move the
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 ofl
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 bonded 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



$ %ulD9 10 10 U3(10% U& ()- 1t 2( &3(10% U& ()-1)3(10% U& () - 1t 2( &3( 10%
U& ()-1)3(10% U& ()-1%& ' ) ¢ eD9

10

15

20

25

88

object to be bonded, 1is hardly deformed, and the yield
increases. Furthermore, the shear strength of the metallic
bonding rather increases since ' the friction bonding
operation is partway reduced or stopped, and the friction
bonding is reliably achieved without problem. Accordingly,l
there can be performed metallic bonding neither too 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
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
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 achieved simply and eésily by only ultrasonically
vibrating the one object to be bonded and merely applying
ultrasonic vibrations to the object to be bonded held by
the suction tool wvia the suction tool. 1In particular, by
means of the ultrasonic vibrations, the relative movement
can be obtained with minute high-speed variations, and even

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
suction 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 1is
similar to the one object to be boﬁded located on 'the
suction sufface 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 effiéiently achieved. Moreover,

20 there is no friction since the back surface of the one
object to be bonded sucked by the suction tool is 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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may rather injure the back surface of the object to be
5 bonded to be sucked and held and may cause the chipping andA
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 bending 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 pregress 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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10 be bonded to each other and the final frictional bonding
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 requiféd
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 pressﬁrization
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 ié 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 initial 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
each other.

Moreover, 1f, for example, the initial friction
bonding operation before the reduction or stop (halt) is
executed by controlling the pressurization of the objects
to be bonded to each other and the final frictional bonding
after the reduction or stop {halt) is executed by
controlling the distance between the objects to be bonded
to each other, then it is enabled to prevent the required
characteristics from becoming defective as a cénsequence of
the adjacency of the objects to be bonded to each other
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 ther is prevented from coming
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

metallic bonding portions during the final frictional
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bonding utilizing the specified margin in the distance
between the objects to be bonded to each other under
sufficient pressurization.

Moreover, for example, if the initial friction
bonding operation before the reduction or stop (halt) is‘
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
the excessive collapse of the metallic bonding portions due
to the half-finished bonding state in the initiai
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
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 aﬁd controlling the distance
between the objects to be bondéd 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

the predetermined range of distance in the initial friction
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bonding operation and secure the sufficient final friction
bonding state without excessive adjacency of the objects to
be bonded to each other during the final friction bonding
operation corresponding to the margin to the predetermined
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
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 accordihg to this in performing”
the friction bonding by means of ultrasonic vibrations,
then it is 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 invaccordance with the excess or
deficiency and thé 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

and limitation of the friction bonding.
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Moreover, the friction bonding apparatus 1is
provided with: the two bonding object handling units that
can hold two objects to be bonded to each other and
position the objects respectively so that their metallic
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
object handling units relative to each cher; 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 ”relatiQe movement of the
bonding object handling units by the relative movement unit
S0 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 relati#e movement. If the control.
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

is only required to move one of the bonding object handling
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units so as to relatively move the one relative to the
other, and it is preferable to perform the movement of one
of the bonding object handling units by the relative
movement unit by means of ultrasonic vibrations, as
described above.

Moreover, in 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,
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 friétionally bonded to the other objects to
be bonded is positioned once, then it is only required to
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
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,

one object to be bonded out of the two objects to be bonded

1110J1J2IpX<R (10% & ()-ml@ (10% & ()-nml (10% & ()-m @
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units. The one object to be bonded is, for example, an
object to be bonded having a frame portion and the metallic

5 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 objéct
handling unit has,‘for example, the positioning section for
positioning and holding the frame portion of the one object

10 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 héld and guided
along the conveyance surface and the bonding position where

15 the inclined portiqn of the one object to be bonded holding
and positioning the frame portion is 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

20 unit is further provided with: for example, the position
switching wunit 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

25 positioned by the positioning section is backed up from
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loadlng, 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 hard 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 positioniﬁg 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 position by the
control wunit 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 thé friction
bonding to the other object to be bonded the required times
without difficulties by thevbonding 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 other
object to be bonded has been'frictionally bonded, and the
loading of a new object to bé 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

1@
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the loading section and the unloading section, which are

located on both sides of the positioning section and can
perform the loading and unloading . of 'thé 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 simbly be achieved by
the conveyance in a linear direction extending through the
unloading section and the loading section.

Moreover, 1if one of the guide rails of the
positioning section 1is provided.with é 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
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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
hblding 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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the inclined portion of the spring leaves are exposed to

the pressurizing leaves and subjected to friction bonding,
by individually holding the piurality of spring leaves by
20 the independent pressurizing leaves corresponding to the
spring leaves, i1t 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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HyS$10%l' & ()- ~~110989d' 9& ()- R 10% d' ¥&3()-T

9109®d' 9& () -109d' 9109d' 9109d' 9 ys9$10%®@d' 9& ()-9)|[: vU410!

Q -$1090d' 9&' ()- ff)M 1099d' 9& ()-R S ' M 109®d’' 9&' ()- k$10%0d' 9& () -

Wk$10%wd' W& () -~ x$1099d" 9& ()-) KL vual1p! 0'10%' & ()-m's

1099d' 9&' \(A&kﬁ%)‘@%' é%ofd' gi%g‘a%&?yéﬁwﬁl\%@ﬁl 2on) - shapsg) (g gsp) -on  for

S-$10%' & ()-5h>qlL[;vu410! . f:11099d' 9& ()- @$1090d' 9& ()- | @$10%' & () -

y* 1 110%0d' 9 a‘??-gblé%dsﬁ&l(‘?- leeyosq29e (SenwRasHiab the pressurizing

L10%RQ &&' ()-109d' 9109d' 9109d' 9 y  9$10%@d' 9& ()- }SI $10%' & () -

asSl $10%"' & %‘*}@V?%t $10%' & ()-|[:buUs10! '10%Q & ()-0 '10%Q & ()-0

'109%Q & ()-0 9'10%Q & ()-0 ' 1094 & ()-0 ' 10%8&& i)_o; <=>AeOvU410!

\,$10% d' | & ()- !, $10%dth& Prndigal ki sl )bandipngduogt( o otheoeideq

} 100/%&' () -00 | B_AVUMO! \ S+$10%0d' 9& ()- aS+$10%l' & ()-} ):!10%d' 9& ()-

0@ $109%1' & F)2t| @810Vt foB16d¢ r¢datvpumeyement is performed

*1099d' 9&' () -109d' 9109d' 9109d' 9} f9$10%@d' 9& ()- 5M 1090d' 9& () -

3110%9d' 9& %‘5‘5: 1theosdgtdeny )egol [ . wukalp pigks) wpogdiogsygplied object

SIM 109®9d' 9& ()-} .y$10%9d’ 9& ()- 'S M 109®d' 9& ()- 10%l' & ()-4

0' 109@d' 9& 9 - RAIKRded 0oy’ SUSH$ eovgRdehe}dingy) $00%eve' (Yhhd object,

\@)$10%d' | & ()- 1$10%" & ()-. t]$10%" & () -

*1$1090d' 9&PFILEE MPhAeloRS Yntor( fpbEr 2013l 1cattewd &ith 1t ebYECE () - 1

On{ 109&& ()-1 109%&Q &&' ()-109d' 9109d' 9vU410 ' 10%l' & ()- 0' 10999& () -

*10%0d' 9&' (§° 108 PoQdrgQ he kg 10¥Qtéie )bdnd(riDUgh g€l - handM4l 0anit in

0, %$10%!' & ()- y#:1109@d' 9& ()- f!:110%0d' 9& ()- fM 109@d' 9&' () -

$10989" 9& Which: 1ugl' gn@yemert@ fam10the 109618 {yel movement is not

10%" & ()-109d' 9109d' 9109d' 9 @$109®d' 9&' ()- 1, %10%YU" Q& () -

}, 9%510%d" & PSrImgTed Nadth10bsis10esad 10s>ond ink) Yo S (g - flat 1086-&ch) - 1

'10%' & ()-1 '10%' & ()-1 M 10%' & ()-1M[: NA41010 F(10%Q & ()-1

F(10%Q & ()othex 169 Subiecter(1oe &o()tie " 10848’ ppntling; and the

109&Q && ()-M1236XvU410 ' 10% & ()-1 V '10%' & ()-1

s10%' & () -ROGUOT 1001 tF( 6%LEL § ) -shdFH(i0Qt&0() - 1¥h&h' “wHdre 416G >the

'10% > | & ()-1 '10%' & ()-1 t'10%n& ()-1 '10%' & ()-1 '10%' & ()-1

'10% & () - ddipet Ride thjat | thaf FHOMHI ang' bpadiingl W€ @) - tHEL0gRb&sEN-

T 109%RQ && () - 109%RQ && ()-10|>'| 10| > | Jg|[:-410&Q & 1$109RQ &&' () -

j 15109AQ wengyalll$10E@iass (porti'oRk0% Weh¢ ) -oB THOYR@r. the other

j f$109%Q W& ()-bbA4108&Q & R 10% Q & ()-1 '10%Q & ()-1 '109%Q & ()-1

T 10%RQ && ¢hidct 1086 Ba&h(pd10e &0 g | M Uildh , SHAOYOR 986} -

1098Q &&' ()-10Q 10Q 10Q '10%Q & ()-1 '10%Q & ()-1 ' 109%Q & ()-1M Vg
[:vU410 , 391684 BY( prpdPiodm @l 1dvem&AOYERrT &he) -r dIIRF &&inbYement

TT109Q & ()- 1H ' 10%Q >& ()-Jk vU410 : @109%Q & ()- M 10%RQ && () -

OM 109 Q ! &arfd - vAORRI) &8s (Yo 10RE) BADRQDIBIOEE) o IOYBEhEEA (d £ kwhiah[ tHb410

, 37 1109%&Q &&' ()- , 1M 10%RQ &&' ()- /$10%RQ && ()- e¥B10% Q r& ()-

$109%RQ &&' (3ize$dNds Pedght- sifey Wil B>o $10MEER&SOh- wiRhS KA _&F (Lhe

09' 109%&Q &&' ()- 10%&Q && ()-10&Q &10&Q &108Q & >7$10%&Q &&' () - Paal 0bU410

L10%ZY &&' (9 EHOEQoRTCED &IH&Pe& b&IM&I&E (dhe 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 is

25 performed, then, by setting the specifications



$109%Q & ()-, $109%Q & ()-, } $10%Q & ()-,=&D|[:bU410 SM 109%&Q &&' () -
\$10% Qi & ()- j$109Q W& ()- "10%Q & ()-z '109Q & () -z

[0' 109%&Q &8 ()-za5p#|[:bU4l0 y3M 109RQ &&' ()- 0,-$10% Q | & () -

,-$10%RQ &&' () - y+: 10%&RQ &&' ()- y):!109%&Q && () -
j, % $109Q W& () - #WKYZ] kvU410 @ 109%Q & ()- ' 109%& ()- ' 109%RQ &&' () -

" 109%RQ &&' () -10&Q &108Q &10&Q & @s$10%ROA &L’ () - kNAp| [ vU410
#M 10%RQ &&' ()- y!'M 109&Q && ()- 7 f&10%DQ D& ()- , $109RQ && () -
M 109%&Q && ()- f110%Q && ()-p O!|[:vU410 €S $10% Q ré& ()
VS-$109RQ &&' ()- , +109%RQ &&' () - ) 109%&RQ && () - ' 9! 109RQ &&' (
S% $1098Q &@PUG@P@W}M BQuEEh eRIbE Rt He TRT 0Bh&! l&ltﬁ}ai friction
04( 109K V& () -1~ 1098k ME ( % 108Q &10&Q &10&Q & Cf 7$109%RQ &&' () - #$Y&:

' @ | obUR2DBAingoROALERS - 1R L 0k Tigk Lo iqwa@l&l@( ywith( wwr&oe‘)lr}om( 10%

x' & ()-1 4(10%"' & ()-1@"' q(J)o*~+, |[:bU410 ' 10%Q & ()-1 '10%Q & ()-1

11090 & () - qf Ebe/&f&dwtaonle%faom -(maitiowéqt&& (f)fls;,t,lp,n, }D,o WP 1e@nd(
(10%" " & ()-0 (10%' & ()-0 L10% ' & ) 10 0.Q

10%Q & (prepveNlp psung j(:ael@ame(,l ggqg @(xaplﬁ%:onglp}ogs of the
(10% ' & ()-0( (10%' & ()-0 (10% ' & ()-0----...;. sW?10 (10%' & ()-0
(10‘V 5& () fotction b‘O&d(l)’Lgo ]:(eltg%en &the- Q.@l(t:ﬂ.@l% fz&tc(t)lcm bonding and

LU VLWL XX@L0 ((10% & ()-0 (10%' & ()-0( (10%' & ()-0

(10(V' & ()tbe. finad/ + 11 pixion 0bopeidvey "aar() be( e ied (Py0switching
(10%' & ()-0( (10%' & ()-0 (10%' & ()-0,/ @A B/ n/ o p/ | sW210

(10% ' " & () tbe(bowsling' opIject( howglligg( ndt( tovde &sepd- Gor the initial
(10% ' & ()-0///1//00xX@10 ( (10%' & ()-0 (10%' & ()-0( (10%' & ()-0
(10% ' & () £BL60WONOYDODOpXe?18nd ( 1096 ' 3L O(fikoson &konding while
(10% ' & ()-0( (10%' & ()-0 (10% & ()-00000111@sW?10 (10% ' & ()-0
(10% '~ & () sbebly0%schReying (96 'tw@g9 - ©f friction bonding on the
(10% ' & ()-0@ALBL{1| 1} 111xX@10 ( (10% ' & ()-0 (10% ' & ()-0(

(10% 10& () dO FEE0¥NT" &dAiildid 102/ ZARpXER101 2] 10BHICH& oY) - D6nE1086 angl () - 0

(10% ' & ()-0( (10%' & ()-0 (10%' & ()-022i 2j 2k2| 2n2n2q22dC10
1110% & () - tBel0%E&NE) - 10EridBion 10 bondiNgs ' Wl oW ( kDWCUtiNnd - 02e
3044155/ [ dC10  $10% & ()- $10% & ()- $10% & ()- $10% & ()- $1098& ()-
' 10% & () - chBB1EaTEd| 0bhA10de 100k e () cdBt 20110 MASEI08 & (When one
@s$10% & ()- ,' $10% & ()- ,' $10% & ()-727889: <&=|[:bU410 t (10% & ()-1 o
(10% & () - 1bendif% &bfirct hahtiQ¥ing &n()t- itsel@®s&fflerk |f2ilure, damage,
(10% & () - 1&=c=d=e=f =i =>%RE@U410 f$10% '/ & ()-( M $10% & ()-(
e (10% & () aXdlOpamki fatildh ' oI0 duddbilityy ©610%he &obj) et E@ABBBBBBicnddl 0
?'10% ' _& ()- s10% & ()-10'10' 10" f$10% & ()-( f$109' 9& () - (
f $10%4'5/ & ( he(dCOEy DX IELE[ Ui M4 HAs? M 19YoB16); tHA0%U R 1) toy MBithi&id ) -
fM10% & ()- &$10% & ()- &$10% & () - CE{ EEFFf GH [ vU410 2 3°110% & () -
'S/ $10%5 CRopleratiibh0%ati (be @hYioMed &€ ) us@EYALB th& brher bonding
y 1109% & () - HSHTHUHVHYHXI JKvU410 @10% & ()- M ' 1092 Z& ()-, 0 ' 10% & ()-,
10% & ()-10o0'et® haBa0¥ng (hnKOLLWVIMVYMWAKLEDi g 100 B&fdblems, and
810% & ()-10710' 100 @10% & ()- @10%& & () -
@10% "' * & ( )chMHENeLRPP| EheUdd8qlicSl 64 1004 &'the SMell%ién() ra$d0% & ()oe
$10% & ()- $109%&& ()- S 9!110% & () - PQ RRSSSSS| obU410 * 10% & () - 10" 10° 10"
9$10% & () - SIS & () - YBL0% 4& ()-  9B10% *& ()- SPSSSITUZU| [ : bUAL0
,1$10% & ()- S 110% & ()- $10% & ()- S9! 10% & ()- :' 109 Z& ()-
1 10%20/ & () - ZUUUUAVVYA k1 osl&iéﬁ%h&- (Qectl@f@sdﬁlg% p&olvlidet, ! MKe () -
110% & ()- y10% & ()- y: 11096 & () - V\WIWAWN X] [ : bUA10 @10% & () -

3@HOW'& !
Ny 10%/6 &( %) p&m Lt&%@é?%ﬁ%/f%( ) pos&ti%%%%g(éé a%r)ld 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

25 bonded handled by one bonding object handling unit, the



TT10% & ()- s 10% & ()-10'10' 10" VS7$10% & ()-VYI ZZ[>[[\][:vU410
@$10% & ()-5 @$10%&R && ()- MIO% & ()- yM10% & ()- C@10% & () -
S110% & () -\]AMAAAA yUAL0 ' 10%#8 () - 1T (10%' Z& () - s10% & ()-10' 10' 10
S9$10% & ()- @$10% "' *& ()- < e F /a|[:vUa10 SI$10%'!1& ()-: y!'10% & ()-
L@10% & ()- yM10% & ()- 10% & ()- '10% & ()-/aaNob+cfccc|[:-410'
f9$10% & ()-: 7M10% & ()- 5M 10% & ()-1%) $109%0' 9& ()- S)$10%6 %&' () -
SI $10% "' *& ()-cccccddebAd10’ L@SI0N & ()- @$10% ' & ()- 1'10%'i& ()-
1110% & ()- 10% & ()-10' 10' eef f bggh| [ : A410" [f-$10% & ()- +' 10% & () -
©9110% & ( )y SYL0% & ()=,y 110% & () 109, & ()-hOhh*i +i_, j-i0iivU410
0l (10% ' & (Y6 &p{?%}’i%%én?o a‘%%$§%$&&d(1519 y3$1098 1@PI§ct to be
£-$109%" *&@ 4 E] - kM xnBnwn| [ vu§10 R(10%/ r& ()-1 1(10%& ()-1
1(10% & ()-TH e(dlo%/ro%z TIRGLY | RIDESEREY  10F ( 2GR LD 21 i nkRTRAU4alRD
Rs' 10% ' / & () L s' 1098 9& 5@1 1 s! 10%&' %)- 1.9 10% & ()-10' 10' 10’
al (10% & ()t 1124 | PRRA1B184E B2 02TAEEAOR] ety Gua ey ggnded before
1s'10%"'i & (): 1.5s' 10%J U& ()-. 1 1s' 1094 Q& ()- 1 5s' 10%J U&' () -
1ttFtstttu|a[r¥c}\lA@fgf6 ${g% &f{gzy@t%i@% &R9nding | figs &akpn 1pegaupy- the
1 y#109%' >& (). s 10% & ()-uu$v] vvvw [ : NAA1010 #9! 10% & ()- ' & 10% & () -
9! 10%§'> ()Poﬁ? Tk, Fy}t%m% é%r—awrm%t&'e( YD i g x?WFPtNAElOl@“—é
591 10% & ()~ 3& 10%.& ()- S110% & ()- f/#10%W & ()- ' 110% & ()- '
SUB109% & ()ERAKy PPy SNTEy LEEHSRER O3 Dien odegeqe 2 conpdeg, () the' 1oine'
y9$10% & ()- 7110% & ()-zd{||{}~~~I[:-410'" y(10% & ()-2 (10% & ()-2
(10% & () - 219‘6(%51% |q0§ ()Eegaqtng‘%\@]@ -Bubjecting the object to the
(10% & () -2~~~~~DqU510(10% & ()-1(10% & ()-1't((10% & ()-1(10% & ()-1
s10% & () - T W IErx R@BEAng( 109 &R - PEHER gopE- 10k a0 & ) be( 1ossded) - 1t (
, - . pX<510(10% & () -1t ((10% & ()-1(10% & () -1t ((10% & ()-1(10% & ()-1.i] ksWr
510(10% & (Mardlrsskey (et be Obian% @) ing ((r0% &'s( )rekkioeidddt (( 10
% & ()-1(10% & ()-1t((10% & ()-1(10% & () -1t (LMpX<510(10% & () -1t ((10% & ()
-1(1 B & (Ohattf (109 &hereferew &'thye 1 work efficiency is improved.
1\ sW510(10% & ()-1(10% & ()-1t((10% & ()-1(10% & ()-1t((10% & ()-1\]"xX@1
Ot ((10% & MerroMes.& Fhent (p1e%Rerding 10938« - bahBd5pXY<SuaLt0% 85¢) £ 1t ((1
0% & ()-1(10% & ()-1t((10% & ()-1(10% & ()-15pqr sW510(10% & ()-1(10% & () -
1t ((10% & (9EHEr%s @{§u1E( ( PO ) - ANXYXAGBIG(iCI0% & Qurkbiauwts (9= 1t ((1
0% & ()-1(10% & ()-1t(YZ[\] bde}] AL0' 10% & ()-1'10% & ()-1'10% & ()-1 .
S 10% &' () - el ebieqhilon & Yodrnsawy Al d 09% & Ke -uniDomass (3 -didpKl abds ®hd) - 1' 1
0% & ()-1D ' 10% & () - 11 JLxX@\10D ' 10% & ()-1'10% & ()-1D '10% & ()-1' 10% &
() - 1D pX<AHrix0vcgl (Hondind Opeahidl 109 & )edmt 1ridd &€ )udidD%B R fhe 1<=>t
uxsWIA10' 10% & ()-1'10% & ()-1D '10% & ()-1'10% & ()-1D ' 10% & ()- 1xX@\10D
' 10916 () - pHiom &bondibd 10¥W&ct) - hahddi&y( ) uhDtFGhXEA10t46RA 84 §) -HHE ' 10%
& ()-1'10% & ()-1D "10% & ()-1'10% & ()-17sWA10' 10% & ()-1'10% & ()-1D ' 10
% & ()-1' 1B YemslD and% Bidé)e ATBIst wh¥@\OBLEEDIM& i(r) - th20% e fat 1) ' 10%
& ()-1'10% & ()-1D pX<Al0' 10% & ()-1D ' 10% & ()-1'10% & ()-1D ' 10% & ()-1'1
0% & ()-19:xate can be avoided.
vaWwxsWAL0' 10% & ()-1'10% & ()-1D '10% & ()-1'10% & ()-1D ' 10% & ()- 1yl _R10'
10% & 10' 10' 10' ' 10% &hE - EDi'ctAeng ¥PndiA§% prdrdfn IR KKBRLIOS 64O% & () -
1'10% & ()-1S "'10% & ()-1'10% & ()-1
S10% & () -\JmpXeRE@rL0%ay ()bd S p16Yi&ed) - HitB% &He - 151 OB’ (Dodd1ys & ()
-1<=>l SWR10' 10% & ()-1'10% & ()-1S ' 10% & ()-1'10% & ()-1S ' 10% & () - 11 mx
X@R1OD ' 10%p@anatlisl 0% & gchl Sof10Mey Chsk's1MA® thel Supily_pXSR1I0EIHW & (
)-1S " 10% & ()-1'10% & ()-1S '10% & ()-1'10% & ()-1_sWRIL0' 10% & ()-1' 10% &
"()-1S " 10%upH)yibdl Qo & da=tl Bl 09h & (Pa NQFOCERIOS s 109018 (Boddd@% & () -1
S '10% & ()-1'10% & ()-1S pX<R10' 10% & ()-1S '10% & ()-1'10% & ()-1S ' 10% &
"() -1 10% &aSh 180sery W RiRe 18¥n& iy 1089868 RanbS int0%uéd £ ) that0% s () - 1S
'110% & ()-1*+xX@R10S ' 10% &' ()-1'10% & ()-1S '10% & ()-1'10% & ()-1S +, bef
pX=0110"' " 10f4n&i1e -ikS ' 10% & ()-1'10% & ()-1S '10% & ()-1' 10% & () - Tha@110'
G(10% & ()-1 CE10% & ()-1 NG 10% & ()-1! G(109%&' ()-1

In the above-mentioned construction, while

25 automatically supplying the object to be bonded in which ‘



10% & ()-10' 10' #$9&) XvU411l ~ ' 10% & ()- 10% & ()-10'10' (10' G(10% & ()-1
G(10%' & ()-1 G(10%' & ()-1X'I|[:vU4ll ~ 9y#s$10% & ()- f$10% & () -

#f $109C- C& () - $10% & ()- $10% & ()- '10% & ()-1,iJ|[:-410' ~ 3$10% & {) -
#3$109C C& ()- 1:110% & ()- y/$10% & ()- +:110% & ()- 'M 10% & () - bA410' ~
yY(109& ()-1 Y(10% & ()-1 Y(10% & ()-1 "Y(10% & ()-1

10% & ()-10' 10' | [ NA41010' 10' 10' Y(109% &%§-1 Y(10% & ()-1 Y(10% & ()-1
Y(10% & ()-1 Y(10% & ()-1=|[: NA41010 | (10% & ()-1 | (10% & ()-1 | (10% & ()-1
1 (10% & ()-1 ‘|(10%&'() 1 10% & ()-YZ[\ _ AR\/U410 >Y(10% & () -1

Y(10% & 10% 0' 10' 10’ 0% & 109
ose ot st (8 0 105 Momddbop S Shated Gl dnd Ed o8t ;east
¥(10% & W10 109 & Z10% & 5 & ( 110% &
PN T ol o linmnrs

0 ' %l 1 10% & 1 10% & #l vUal
(fgolmog (§& %ﬁjcﬁ%%l?){oo% h%%m%?lggtfl%eg E&H(kylg fw&%@gaggvefg rgpetltlvelx(f)
S$10% & () - | ' 110% & YYBL0% & M 10% & '110% &
91 10% & 8 R/is’&fl %9( eFUEER: V@%OO 7%&0%0&(%§ gmdgwo (%g the :)qb%%)()
ly/ $10% " i & 1 10% & W10 6: @10% 'j & ' 10% &
"y10% é‘g(' é%@ﬁ%?f}t 1001?32?% @9100)@98‘(%19312@@\/@@911@1@@ sEgrlied) -or
-10% & () +3 10% & (). ) 10% & ()- H#SYSSLOMN W& ()- ; @B10%’ o& () - 789: =t
VU610 #10%&31(50%*1(1% A% gyl ied] 6ueEY( )tlHLe 1395 1&6(391 fgoro'tie supply

S9$10% & ()- SUAM[:vUG10 @$10%\&'é) 6,$10% ' & ()-N,,$10% "' " & ()-
@10% 't & )un\EﬂIHEQ? (Wan acturing of'a varlety oI 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 correspondence for the
mounting of one on the other.

The aforementioned.chéracteristics 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 that wvarious chénges and modifications are

20 apparent to those skilled in the art. Such changes aﬁd
modifications are to be understood as included within the
scope of the present invention as defined by the appended

claims unless they depart therefrom.



#10% & ()- "BEVU410 >F(10% & ()-1 aF(10% & ()-1 10% & ()-10'10' 10
QS7310% & ()- 1@ 9$10% ' e& ()-EX | [ NA41010x' x10x"' x10x' xa X F(10%' x& ()-1
F(10% & ()-1 F(10% & ()-1 DF(10%d' d& ()-1 F(lO%&'()-1R6|[:NA410}O ‘
#S$10%C C&' ()-a @PL0N & ()- (>@$10%H H&' ()- ,@$10%.' L& ()- f '"10% & () -
10% & ()-6rYv| [ NA41010' 10" 10' a S1$10% & ()- @B1$10% "' & ()- S $10% & () -
;S $10% ' [& ()- S$10% & ()-3S|[: NA41010108$10%1 H& () - a S$10%' >& () -
(10% & ()- (10%& ()- " (10% & ()- 10% & ()-! |[[:-410" " f7310% & ()-a
(f/$10%1 H& ()- -F 10% & ()- + 10% & ()- , f#$10%.' L& ()- Hf #$10% & () -
JhA410" 1 1T10% & ()- s "10% & () - '1096&f£)- T10% & () -
10% & ()-10" 10", f+|[: A410' @ 10% & ()CLAIMPos & ()- ,10% & ()- ys10% & ()-
1110% & ()- $10% & ()-+\2?y| [ A410'" )!10% & Q "M 10% & ()- @BL0% & ()-
#8110% & ()1 110% & @) Lfricwien Ponginsamedhor cogwrs: sing siiermemy)ly
391 10% & ()- IM10% & ()- d@Y%O%&R& ()- +9!10% & ()-X HU410
k3(10%' x& ERIMBEPHORE’ §Horring 18wl iotipm owrding10regatdon partway
@®$10% & ()-HB _
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 is temporarily
reduced or stopped partway when 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

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 is 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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of the two objects to be bonded is a semiconductor elemént
(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 circﬁit 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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brought in’ contact w1t 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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25 15. A friction bonding method as claimed in any one
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. of claims 1 through 13, wherein an initial friction bonding
operation before the reduction or stop is performed by
contrblling a distance between the objects to be bonded to
each other, and on basis of control data obtained at the

5 time, the distance between the objects to be bonded to each .
other is controlled during a final friction ©bonding
operation after the reduction or stop.

16, A friction bonding method as claimed in any one
of claims 1 through 15, wherein an initial friction bonding
10 operation before the reduction or stop is performed by
controlling the pressurization between the objects to be
bonded to each other, and on basis of control data obtained
at the time, the préssurization befween’the objects to be
bonded to each other is controlled during a final friction
15 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
20 frictiohal 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

25 (11, 111) with the metallic bonding portions of the objects
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to be Dbonded facing each other, an impedance of a
ultrasonic horn (71) connected to an oscillator (23)
attached onto the holding tool is monitored during 'an
initial friction bonding operation before the reduction or
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,
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
é magnetic disk reading suspension head constructed of a
thin leaf spring.

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 metallié bonding portions face each
other;

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

a control unit (24), which controls the holding
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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 movemeﬁt unit
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 boﬁding,

the control unit temporarily reducing or stopping
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 ﬁovement unit is performed by
ultrasonic vibrations.
21, A friction bonding apparatus as claimed in claim
19 or 20, wherein one object to be bonded of the two
objects to be bonded (1, 2) is 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
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 bonding object handling unit has a

positioning section (26) for positioning and holding the
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frame portion of the one object to be bonded,

the ©positioning section can move into a
unloading/loéding position in which the frame portion of
the one object to be bonded is held and guided along its
conveyance surface and the one object to be bonded is
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
portion located at the inclined portion is subjected to
metallic bonding,

the one bonding object handling wunit further
éomprises: a position switching unit (42) for performing
switching so that the positioning section is moved into the
unloading/loading position and the bonding position; and

a backup section (43) for performing backup so
that the inclined portion of the one object to be bonded
positioned by the positioniﬁg section is supported from
below when the positioning section is switched to the
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

position and the bonding position.
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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 is

25 the one object to be bonded exist inside the frame portion,
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» $ 0 leaf %%lb) that cggA hold each spégag leaf between the

pressurizing member and the backup section . while

independently covering the spring leaf, the pressurizing

5 leaf holds or releases the holding of the spring leaf, and

each pressurizing leaf 1is provided with a through hole
(6lp) for exposing the metallic bonding portion of the
inclined portion of each spring leaf to subject the
metallic bonding portion to friction bonding.

10 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, 1lllc) that can be
brought in contact with aﬁ external edge portion of the one
object to be bonded in a recess (llb, 111b) that is similar

15 to an external form of the objects to be bonded (1, 2)
formed on a holding surface (lla, 1llla) and is smaller than
the external form.

25. A holding tool as élaimed in claim 24, wherein
the one object to be bonded is an IC chip, and side

20 surfaces of the IC chip are regulétéd by the two opposed
taper surfaces.

26. A holding tool as claimed in claim 24, which is
used when the friction bonding method claimed in any one of
claims 1 through 17 is put into practice.
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