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bondi ng net hod and apparatus Detail ed Description of the Inve {h t‘faﬂﬂa]
[Field of the invention] The present invention relates to a Were bodi ng
met hod atus which gives a |load and ultrasonic wave vibration -
bet weeﬂ@l mlmmm‘ a connection pad and bonds the wire to the connection

more particularly to a wire boding nethod and apparatus that is
capabl e of Agi ng an anobunt of transformation of the wire so that stable
bodi ng strength can be obtai ned. [0002] [Background art] The w re boding
met hod, for giving a | oad and uItrasonhc wave vibration between a mre and
a connection pad and bondi ng th% Iy {e connection pad, has w dely
been used in fabricating T 2

chi ps. [0063] Fi g;Jre .14 is a di agrgfn gﬁg:mcngogﬁgngm 3af:JSEHlmm"mml'ﬂlmmmgﬁég&
on a connection pad, Figure 19A showi ng the front view and Fi gygl4B

show ng thefﬁfgievk Wehe Invention:

Wire bonding method and apparatus

Detailed Description of the Invention:

[0001]
[Field of the invention]

The present invention relates to a wire boding method and
apparatus which gives a load and ultrasonic wave vibration
between a wire and a connection pad and bonds the wire to the
connection pad, and more particularly to a wire boding method
and apparatus that 1is capable of managing an amount of
transformation of the wire so that stable boding strength can

be obtained.

[0002]

(Background art]

The wire boding method, for giving a load and ultrasonic wave

vibration between a wire and a connection pad and bonding the
wire to the connection pad, has widely been used i1n fabricating



Tn this wire bonding nethod, as shown in Figure 19, the wire 1 is placed on
the connection pad 2, and a bondi ng wedge 3 is brought into co&t ctf/vat”)I[nJU)
this wire 1. Then, a |oad is exerted downward by the bondi ng wedge 3, -
whereby the load is given between the wire 1 and the connection pad 2.

Next, the bonding wedge 3 is given ultrasonic wave vibration in the
direction of arrow L shown in Figure 14A whereby ultrasonic wave vibration
is given between the wire 1 and the connection pad 2. [0004] Wth the | oad
and the ultrasonic wave vibration, the wire 1 (indicated by a broken |ine)
is crashed downward and spreads on both sides, and the contacting areas of
the wwre 1 and the connection pad 2 are bonded with each other. The upper
surface Xaestropécweepdngndsf BAER et d ARG CPRECWPHLHIRS t he | ongi t udi nal
direction of the wire 1 becones substantially constant. The wi dth nw of the
wire 1 afggipsyransformation is called nugget wi dth. [0005] As the nethod of
managi ng a load and ultrasonic wave vibration which are given between the
wire 1 and the connection pad 2, there are two nmethods: a method of

managi ng Ritweire g ofs g v ran Ghawand GREr abbw e amaviE Vi britd diPnged a

nmet hod oforirasagiodgetheohr pasf omhmen 1D Ustiowdinga whe e fwbhechviigewcrashed in
the directiQpn0f 48XERLINY & He00d, e@eneral, even if the same load and the
sanme ultrasonic wave Vibration are gl ven, the transformation amount of a
were will vary. For this reason, 8 0 JA N 2003 3 the nethod of managi ng
the transkorieitd o tembentlag Bmewiod (a5 abloent ont Fagsforha W e 1 a

hi gher. deigy eplofedicenr any. cdhredt ien beondi hg srd hedponhianl meangges tie

transfor@;a%tam%t ceﬁtgcefv'wleoh I, di §E£95Pd i eéaﬁra!ae lgne)@em&fofllm
for Japan

t el I cati.on anese Utility Model
o s 5 B5 - noBBoby  EhiPe s TRy g oSy Sen L hog
t he conneetiwserpddcoiFeghrand Fhealkennphtiore RAG ect i H§*6f &Pe e SHOown in
Fi gure 19edge theiwigierdronditngsort ok wehicibrmnagesnt heet dansd ardmtd On

anmount of , a r]@sﬁcﬂ% %V%E%ﬂtrewaﬂt i &B{ePJbJ hﬁtti%@@hﬁg %Qgevi’*bﬁastlon
consi dered to be %ﬁgwtra or ITB.tI gn and the npvement
I

wrecﬁ

quantity of $he Ag" &onﬂffﬁ% &t r ansf or mat i on
anount of the wire 1 is |deal to rreasure the entire transformati on anount
c, practit@d4) an anount of transformation b is neasured. An anmpount of
transformation a indicates the quantity that the wire 1 is slightly

t ransf or he Io de erted V|a t he.bondi ng d 3 wh t he bondi ng
wedge 3 %w hg 5 rgd A P Sught 5358 oRPaEt VWIV\% %%tlﬂ Ee i"lr‘?’hlnjs

amount of %W%‘r?saft@tdrr@tyl @nbgoken o]ultrsq dé st k&2 FaRA GBI et apﬁeSPFeﬁéﬁf othat i on
amount ofbatw sédef 00@RAE Aheonventiconay weeesbortditige appas at usndseshe f or
exanpl e, thendeadd cgﬁe of ade O LNQL tBheUB), otECh stRPRLLS rt Ber Pordi ng

wedge 3, 19 SKElfe L d 9ad t i LPe Wl 6k chL LS PONdING. Wedge dal s, | over ed

and broug Into contact wt i's transtormned

\m)rrent FOt R e eaSohhei H1Fe di fbﬁC@EIFF tséb%‘?n%lrf‘lalﬂmﬁﬂns&fa“ttr ans{“éﬁ’ ITB.tI on
to zero (whnith ahwvalfuehebywigraspi affdrhe mosgEntnéhatn t he behtéaignwedge 3 is
brought ipt@cgontact with the wire 1. For this reason, this apparatus sets
a time period enough for the bonding wedge 3 to abut and transformthe wire
1 fromthe tine when the bonding wedge 3 is lowered. At the tine that the
set time pBPYOH has elapsed i 3 0 JA N 2003 4 since the bonding wedge 3
was | owered, ultrasonic wave vibration is applied, and at the sane tine,

t he transf%@" it=1Y ﬁ@tﬁ@@uﬁf REndN@gWMal @ o8 888 L0t Hasdmid RlaveWa¥ brhREoANMOUNE
of transf XQIRH@]I) gre g'l%ege%sg&eegn {:0008lre 1 and the connection pad 2,
there are two methods: a method of managing the time of giving
a load and ultrasonic wave vibration and a method of managing
the transformation amount of a wire which 1s crashed in the
direction of exerting a load. In general, even 1f the same
locad and the same ultrasonic wave vibration are given, the

transformation amount of a wire will vary. For this reason,



[ Problens to be solved by the invention] However, the conventigpgl wre
bondi ng net hod and apparatus, which nmanage the transfornmation éﬂﬁb@hﬁ 62603
wire,. has the disadvantage that the entire transformti on anount of t

wire 1 will vary greatly, although the anpbunt of transformation b is
accurately managed to exert the |oad and ultrasonic wave vibration between
the wwre 1 and the connection pad 2. [0009] It is considered that the
variation in the entire transformati on amount of the wire results from
variations in the positional accuracy ofy setting works (connection pads and
wires), the wire dianmeter, the thickness of the connection pad, the speed
(shock | ¢hd) methodi off maeabbhdi Rage wetkyes Drabaien aRguihecfi Re Wikeweveer ,
after al lapltheovari@éf®m ian Wike wiansi ainaleironegneins £ ofcdihean r e 1tse due to
the amounf Qf bEﬁ?ﬂx?% gﬁi@g}r&?”t@mﬂh{ngﬁad& CE:'ljl}eytqgnE P& RNAGE R und QXL0]

When an anoynt o nal 1s small, as shof\ém%i N, Fi gyr e 16A, the
entire trPanefér mafi SASandimt: Cofe BRI r & 12 PBORRS & L%V e NFhen an
anount ofuttipahgf Yedali dpphcdtsdnaMiye, S&s23hdtn (JaPFIAR /LGBt Redsit i re

t r ansf or mattboopanount =2 166578be. wire 1 becomes c2 - a2 + b. The difference
[err]a between the quantities of transformation al and a2, as it is,
becones t%@ %i fference Oc between the quantities of transformation cl and
c2. 3 dYSA°N 20&3 5 [ 0011] The present invention has been made in order
to solve the aforenmenti oned probl ens. Accordingly, the object of the
present imverti 0B b8 kOspleVV ey & Wtte handi Agd metdocbangd-ta onl readbandi ng
appar at us-;whi.ch pe - iati i e T ranstor i unt of
a wre tgl\gﬁﬁgnég ?ﬁg&?eﬁ \aé%iel ?%{/@%l%m{%h%@wafg%ﬁéﬁﬁgﬂs%?eng 1#1].%1[%{(;[1)2]

[ Summary of the invention] In accordance with one aspect of the present

i nventi oA t Heg evitseproviddad aewihed bdridbndgraveghed Ty bodel Frmdtren t o
connect i eop@ds o fCaMphiir8| NGhe and@atintg gshapr fprot ransfiasmding theigs res by

touching jthe. wJieg L8 abending wedge 4.enaPpby andbades er ohped;lqad between
the wires n%ncait connection pa rocl i ng step for providing a
e

ds;.a ti cont
pr edet er i Re (1RE85RE WRIB T Br %gieglﬁe 3?% e Frddetert MAE T for a
pr edet er dilité@@ughméhiehrtgags forea bitidi sipuiedgd dffterviiaansf of nildgatthewi r es
in the | oadisngest efps amdiaet ransisaomabt ooh agpunht cant r pbehtngest ep faor
provi di ng{ g pr eget @Lah0edril {iIRASOR C,WavgeyibFaii on Wi h fih&ine or
pr edet er r’grn%%fl()g:agl bgt ween, the wires a}end gonnectian tpagg}'slé 'wi"‘r’hé I ¢ neasuring
an amount S SWFESEFaRs Por BT Sint FIE ¢ RE arm&’nt‘ ot" wit'e ttansforration
reaches &pisddetverrredoratd il e tivadarBantedf vid riehe reRd Brvdts It bei ng
set at ars i whenhalkhealhmndihhe wadarsf or matimon bewmgn i r est edoighttheintoadi ng
after weatd g dthg iRfedglerpned ti myid fhgidd e ol Qldrhag. shep {0013]
| n accor dance 4l LA anot her, ASPeet of Le Rresenlo] yentiode Lhere.is
rovided a Wwre bondi ng apparatus for ‘bonding w es 10 ‘connect I on pads,
onprising: |oad applying neans for touching the wires to a bondi ng wedge
to apply Bq®¥/ddeterm ned | oad between the wires and connecti on pads;
ul trasoni c wave 3 ~ JAN ,y~ 6 vibration providing neans for providing a
pr edet er mj ned trasoni c wave, vi bratiqn en_the wres conngecti on
pads thr on%g O?ﬁ%n%loonn PL ngw%edg%?ncfﬁné;nsafpc?ratr%g}wl%nuéc’rc?gUn\t%r?eaes)%?“ %nlg:(]3 ’ne%h% for
nmeasur i ngP et ahdht °6f ani B r BT of ARH on; WhARE cCOMPRCSIESnedifs Pording
cont r ol | ivepapér,atticorxet tt hiee | lomdl dappleie ngrmedns, Itthéhal bpadong cwedye
vi brat i ong pr &vi dlidtG MBARShaBGg N6 HiARShHosFRtiQh dRRURYE rEBASUf hAGWIEANS;
wherein the, conty ol mans; pef oumm control (oo, Lhateo st theckoad .
appl yi ng means touches The wires to 't he bonding We d e, “appli es fie
predet er nfPedict oad BBPWRENCE hEr 3§ ™aRdR ohfieéETON (Patisl dthr Gighe k hey
bondi ng wedgepirandche ansfiorurstidte viha dsgndilmgn wetlge [3oads appbygg means
fppl i ef ht B&Fgme&@mm@d whoad 1{. or Farpegget eradoned t@l'i@eapﬁﬂga@%s t ber same
i me, e, ulit.rasoni c. wave vi brati on provi di ng yrea rqvi des
pr edet er n‘éllnetdlm%I té](!‘é}gloér,%?qg\r}val\f hvifl(o)rratlﬁloen. #%F(ﬁt e w‘?%%%t gr mg?]e&tbtu:%ne?n%f ter
t he predet&?p I tihfe, Witke 1t F4ABT HPAREIth "APSUNhe B8 PHgVPRAPSS skfs t he
anount of lewered r angftor vt | omat taati nhei aktvalime, @wnd.ddhehdad t edspaed wave
vi bration providing neans provides the predeterm ned ultrasonic wave
vibration, while the predetermned |oad is being applied by the | oad
appl yi ng means, until the anount of wire transfornmati on neasured by the
transformati on anmount neasuring neans reaches a predeterm ned set val ue.



tt hen,« the | oad application nmeans applies the predeterm ned |oad for a
predetermned tine, and at the sane tinme, the ultrasonic wave vtfgatkﬂg
provi di ng means applies the predeterm ned ultrasonic wave vibra nJ 2003
predetermned tine; after the predetermined tinme, the transfornmati on anount
measuring nmeans sets the transformation anmount of the wire to an initial

val ue, and the ultrasonic wave vibration providing neans applies the
predet erm ned ul trasoni c wave vi bration between the wire and the connection
pad, while the predetermined |load is being applied by the | oad applying
means, until the transformati on anobunt #easured by the transformation
anount measuri ng neans reaches redet erm ned set val ue. 3. 0 JAN 2003
[001 9] [PrEtSire eent%’d’idﬁé‘ﬂt] we&"gf efr e”&fisen@t?d“le%eeﬁt s ngﬁas\i\norrllec bohdtil hg

met hod andiappacat us acredidiingand 2hetipr et tHimgentthen thRRFfpERRE ATt er be
descri bedamddrt ref etiencert® thesdranvngs. (O01Hh sFiwagt, Emeodimrenit Fhgure 1

i's a schepptite diagtam inbaqnetgflﬁrgggoni c bonder according to a first

enbodi nent of this invention. irections in this ultrasonic bonder 100
wi Il be expressed by the direction of the bonder 100 viewed in the

directionl®¥0&rrow A in Figure 1. For instance, the left side in Figure 1
is referred to as front side or this side, and the right side is referred

to rear s'[g]golbg]ren%ﬁ;g%hbgi 9‘?31"4‘435’% IrggF flou&sn t hese expressions will also

be used. i gure means 11 with the control circuit 200
(not shown) of the ultrasonic bonder 100 is provided on the depth side of a
bed 10. Adoweveabl etid wovaphieidnalt hene ghendimg- |refthodi raed | epPasaprovi ded
gn this sideciof mfahaggectrﬂeO, t Bk Ry m¥th abl enb@ngovabl @ iw thef ane- ange af t
irection,j ' t Y- : j t hj
X-tabl e 1%.@1)?505%%51%%[)&%%% Eglevu%bgmﬁ gn%unnﬁggﬂéglﬁeg%%%ﬁ%egt d'{;%% i's
provi ded 4 fbth Y NuAreRthEs al BianghGealeu®d o tH@RedorBeFte R oht end
portion. JFheufrdral22mextgeds tin Eherfortdheandoaflt @id ectlitonsomhe reave end of

the horn 22Zpistcanneelednt ohan et nasedi theidhatetia@sd, pathizch is in turn
supported on a support 3 0 JA N 2003 g

[0009]

It 1s considered that the variation in the entire
transformation amount of the wire results from wvariations 1in
the positional accuracy of setting works (connection pads and
wires), the wire diameter, the thickness of the connection pad,
the speed (shock load) at which the bonding wedge 3 abuts, and
the 1like. However, after all, the wvariation in the
\~1 transformation amount of the wire 1s due to the amount of
transformation a, which 1s outside the management.

{0010]

When an amount of transformation al 1is small, as shown in
Figure 16A, the entire transformation amount cl of the wire 1
becomes cl = al + b. When an amount of transformation a2 ais
large, as shown in Figure 16B, the entire transformation amount

cz2 of the wire 1 becomes ¢2 = a2z + b. The difference Aa
between the quantities of transformation al and a2, as it 1is,

becomes the difference Ac between the qguantit:es of
transformation cl and c2.



menber 25. These constitute an ultrasonic-vibration drive section 12. The
ul trasonic-vibration drive section 12 is provided on the central 338r A)N Z’UUJ
the front side of the control neans 11. [0018] Above this side of the

ul trasoni ¢ bonder 100, a m croscope 13 is supported by a support arm 14.
The support arm 14 is nmounted on the front portion of the upper surface lla
of the control neans 11. The operation of bonding a were to the work 17 is
performed bel ow the m croscope 13. [0019] Figure 2 is a diagram show ng the
construction of the ultrasonic-vibrations5drive section shown in Figure 1.
As descri bed supra, the bonding wedge 21 is attached to the front end
portion dfP%Aeé horn 22. The rear end of the horn 22 is connected to the
ultrasonic vibrator 23, which is in turn supported on one side of the

t-SEapeg Mpﬁf%smnbﬁﬁvglgtiﬁ hb_@dsde% fsrwaé@c];enofortom O’EJfS'lersoiiI\_/thtQie ;hle_ ’
-shaped support ne r e side,surface one_en nL:s e in
menber 26”?E§Pe8§%%%%§'d3ﬁ%ﬁé?ﬁ'is n%ﬁﬁ?EﬁP‘, é s&%ﬁor?bﬁ%ﬁgerOES %ﬁ% t he

| i nk nmenBerseetariavensport e dif aPprViste shalitro4Pppiendt sethedmairf ody of
t he ul tr asonr ednander abPOrands rwtiatle @siugre bodyroatidre j vohe stafir?4. On
the ot here end refnk hEok- SHERSE b Nk wepbero26nnimes echs peovigied @ wheel 27
whi ch roH:te%i%gg gn.ica@é%%h kgOZO] The cam 33 is supported on the driving
shaft 32 ©f a“Cam rlv?%g mot or 31 mounted on the nain body of the

ul trasoni ¢ bonder 100. The camdriving notor 31 rotates the cam 33 via the
driving sfoafitz132 in the directions of arrow C shown in Figure 2. A shaft
menber 28 is provided on the other end of D D JAN 200 9 the support
menber 255'The shaf.t _nmenber %8 %? provided with a bal ancer 29 novable in
the direct] RS S °4r FoW DSHSAA™ i i Figure 2. [0021] The front end portion
of the horn 22 with the bonding wedge 21 attached thereto tries to rotate
on the piMotashafdanz@ iwithhendi reepkicon odf taer pweAenn Engeneiéh bythdee dead
I?adz gf i'[s![qetpllev][ld%ﬁy glhtew§y@p%5norr% efne%go@[‘ﬁfcirh@ ﬂ&n@g?gmm_ﬂgstheo .
stand-by state.o e rasoni c .bonder .t he_whee rovi-ded. on e
other end BRCa T MR Thenbar I8 4hdrs & nethig Cherehy TRASESE HTons o
the horn B%® YHESUPHhIrtUherfetPes "aRast he Pi AROTEMDETeIE are +RRYU at ed.

[ 0022] Durieaueteheropér dtcaon loftudrm uttie avdnés bodderonn@@tithe ream: 33210 s
driven bytidie &amdnivhggsMebokodlprattiihe £ammeadd votdahes ultkhgodigection
In whi ch the, T\%‘Er‘éfsci %C%’I%E %ﬁ%{/\kreé?%&nh%%l&' tl’oat‘ih%olﬁl 0k JYREREL -6, Lot at es
in the direction of "arrow B sho I'n Figure 2, and the f Font end portion of
the horn 29§ ottt @l fhendogdiagt FeAIDT I arToWw ANSERIPRPE (RS, WHhe® bdRdi ng
wedge 21 fls | bywetieds dtfepthendam 33 ahgfdheatiat amesintt kentbondl hgg wetge 21
abuL slt7 hgfa@[]ﬂiradi&ih@wmen ;J]cii&@l'ﬁﬁ:@rﬂ;iﬁétﬂzj tiherefane &ab@adibﬁaei@xﬁtﬁﬂtﬂﬂ t he
wor t ppaLt : t he
(Tke. A Uiy oBrRaRenlats, Lqat Detieln Ehe o A e Re" B0 FOEREE 7 B
menber 26”151 Ho&EEPBREYY néEr T‘h%“’gtarrf’é&mfﬁe FEE feg Bk e P ed Ot hEPfork 17
i s adj ust@meumt adManvérpy trandfsiranseen 29-9aWabl eai retdretdinnégedonset arr ow
D wth respesd, t ankheashaft mEMbeire8.tra0823indticaddbting, LHuiag the

oper at i on; of ¢ fie WlIASRLC LDORIRS: kAT onULELAS ORI So MAKE o BERL 1 @Rl Agi SSUEd

by the ultrasonic vibrator 23. This ultrasonic wave vibration is ified
by the hoPh o HAAT {PAnSHT ¢ PEAUELTHETE ort™entd pbiei GAMG! CHETROLADS2. The
~8 a SAN Zows-

[0013]

In accordance with another aspect of the present invention,
there is provided a wire bonding apparatus for bonding wires to
connection pads, comprising: load applying means for touching
the wires to a bonding wedge to apply a predetermined load
between the wires and connection pads; ultrasonic wave



i0 front end portion of the horn 22 vibrates in the direction oéwﬁrrE& Lin
Figure 2, whereby the bondi ng wedge 21 vibrates. [0024] A displ né (U
sensor 34, nmounted on the main body of the ultrasonic bonder 100, is

provi ded under the |ower surface 25a of the support nenber 25. The

di spl acenent sensor 39 is constructed, for exanple, of an electrostatic
capacity type of non-contact displacenent sensor and senses a gap |length
between it and the | ower surface 25a of the support nenber 25. The

di spl acenent sensor 34 is used to neasuge the quantity of novenent that the
| ower surface 25a of the support nenber ves downwar ntity of
movenent VERAEF1HE bBRAYHG ‘%ﬁdd%@%?f nn%@% Y&ﬁi?glsétalgiﬁqgl %Fpgﬂ1the
guant i t yudfrapueireiaveeasirred1by bh@ﬁﬁﬂsﬁmaceWéﬁﬁ e sernBA: t oo PSHSFi gur e
3 shows theosghemnti GogaRsyr Weligen of theneonin0lodi ransiuntofndasirulnigr asoni ¢

bonder Stag\mﬁ' nfcﬁl IS ot <§1 qlongf;@un@' IGUi M@OU%%S%QPMM& Figye 3, is

eCIUI pped Wt S emcontro neans t age m)t or river
S AR SAES FEI R TSI et R N TR e R kA
oscil | at mpad8, &hd alldakacvbavervenyibeetion 97ovIdhibxe means ntadcdiweect ed
by a bust98nsE88ea]icthe asyshem teBuhgneassn4l corireahs the QeriU’x%tly of

the “'”ﬁéggéc gﬁ?&jﬁ{s 19&11; eises% QR 0%?9@ Rt a) and n;flfh)m ed in

t he nmenor S constru a read-o

a
random a&’@éggeﬁem%hﬁ (F?ﬂl%esandt‘f hetPf ke%Oﬁ*ﬂéng( st'558° not B\F/’pgeia\s/er is a
drive ci pcafietehminedt i iegdanbxtvaphe drd vivig esot érld35c©mecrm\nmg g
X-tabl e t8rolfe YhétBEEAIWY Oledlfd,VemdI4rafsfotiis VEn<iwioidst; tdhat, drdhees an

Y-t abl e ingiﬁp§ 3 h t c drlver 95
is a dri \('j/Lewl [C (\/}\}1(1J cglegrl ve Iyﬂ)ﬁgsst SPFW %Pé&eée@mﬂ'a@ P&t OZQ{

It asonPEeOBEETIERST 68U rs S1hra ot (AT I Rp | e Lo P e

ul t rasonivébvabian O}PIQ\BlCtJGlg\/lﬁmﬁatSeptfhél@ﬁf?orfdt%rp@@eé?r’alm@de]t@ﬁﬁ%é@

osci | | at warRef r eguenayonNot & hathan esebbtatmored requency bstarbi tmarily

settabl e rzhstgﬁﬁ?n&@nxgﬁy nghée%trgggf&Fmac&%\ﬁergr&lﬁmdq&e%%ur% si-gnals
(anal og |%nal sense |spla enent sen%g %%tal dat a.

[ 0058] TRE Tolbry SH3T8E ot foar % AREP G HE SR Aot JBFHerf i apte 51
The trangher nﬂltmﬁmwaam t\HERte cpal e VB H1861 et dtes PrAELADY erfdst
guant i ty pefedeherhones sunfiagcesabec of thee suppabtanesber 2&hisensedrey the

glezlto: gﬁeg‘%@he%@pﬁpﬁe(@%@m fsor%\é%geg gpl@u 9531 alhedakaqby gbﬁﬁg’aﬂ[@ea@pﬁvertl ng

e_novenent ondi n system
control §ﬁ§49fh8aléﬂ?%ﬁes ?%e”ﬁﬁ@enén?ns '%égfon g?ﬁ% %6ﬁdﬁﬁ' dge 21
t hat corﬁé§ﬁéﬁ8§m?61?%eaﬁ69@ﬁeﬁFaEN%&ﬂqtwﬁ%ﬁstFﬁ?qﬂﬁﬁeﬂisHF?%%%ﬁ%%%P%ﬁ t he
support metberlds.output fromthe data converting section 97, by nmaking
ref erence to t he transfornation anount arithnetic table 51. This novenment

quantity th bondl ans for n_anpunt of a
wire. (O T%g u raso é%r f@BS d; n% gfrml?%yéggﬁnbllng
a head sd%ﬁbﬁ%ﬂ&ﬁd§§§éﬁﬁP?d FE#S wﬁF%H“iéjﬁéé@mF témﬁarH #li SktIrFIRAE ( HDD)

uni t. [00806j Fiwgumetdons arsvhéimd i cnahragr appdheal nghthepecedsteucinagh of a
suspensi . HaBondB Akl U £ 2 ti%9na £dt agaP LR B ReMtidehondi ng met hod for
a HSA.
after the predetermined time, the transformation amount
measuring means sets the transformation amount of the wire to
an initial wvalue, and the ultrasonic wave vibration providing
means applies the predetermined ultrasonic wave vibration
between the wire and the connection pad, while the
predetermined load 1s being applied by the load applying means,
until the transformation amount measured by the transformation

amount measuring means reaches a predetermined set value.



~DJ ANZ2003 12 The HSA is provided with a head slider 80 (Figure 5),

whi ch has magnetic read and wite heads, at the point end portia)ﬂ de& 2003
suspensi on arm 300. The HSA nounts wires 71 to 74, which electrically
connect these nmagnetic heads with a hard-disk_ controller, on the
suspensi on arm 300. [0031] The HSA is attached to the actuator of the HDD
unit and rotates on a plane parallel with the recording surface of the
magneti c di sk. The rotation of the HSA causes the nagnetic read and wite
heads to nove nearly in the radial direétion of the magnetic disk, whereby
data at g gosition on the recording surface of the magnetic disk. is
accessed. %b 52] The suspension arm 300, as shown in Figure 4, is
constructed by integrally stacking a | oad beam 301, a base plate 302, and a
fl exure B08erfdhe=cuspensmontassenbly 300 is approxi mately symetrically
formed wth respect to a center axis (not shown). (0033] The | oad beam 30I
is formed fromstainless steel wth a thickness of ut. 0. 05 mm_.The rear
end port?ﬁ%E%ﬁf?%eeT%% SEHm 301 s “FEFme ?Eﬁ %ﬁﬁﬁggiﬁggeﬁ PEEPESPangl e,
whi | e t hacpordinendtpor thon PsefdrredlBYRH tRat WHe wilftis haébfes $fal | er
as it goasstoiteed wihd peifpteend.td GORIHrORidde. upper surface of the rear
end portion of the | oad beam 301, the base plate 302 of nearly the sane
configur?éh9$ as this rear end portion is stacked. The base plate 302 is
construc }om stainless steel about 0.02 mmin thickness (excluding a
boss 311a). The | oad beam 30l and the base plate 302 are integrally forned
at a pl urakstyEmdodqiaianits by spot ~%~"'"~~r.'" ~1U~ ~ 13 wel ding.

[ 0035] The | oad beam 301 and the base plate 302 are provided with an
attaching.hole 311 which is attached to the actuator.. A reinforcing. boss
31la is %%8Vf%e arsund t Re"attae iﬁlaﬁé%g éﬁg.éghe;%ég%s%%ﬁﬁ1 &n%%g

provi ded2&F P RARRI dierfi g r3E2er I gisi™hg fefFast i 9P %6 "t he | oad beam 301.
The | oad beam 301 is also provided with holes 3l 3,+319, 35, 316, and 317

in oggle_r Thet e@gagiimﬁo%&gi @%s qjhlﬂlcﬂa@gligadbbﬁ@m 30do qﬂﬂsgo@$>§:&e%ﬁ%du_sed in
asse [ e : e rovi de r ndi n e Wres
71 to 79g§otE e %5% %ﬁanpgastﬁi ES?%EF(%¢%U€%§%¥96$“t§§§réﬂ%f?%ﬁf ePfSO. A
gi nbal pRY¥EPW3PS LithiFdHUpP ofl ect FOdoRARARECT s Provicded BRI Ad tTHEWESI & 317.

[ 0037] The |reddrbedamt80%si Srpnoveded at boih sidle pord idres midght rdikis 321
and 322 figr ensiydeng tderedgl diliy of tdgdnoadieeam 3@l .otGaul kingifeey,tions
g23 andl%%gsgrgxggngggg QN119ng; sk de. qf s lhe rear end portion of the |oad
eam 301 .

[0016]

In Figure 1, control means 11 with the control circuit 200 (not
shown) of the ultrasonic bonder 100 is provided on the depth
side of a bed 10. An Y-table 15 movable in the right-and-left
direction is provided on this side of the bed 10, and an
X-table 16 movable in thes fore-and-aft direction is provided on
the Y-table 15. A work 17 1is mounted on this X-table 16.

[0017]

Above the work 17 mounted on the X-table 16, there is provided
a horn 22 which has a bonding wedge 21 attached to its front
end portion. The horn 22 extends 1in the fore-and-aft
direction. The rear end of the horn 22 is connected to an
ultrasonic vibrator 23, which is in turn supported on a support



[0038] The flexure 303 is provided on the |ower surface of the poi
portion of the | oad beam 301. The flexure 303 is constructed of ﬂﬂthxék2003
steel with a thickness of about 0.02 mm The rear end of the flexure 303 is
formed integrally with the | oad beam 200 by adhesi on or spot wel ding. The
point end of the flexure 303 abuts the ginbal pivot 318 of the | oad beam
301 and is supported at one point by the ginbal pivot 318. As descri bed
infra, the head slider 80 is glued to the | ower surface of the point end
portion of the flexure 303. Wth this 8- Q J~~ ~00~ L4 arrangenent, the
head sllder 80 i SSupp ted at._one. nt _on i t 317 .t hrough
the flexufe 303 gnd be2%ﬁ§§ sfonﬁ%}€§ﬁ |€ab“§ﬂﬁﬁ%og§§ Y@%G%Fﬁ%l Eﬁbgg] A
tub framesS8P9ien 6@OV|déH“anﬂﬁéaﬁ%?Ht‘@ﬁﬂa§ﬂﬂ% d?”ﬁﬁe f®at-Bearh?301s and
construct pdoefdeah Anside:s f camtr3B81l,partBosi den f thae B3Nt andda Gfsi deeframe
333 di sposgdcto sncl@sgthe circunference of, the | oad beam 301. The tub
frame 309 is fornmed integrally wwth the flexure 303. The A-side franme 33l

is connected at two points with the flexure 303 and is al so connected at
two point§9M8h the C-side frame 333. The B-side frane 332 is connected at
two points with the flexure 303 and is al so connected at two points with
the C sidgpbyamen333sidbesEreagon,whyaddsw aao%dtamuao@oneegtl%qoétoggl ngs is
for faC|I|tat|n dlsgo nectln thegtfr%pt9pe aqﬂther 99?0 Th £ -S|de
frame 333*Fs %t PPSE CpI e porti on 3334PRY whitth the ASsi de
frame 331m8HHt?%e°B-§PﬂefFPéﬁeP8821%?eoéogh%cﬁéﬂ?rasgt%ﬁﬁ%dlbbr?foﬁhSSSb
bent at suobstantimddns all.i ghtheanglegratdobhhef fhomsiing aneviyper ttbomhd838arko form
a stepped;pog & i, AR @ HEEEANEh PIntiNG cRebpE o 333c, (Figure S) bent at
substantially a right angle to the stepped portion 333b. The first plane
portion 333a is provided on nearly the same plane as the flexure 303. On
the ot her (R348 the second plane portion 333c is provided on nearly the
sanme pl ane as t he nmerge lip 319 of the | oad beam 301. [0041) The wires 71

to 79 arerbyndtedzby,tubg 78, anchicaurednhy the C@éﬂskﬂr”t&t@@h“ grs 3Z3 and
329 of th%1E9Q%%€e$ v:if%atl-gge Wi\l;'eessg:lt‘_lo?t Zﬁov?l{ %_nl %(_jt the rear end of
(0]

the | oad beam 0|n end, iTe they are be |ng i xed at
predet erm ned positions on the | oad beam 301 by an adhesive agent. The

Wi res ~Ap JefNrZbk4d Hmprd,t chf9 lerelidioviveeideat? it hies opehasigeB1lR0i mhe wires
71, 72 andrehtesnd3porfdidNb@rthd edrhr om. t hené epgaenchdfo ft B esuspanspon arm

300 to the il 200. ARRY Al ALELY SXTIRLEL Al Ly 3 LN, L eSpee (R thig,center

axis of th suspensi on a are separately I'vi ded
at the hoF@pﬁfﬁ eﬁhPPeOPﬁeSWFFe§f7§1§n&"f§aBF% §85%?%ﬁe?§m$%%wﬁ%d aP™t he
hol e 3l 4. thke sddessTuface 79f pads ovdrent heldwol ef 3itheofl-tshepkdad uppamt301;
Cross onemzabther253t tie Bedge shirpadt Opranrthearend eslt t ent he ssapead 1phane

portion 333,af &eetf;aélgﬁrbéﬁoasn%o%%% rdNgs Vttcﬁﬁﬁeél t@hz4 \i%ﬁmﬂilﬂ%h\%@ron the
oKChr &

second pl an adhesi ve a

suspensi o ar%‘)ﬂéo Wi f‘hn}f h@g\‘}\}?‘? gélaf‘é FHPROTH ‘togdor?h%rg PhSertled in
a jig (nottixehowm) theoRgini PhdY hef helel witirgeengo. bamier diQP rrord stedartei s
nmount ed orast heneX-babh} eorl 6tid pheotll shasoni €. bOOﬂethEOGtBBQM@nﬁnoEInge 1.
This jig 1S e t t e p e e.de

becones ee;sf); #Egr Cilalt(‘?ltjkerﬂhé?nk?éé] % ab%lge%tS gsndgféﬁt\;ei%ht\é\t% gﬁ%%i‘n%set@%@ﬂ:

the hol e 3735t AECTDal &% 301 i s positioned under the bonding wedge 21.
[ 0043] The suspension arm 300, as shown in Figure 5, is horizontally
supported [@oztohe jig (not shown). The head slider 80, on the other hand, is
vertically stood and is supported such that a portion thereof penetrates
the hol e 3%% of th%Bsus ensi on € 300 g beam 3 ﬁ% ngdlqg ads 81 to
89 are di sposed®Bn the tuppgeFPsh ?%c@nof Foad %) 7Rt ng%m

| nt er val s.Armivengi rmexstor] ibo mgu@#%ddpspééedmﬁmnc@ﬁﬂacpﬁmtﬂﬁcwlt¢ﬁ$9mme
proxi mty denddre tmandi nghgacism 8dr 1 wi ntd:tobe dondedrednyhef chhe 3 ras 71 to

74 is posi n r bandi;ng R i spondi 4 on
the head st%rllegegg@gﬂgge f)%%?tl g%eltfl %%ﬂ he vﬁ %gg d¥° SAISFSRORTLNA A

2. haft me 1s provided on the other end of



;~ 0 ~IA N 2003 [0049] In bonding a wire, the bondi ng wedge 21 noves
downward and abuts, for exanple, the wire 71. The wire 71 is pusgqae @*2903
the bonding pad 81. In this way, a predetermned load is given b

wire 71 and the bonding pad 81. Then, the ultrasonic vibrator 23 shown in
Fi gure 2 produces ultrasonic wave vibration, based on a drive signal from
the ultrasonic oscillator 46 shown In Figure 3. The bondi ng wedge 21
vibrates in a direction (fore-and-aft disrection of the ultrasonic bonder
100) parallel with the center axis of t Re suspensi on arm 300. [0045] The

bondi ng Qﬂgssﬁﬂa L P 8Re ik o NS heal%esl Jndet fAnaEe eachs qanstiddet €4 LRy scoating
t he surf%Eeﬁﬁfggop er Wlt gol d, ach bondi n(?%surface is forned Into a
u

0.1to 0 itx reg TEHRAE a Thr 885 Ay &r 2BAEE r déti on,

i n whi chFaggepper wlre i s coated wlth gold and then the coating of gold is
covered with an insulator. In the bonding portion of each of the wires 71
to 74, tl*[ Olzrﬁul ating filmof the outnost |ayer is renoved so that the gold
| ayer is exposed The wire dianeter of this bonding portionis 30 to 50 um
[0046] If the wire bonding operation for the wires 71 to 74 ends, the point
portions Tok tihenti red Perter7 P hdywndotrhe 2BondFhgtpadsemsingo g4gar & lout

of f. The attthcheamend0dts steids ofd fatamet e furexynero303halhecausent ket ub
frane 30%1Q@%t§9969ft99r&9';@ dﬂt ﬂ‘%ﬁjrfe' Qn'ngtBQed%cﬁefonjs & the Hehead

slider 8Q. s rotated In f arr wAsownl Fi gur and

gl ued to “he qhtf\/\eﬁ'u@?rrftaé‘?m&ert fatn &h € The %Jtngs uca'f‘éﬁ"l?gnded to
t he bondistgtpads 8uhea ouBFamo@ibemondewnwiPd M?et mMaeedt &t/ Modﬂdtf‘—ﬁe dread
slider 8&he ocdnerJANd20@3 th0Q9hk Nemhea Zesewutpd it widnd d% gihearekgf the
wire bondig geﬁstlttq% n theuté rsdreodi prot sulpb Al - ABGsEN r 95 LAst ivhg has
been rnatd%1 m or eé educe a Ya% t| on in the transformati on anmount of the
wire and Tt h85§™BeEN" B oS rivdd th&t t he speed of transforning were
(transformation am)unt/unlt time) becones lower with the |apse of time. If
ul trasoni@osave vi bration is given between the were and the bondi ng pad,
the wire will rapidly be crashed and then the amount of the crash wll
gradual l y be re ced 98] Furt her e, _trial-and-er 1er ¢ stin been
made and 7t lhactlsclbeenOpc6:r"tlfqllr°1rirta : tﬁg m'd)Eréso e boond":t “di fo éretﬁce |(1;!1 e wre
t ransf or ret | - Evodiit Aenem tdr’FéVBBﬁdi“ﬁ O\?ve%lbe 2d | She firded® 1 o“%f*'t)i\/fee
downwar d iandthéutditreetwbne int hehmilr ethe amsflonsi bgcspeedsmahiich |1 8sobt ai ned
when ul trasenitc wave 1YhRr abhodr | 6 Gt et af har thheawk e {danst ardmh an

anount A, _var |ejf%eL,f the Pondl ng yedge 21 is,cC ﬁg%eg?{‘] Fg\aég‘ d%vvn\t(\l/adéjzvand

abut the wre wWreis's |ght e/ transforne exer ia the

bondi ng viedddes1 1nTHbS (rARSFEY R T oF Hotbdnt  ADvAPREsWRY eathy RRf
consi der e¢edae beldue t bowajot- caubestbactrags posiftirshal acdataey fthe
setting wwd(csidgconee@éi on paslseandndi sk, thesspgediat mhoh t he Lrandi ng

vedge abuig. Iy W e 163008k Loadl.And the Like. ]]7[ %QP%Le' BeLfe Sase yhere

t he trans ormati on anDun wire s smal trasoni c wave

vi brat i on*?s Rfierf2 t ﬁé‘e\/v?}l%p?/ﬂtii“eé’tb&rrt z?r%tlﬁ%ftatemjﬁd‘ rapf*HI ot ot her
hand, in tie Wesd wWHepgovhdeed ransfror waheoneadouhtthg dfinkheemper 36 iar ge,
i ul trasesocwaee YichEathoncis Ti vemnet eawi t@ Mddtest aht theansfiorm ng
slowly. Ff atd%ét‘éé“ dta 'déaﬁﬁ Dsider gok thatandl, the LB & ceqhai g dinme

peri od (su ficrentl hor fer
direction o arrow D w1th respect to the shaft member 28.

(0023]

In addition, during the operation of the ultrasonic bonder 100,
ultrasonic wave vibration 1is 1ssued by the ultrasonic wvibrator
23. This ultrasonic wave vibration 1is amplified by the horn 22
‘and transmitted to the front end portion of the horn 22. The



t~ ~ ~~N ~LuJ | ~ bonding tinme) has el apsed since ultrasonic wave
was given, a variation of the wire transformati on anount A is abt&b dilﬂ
the entire transformati on anount of the wi re becones constant. Hence, the
wi re bonding nethod in the first enbodi nent manages a tinme period, during
which a | oad and ultrasonic wave vibration are given between the wire and
the connection pad, until a certain tine period has el apsed since the
ultrasonic wave vibration was given. After the certain tinme period has

el apsed, the wire bonding method manages) the transfornation amount of the
wire that is crashed in the direction |n which the | oad is exerted. f[OOSO]
Fi gure 6 §5ond @nsgRahteRBwictg ke NRIFPe 2BoNdPhgt SRt Hodt ot EHeeFhiog ©

enbodi nentrrokol. Lnstamees 23ssdweebhathd Hendiing Wdddgs JJushedaagai nst t he
bondi ng pad 81 by the bondi ng wedge 21 so that a predetermned | oad and a
pr edet er nenorb%ql ultrasonic wave vibration are given between the wire 71 and
t he bondi d 81, as shown in Figure 6. In this wre bondi ng nethod, the
entire transformation amount D of the wire 71 is divided into

t ransf or mat doppfaaemtént eseAsoB, 3dnd @Quite@s1dn Theet mansf dravht | o areunt A
i ndi cat esyithe sguant ibwdwato@helw b Eovhlded amgker BEe Sho@ht | yubsaddhe J0ad
SXCTLS0AE e PandiNg. veadge. 2T uhen LAg bgp%ﬁ% Medge 2h aguts, the wire

71. As descrl ransformatl on A varies grea ly.” This
t ransf or rﬁa&rts&rtu&ﬁﬁent fﬂrl §XF‘|’61P L aRlr &, ¢ FoTt R et e aSHf C 45" &Fough
for the bondicvgteetdgdi2placernit semgorr andf semeashe wiape 1Z2gth ope turerst art

of the downvghd eR¥enBitrofsut-hecdondhngrwetige s2ppbst SRknbOr adgancernhd f this
set tine Tlﬁq%a%pse%tfrorgthe ggar OLS&EIG tgovmg@%qemﬁgge%agtc Eg %ondl ng

wedge 21, brati 'S given vi

0 JA ZQ@PVG[WZ]’:% 't*tean%‘?”&?ﬁraﬂroﬁ?c&ntﬁ?r?t H i c%m‘t@é’ftthé“ed‘t?&ﬁtlzt%/ that
the wire vy adsfowasd unt i Thet | gramRitel apEegofenent héhef mehshelrondtnasoni ¢
wave Vibraddgn bs gioen tdswughd hes beadengs wedgerdd. chbe duane T2 ist

Pr Vi 0US o GiffentS kil 8oy 35 AR B LA IOTRREBE] oned transfor mati on
anount A 1's absor dur ng the ti When the transformati on amount A
is small, the transformati on anount B becones | arge, and when the

transfor nbf®3%m anount A is large, the transformation anount B becones

smal | . The transformati on anount A + B, therefore, is kept substantially
constant . ¢{ B”3] sTheplf,ansos ”%E'h%ﬁa@ﬂ@u@ongt'rﬁc@@ﬁg% by nthe- gl ¢ rasoni c

el apses, the sformati on. ampunt of the wre 71 is

bonder 100, If, ti 5& Té?

set to 0 GhtftHe fasthtemntidfotie PH &F orMRF o b uALEDf the wite 71 is
started. Pprtumtitieceytand®or nasi shoanount Rigupe Peasut eeldyigardveswitHe
preset trapstar maddtorlamedns €, angicdeter nthneg-dwoag addoul tFaseni £3 wave

vi brationgqr e’r@é‘é’agﬂz VIm%twe thkdélng Amedge Zéam[QM Tbﬂr%vtatanﬁorrmtl on
anpunt |s asure ggenent sengor I n Fl%ﬁlre 2, The

novenent guan T % X?‘Ft]e o r $r f 288 P50 t (ﬁ%m’seuﬁotﬁélrgt i P o5 sensed
by the di ﬁb‘?%t%e%‘ii—ent”’stéﬁ§8¥m%‘9t‘?% RoRvereetf to digital data by the data
converting section 97. And the systemcontrol neans 91 obtains the novenent
quantity eposée bondi ng wedge 21 (i.e., the transformation anount of the
wire) corresponding to the novenent quantity of the |ower surface 25a of

t he support menber 25, by nmaking reference to_ the transfornmation-anount

ari t hiet i €N abT¥e B sEBREECY n MeRaSeftbr yoasrols —the jepfirety ~of the

ultrasonic bonder 100, based on programs, data and the 1like
stored in the memory 42. The memory 42 1s constructed of a
read-only memory (ROM), a random access memory (RAM) and the
like. The X-stage motor driver 43 is a drive circuit that
drives an X-table driving motor 35 for moving the X-table 16.
The Y-stage motor driver 44 is a drive circuit that drives an
Y-table driving motor 36 for moving the Y-table 15. The cam

motor driver 45 is a drive circuit which drives a cam driving



Ac, [0055] Figure 7 is a timng diagramshow ng the wire bondi ng net hod of
the first enbodinment. Figure 7 schematically shows the relatio t n.the
transformation amount of the wire and the bonding tine. This bgaafn3ﬁ§$iﬂﬁd
includes a | oading step, a tine managi ng step, and a transfornmation-anount
managi ng step. The | oading step corresponds to transformati on amount A
(variable) and tinme T1 (fixed). The tinme managi ng step corresponds to
transfornmation amount B (variabl e) and'time T2 (fixed). The

transf ormati on- anount managi ng step corresponds to transformation anount C
(fixed) and.tige T3 (variable). [0056] At point Pl, the bonding wedge 21
abuts the wire 71, whereby a load is exerted on the wre 71. Wth this

| oad, the wire 71 transforns by the transformati on anount A and the

t r ansf or rfQORdM stops at point P2. The transformation anount A varies
greatly. At point P3 that the time Tl el apses, ultrasonic wave vibration is

then exerted lﬁftqatsaﬁléf%gémww oRs Of st he ow,@ 7Arc§lee%§5t %%pl/fgst hi's
st age, a varl atiron In transt ormat i on mount ﬁ aﬁ_é f% ?
transf or MRXC8AC aRD UMk ¥9§ﬁﬂﬁcfﬂ§réFBf%F%f it iV ?Bet ﬁ§F8Fnﬁ i on
anount Aak BabepomgesamiinedAt ogoihiaPoort hdtregiuaec Tl +-1®PQ§ apses, the
transf or raiciona amunt £ A quddclys Bi nhapinecrsulst asttabley. congthant dabh thi S
poi nt P9,com%fr££ﬁ§8fs%a“ 10N 4 @MOULH, O 5t hg V\agt@ecﬂohs $8lnd0 Q3090

measurenent o f matl on, anoun rte And
int | E G AFANAT SPHEET OR BuiE 1A THE N FERIE (1 B8 ARBLTR BT diches | he
transformati on anount C (point P5), a predeterm ned Ioad and a
predet er migvedul trasoni c wave vibration are given. In this way, the
transformation amount A + B is kept substantially constant at point P4, so
that the entire transformtion appunt

subst ant i 319 YATYHt afft . StOEES) SAN PovE ?“%t[l@@Saf]‘oﬂt |asmpt1h'élie§? 8blté—$°tlﬁat time
T2 be in the offbder t@ﬁn@é@mrsnacﬁlO@ogéeuntrfawﬁﬁnﬂtzq sadfer tidr aharelekes, a
vari ati oncien ndienfehansfuahait y oar anbent oe i asumntcebe Sawfdfi dihentduppalbsor bed.

Lf time Tderdpey %gersetn@@e tb@nsch%f &%@@gceﬁeﬂ@w%&n i dhe ddanshegmation
anmount A is gbso and f her mr%S 1ation occur
aso

t ransf or n&t i GhIH n(? B ]%r t fi & Oﬁweﬁ Ié?l atfon’t n ?hewtlggnswgr mat i on
amount A MOBTEDT] dyeBbHEY g@%a‘fh%lg%ﬁrrﬂlnﬂowédeﬁaiﬂti MERT 35 Borde sporidioAg t o
t he transfiematilonadmminte£ ke i Motdrentr dewnof td 00f t th30fbresec wanidea gr eat

variationpj s thge0d 2@dpoh8058]0 FLAMN @olechénd dhaatany shaw pge an xanmpl e of
t he conparlspn of % varlaétlon In the nugget \ysdth of théa vvlrghbet en a
0

convent i onal - Wi°r e” Bonditng et RSP And Pﬁe Wi r 6 bondirng nethod BF (K& present
i nvent i onCOMHRE tipgnst 8¢ HEtIHN drfount PD of M3 9w réefﬁﬁﬁw with h e and
Wi r e- bondi rapssforaagt bnaareount a agcliobmeted attiaddshi pl.1f tHierd r ansfaoremit | on
amount D artﬂﬁy\m be ithd 08088, WelgeNUBEhewhdt he W wihihs hegora sl |
and therefore the Qoagkgg area wth the bonding pad will beconme small. For
this reason, the wre-bondi ng strength is reduced. On the other hand, if

t he transfornation anount D of the wire is too |arge, the nugget mndth NW
wi |l becob®032%rge and therefore the bonding area with the bonding pad will
become | arge. For this reason, a crack will occur in the boundary portion

(hee' porJF ’%1 ts‘é!%‘i@ B‘ M&“Slf&f &d ROt T of iy nﬁﬁe“”%ag %ﬁ gf%”' on

inaf surf ace, conseqUent W T e- rengt h
WI Il be r}éﬁ%eausf’@m“ Tﬁ%swtflé/ bod ng"Hetthot oFStthe 1pr dsemt T Fifl*édt i on
and a congenvé offlD)wunétbondi ng net hod are conpared fromthe relation 30
JA N 2p03 between a transformation anmount and a nugget width. It is
assuned trﬂ%ém

Figure 4 is a schematic diagram showing the construction of a
suspension arm, and Figure 5 1is a diagram showing a wire
bonding method for a HSA.



Wre dianeter: 36 dun Tine T2 in the present invention: 20 nsec
Transformation anount C in the present invention: 9 um Conventlonal
transformation amount b: 8, 10, 12, 19, 16 din1(TransfornatigdaaEzmﬁaﬂﬂa
refer to Figure 15) A variation in the nugget width NWis checked by
varying the | oading condition for abutting the bonding wedge 21 with the
wire 71. Note that in the ultrasonic bonder |00, the transformation anount
B is also nmeasurable. In Figure 8, therefore, the transformati on anount B +
Cis used. [0060] As will be seen fromHgure 8, in the conventional wire
bondi ng net hod, the nugget width nwwll vary greatly if the | oading

condi t i oAhesHAr i edpron-dase vather Redtl,sliifterh&0wil FeIbohding "echodas
accor di ngataecthe peedenhdi mrenti baads heat r ansf pohmt | end appuntoB &f Ca

i ncl udes S ag.hEansf arpatin amawat [Bangd.dhey efores spreads in, theailkateral

direction. Fromthjs fact it follows that .the transfqrmtion anpunt B

vari es gF&&FF§}C$£#%V5PPn?ﬁ nugget Wﬁ%ﬁ%F%@VPéaggryggggb?eqﬁgggﬁégkit is
wi t hi n aceatgelber 5001 ¢80 sUAPEODET] 258cdRl- Enbodi ment Figure 9 is a

di agram showi ng the rel ati on between the nunber of tines of the use of the
bondi ng weg@ge and the transformati on amount B. The bondi ng wedge 21 of the
ul trasoni c bonder 100 is an expendable supply and is worn away according to
the nunber of times of the use of the bonding wedge 21. For this reason,
the 3 ChpaAHRA2003atBMHichg WeHGe229 i1 Be t8RchBRgR § fatche Af@Hsér  of

ti mes of drhex ysenef phlrelhedgei 2l treactwerdiogr tarfede xed thenirergreft it mes.
[0062] Ald&]?srﬂ.a]g i 't?lﬁe i t@)o%ggi&ugggt tM‘% gthhas_utB@@n thBVQﬁbhgai@dtrﬁMﬁr ta?]l@e t
service lLife o ndi ng.wedge ,.and. i een fo a e nugge
width is erféLi%ﬁt AT HEY Ugf)f &o%eatnegaarcw olc%agpgn,par?(s)l\ﬁgve@l,get l’tg%rrfug((f:fget Shidt h
becones SHEINCEAC &5 Stthe WhgHBBY GRCRI Rés 3B S 1GE8N o™t He b ot HG 1Wedge 21
i S I ncreasedackupthedroregyne 1vadi at i:on aicnethedt ransf ormati on anount B has
been investigated over the service |ife of the bonding wedge 21, and it has
been foung {hat the transformation amount B al so becones snaller, as the
nunber of times of the use of the bonding wedge 21 is increased. As shown
in Figure 9, the transformation anmount B is reduced approxi mately

proporti otted Ispspethibhearmunidr, ek thpes of Hiwirgsd, ofist hendonditeg Wwedge 21.
[ 0063] ]lfi U rh@1iS s%ﬁ@ic@-ﬁ(f] g_aﬂ shewi Bgakheor gl at ib@Be?@U_‘é\@@_erhﬁ auab%rfof )
times o e t he [ a r rira ] t t he
wre. As %Q%“%%Lng |guré9%8AFg%B§§Q§ﬁé Eg%%ﬂgﬂé aggeqé? %%gﬂggﬁgﬁﬁﬁdaedge
21 is | o YISparat +ansedrsrationR ARttt B 60??%§ﬁbﬁﬁ?ﬁg(PBttﬁ%9wn)'
transformation amount A is obtained. Thereafter, the wire 71 transforns by
the transfagamti on anount C and therefore the entire transformati on anmount
D1 of the wire 71 beconmes: D1 = A + Bl + C [0069] On the other hand, as

shown in Figure 10B, if the nunber of tipes of the use of the bondi ng wedge
21'beconé%h%idﬁ?dtr%%§?oﬁﬁétibﬁ 06 B2 el fidh FﬁSeEraﬂggbrﬁhtion

anount thickness of about 0.05 mm. The rear end portion of the load
beam 301 1s formed into approximately a rectangle, while the
point end portion is formed such that the width becomes smaller
as it goes toward the point end.

[0034]

On the upper surface of the rear end portion of the load beam
301, the base plate 302 of nearly the same configuration as
this rear end portion 1is stacked. The base plate 302 1is
constructed from stainless steel about 0.02 mm in thickness
(excluding a boss 31la). The load beam 301 and the base plate
302 are integrally formed at a plurality of points by spot



30J ANZ2003 Bl is obtained. Therefore, if it is assunmed that the
transformati on anount A is the same, the entire transformation QﬂﬂhnhADQ/bﬁj
the wire 71 becomes: D2 = A+ B2 + CFromthis fact it follows that the
difference [err] B between the transformati on anount Bl and the
transformati on anmount B2 has a great influence on the difference DD between
the transformati on anount DI and the transformation anount D2. [006S]

Hence, the wire bondi ng nethod and apparatus of the second enbodi nent
conpensates for a reduction in the transformation anmount B by the
transformati on amount C. Therefore, even in the case where the bonding
wedge i swabdinaway and reduced in ability, the transformation anount of the
were will properly be obtained. [0066] Figure 11 is a schematic diagram
showi ng &B§3§ nstruction of the control circuit of an ultrasonic bonder
accordin 0 second enbodi nent of this invention. The ultrasonic bonder
in the second enbodi nent is the sane as the first enbodi nent, except that a
transf or mati anadnbumt 3@t tamg tiabllee &2 platpr Gvikdedel prohedrgneiyh92n [ 0067]

Flh gure 1gtl‘it§cl§11qj a%@@ smw peithe it ansf onmd | @51 aUNL-8eLtoNg tapl e
shown i n_Fi

. i n F| ure g t sf on-a
setting trabﬁgogczmc?orreT At 9%? he °n nl’bo % ‘h"‘% of eQEE”:&h 79 heogondl ng
wedge 213Wth tHe thdsfstarat $On hﬁo%‘?"@eq:dflféka%fbl gpepyng helz for
transf or gaviog- ahosintcisst tiong-healllo@dSBeamn 3@ounthef Load pea®ABO 20U s

transfor gatboprGvid& Witﬁ%etshailﬂt J1Gr enent s1by Qnd dmmeaghot-hae the
bondi ng @ng% 21 |%h%s%%lzggo % iﬂyatg§5§f§&mallgge$gan§es Egdlcates
a difference mntﬁ E erence anount” of transtornmation :

[ 0068] Réﬁﬁ?n%?mf%%?ﬂﬁlgﬂﬂetﬁqI“?he menory 92 further stores the reference
transformati on anmount CO and the nunber of tines of the use of the bonding
wedge 21.o6Be;systemcontrol means 91 cal cul ates the transformation anount
C by adding the transformati on amount C corresponding to the nunber of
times of the use of the bondin% wedge 21 to the reference transformation
amount CBRemARIfg3H &f BF Y 4G% értP8ﬁ§¥%?HﬁFidHr§ﬁDJﬁtt&rﬂﬁhﬁ@tFEetable

51. [0069pnding pads 81 to 84 (Figure 5) of the head slider 80. AN
gimbal pivot 318 which projects downward is provided behind the
hole 317.
[0037]

The load beam 301 is provided at both side portions with ribs
321 and 322 for ensuring the rigidity of the load beam 301.
Caulking portions 323 and 324 are provided on one side of the
rear end portion of the load beam 301.

[(0038]

The flexure 303 1s provided on the lower surface of the point
end portion of the load beam 301. The flexure 303 1s
constructed of stainless steel with a thickness of about 0.02
mm. The rear end of the flexure 303 is formed integrally with
the load beam 200 by adhesion or spot welding. The point end
of the flexure 303 abuts the gimbal pivot 318 of the load beam
301 and is supported at one point by the gimbal pivot 318. As
described infra, the head slider 80 1s glued to the lower
surface of the point end portion of the flexure 303. With this



Figure 13 is a diagram showi ng the wire bonding nethod of the second

enbodi nent. When the nunber of tinmes of the use of the bonding i

| ow, a proper transfornmation anmount Bl corresponding to the tramyﬁ%ﬂozona
anount A is obtained as shown in Figure 13A. Thereafter, the wire 71
transforns by the transformati on anount Cl, and consequently, the entire
transformati on anount D1 of the wire 71 becones: D = A+ Bl + C[0070] On
the other hand, if the nunber of tines %{ t he use of the bondi ng wedge 21
beconmes high, a transformation amount B2 snaller than the transformation

amount Bl, {5, 0btained a3 slbeom Cﬂlférgugcﬁ 1385 ;%réem Sal 880N olhe on

t ransf or mat 1 on” anourit a red uctlon ‘U% ng nsf ormati on,
anount B2 Wtkﬁlr“g?ﬁecf)l‘t’%ttiﬁlg t FRRRYSt mét Font fit é§3 dgﬁcﬂﬂ‘efhe 3
0 JAN ~~~slighthsforirabileniandihtdi€ecitdonsed. For this reason, when the
transformati on anount A is assuned to be the same, the entire
transforrr%b%l anount D2 of the wire 71 becones: D2 = A+ B2 + C2 = A+ (Bl
- dB) + ( err]B) = A+ Bl + C1 - DI Thus, even when the nunber of
times of the use of the bondi ng wedge 21 increases, nearly the sane
transf or mat itoh dmeuat 36f thepwyeddd abtEina®into@rid sidet ké ¢daveredonal

W re bond'belmn@@hOﬂl@r&@m@awws@ftzhe senviec@rhinte3af, thes-bordi ngawedge 21

Is in thefse?der 20, %Oglal ETeS:Rker €338N WahobLa! h%onu@%&ogz; ties of

t he use o ondln i NnCreases cess orti t he
wire afteF‘LBSHlEIf‘Tﬁberlee dPffi Elﬁlt 3¢ chiam d%O?he oq'h % "J%i“ﬁ" tﬁd; witfe

bondi ng mébhodd andtappalrlat us tof thive Hecond eRBedi ril’ém ,A*lshéesélf@m@e 3BiLf e of
t he bondi ng weggec2iahas heen goipneved tho H 000 timesyodesausest haessecond

enbodi WenkoﬁHla{:]@%ya@O{Woem%%% fQknt @ﬁetea@@rﬁm@@@mu%e - 31

accordance wt e nunb

(tl mes, of etuse b ndi ng \ggg %1 and
obt ai ns tﬁéaF‘Faﬁé?oﬁﬁafPE}ﬂe%ﬁ% nt d:‘%hl%%rl § éﬁplhoxtl §UeEonstant "I n
thi s way, ishelsecomahenissdiatestoi Boable 15y é8GcEthee c@”satmef or33pondihng a
wire. [0072kstAdvantagescof the i nwesti evhnAcced di ag t poihesw ne bardi ng

met hod anqaew@{@{m %Ilstcahﬁe&eyﬁ@ter@& stBg bandingneedge first abuts the

W re, whereby a predeterm ned I's given between the wire and the
connection pad. This | oad causes the wire to transform The transfornmation
anount of [PREOW re varies greatly. Next, ~ 0 ~~~ ~~ 4~

The C-side frame 333 is equipped with a first plane portion
333a to which the A-side frame 331 and the B-side frame 332 are
connected, a stepped portion 333b bent at substantially a right
angle to the first plane portion 333a to form a stepped

' portion, and a second plane portion 333c (Figure 5) bent at
substantially a right angle to the stepped portion 333b. The
first plane portion 333a is provided on nearly the same plane
as the flexure 303. On the other hand, the second plane
portion 333c is provided on nearly the same plane as the merge
lip 319 of the load beam 301.

[0041]

The wires 71 to 74 are bundled by tube 70 and caulked by the
caulking portions 323 and 324 of the load beam 301. The wires
71 to 74 are led from the rear end of the load beam 301 to the
point end, while they are being fixed at predetermined
positions on the load beam 301 by an adhesive agent. The wires



~7 through this bondi ng wedge, the predeterm ned | oad and a pr edﬁeam
ul trasonic wave vibration are given between the wre and the c

for a predetermned tinme, whereby the wire is further transformed. In thls
way, a variation in the transformati on anmount of the wire is absorbed and
becones small. And the transformati on anount of the wire to be nmeasured is
set to an initial value. Until the transformation anmount of the wre
reaches a predetermned set value, the predeterm ned | oad and the

predet erm ned ul trasoni c wave vibrationdare gi ven between the wire and the
connection pad, while the transformation anount of the wire is being

measur ed/1[ 6073] Ther éfigided aavakhat Poening tHe tidRsfBrRat i’dn ot of t he
Wi re canwbeeteducedsbafar e richa e aswhendnt refart kedt rom"lstﬂ&r &b ¢ sarunt  of
the \Aereak:ﬁe%@dt%@ Lﬁet%ﬁ&an&fl@r %tplrgalagpyfgt m}n@%r%gslg,h%sleca{ter i's

managed, entire transformation arrg %) be, r'ed UCS}?

Ther ef or ESSPRgt r &Pi 819 i 5761 t #&-Swi PE- BORdI ﬁﬁ'péafl?éﬂﬁt ﬁ‘rénan W& entaliced.

j 0074] | miaddi 71 onndadéordiengepara hel i Heistsddiatg et hed cantd Jappdrateus of
this invenati @irea S8t aad ues f aret Bephransiorantidsy anbusheotholibe iae is

| ncreasedpacgordl ng 10, tﬂe PAUTbELe Pf e fd RS Of315NE £ USRe oiog@eo&qndmg wedge.

For this reason, an anount of t ransf or nma |on or ahsorb ari t|on in
the tran§F8FHar6n ‘H}?&u GF° tHE WFEITauiBd *when A fe ao’:ondl é &B

brought isacendonlace WPrhiethed¥er ©f it Be sdkvpdrisaced 3By t eseftlaﬁaal ue for
the transfotpathoaramunhted drhechd recoandptensegoetitdry, 3388 NS radtns

t ransf or pat hgna@frgg)éwe afyelhe wire is obtainable over the service life of

t he bondi ng wedge 21. As a result, the reliability of the w re-bonding
strength can be further enhanced. 3 0 JAN 2003 28 Brief Description of
the DrawilR§42)Figure 1 is a schematic di agram showi ng the construction of
an ul trasoni c bonder according to a first enbodi nent of this invention,;

Figure 2q,3 a,d] éﬂé%ﬂ shayi g mechccm%t we&gom of o the MbikfasOni G ation

drive section s |n Flgure . a schematic ow ng
t he constict |n<§ﬁ FI A Gontr ("é)ltrg%‘lotwn f TRt t(r%’ggcgﬁlecqbeonde:gls fown i n

Fi gure 180Fi gufteis 3159 an%*i—:héhﬁ“m cigli BgrarsShon Rget Ketelohat Lactifortst a
suspensi ol taeapnit guowd&y | 50@ chicagr am sheowirieg 1la WiTre sbondi nigs metdroctkd or a
HSA; Fi gyre &d %%ﬁl%grlaéﬂ Showi Bgs bes Wi ige Rondi hgq el had af gdhefdd st

enbodi rrent g a ti n Lggra show ng _t he e nd|n met hod of
the first e%bodﬁfr%leereaf% tmg gsga g TS an¥1"' tge Q tWM 9% o

ar

Conpar | sGRaGT HeVBPLAL oA P Fe TARSSE M OB Of DRELUHPA Dot he
convent i woeakdingreedgpndiing nmet hod and the wire bondi ng nethod of the present
invention; Figure 9 is a diagramshow ng the transformation anmount B which
vari es ag[(b%r 4ding to the nunber of times of the use of the bonding wedge;
Figure 1 d| agram showi ng the rel ati on between the nunber of tinmes of
the use of the bonding wedge and the transfornmation anobunt of the wire;
Fi gure 1Thes suspehemati erdi 8§Panrshebny theFtomst ruct ionhofitdretabint r ol
circuit cfuppdrublir 3s0Rhe HepdehoBCEREW NG tthé head slider 80, on the

other hand, is vertically stood and is supported such that a

portion therecof penetrates the hole 317 of the suspension arm

300 (load beam 301). Bonding pads 81 to 84 are disposed on the

upper surface of the head slider 80 at regular intervals. The

wires 71 to 74 are disposed in contact with or in close

proximity to the bonding pads 81 to 84 to be bonded. Any of

the wires 71 to 74 is positioned under the bonding wedge 21,

and the corresponding pad on the head slider 80 is positioned

under the wire.



3 0 JAN C~4~ 29 second enbodi nent of this invention; Figure 12 is a diagram
showi ng the transfornmati on-anount setting table shown in Figu 1% alri

13 is a diagram showi ng the wire bondi ng nmethod of the secondmbﬂéwae
Figure 14 is a diagram showi ng the situation of wire bonded on a connection
pad, Figure 14A showing the front view and Figure 19B show ng the top view

Figure 15 is a side view of the wre and the connection pad shown in Figure
19; and Figure 16 is a diagram show ng the relationship between quantities

of transformation a and c. [Description of synbols] 10 ... Bed 11 ..

Control nmeang;12 ... Utrasonic-vibration driving section 13 ... Mcroscope
14 ... Support arml1l5 ... Y-table 16 ... X-table 17 ... Wrk 21 ... Bonding
wedge 22 ... Horn 23 ... Utrasonic vibrator 24 ... Pivot shaft 25

Support rHenbReNBY & [RR, feifhepOBRNT. Wk 2 hgMoves srlgrnviRkfh &g

Bal ancer a®2its, . fShatkample, the wire 71. The wire 71 1s pushed against
the bonding pad 81. In this way, a predetermined load 1s given
between the wire 71 and the bonding pad 81. Then, the
ultrasonic vibrator 23 shown in Figure 2 produces ultrasonic
wave vibration, based on a drive signal from the wultrasonic
oscillator 46 shown 1in Figure 3. The bonding wedge 21 vibrates
in a direction (fore-and-aft direction of the ultrasonic bonder
100) parallel with the center axis of the suspension arm 300.

[0045]

The bonding pads 81 to 84 on the head slider 80 are each
constructed by coating the surface of copper with gold, and
each bonding surface 1s formed 1into a 0.1 to 0.2 mm square.
The wires 71 to 74 have a three-layer construction, in whach a
copper wire 1is coated with gold and then the coating of gold is

covered with an ainsulator. In the bonding portion of each of
the wires 71 to 74, the insulating film of the outmost layer is
removed so that the gold layer 1s exposed. The wire diameter

of this bonding portion is 30 to 50 um.

[0046]

If the wire bonding operation for the wires 71 to 74 ends, the
point portions of the wires 71 to 74 beyond the bonding pads 81
to 84 are cut off. The tub frame 304 1s cut off from the
flexure 303, because the tub frame 304 has ended the role of
positioning the wires 71 to 74. The head slider 80 is rotated
in the direction of arrow A shown in Figure 5 and glued to the
lower surface of the flexure 303. The wires 71 to 74 bonded to
the bonding pads 81 to 84 are bent downward by the rotation of
the head slider 80.



, 30 ~~wcu~~ 3033 ... Cam34 ... Distance sensor 35 ... X-table driving

notor 36 ... Y-table driving notor 91 ... System control neans

Menory 93 ... X-stage notor driver 44 ... Y-stage notor driver ﬁJANZ‘Qm

notor driver 96 ... Utrasonic oscillator 97 ... Data converting section 98
... Bus 51 ... Transformation-anount arithnetic table 51 ..

Transformati on-anmount setting table 70 ... Tube 71, 72, 73, 74 ... Wre 80

... Head slider 81, 82, 83, 84 ... Bond“gg pad 100 ... U trasonic bonder

(w re bondi ng apparatus) 200 ... Control ‘circuit 300 ... Suspension arm

-31 d ai :4i1 A wire bonding nethod for bonding wires to connection pads,
conprisigép | oading step for transformng the wires by an initial anmount
by touching said

Now, a description will be given of the wire bonding method in
the first embodiment.

Trial-and-error testing has been made 1n order to reduce a
variation 1n the transformation amount of the wire and 1t has
been confirmed that the speed of transforming wire
(transformation amount/unit time) becomes lower with the lapse
of time. If ultrasonic wave vibration is given between the
wire and the bonding pad, the wire will rapidly be crashed and
then the amount of the crash will gradually be reduced.

[0048]

Furthermore, trial-and-error testing has been made and it has
been confirmed that, depending on a difference 1n the wire
transformation amount A when the bonding wedge 21 1s caused to
move downward and abut the wire, the wire transforming speed,
which is obtained when ultrasonic wave vibration is given after
the wire transformation amount A, varies. If the bonding wedge
21 is caused to move downward and abut the wire, the wire is
slightly transformed by the load exerted via the bonding wedge
21. This transformation amount A varies greatly and is
considered to be due to major causes such as positional
accuracy for setting works (connection pads and wires), the
speed at which the bonding wedge abuts the wire (shock load)
and the like.

[0049]

In the case where the transformation amount A of the wire is
small, 1f ultrasonic wave vibration is given, the wire will
start transforming rapidly. On the other hand, 1in the case
where the transformation amount A of the wire is large, 1f
ultrasonic wave vibration is given, the wire will start
transforming slowly. From this fact it is considered that, at

the time a certain time period (sufficiently shorter than



wires to a bondi ng wedge, transverse to an axial direction of the wres,
apply an initial, vibration-free, predetermned load to said w [

| ength of the wires, and said connection pads through said bonq GJM
time controlling step for providing a predeterm ned ultrasoni c wave
vibration with said predeterm ned |oad for a predeterm ned tinme through
sai d bondi ng wedge after transformng said wires in said |oading step; and
a transformati on anmount controlling step for providing said predeterm ned
ultrasonic wave vibration with said predsgterm ned | oad between said wres
and connection pads, while neasuring an amount of wire transformation until
sai d anolpendéhowiteae) r Kasf GLAREEAN S ERET heblp Iddet e nedreétoRali@s, said
anmount ofgiwene t& arnsfraaaBbh O fheting seteattramsiforhaalovalameunsaiz is

tranSfOr@ﬁ%bgﬁegehﬂgid%%@Ctéﬂktﬁ% S@kgn$fgyyéﬂaoﬁftﬁ&nﬂﬁﬁrb@g §ﬁ%(jw1re
predetermned tine | qntr ol.l

bo
net hod acbc?c?PHHeﬁgCPBSg?%?m 1ﬁer\llﬁ$ér hr? s”,%rra g@Péb’gq JEY rbc’deslari 45 {}ﬁts of wire
t r ansf or reabiodanent s diadhagesans? oCARET 0Tf fdpdunt A WEMdr oViidly St epodticra@dses
accor di ng1tt@ atsbgy BURAEE fibkhdEsn Ohré hgruse pétsaird bendivnge wadge.thd. A

wire boncyo@lgle@le&@g%ga fanebondi pg- Wi 1,85 L CONNRRL 110} p&%se@lomrﬂc%l ng: a
| oad appl I cat of for “support]

res and connection i
ori entatidf W HHENG WEdFe, ‘gjtkfre?ﬁéL\?Er &% o 1HE pl aﬁ‘g “or |tg’ﬁt acltoei lnf or
appl yi ng tdmei reatiigld Rha<orekdrmedhr dde piagettemdiingd medaedt Gasaiod swithes,
al ong a lengisifoehasaotl winoantandf sahd ceiwrectthen pads;crashabt rasonine wave

vi brat i onyg;prQvi dar ; f obn Rovhdi g, @ edet-eeni ned ul trasonic wave vibration
to the wires and connection pads through said bonding wedge; a

transformati on anount neasuring apparatus for neasuring an amount of wre
t r ansf or netd5dn;

Figure 6 1is a diagram showing the wire bonding method of the
first embodiment.

For instance, assume that the wire 71 1is pushed against the
bonding pad 81 by the bonding wedge 21 so that a predetermined
load and a predetermined ultrasonic wave vibration are given
between the wire 71 and the bonding pad 81, as shown in Figure
6. In this wire bonding method, the entire transformation
amount D of the wire 71 1s divided into transformation

quantities A, B, and C.
{0051]

The transformation amount A indicates the quantity that the
wire 71 transforms slightly by the load exerted via the bonding
wedge 21 when the bonding wedge 21 abuts the wire 71. As
described supra, this transformation amount A varies greatly.
This transformation amount A is not measured. For this reason,
time T1 enough for the bonding wedge 21 to abut and transform
the wire 71 from the start of the downward movement of the
bonding wedge 21 is set in advance. If this set time TI1
elapses from the start of the downward movement of the bonding
wedge 21, ultrasonic wave vibration is given via the bonding
wedge 21.



.84 ,J~~ ~~~ -32 a controller for controlling operation of said |oad
applicator, said ultrasonic wave vibration provider and said transformation
anount measuring apparatus; wherein said controller perforns s a

first, said | oad applicator touches said wires to said bondingoagEQQAhlzuua
applies said predeterm ned | oad between said wires and connecti on pads

t hrough sai d bondi ng wedge, and transforns said wires; then, said | oad
applicator applies said predetermine load for a predetermned tinme, and at
the sane time, said ultrasonic wave vi bf%ation provider provides said
predeterm ned ul trasonic wave vibration for said predeterm ned tine; and
after sal®Ptledetermned tine, said transformation anount neasuring
apparatus sets said anount of wire transformation at an initial value, and
sai d ul t $RSORILGHWRYEnM R AL AR HY ONi dekiPE v depesaldiminedet @fdd nede

ul trasonjc vay %pbra ion, mﬂkif sali d predsternined |oad is, being applied
by said 'dbad agplféﬁf PrUnt M said™amotnt™ ' SF W r € 't r'anstor mti o measur ed
by sai d ¥“taraiOtivatvore arbumit ipdasis | iy dppaP B4 r BaghBsNd1p¥ eH8EEE NI ned
set val uel. 4. Thee twimee Thondi ngeappasay useaccorwiagat vachat nei3, 1huchher
conpri si Rgsr&ndAllofeat AAGE rURdtidh SAASLIROM I 0k | 8bsbObe St AL DGy achabl e

correlat£ggeaqﬁunbeRﬂgiltkggst%gngigrégtﬁggd bgnd{ngxmedge w&gh a_get val ue

for said anount 'of wre transfornmation, and g'count & for ‘counting the
nunber oFFRRFEIIGILiIg8e OINEHITd bBNdiFGWEdge; LHE whePBfn HIEd coRf'fol | er
reads outrsasthisettival waounwhi @h 1corregpondset drsaisdoampuntn ohmatine B

transf or gatb Qs Car418SPORdieNG @ s38kf th¥P emoRhtt mMes f (ke cdseecoynted by
said cou Ler. f.ram alg tabl e st Qrage unit and al so sets a set value for
said amo = CﬁuRﬁ 8 1ally constant.

[0053]

The transformation amount € 1s managed by the ultrasonic bonder
100. TIf time T2 elapses, the transformation amount of the wire
71 is set to 0 and the measurement of the transformation amount
of the wire 71 1s started. And until a transformation amount
to be measured reaches the preset transformation amount C, a
predetermined load and ultrasonic wave vibration are given via
the bonding wedge 21.

[0054]

This transformation amount 1is measured by the displacement
sensor 34 shown in Figure 2. The movement quantity of the
lower surface 25a of the support member 25 sensed by the
displacement sensor 34 is converted to digital data by the data

converting section 47. And the system control means 41 obtains
the movement quantity of the bonding wedge 21 (1.e., the
transformation amount of the wire) corresponding to the

movement quantity of the Jlower surface 25a of the support
member 25, by making reference to the transformation-amount
arithmetic table 51 stored in the memory 42.



transfornation.

5. A wre bonding apparatus for bonding wires to connection

pads, conprising: a bonding wedge, transverse to an axial direction of the
wires, for applying an initial, vibration-free, predeterm ned&lqﬂm ~said

wires, along a length of the wires, for transformng the wire

initial

anount ;

Lo
3 0 JA N 2003 -33 an ultrasoni c wave vibration provider

for providing a first ultrasonic wave vibration to the wres through the
bondi ng wedge to transformthe wires a first amount, and for providing a
second ultrasonic wave vibration to thex res through the bondi ng wedge to
transformthe wres a second anount; a transformati on anount neasuring
appar at us099r! neasuri ng an anount of wire transfornmation; and a controller
for controlling operation of the bondi ng wedge, the ultrasonic device, and

the tran
accordin
controll
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nprising: "a table storage ‘unit in the

ef%ﬁr%ﬁ(ﬁqbﬁglﬁe?ﬁble correlating a nunber of tines of use of the
bondi ng wedge with a set value for the anbunt of wire transfornmation, and a
counter ForueOUNYi NGdhhaanusbery of shbwes eheusecohtsand bendiéag wedge; and

transformation amount of the wire and the bonding time.

This

bonding method includes a loading step, a time managing step,

and a transformation-amount managing step. The loading step

corresponds to transformation amount A (variable) and

time T1

(fixed) . The time managing step corresponds to transformation

amount B (variable) and time T2 (fixed) .

The

transformation-amount managing step corresponds to

transformation amount C (fixed) and time T3 (variable).

{0056]

At point Pl, the bonding wedge 21 abuts the wire 71, whereby a

load 1s exerted on the wire 71. With this load, the wire 71
transforms by the transformation amount A, and the
transformation stops at point P2. The transformation amount A
varies dgreatly. At poant P3 that the time T1 elapses,
ultrasonic wave vibration is then exerted and the
transformation of the wire 71 is restarted. At this stage, a
variation in the transformation amount A is absorbed by the
transformation amount B and therefore a variation in the
transformation amount A + B become small. At point P4 that

time T1 + T2 elapses, the transformation amount A + B is
maintained substantially constant. At this point P4, the
transformation amount of the wire 71 1is set to 0 and the

measurement of the transformation amount of the wire

71 1is

started. And until the transformation amount of the wire 71 to

be measured reaches the transformation amount C (point

P5), a

predetermined load and a predetermined ultrasoconic wave

vibration are given. In this way, the transformation amount A
+ B 1is kept substantially constant at point P4, so that the
entire transformation amount D (= A + B + C) 1is also kept

substantially constant.
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width NW will become large and therefore the bonding area with

the bonding pad will become large. For this reason, a crack

will occur in the boundary portion (heel portion) between a

transformed portion and an untransformed portion or in a flat

bonding surface, and consequently, the wire-bonding strength

will be reduced.

(0059]

The wire bonding method of the present invention and a
conventional wire bonding method are compared from the relation
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Wire diameter: 36 um

Time T2 in the present invention: 20 msec

Transformation amount € 1in the present invention: 9 pm
Conventional transformation amount b: 8, 10, 12, 14, 16 um

(Transformation amount b: refer te Figure 15) A variation in
the nugget width NW 1s checked by varying the loading condition
for abutting the bonding wedge 21 with the wire 71. Note that
in the ultrasonic bonder 100, the transformation amount B 1is
also measurable. In Figure 8, therefore, the transformation
amount B + C 1s used.

{0060]

As will be seen from Figure 8, in the conventional wire bonding
method, the nugget width nw will vary greatly 1f the loading
condition is wvaried. On the other hand, in the wire bonding
method according to the present invention, the transformation
amount B + C includes the transformation amount B and therefore
spreads in the lateral direction. From this fact it follows
that the transformation amount B varies greatly. However, the
nugget width NW is very stable because 1t is within a range of
50 to 60 pm.

[0061]
Second Embodiment

Figure 9 1s a diagram showing the relation between the number
of times of the use of the bonding wedge and the transformation
amount B.

The bonding wedge 21 of the ultrasonic bonder 100 1s an
expendable supply and is worn away according to the number of
times of the use of the bonding wedge 21. For this reason, the
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[0062]

A variation in the nugget width has been investigated over the
service life of the bonding wedge 21, and it has been found
that the nugget width 1s maintained uniform at each occasion,
however, the nugget width becomes smaller, as the number of
times of the use of the bonding wedge 21 1s increased.
Furthermore, a variation in the transformation amount B has
been investigated over the service life of the bonding wedge
21, and it has been found that the transformation amount B also
becomes smaller, as the number of times of the use of the
bonding wedge 21 1s 1ncreased. As shown 1n Figure 9, the
transformation amount B is reduced approximately proportionally
with the number of times of the use of the bonding wedge 21.

[0063]

Figure 10 is a diagram showing the relation between the number
of times of the use of the bonding wedge and the transformation
amount of the wire.

As shown in Figure 10A, when the frequency use of the bonding
wedge 21 is low, proper transformation amount Bl corresponding
to the transformation amount A is obtained. Thereafter, the
wire 71 transforms by the transformation amount C and therefore
the entire transformation amount D1 of the wire 71 becomes:

DI = A + Bl + C

f{0064]

On the other hand, as shown in Figure 10B, if the number of
times of the use of the bonding wedge 21 becomes high,
transformation amount B2 smaller than the transformation amount
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transformation amount A is the same, the entire transformation
amount D2 of the wire 71 becomes:
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D2 = A + B2 + C

From this fact it follows that the difference AB between the
transformation amount Bl and the transformation amount B2 has a

great influence on the difference AD between the transformation
amount D1 and the transformation amount DZ.

[0065]

Hence, the wire bonding method and apparatus of the second
embodiment compensates for a reduction in the transformation
amount B by the transformation amount C. Therefore, even in
the case where the bonding wedge 1s worn away and reduced 1n

ability, the transformation amount of the wire will properly be
obtained.

[(0066]

Figure 11 is a schematic diagram showing the construction of
the control circuit of an ultrasonic bonder according to a
second embodiment of this invention. The ultrasonic bonder 1in
the second embodiment is the same as the first embodiment,
except that a transformation-amount setting table 52 is
provided in the memory 42.

[0067]

Figure 12 is a diagram showing the transformation-amount
setting table shown in Figure 11.

As shown in Figure 12, this transformation-amount setting table
52 correlates the number of times of the use of the bonding
wedge 21 with the transformation amount C. For example, 1n the
transformation-amount setting table 52, an amount of
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transformation C' is set such that it increments by 0.2 iy,

each

time the bonding wedge 21 1s wused 2500 times. The

transformation amount C' indicates a difference with respect to

a reference amount of transformation CO.

(0068]

Returning to Fagure 11, the memory 42 further stores the

reference transformation amount C0O and the number of times of

the use of the bonding wedge 21. The system control means 41

calculates the transformation amount C by adding the

transformation amount C' corresponding to the number of times

of the wuse of the bonding wedge 21 to the reference

transformation amount Cco, making reference to the
transformation-amount arithmetic table 51.

[0069]

Figure 13 is a diagram showing the wire bonding method of the
second embodiment.

When

low,

the number of times of the use of the bonding wedge 21 1is
a proper transformation amount Bl corresponding to the

transformation amount A 1s obtained as shown in Figure 13A.

Thereafter, the wire 71 transforms by the transformation amount

c1,

and consequently, the entire transformation amount D1 of

the wire 71 becomes:

Dl =

A+ Bl + C

[0070]

On the other hand, if the number of times of the use of the

bonding wedge 21 becomes high, a transformation amount B2

smaller than the transformation amount Bl is obtained as shown

in Figure 13B. For this reason, the transformation amount C2

in which a reduction AB 1n the transformation, amount B2 with
respect to this transformation amount Bl 1is added to the



Y+10% & ()- 3% 10% & ()-"10% & () - L! 10% & () - FRRSSS) VOVAEYNC 1(6an
10% & ()-110% & ()-3 10% & ()-s!10% & ()- 10% & () - %@ 3 N 2003
10% & () -1 OVgXXXYYYYYY~_ @ 10m 10' 109& () - $109& ()-- 10\ 10\ 10\

2110% & ()-F/10% & ()-! "9d0%\*\ & ()-Y2\9\]]q r s t dYNC 10m 10' 10 10
10s(! 109 () -

@109& ()- 9! 109& ()- 10%& ()-9!10% ()-3 t bbdaBYNC 10m

10'110% & ()- &IO0O% & ()-!%d0%Z& ()- L10% & ()-10% & () -#@
20
transformation amount Cl is used. For this reason, when the

transformation amount A is assumed to be the same, the entire

transformation amount D2 of the wire 71 becomes:

D2 = A + B2 + C2
= A + (Bl ~AB) + (Cl + AB)
= A + Bl + C1
= D1

Thus,

even when the number of times of the use of the bonding

wedge 21 increases, nearly the same transformation amount of
the wire is obtained.

[0071]

In the conventional wire bonding method and apparatus, the
service life of the bonding wedge 21 is 1in the order of 20,000
times by reason that if the number of times of the use of the
bonding wedge 21 increases, an unnecessary portion of the wire
after bonding is difficult to cut. On the other hand, 1in the
wire bonding method and apparatus of the second embodiment, the
service life of the bonding wedge 21 has been improved to
40,000 times, because the second embodiment suitably
compensates for the transformation amount C i1n accordance with
the number of times of the use of the bdnding wedge 21 and
obtains the transformation amount D which 1is approximately
constant. In this way, the second embodiment is able to reduce
the cost for bonding a wire.

[0072]
[Advantages of the invention]

According to the wire bonding method and apparatus of this
invention, the bonding wedge first abuts the wire, whereby a
predetermined load is given between the wire and the connection
pad. This load <causes the wire to transform. The
transformation amount of the wire varies greatly. Next,
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through this bonding wedge, the predetermined 1load and a
predetermined ultrasonic wave vibration are given between the
wire and the connection pad for a predetermined time, whereby
the wire is further transformed. In this way, a variation in
the transformation amount of the wire 1s absorbed and becomes
small. And the transformation amount of the wire to be
measured 1is set to an initial value. Until the transformation
amcunt of the wire reaches a predetermined set value, the
predetermined load and the predetermined ultrasonic wave
vibration are given between the wire and the connection pad,
while the transformation amount of the wire 1s being measured.

[0073]

Therefore, a variation in the transformation amount of the wire
can be reduced before the measurement of the transformation
amount of the wire is started. If the transformation amount of
the wire thereafter 1is managed, the entire transformation
amount of the wire can be reduced. Therefore, the reliabilaty
of the wire-bonding strength can be enhanced.

[0074]

In addition, according to the wire bonding method and apparatus
of this invention, a set value for the transformation amount of
the wire is increased according to the number of times of the
use of the bonding wedge. For this reason, an amount of
transformation, for absorbing a wvariation in the transformation
amount of the wire caused when the bonding wedge is brought
into contact with the wire, can be compensated by the set value
for the transformation amount of the wire, and consequently, a
constant transformation amount o©f the wire is obtainable over
the service life of the bonding wedge 21. As a result, the
reliability of the wire-bonding strength can be further
enhanced.
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Brief Description of the Drawings:

Figure 1 1s a schematic diagram showing the construction of an
ultrasonic bonder according to a first embodiment of this
invention;

Figure 2 1s a diagram showing the construction of the
ultrasonic-vibration drive section shown in Figure 1;

Figure 3 1s a schematic diagram showing the construction of the
control circuit of the ultrasonic bonder shown in Figqure 1;

Figure 4 1s a schematic diagram showing the construction of a
suspension arm;

Figure 5 1s a diagram showing a wire bonding method for a HSA;

Figure 6 1s a diagram showing the wire bonding method of the
first embodiment;

Figure 7 1s a timing diagram showing the wire bonding method of
the first embodiment;

Figure 8 is a diagram showing an example of the comparison of a
variation in the nugget width of the wire between a
conventional wire bonding method and the wire bonding method of
the present invention;

Figure 9 1s a diagram showing the transformation amount B which
varies according to the number of times of the use of the
bonding wedge;

Figure 10 is a diagram showing the relation between the number
of times of the use of the bonding wedge and the transformation
amount of the wire;

Figure 11 1is a schematic diagram showing the construction of
the control circuit of an ultrasonic bonder according to a
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second embodiment of this i1nvention;

Figure 12 1s a diagram showing the transformation-amount
setting table shown in Figure 11;

Figure 13 1s a diagram showing the wire bonding method of the
second embodiment;

Figure 14 is a diagram showing the situation of wire bonded on
a connection pad, Figure 14A showing the front view and Figure
14B showing the top view;

Figure 15 is a side view of the wire and the connection pad
shown in Figure 14; and

Figure 16 is a diagram showing the relationship between
quantities of transformation a and c.

[Description of symbols)]

10 ... Bed

11 ... Control means

12 ... Ultrasonic-vibration driving section
13 ... Microscope

14 ... Support arm

15 ... Y-table

16 ... X-table

17 ... Work

21 ... Bonding wedge

22 ... Horn

23 ... Ultrasonic vibrator
24 ... Pivot shaft

25 ... Support member

26 ... Link member

27 ... Wheel

28 ... Shaft member

29 ... Balancer

32 ... Shaft
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33 . Cam

34 ... Distance sensor

35 ... X-table driving motor

36 ... Y-table driving motor

41 ... System control means

42 ... Memory

43 ... X-stage motor driver

44 ... Y-stage motor driver

45 ... Cam motor draver

46 ... Ultrasonic oscillator

47 ... Data converting section

48 ... Bus

51 ... Transformation-amount arithmetic table
51 ... Transformation-amount setting table

70 ... Tube

71, 72, 73, 74 ... Wire

80 ... Head slider

81, 82, 83, 84 ... Bonding pad

100 ... Ultrasonic bonder (wire bonding apparatus)
200 ... Control circuit

300 ... Suspension arm
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1. A wire bonding method for bonding wires to connection pads, comprising:

a loading step for transforming the wires by an initial amount by touching said
wires to a bonding wedge, transverse to an axial direction of the wires, to apply an initial,
vibration-free, predetermined load to said wires, along a length of the wires, and said
connection pads through said bonding wedge;

a time controlling step for providing a predetermined ultrasonic wave vibration
with said predetermined load for a predetermined time through said bonding wedge after
transforming said wires in said loading step; and

a transformation amount controlling step for providing said predetermined
ultrasonic wave vibration with said predetermined load between said wires and
connection pads, while measuring an amount of wire transformation until said amount of
wire transformation reaches a predetermined set value, said amount of wire
transformation being set at an initial value, said transformation being directed to said

loading after wearing said predetermined time in said time controlling step.

2. The wire bonding method according to claim 1, wherein said set value for
¢ said amount of wire transformation in said transformation amount controlling step

increases according to the number of times of the use of said bonding wedge.

3. A wire bonding apparatus for bonding wires to connection pads,
comprising:

a load applicator for supporting wires and connection pads in a planar orientation;

a bonding wedge, transverse to the planar orientation, for applying an initial,
vibration-free, predetermined load to said wires, along a length of said wire, and said
connection pads;

an ultrasonic wave vibration provider for providing a predetermined ultrasonic
wave vibration to the wires and connection pads through said bonding wedge;

a transformation amount measuring apparatus for measuring an amount of wire

transformation,;
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ultrasonic wave vibration for said predetermined time; and
after said predetermined time, said transformation amount measuring apparatus
sets said amount of wire transformation at an initial value, and said ultrasonic wave
vibration provider provides said predetermined ultrasonic wave vibration, while said
predetermined load is being applied by said load applicator, until said amount of wire
transformation measured by said transformation amount measuring apparatus reaches a

predetermined set value.

4. The wire bonding apparatus according to claim 3, further comprising:

a table storage unit in said controller for storing a table correlating a number of
times of use of said bonding wedge with a set value for said amount of wire
transformation, and a counter for counting the number of times of use of said bonding
wedge; and wherein

said controller reads out said set value, which corresponds to said amount of wire
transformation corresponding to said number of times of the use counted by said counter,
from said table storage unit and also sets a set value for said amount of wire

transformation.

5. A wire bonding apparatus for bonding wires to connection pads,
comprising:

a bonding wedge, transverse to an axial direction of the wires, for applying an
initial, vibration-free, predetermined load to said wires, along a length of the wires, for

transforming the wires by an initial amount;
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an ultrasonic wave vibration provider for providing a first ultrasonic wave
vibration to the wires through the bonding wedge to transform the wires a first amount,
and for providing a second ultrasonic wave vibration to the wires through the bonding
wedge to transform the wires a second amount;
a transformation amount measuring apparatus for measuring an amount of wire
transformation; and

a controller for controlling operation of the bonding wedge, the ultrasonic device,

and the transformation amount measuring device.

6. The wire bonding apparatus according to claim 5, further comprising:

a table storage unit in the controller for storing a table correlating a number of
times of use of the bonding wedge with a set value for the amount of wire transformation,
and a counter for counting the number of times of use of said bonding wedge; and
wherein

the controller reads the set value, which corresponds to the amount of wire
transformation corresponding to the number of times of the use counted by the counter,

from the table storage unit and also sets a set value for the amount of wire transformation.



