DESCRIPTION WIRE BONDING APPARATUS AND BONDING METHOD TECHNICAL FIELD [0001]
The present invention relates to a structure of wire bonding apparatuses and a bonding method using
such a bonding apparatus. BACKGROUND ART [0002]

DESCRI PTI ON
W RE BONDI NG APPARATUS AND BONDI NG METHOD

TECHNI CAL FI ELD
[ 0001]
The present invention relates to a structure of wre
bondi ng appar at uses and a bondi ng net hod usi ng such a bondi ng

appar at us.

BACKGROUND ART

[ 0002]

W r e bondi ng appar at uses are comonl y used f or connecti ng
a chip and a substrate. Such w re bondi ng appar at uses i ncl ude
two types: ball wire bondi ng appar at uses and wedge wi r e bondi ng
apparatuses. A ball wre bondi ng apparatus connects a
plurality of pads of a chip respectively with a plurality of
| eads of a substrate by repeating: formnganinitial ball from
awre extending fromatip of a capillary by causing a spark
and such; bonding the initial ball as a bonding ball to a pad
of thechipbypressingtheinitial ball ontothepadandapplying
ultrasonic vibration to the initial ball; looping the wire
toward a | ead of the substrate while paying out the wire from
the capillary; bondingthewi re by pressingthewiretothel ead
of the substrate; cutting the wire after noving the capillary
upward and extendingawretail fromthetip of the capillary;
andformnganinitial ball fromthewi retail by causi ng aspark

and such for bonding to the next pad.



Wire bonding apparatuses are commonlyusedfor connecting a chip and a substrate. Such wire
bonding apparatuses include two types: ball wire bonding apparatuses and wedge wire bonding
apparatuses. A ball wire bonding apparatus connects a plurality of pads of a chip respectively with a
plurality of leads of a substrate by repeating: forming an initial ball from a wire extending from a tip of a
capillary by causing a spark and such; bonding the initial ball as a bonding ball to a pad of the chip by
pressing the initial ball onto the pad and applying ultrasonic vibration to the initial ball; looping the wire
toward a Iez%% e substrate while paying out the wire from the capillary; bonding the wire by
pressing the wireto the lead of the substrate; cutting the wire after moving the capillary upward and

extending a wire taiﬂ:[fpﬂh@ﬁ, tin Qeldgcapifaryoryl iegnaipp ananiial el rQ*’OdB? WE_@ itajyby causing
a spark and such for bonding to the next pad. [0003] Further, a wedge wire bonding apparatus

uses a tool hawimge d wed peddpiiaednadpa pesssirg) surfhaeeandinciudek doe stepe oft le@sding a wire
to a pad of a chi&%v%\(ithout forming an initial ball, by pressing a side of the wire to the pad of the chip by

the pressin@surRRBAVRE W ifel8cd BA/IOMEIRAIN aWMifdedh drah8vik ahd BY Bbdlying
ultrasonic vibration to the wire; looping .the wite {q a lead of a syhstrate after rajsing the tqgl; bonding
the wie 10 LA e L T Ty b the ke T 10 Cihe L B s TEEILE dRine tool,

cutting the wise byrraewingdhe tpal sbliauply upward towaid a seanegiingediragtion Af e wire; and
extending a wire tail under the pressing surface of the tool. Then, a plurality of pads of the chip and a
plurality of ldade of trensolbstrée avier@rarettey rappectively by re@satimgahei diepd obmowing the tool

above the next pad; and pressing and bonding a side of the wire tall extendin%) under the pressing

surface to thE®ad bfthé AR B8 P&t 1SteRRICCAGR lerafiths) [Roapf T er rai sing

the tool; bondingthewreto asurface of thelead by pressing
the side of thew re by the pressing surface of thetool; cutting
the wi re by novi ng t he t ool obl i quely upwardtoward a connecti ng
direction of the wire; and extending a wire tail under the

pressing surface of thetool. Then, aplurality of pads of the
chip and a plurality of | eads of the substrate are connected
respectively by repeating the steps of: noving the tool above
t he next pad; and pressing and bonding a side of the wire tail
ext endi ng under t he pressing surfacetothe pad of the chip (see
Patent Literature 1, for exanple).

[ 0004]

According to the wedge bondi ng apparatus described in
Patent Literature 1, as the side of thewire is pressed agai nst
t he pad of the chip by the pressing surface while naintaining
the direction of the wire by the wire feed guide, the wire is
al ways required to extend toward the connecting direction of
the wire. As the connecting direction between the pad of the
chipandthelead of the substrate changesinvariousdirections,

however, various methods such as providing a rotary-type



According to the wedge bonding apparatus described in Patent Literature 1, as the side of the wire is
pressed against the pad of the chip by the pressing surface while maintaining the direction of the wire
by the wire feed guide, the wire is always required to extend toward the connecting direction of the
wire. As the connecting direction between the pad of the chip and the lead of the substrate changes in
various directions, however, various methods such as providing a rotary-type bonding head (see
Patent Literature 2, for example), or rotating the bonding stage holding the chip and the substrate are

employed s %0 A e ieston ains e egd ude phs bandnayoalyg epnecting

direction of the wire: owever, rotating the bonding hea bonding stage poses a

problem of ineseasingiAriiz & 0/ry EORAING] aRpar s &% d VARLE. Bravallds rupkleg: ef a slower
bonding speed, which results in an inability of high-speed bonding. Therefore, there is proposed a

method of bomliny advientas semiedndyctdhead andtd iadeadfof ahsubsitrate ivddéld ugingla capillary
but without forming an initial ball (see Patent Literature 3, for example). The Wed3$ wire bonding

method de<iddaBinPeaEhP OitkRRLIrdstitohbBSes A MRtdd i Fhickcd toMIafy i dVedipward after

bonding to éﬁﬁgid bonding point and extending a wire tail, then horizontally toward a direction along
a succeeding connecting direction of the wire, then downward to a position at which a tip of the

capillary is slightly ipgaeiagt witbthe Wikg hondegdrdha gasend Randing NodHdRAG agaiyRorizontally

toward the direction along the succeeding connecting direction of the wire to cut the wire tail (see
paragraphsfizksta0p4 o loif atent LivenatasiI)gAacerdiegdd thiboredihod) theperatalsmay be flexed
at the tip of the capillary toward the succeeding connecting direction of the wire, and therefore it is

possible to BeYfdfhived§eWhld bBRdm P bPIHANIR HR PR NRY tRONEKEHPBRRP! tWRIGRe by the tip

of the Capi"ragsiﬁll tpg SiuﬁC%%diP%%)PPirR?wci)on} rgq%?%np%ed bondi ng. Therefore,
there i s proposed a net hod of bonding awireto a sem conduct or
pad and to a | ead of a substrate while using a capillary but
wi thout forming aninitial ball (see Patent Literature 3, for
exanpl e). The wedge w re bondi ng net hod descri bed i n Patent
Literature 3 proposes a nethod in which a capillary is noved
upward after bonding to a second bondi ng poi nt and ext endi ng
awre tail, then horizontally toward a direction along a
succeedi ng connecting direction of the wire, then downward to
apositionat whichatipof thecapillaryisslightlyincontact
with the wire bonded to the second bondi ng point, and again
horizontally toward the direction along the succeedi ng
connecting direction of the wire to cut the wire tail (see
par agr aphs 0040 t o 0049 of Patent Literature 3). Accordingto
this method, the wire tail may be flexed at the tip of the
capillary toward the succeedi ng connecting direction of the
wire, andthereforeit is possibletoperformwedge wi re bondi ng
of the wire by pressing the flexed portion of the wire by the

tipof thecapillaryinthesucceedi ng bondi ng, without rotating



the bonding head nor forming an initial ball. In addition, Patent Literature 3 also describes that in the
first bonding, wedge wire bonding is performed after forming an initial ball and performing ball wire
bonding of the ball at an appropriate position on the substrate, and then causing the wire be flexed in
the direction along the succeeding connecting direction of the wire when cutting the wire tail (see
paragraph 0050 of Patent Literature 3). RELATED ART DOCUMENTS PATENT LITERATURES
[0006] Patent literature 1: Japanese Unexamined Patent Application Publication Na. S58-9332 Patent

e 2 RSB B AP PPl ST R feraure
Patent Literature 3 al so describes that in the first bonding,
wedge wi re bonding is perfornmed after formng an initial bal
and perform ng ball w re bondi ng of the ball at an appropri ate
position on the substrate, and t hen causing the wire be fl exed
inthe direction along the succeedi ng connecting di rection of
thewirewhencuttingthewiretail (see paragraph 0050 of Pat ent
Literature 3).

RELATED ART DOCUMENTS

PATENT LI TERATURES

[ 0006]

Patent literature 1. Japanese Unexam ned Patent Application
Publ i cati on No. S58-9332

Patent literature 2: Japanese Unexam ned Patent Application
Publ i cati on No. S55-7415

Patent literature 3. US Patent Application Publication No.

2005- 0167473

SUVMVARY OF THE | NVENTI ON
PROBLEMS TO BE SOLVED BY THE | NVENTI ON
[ 0007]

In the neantine, the conventional wedge w re bonding
nmet hod described in Patent Literature 3 perforns wedge wire
bondi ng using acapillary for perform ng ball w re bondi ng, and
the tip of the capillary is provided with a tapered chanfered
portion for bonding an initial ball to a first bondi ng point

such as a pad as illustrated in FIGs. 4Ato 4E and FIGs. 7Ato



SUMMARY OF THE INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION [0007] In
the meantime, the conventional wedge wire bonding method described in Patent Literature 3 performs
wedge wire bonding using a capillary for performing ball wire bonding, and the tip of the capillary is
provided with a tapered chamfered portion for bonding an initial ball to a first bonding point such as a
pad as illustrated in FIGs. 4A to 4E and FIGs. 7A to 7D of Patent Literature 3. For this reason, in order
to fold the wire tail extending from the tip of the capillary in a direction along a surface of the capillary

tip so as to *?‘B%’fwﬁggﬁes?ﬁ‘ﬂri?ﬁ’%‘?i%gd} (S necegsayy iy i”%o‘@e%ﬁ‘se gapillay ycéfﬁ”é?r‘?r?%yf%?‘%“ward to

press the wire tail agai he tip of the capillary. Thus, according 0 the we ge wire bonding method
described in Rateptideraiure 3y sranisely oot PResIPleodncrense dg bpnding sneed. [0008]

In addition, as illustrated in FIG. 3 of Patent Literature 3, the conventional wedge wire bonding method
described inlPataitiLieraiuon @ maysuppoe atasdéén educH & @hgnying aogledtoesinl adjacent
connecting directions of the wire is small; however, in a case in which the direction changes to a large
extent such&I§ a4k Wi dPORK BEnnddtingSiRREBA RN WiteTOMR 4rBBnEaPRId Adersely not

possible to {old the wire ta”c}(c))v\/\lﬁ\r/\(/jatrhg §%cceed|ngtc}?gnﬁcpggtdnlreictlon of th? \/¥|féeea s.the ?aplllary or

the wire tail r%gy%%%r'nleyhung upona corf?\ré(e:ﬁrslg wire connecﬁlng aPad and a athave been

bonded. [0QQ% capi |l ary. Thus, accordingtothe wedge w re bondi ng net hod
described in Patent Literature 3, it is adversely not possi bl e
to i ncrease the bondi ng speed.
[ 0008]

Inaddition, asillustratedinFI G 3of Patent Literature
3, the conventional wedge w re bondi ng nethod described in
Patent Literature 3 may support a case i h whi ch a changi ng angl e
bet ween adj acent connecting directions of the wire is small;
however, in a case in which the direction changes to a | arge
ext ent such as a case where the connectingdirectionof thewire
turns around, it i s adversely not possibletofoldthewretail
toward t he succeedi ng connecting direction of the wire as the
capillary or the wire tail nay become hung up on a connecti ng
wire connecting a pad and a | ead that have been bonded.

[ 0009]

An obj ect of the present inventionis to provide awre
bondi ng appar at us capabl e of perform ng hi gh-speed wedge wire
bondi ng.

MEANS FOR SOLVI NG THE PROBLEMS
[ 0010]
A wire bonding apparatus according to the present

i nventionisawre bondi ngapparatus for connectingaplurality



An object of the present invention is to provide a wire bonding apparatus capable of performing
high-speed wedge wire bonding. MEANS FOR SOLVING THE PROBLEMS [0010] A wire bonding
apparatus according to the present invention is a wire bonding apparatus for connecting a plurality of
first bonding points and a plurality of second bonding points with a wire, the apparatus is provided with:
a bar-shaped bonding tool having a through hole in which the wire is inserted, and a pressing surface
provided at a periphery of the through hole at a tip of the bonding tool and configured to press the wire

against a bond; g le extendj I itudi irectjon o nding tool,
a clamper c%?nftggrrtegg t@%@g ﬁ%%vﬁ&?%g i@%ﬂ%‘&g B%ﬁﬂ%ﬁﬁ?&%é%%@%e%@ﬂ%p\%é]ggr?rt] tic))%the
bonding toglj and tp Qperrand ﬁ@sﬁibﬁﬁbﬁmﬁeﬁ’ whereipithe gopirehunibinslideshwedail extension
means configured to move the bonding tool, after bonding the wire to a previous one of the second
bonding poimt sdiupgva@hhiethenglam jer asigpdnalde andwhec blbhg avstraigist lins elireekd from a
succeeding one of the first bonding point s to a succeeding one of the second bonding points by a
predetermifEdAtRAES U A ReSvE Y eRRM Pirom BRY thPORIVnBie el BBl tool in a

direction algng the straight line directed from the succeeding first bondin int to the sycceeding
second bor?] mgep%l?nt;a a%ﬁ('j ?ai?ﬁjttetrﬁ%ﬁr)\g%%}nﬂ u?eoaééo,%?t%gr%%si'na%egdvei?eotaﬁlrtgsesxtl{eﬁg, cut the

wire tail by @oving #28 RebING &oli R e dligsiion HangHhe igBl lne gireatedEer ucceeding
first bonding point to the succeeding second bonding point while the clamper is closed. [0011]

a longitudinal direction of the bonding tool; a clanper
configured to hold the wire; and a control unit configured to
speci fy novenent of the bonding tool, and to open and cl ose t he
cl anper, whereinthecontrol unit includes: wiretail extension
means configured to nove the bonding tool, after bonding the
Wi retoapreviousone of the second bondi ng poi nts, upward whil e
t he cl anper i s opened, and then al ong a straight |ine directed
froma succeedi ng one of the first bondi ng poi ntstoasucceedi ng
one of the second bondi ng points by a predeterm ned di st ance,
and causethew reto extendfromthethrough hol e of t he bondi ng
tool inadirection along the straight line directed fromthe
succeedi ng first bondi ng point tothe succeedi ng second bondi ng
poi nt; and tail cut neans configuredto, after causingthewre
tail to extend, cut the wire tail by noving the bonding tool
in the direction along the straight line directed fromthe
succeedi ng first bondi ng point tothe succeedi ng second bondi ng
poi nt while the clanper is closed.
[0011]

In the wire bondi ng apparatus according to the present
invention, it is preferable that a folding station having a

st epped portion for catching the wire tail extending fromthe



In the wire bonding apparatus according to the present invention, it is preferable that a folding station
having a stepped portion for catching the wire tail extending from the tip of the bonding tool is further
provided, and the control unit can include: wire tail folding means configured to, after moving the
bonding tool to the folding station and positioning the wire tail along the stepped portion, move the
bonding tool toward the succeeding second bonding point along the straight line directed from the
succeeding first bonding point to the succeeding second bonding point, thereby causing the wire tail to

be flexed tot"YfESdéPetsH%‘?%%‘H@? Agthonding DP%EEQ%]LZH oVi 'ﬁéﬁe VEDPNAIng ARPARIUS

according to the present invention;’it is preferable e control unit forms the wire tail using: the

wire tail extgRsipncagansAneH&e @il cettraeans ovaen gmargle RIween @ gtssaightlee and a
second straight line is smaller than a predetermined angle, the first straight line connecting a previous
one of the firstvbarglinh gpdintsdanththe ptetious e domiddd orglia g gooirdntieandeposd straigihn ine
connecting the succeeding first bonding point and the succeeding second bonding point ; and the wire

tail folding hB&nY Whehahk &8 BthBchltRBRIRE HPAifhOThe HRY kR BAREIMGROMe is equal

to or greate[r(t)k\ll\%nrt(g}% Hree%el}%rcrglgggr?grj]%lee'c[g%si)ondi ng poi nt al ong t he strai ght

line directed fromthe succeeding first bonding point to the
succeedi ng second bondi ng poi nt, thereby causingthewre tail
to be flexed toward the succeeding first bondi ng point.
[0012]

In the wire bondi ng apparatus according to the present
invention, itispreferablethat thecontrol unit fornsthewre
tail using: thewiretail extensionneans andthetail cut neans,
when an angl e betweenafirst straight i neandasecond strai ght
lineis smaller than a predeterm ned angle, the first straight
| i ne connecting a previous one of the first bondi ng points and
t he previous second bondi ng point, the second straight |ine
connecting the succeeding first bonding point and the
succeedi ng second bondi ng poi nt; andthewi retail fol di ngnmeans,
when t he angl e between the first straight |line and the second
straight line is equal to or greater than the predeterm ned
angl e.

[ 0013]

In the wire bondi ng apparatus according to the present
invention, it is preferable that an end portion of the through
hol e on a side of the pressing surface is a strai ght hole, and
an angl e bet ween an i nner surface of the strai ght hole and t he

pressing surfaceis substantially at aright angle. It is also



In the wire bonding apparatus according to the present invention, it is preferable that an end portion of
the through hole on a side of the pressing surface is a straight hole, and an angle between an inner
surface of the straight hole and the pressing surface is substantially at a right angle. It is also
preferable that the pressing surface is an annular flat surface, and the wire tail extension means
moves the bonding tool such that the length of the wire tail is slightly greater than an outside radius of
the pressing surface. It is also preferable that the wire tail extension means moves the bonding tool

norizontall iy redgieTingdonc seton disnce slana i rgiaiing diped fam e

succeeding'Tirst bonding point to the'succeeding second bonding point, after moving the bonding tool

upward by apeedeierpines Zdirediondisipprent ialseoveierehle Hishdayitedal! axtemsion means
moves the bonding tool obliquely upward by a predetermined oblique distance along the straight line
directed frotrhiile $uteekedimgt firsbbohdiagvpairet tbahé suscsetdightsegogd danding paint. dnis also
preferable that the plurality of first bonding points are leads on a substrate, and the plurality of second
bonding poPid 8tefSatid s chifp [[081R] €SSi RGrUNIr@®8ndid appafhtie AE@r&ngRbhe present
invention, ittiﬁg{ef{e[;]aeble that tEue s}epé)xetdénortion of the foldin% statitoH in%lgdcals aw Il %Lllrface for

. r ai SI.on. neans : :
catching the wire tall, and & fla upper surface Rt CoRtihues 10 the wall suP ace, an fhe wire tail

folding meansMo Wit Biel Ropgingpioekiat @ hrighé atwvbiah the pressing sugres ai BrPeRding tool is
higher than the flat upper surface of the stepped portion of the folding station by a height slightly higher
than a diamsteraofghe wired@il5éct ed fromt he succeedi ng fi rst bondi ng poi nt

tothe succeedi ng second bondi ng poi nt, after novi ngthe bondi ng

t ool upward by apredeterm ned Z-directiondistance. Itisalso

preferablethat thewi retail extension nmeans noves t he bondi ng

t ool obliquel y upward by a predet er m ned obl i que di st ance al ong

the straight Iine directed fromthe succeeding first bondi ng

point to the succeedi ng second bonding point. It is also

preferablethat theplurality of first bondi ng points are | eads

on a substrate, and the plurality of second bondi ng points are

pads on a chip.

[ 0014]

In the wire bondi ng apparatus according to the present
invention, it is preferable that the stepped portion of the
folding station includes a wall surface for catching the wire
tail, andafl at upper surfacethat continuestothewall surface,
andthew retail fol di ngnmeans noves the bondi ngtool at ahei ght
at whi ch t he pressi ng surface of the bondi ngtool is higher than
the flat upper surface of the stepped portion of the folding

station by a hei ght slightly higher than a di aneter of thewre.
[ 0015]



A wire bonding method according to the present invention is a wire bonding method for connecting a
plurality of first bonding points and a plurality of second bonding points with a wire, the method
comprising: a step of preparing a wire bonding apparatus including: a bar-shaped bonding tool having
a through hole in which the wire is inserted, and a pressing surface provided at a periphery of the
through hole at a tip of the bonding tool and configured to press the wire against a bonding target, the
through hole extending along a longitudinal direction of the bonding tool; and a clamper configured to

hold the wire; a wire, tall extensior; . @fter bondi ' a i f cond
bonding points, mo‘\%?nag}i tﬁée %ﬁyhétﬁo%%ﬁvéaar(? gvﬁﬁé%g? @Izﬁﬁ&eﬁﬁ% Fgﬂp;%\rélgginﬁg’\%r%gnﬁi%@nding tool
along a straightding diee@ea diony arfsicreadingronsaBetfirslgdenging pRINts Yo afsuccegging one of
the second bonding point s by a predetermined distance, and causing the wire to extend from the
through holb@fithengopdingtteokbindhe diteatiah ialgngthessteaight lrendiregeddiamh shevstitceeding
first bonding point to the succeeding second bonding point; and a tail cut step of, after causingthe wire
tail to extend, Wilifgtthe WRE RAFKONBUNY thE b RPLOS! BY BRailcddch Y6ty RRE dtrafht line
directed from thg: s%cceedri]r&q fir It bonding ro_irg tg tré%j)uocr(]:&leﬁing (s)g?oHdVbIOQdingt Pl?ighwaile the
clamper is éj}ggecﬁ 8f6ﬁ re%gab?y, the wire bonding Mettiod Aecof Ing © the present invention
can further Hlﬂ“édq a foldingrstatien {ayiegiasstepaed P@H',O”afﬁﬂ Cﬁtcbf%@ﬁﬁ@'r% Eﬁf"f%?@@nd'ng from
the tip of the bonding tool, and the method can be further provided with: a wire tail folding step of, after
moving the moodindetdobto thegeldinhstation antpositionggthehsire tait alangitipe sfeppled portion,
moving the bonding tool toward the succeeding second bonding point along the straight line directed
from the subEEEHIRY flr8ChoATIA S PGt HHRGHPERRG SV hENBRRY Psiht aHRPBSY BSusing the
wire tail to he, IR tonRLd e SHgFeaein% st LORANIP AT KY 1 ongi t udi nal
di rection of the bondi ng tool; and a cl anper configuredto hold
thewre;, awretail extension step of, after bondingthewre
to a previous one of the second bondi ng points, noving the
bondi ng tool upward while the clanper is opened, noving the
bondi ng tool along a straight Iine directed froma succeedi ng
one of the first bondi ng pointstoasucceedi ngone of the second
bondi ng poi nt s by a predet er mi ned di stance, and causingthew re
to extend fromthe through hole of the bonding tool in the
direction alongthe straight line directed fromthe succeedi ng
first bondi ng point tothe succeedi ng second bondi ng poi nt; and
atail cut stepof, after causingthewiretail toextend, cutting
thew re tail by noving the bonding tool inthe direction al ong
the straight Iine directed fromthe succeeding first bondi ng
poi nt to the succeedi ng second bondi ng poi nt whil e the cl anper
I's cl osed.
[0016]

Preferably, the wire bondi ng nethod according to the

present i nvention can further include afoldingstation having



In the wire bonding method according to the present invention, it is preferable that the wire tail is
formed in the wire tail extension step and the tail cut step, when an angle between a first straight line
and a second straight line is smaller than a predetermined angle, the first straight line connecting a
previous one of the first bonding points and the previous second bonding point, the second straight
line connecting the succeeding first bonding point and the succeeding second bonding point; and the
wire tail is formed in the wire tail folding step, when the angle between the first straight line and the

second straioh e AYl (P of PG e RIGISIPTINeg dnale, [90REN ¢ - dpipire

bonding method dccording to the present invention, it Is preférable that the pressing surface is an

annular flatisupiage.taqsl Boihgi Wigetiah extenmion iierethediPRARGET iF Mevedsusi Bakthe length
of wire tail is slightly greater than an external radius of the pressing surface. It is also preferable that in

the wire tailvexténsmmstep ttaelbérdidg ngpbisenoved ladrizmtatly by G tined b temohiimey DOGHirection
distance along the straight line directed from the succeeding first bonding point to the succeeding

second boridth§ PBIMChAENGARY tHbBAGRLRbL! LIfRARELY REpMdefetrAine B Y@ diBR distance.

It is also preSfFrabIe that in. the wire tall extetrﬁleon ste&n, the.bon tool is,maved obli upward by a

. e rtion V| | 0oL HORE USRS V(s %%Efl}(] : :
predetermlneae 8lgllqué) 8|sttance’ aﬂ)‘?\g the stralg%?ﬂne Qifected from the succee(lzi'lngq‘lrst bo%dlng point
to the succeqing §asend o9 RPN} Brﬁaﬂ%p&fﬁéﬁ%fh@‘i the piuralidy ebfirsthendieg points
are leads on a substrate, and the plurality of second bonding points are pads on a chip. [0019] In
the wire bosdiogeeethnd accostitg taihegopesemt inveniiors utds eeefierabkethand/iemdiphgality of
chips are disposed on a common substrate, and a plurality of pads of each chip and leads on the

substrate cB?eSondifGiEhe faYShrOcdAifectbd Rithdd e te chh@diathit SWRE Honldthg, after a

last one of tshgcpaeds na pfr?¥ig S B(r)leénlf rt]he cr(l)i ﬁtand a lead on the substrate corresponding to this
pad are connet S with & wire, froma set Gt pDa s and leads of a subsequent one of the chips on which

a pad and g lggggorresponding to this pad are disposed along a direction directed from the last pad
on the previous chip to the lead corresponding to this last pad. [0020]
In the wire bondi ng nethod according to the present

invention, it is preferablethat thewiretail isfornedinthe
wire tail extension step and the tail cut step, when an angl e
between a first straight line and a second straight line is
smal ler than a predeterm ned angle, the first straight line
connecting a previous one of the first bondi ng points and t he
previ ous second bondi ng point, the second straight |ine
connecting the succeeding first bonding point and the
succeedi ng second bondi ng point; and the wire tail is forned
inthewiretail foldingstep, when the angl e between the first
straight | ineandthe secondstraight [ineisequal toor greater
than the predeterm ned angl e.
[ 0018]

In the wire bondi ng nethod according to the present
invention, it is preferable that the pressing surface is an
annul ar flat surface, andinthe wire tail extension step, the

bondi ng tool is noved such that the length of wire tail is

10



In the wire bonding method according to the present invention, it is preferable that when a plurality of
chips are disposed on a common substrate, and a plurality of pads of each chip and leads on the
substrate corresponding to the pads are connected with a wire, the control unit sequentially performs
bonding to each of sets of pads and leads respectively corresponding to the pads, the pads and the
leads in each set being connected by lines in a similar direction. [0021] In the wire bonding
method according to the present invention, it is preferable that the wire tail extension means moves

the bondlngsﬁooel'@?rl?rgfaélgtb ra[pﬁgﬂt %grt%wedr ?%l dj rga |% (:B:Ft %C%&I%Lgs I-Figalglhégge directed

from the succe bonding poin e succeeding second on oin er moving the

bonding toql upvéagg By 6gp@ﬂéi%rml@eti HatlineptioRdligianee, &ind berizadalbhiremethe saeond
bonding point to the first bonding by a predetermined XY-direction distance. [0022] In the wire

bonding metlod aogordom) toi the pesehthiovertiont dlid praigradblethed @thenna pkdality of chips are
disposed on a common substrate, and a plurality of pads of each chip and leads on the substrate

correspond?ﬁ\é't@'tlf1§‘|?)ta'd§'?aﬂaI SSrRReeahANg WeeS bbAbMRtid staReH aRS LA RHB R Ehe pads on

a previous %rbecgf teh ch a SC{ ableaglon thems%t%s{rat? Karres o‘gghl to tShIS 8a8 re qh nnected with a
wire, from a’set o adsgan d1eads or a'su guent one OF the c?n son %hl ha adpand 8dead

correspondjg tﬁtth'%P@@ ﬁrﬁ&ﬁR@Q%@%@r@ﬂﬁécf"é‘& dirgsiRe Uomtlaeéa@tmdegm{h%grewous
chip to the lead correspondlng to this last pad.
Z-direction distance. It is also preferable that inthe wire
tail extension step, the bondingtool is noved obliquely upward
by a predeterm ned oblique distance along the straight |ine
directed fromthe succeeding first bonding point to the
succeedi ng second bonding point. It is also preferable that
the plurality of first bondi ng points are | eads on a substrate,
and the plurality of second bondi ng poi nts are pads on a chi p.
[ 0019]
In the wire bondi ng nethod according to the present

invention, it is preferable that when a plurality of chips are
di sposed on a conmon substrate, and a plurality of pads of each
chip and | eads on the substrate corresponding to the pads are
connected wwth awre, the control unit starts bonding, after
a | ast one of the pads on a previ ous one of the chips and a | ead
on the substrate corresponding to this pad are connected with
awire, froma set of pads and | eads of a subsequent one of the
chi ps on which a pad and a | ead corresponding to this pad are
di sposed along a direction directed fromthe | ast pad on the

previous chip to the lead corresponding to this |ast pad.

[ 0020]
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[0023] In the wire bonding method according to the present invention, it is preferable that when a
plurality of chips are disposed on a common substrate, and a plurality of pads of each chip and leads
on the substrate corresponding to the pads are connected with a wire, bonding is sequentially
performed to each of sets of pads and leads respectively corresponding to the pads, the pads and the
leads in each set being connected by lines in a similar direction. [0024] In the wire bonding
method according to the present invention, it is preferable that the wire tail extension step moves the

bonding tool horizoptﬁll}/ Jpé( ,ple %ﬁ@iﬁ&%wﬁ%@o&%ﬁa&% r%l% . Wﬁtbari%@éme directed from

the succeeding first bonding point to Ing second bondi oint, after moving the bonding
tool upward by, apredgfermingd Zydiseelioundistansg, ansehrazpnialivfony the serppd hansling point

to the first bonding by a predetermined XY-direction distance. EFFECTS OF THE INVENTION [0025]
The presentlirveated provid e enachvainbesd gcalses ffactdapmvidiag iat wiref bpadingodppar@itus capable
of performirtl:%ihighé%%e?%\évggggnwitrﬁé)osnltjjti)r;gt.r ate corresponding to the pads are
connected with awire, the control unit sequentially perforns
bondi ng to each of sets of pads and | eads respectively
corresponding to the pads, the pads and the | eads i n each set
bei ng connected by lines in a simlar direction.
[ 0021]

In the wire bondi ng nethod according to the present
invention, it is preferablethat thewre tail extensi on neans
noves the bonding tool horizontally by a predeterm ned
XY-directiondistance alongthe straight linedirectedfromthe
succeedi ng first bondi ng point tothe succeedi ng second bondi ng
poi nt, after noving the bondi ng tool upward by a predet erm ned
Z-directiondistance, and horizontal ly fromt he second bondi ng
point to the first bonding by a predeterm ned XY-direction
di st ance.

[ 0022]

In the wire bondi ng nethod according to the present
invention, it is preferable that when a plurality of chips are
di sposed on a conmon substrate, and a plurality of pads of each
chip and | eads on the substrate corresponding to the pads are
connected with awire, bonding is started after a | ast one of
t he pads on a previ ous one of t he chi psandal eadonthesubstrate

correspondingto this pad are connectedwithawre, froma set

of pads and | eads of a subsequent one of the chips on which a

12



BRIEF DESCRIPTION OF THE DRAWINGS [0026] FIG. 1 is a system diagram illustrating a
configuration of a wire bonding apparatus according to embodiments of the present invention.

FIG. 2 is a diagram illustrating a tip portion of a bonding tool of the wire bonding apparatus according
to one embodiment of the present invention. FIG. 3 is a diagram illustrating a lead clamper of the
wire bonding apparatus according to the one embodiment of the present invention, as well as a chip, a
substrate, and a connecting wire after wedge bonding. FIG. 4 is a flowchart showing an operation

of the wire Ronding fAPF'aNE AT A0FIRANH G ESTRPL DAY YrBCArERILLAVEISNY a
direction directed fromthe | ast pad on the previous chip to
the | ead corresponding to this |ast pad.

[ 0023]

In the wire bonding nethod according to the present
invention, it is preferable that when a plurality of chips are
di sposed on a conmon substrate, and a plurality of pads of each
chip and | eads on the substrate corresponding to the pads are
connectedwithaw re, bondingissequentiallyperfornedtoeach
of sets of pads and | eads respectivel y correspondi ngtothe pads
t he pads and the | eads i n each set bei ng connected by lines in
a simlar direction.

[ 0024]

In the wire bondi ng nethod according to the present
invention, it is preferable that the wire tail extension step
noves the bonding tool horizontally by a predeterm ned
XY-directiondistance alongthe straight linedirectedfromthe
succeedi ng first bondi ng point tothe succeedi ng second bondi ng
poi nt, after noving t he bondi ng tool upward by a predeterm ned
Z-directiondistance, and horizontal ly fromthe second bondi ng
point to the first bonding by a predeterm ned XY-direction
di st ance.

EFFECTS OF THE | NVENTI ON
[ 0025]

The present i nvention provi des an advant ageous ef f ect of

providing a wire bondi ng apparatus capabl e of perform ng

hi gh- speed wedge w re bondi ng.

13



FIG. 5A is a diagram illustrating a wire folding operation by the wire bonding apparatus according to
the one embodiment of the present invention. FIG. 5B is a diagram illustrating the wire folding
operation by the wire bonding apparatus according to the one embodiment of the present invention.
FIG. 5C is a diagram illustrating the wire folding operation of the wire bonding apparatus according to
the one embodiment of the present invention. FIG. 5D is a diagram illustrating an operation of
wedge bonding to a pad of a chip by the wire bonding apparatus according to the one embodiment of
the present invention. FIG. 5E is a diagram illustrating the operation of wedge bonding to the pad
of the chip by the wire bonding apparatus according to the one embodiment of the present invention.

FIG. 5F is a diagram illustratipgpegisingepeiatenef adgpondipo tged By N wire bonding apparatus
according to the one embodiment of the present invention.
[ 0026]

FIG 1is asystemdiagramillustrating a configuration
of a wire bondi ng apparatus according to enbodi nents of the
present invention.

FIG 2isadiagramillustratingatipportionof abonding
tool of the wire bondi ng appar at us accordi ng t o one enbodi nent
of the present invention.

FIG 3 is adiagramillustrating a | ead clanper of the
wi re bondi ng appar atus accordi ng to the one enbodi nent of the
present invention, as well as a chip, a substrate, and a
connecting wire after wedge bondi ng.

FIG 4 is a flowhart showi ng an operation of the wire
bondi ng appar at us accordi ngtothe one enbodi nent of t he present
i nventi on.

FIG 5Aisadiagramillustratingawrefoldingoperation
by t he wi re bondi ng apparatus according to the one enbodi nent
of the present invention.

FIG 5B is a diagramillustrating the wire folding
operation by the wire bondi ng apparatus according to the one
enbodi nent of the present invention.

FIG 5Cis a diagramillustrating the wire folding
operation of the wire bondi ng apparatus according to the one

enbodi nent of the present invention.
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FIG. 5G is a diagram illustrating a looping operation from the pad of the chip to a lead of a substrate by
the wire bonding apparatus according to the one embodiment of the present invention. FIG. 5H is
a diagram illustrating the looping operation from the pad of the chip to the lead of the substrate by the
wire bonding apparatus according to the one embodiment of the present invention. FIG.5Jis a
diagram illustrating an operation of wedge bonding to the lead of the substrate by the wire bonding
apparatus according to the one embodiment of the present invention. FIG. 5K is a diagram

illustrating an operqgilo&of%%tlegdiggd? é{\grreﬁ%”i ?)34 liﬁlgtvyig& Pﬂﬁdﬁw t% t q,rg{qsozﬁc rd\i/%]d ethe one
: iMlustr

embodiment of the present invention. L iIsa diagra INg a tail-cut operation by the

wire bondingannangtes acpaidiog BIRE 9B erRBadimens s die grappalinyYertiaBcor dfFHg- SMis a
diagram illustrating an operation of moving to the next pad by the wire bonding apparatus according to

the one emboditfent @f ¢hee plesentrizwentbn.t he PI&Reista diagesrhiiliustrating a wire folding
operation, a wire tail extending operation, and a tail-cut operation by the wire bonding apparatus

according to the onE'dmba&irh&ntof trRgpRBdrt i&kidh! Ng the operation of wedge
bondi ng to the pad of the chip by the wire bondi ng appar at us

according to the one enbodi nent of the present invention.

FIG 5Fis adiagramillustrating a rising operation of
a bondi ng tool by the wire bondi ng apparatus according to the
one enbodi nent of the present invention.

FIG 5Gisadiagramillustratingal oopi ngoperationfrom
the pad of the chipto alead of asubstrate by the wire bondi ng
apparatus according to the one enbodi ment of the present
I nvention.

FIG 5His adiagramillustrating the | oopi ng operation
fromthe pad of the chip to the lead of the substrate by the
wi re bondi ng appar atus accordi ng to the one enbodi nent of the
present invention.

FIG 5J is adiagramillustrating an operation of wedge
bonding to the I ead of the substrate by the w re bonding
apparatus according to the one enbodi nent of the present
i nventi on.

FIG 5K is a diagramillustrating an operation of
extending awretail by the wire bondi ng apparat us accordi ng
to the one enbodi nent of the present invention.

FIG 5L is adiagramillustrating a tail-cut operation
by the wi re bondi ng apparatus according to the one enbodi nent

of the present invention.
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FIG. 7A is a diagram illustrating a wire folding operation by the wire bonding apparatus according to
the one embodiment of the present invention. FIG. 7B is a diagram illustrating the wire folding
operation by the wire bonding apparatus according to the one embodiment of the present invention.
FIG. 8A is a diagram illustrating an operation of extending a wire tail by the wire bonding apparatus
according to the one embodiment of the present invention. FIG. 8B is a diagram illustrating the
operation of extending a wire tail by the wire bonding apparatus according to the one embodiment of

the present inventiofpl. G SIK)I(i;'sgé §(') %g:ragﬁqm iflﬂgt{q,tg}q )\ rﬂ‘l"nﬁ; rﬁgﬁatéogrpgéh%@rg ?r)nding

apparatus according to the one em ent of the present | IG. is' 2 diagram

illustrating the taHLH @RErpERN by theaviie bensiig rRRRER IS AGEQrSing Kot one embo@ment of the
present invention. FIG. 10 is a diagram illustrating the wire folding operation, the wire tail
extending opeeaterhaddrithetaibtutt he present invention.

FIG 6isadiagramillustratingawrefoldingoperation,
awre tail extending operation, and a tail-cut operation by
the w re bondi ng apparatus accordi ng to the one enbodi nent of
the present invention.

FIG 7Aisadiagramillustratingawrefoldingoperation
by the wi re bondi ng apparatus according to the one enbodi nent
of the present invention.

FIG 7B is a diagramillustrating the wire folding
operation by the wire bondi ng apparatus according to the one
enbodi nent of the present invention.

FIG 8Ais a diagramillustrating an operation of
extending awiretail by the wire bondi ng apparat us accordi ng
to the one enbodi nent of the present invention.

FIG 8B is a diagramillustrating the operation of
extending awretail by the wire bondi ng apparat us accordi ng
to the one enbodi nent of the present invention.

FIG 9Ais a diagramillustrating a tail-cut operation
by t he wi re bondi ng apparatus according to the one enbodi nent
of the present invention.

FIG 9Bis adiagramillustratingthe tail-cut operation
by the wi re bondi ng apparatus according to the one enbodi nent
of the present invention.

FIG 10 is a diagramillustrating the wire folding

operation, thewiretail extendi ng operation, and the tail -cut
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operation by the wire bonding apparatus according to the one embodiment of the present invention.
FIG. 11A is a diagram illustrating an operation of extending a wire tail by the wire bonding apparatus
according to the one embodiment of the present invention. FIG. 11B is a diagram illustrating a
tail-cut operation by the wire bonding apparatus according to the one embodiment of the present
invention. FIG. 11C is a diagram illustrating a wire folding operation by the wire bonding apparatus
according to the one embodiment of the present invention. FIG. 11D is a diagram illustrating the

inventon. P o 8 LS B0 R ARSI SRR B SR
apparatus agegdinanim thenpne pEpdirsent ofi the iese invention. FIG. 11F is a diagram
illustrating an operation of wedge bonding to a pad of a chip by the wire bonding apparatus according
to the one embodintdrBof iHe\pieseat tivagtiam i | | ustrati ng an operati on of

extending awiretail by the wire bondi ng apparat us accordi ng

to the one enbodi nent of the present invention.

FIG 11Bis a diagramillustrating atail-cut operation
by t he wi re bondi ng apparatus according to the one enbodi nent
of the present invention.

FIG 11Cis a diagramillustrating a wire fol ding
operation by the wire bondi ng apparatus according to the one
enbodi nent of the present invention.

FIG 11D is a diagramillustrating the wire fol ding
operation by the wire bondi ng apparatus according to the one
enbodi nent of the present invention.

FIG 11E is a diagramillustrating the wire fol ding
operation of the wire bondi ng apparatus according to the one
enbodi nent of the present invention.

FIG 11Fis a diagramillustrating an operati on of wedge
bondi ngtoapadof achi pbythew re bondi ng appar at us accor di ng
to the one enbodi nent of the present invention.

FIG 11Gis adiagramillustratingthe operation of wedge
bonding to the pad of the chip by the wire bondi ng apparat us
according to the one enbodi nent of the present invention.

FIG 11His a diagramillustrating arising operation of
a bondi ng tool by the wire bondi ng apparatus according to the

one enbodi nent of the present invention.
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FIG. 11G is a diagram illustrating the operation of wedge bonding to the pad of the chip by the wire
bonding apparatus according to the one embodiment of the present invention. FIG. 11His a
diagram illustrating a rising operation of a bonding tool by the wire bonding apparatus according to the
one embodiment of the present invention. FIG. 11J is a diagram illustrating a looping operation
from the pad of the chip to a lead of a substrate by the wire bonding apparatus according to the one
embodiment of the present invention. FIG. 11K is a diagram iIIustrating the looping operation from

the pad of the chip }ﬂ Ee IJ?zilg of%heds(lfpg1 é'ﬁf{m QPPH 9 a %ﬂa% églgp t8 he one

embodiment of the present invention is'2 agra |IIu eration 6 Wedge
bonding to thedgagfd tb%§“8§”ﬁ¥%b)t H“?)Wt'r@ konding W%a%b%qcﬁ)gi'ég 19 theengi qr@bodlment

of the present invention. FIG. 12 is a diagram illustrating a tip portion of a bonding tool of the wire
bonding apparadisgcapingtaia diffeosrti emgbioditriemboferErpesdentinvaitibme pr esent
I nvention.

FIG 11Kis a diagramillustratingthe | oopi hg operation
fromthe pad of the chip to the lead of the substrate by the
wi re bondi ng appar at us accordi ng to t he one enbodi nent of the
present invention.

FIG 11L is a diagramillustrating an operation of wedge
bonding to the I ead of the substrate by the w re bonding
apparatus according to the one enbodi nent of the present
i nventi on.

FIG 12 is a diagramillustrating a tip portion of a
bondi ng tool of the wire bondi ng apparatus according to a
di fferent enbodi nent of the present invention.

FIG 13Ais a diagramillustrating a rising trajectory
of a bonding tool of the wire bondi ng apparatus according to
a different enbodi nent of the present invention.

FIG 13Bis a diagramillustrating a rising trajectory
of the bondi ng tool of the wi re bondi ng apparatus according to
the different enbodi nent of the present invention.

FIG 14A is a diagramillustrating a trajectory of a
bondi ng tool of the wire bondi ng apparatus according to a
di fferent enbodi nent of the present invention.

FIG 14Bis a diagramillustrating a trajectory of the
bondi ng tool of the wire bondi ng apparatus according to the

di fferent enbodi nent of the present invention.
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FIG. 13A is a diagram illustrating a rising trajectory of a bonding tool of the wire bonding apparatus
according to a different embodiment of the present invention. FIG. 13B is a diagram illustrating a
rising trajectory of the bonding tool of the wire bonding apparatus according to the different
embodiment of the present invention. FIG. 14A is a diagram illustrating a trajectory of a bonding
tool of the wire bonding apparatus according to a different embodiment of the present invention.

FIG. 14B is a diagram illustrating a trajectory of the bonding tool of the wire bonding apparatus

according to the difgglr?t elrgg‘qﬁieiggg%ﬁ éljlléebgrr%slem Wélfep%?rl'r}g aaEWérJeSAf igl %jfﬁr%ram illustrating a

wire folding operation by the wi paratus according ifferent em ent of the
present inveyyiiat i orfHy- tIv8 v aéii@grﬁmﬁl&ﬁﬁt@@&m@swa&f@kﬂm%gn%aéi@m Py dhe Mire bonding

apparatus according to the different embodiment of the present invention. FIG. 16A is a diagram
illustrating @wiredoluirg opératibe byrthe evite bowvding iapparatus according to a different embodiment
of the present invenéiloa. 15B is a diagramillustrating the wire folding

operation by the wire bondi ng apparatus according to the

di fferent enbodi nent of the present invention.

FIG 16A is a diagramillustrating a wire fol ding
oper ati on byt hew re bondi ng appar atus accordingtoadifferent
enbodi nent of the present invention.

FIG 16B is a diagramillustrating the wire fol ding
operation by the wire bondi ng apparatus according to the
di fferent enbodi nent of the present invention.

FIG 16Cis a diagramillustrating the wire fol ding
operation by the wire bondi ng apparatus according to the
di fferent enbodi nent of the present invention.

FIG 17 is a flowhart showi ng an operation of the wire
bondi ng apparatus according to a different enbodi nent of the
present invention.

FIG 18A is a diagramillustrating an operation of
extending awire tail by the wire bondi ng apparatus accordi ng
to the different enbodi nent of the present invention.

FIG 18B is a diagramillustrating the operation of
extendingthew retail by the wire bondi ng appar at us accor di ng
to the different enbodi nent of the present invention.

FIG 18Cis adiagramillustrating a tail-cut operation

by the wire bonding apparatus according to the different

enbodi nent of the present invention.
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FIG. 16B is a diagram illustrating the wire folding operation by the wire bonding apparatus according to
the different embodiment of the present invention. FIG. 16C is a diagram illustrating the wire
folding operation by the wire bonding apparatus according to the different embodiment of the present
invention. FIG. 17 is a flowchart showing an operation of the wire bonding apparatus according to
a different embodiment of the present invention. FIG. 18A is a diagram illustrating an operation of
extending a wire tail by the wire bonding apparatus according to the different embodiment of the

present invention. F{ d:IGIé.SIBSis a %i%aegé%%w%trlaltjgg dilg? PR@;‘T‘RQ oggeé(}ea{}qi%tlbef wire tail by the

wire bonding apparatus according to rent embodiment of the present invention. FIG. 18C
is a diagrang {lustating a rdl-gHt @PertiomPy the Wiredewag fipRaspiisArditoiodha glifferent

embodiment of the present invention. FIG. 19 is a diagram illustrating the operation of extending
the wire tailthy thieavide Hordiegtappeibaids rmecdrdiig tdithepdiffsamt emboelivhennof the present
nvention. FIG 20 is a flowhart show ng an operation of the wire
bondi ng apparatus according to a different enbodi nent of the
present invention.

FIG 21Ais a diagramillustrating a wire fol ding
operation by the wi re bondi ng apparatus according to the
di fferent enbodi nent of the present invention.

FIG 21Bis a diagramillustrating the wire fol ding
operation by the wire bondi ng apparatus according to the
di fferent enbodi nent of the present invention.

FIG 21Cis a diagramillustrating the wire fol ding
operation by the wire bondi ng apparatus according to the
di fferent enbodi nent of the present invention.

FIG 21Dis adiagramillustrating an operati on of wedge
bonding to a |l ead of a substrate by the wi re bondi ng appar at us
accordingtothedifferent enbodi ment of t he present i nventi on.

FIG 21Eis a diagramillustrating an operation of wedge
bonding to the I ead of the substrate by the w re bonding
appar atus according to the different enbodi nent of the present
I nvention.

FIG 21Fis adiagramillustrating arising operation of
a bondi ng tool by the wire bondi ng apparatus according to the
di fferent enbodi nent of the present invention.

FIG 21Gis a diagramillustrating a | oopi ng operation

fromthe | ead of the substrate to a pad of a chip by the wire
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FIG. 20 is a flowchart showing an operation of the wire bonding apparatus according to a different
embodiment of the present invention. FIG. 21A is a diagram illustrating a wire folding operation by
the wire bonding apparatus according to the different embodiment of the present invention. FIG.
21B is a diagram illustrating the wire folding operation by the wire bonding apparatus according to the
different embodiment of the present invention. FIG. 21C is a diagram illustrating the wire folding
operation by the wire bonding apparatus according to the different embodiment of the present

subatrate by i B B e e
invention. pr ddEn21En§edlingiam illustrating an operation of wedge bonding to the lead of the
substrate by the wire bonding apparatus according to the different embodiment of the present
invention. FIG.R1E i24 Hiagrandllasgratimg &Irisgig eperationhaf 4 bopding motbathewire
g S Re 1640 of ihe Substrate To the pad or the ehip by the

wi re bondi ng apparatus according to the different enbodi nent

of the present invention.

FIG 21Jis adiagramillustrating an operati on of wedge
bondi ng to the pad of the chip by the wire bondi ng appar at us
accordingtothedifferent enbodi ment of the present i nventi on.

FIG 21K is a diagramillustrating an operation of
extending awiretail by the wire bondi ng apparatus accordi ng
to the different enbodi nent of the present invention.

FIG 21L is a diagramillustrating the operation of
extendingthew retail by the wire bondi ng appar atus accor di ng
to the different enbodi nent of the present invention.

FIG 21Mis a diagramillustrating a tail-cut operation
by the wire bonding apparatus according to the different
enbodi nent of the present invention.

FIG 21N is a diagramillustrating an operation of
novenent to the next lead by the wire bondi ng apparatus
accordingtothedifferent enbodi ment of t he present i nventi on.

FIG 22 is a diagramillustrating the wire folding
operation, thewiretail extendi ng operation, and the tail -cut
operation by the wire bondi ng apparatus according to the
di fferent enbodi nent of the present invention.

FIG 23 is adiagramillustrating a |l ead cl anper of the

wi re bondi ng apparatus according to a di fferent enbodi nent of
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FIG. 21G is a diagram illustrating a looping operation from the lead of the substrate to a pad of a chip
by the wire bonding apparatus according to the different embodiment of the present invention.

FIG. 21H is a diagram illustrating the looping operation from the lead of the substrate to the pad of the
chip by the wire bonding apparatus according to the different embodiment of the present invention.
FIG. 21J is a diagram illustrating an operation of wedge bonding to the pad of the chip by the wire
bonding apparatus according to the different embodiment of the present invention. FIG. 21K is a

diagran llsgting a0 gneraign.of edending uite tall by (g ire bouding,qoiapatug gecgraing to

the different embodiment of the present’invention. 115 a'diagram il ng the operation
of extending g wire; tal bitithe Wirer kandirg gapaGHes agcording to the different embodiment of the

present invention. FIG. 21M is a diagram illustrating a tail-cut operation by the wire bonding
apparatus accordinglt&@th@4liffsrenteragodiment afshe presemtanventitar. of bondi ng by
the w re bondi ng apparat us according to a different enbodi nent
of the present invention.

FIG 25 is adiagramillustrating an order of bondi ng by
the wire bondi ng apparatus according to the different
enbodi nent of the present invention.

FIG 26 is adiagramillustrating an order of bondi ng by
t he wi re bondi ng appar at us according to a di fferent enbodi nent
of the present invention.

FIG 27 is adiagramillustrating an order of bondi ng by
the w re bondi ng apparat us according to a different enbodi nent
of the present invention.

FIG 28isadiagramillustratingatrajectoryof abonding
tool of the wire bonding apparatus according to a different

enbodi nent of the present invention.

MODES FOR CARRYI NG OUT THE | NVENTI ON
[0027]

Herei nafter, a wire bondi ng apparatus 10 according to
enbodi nents of the present invention will be described with
reference to the drawings. In FIG 1, signal lines are shown
by al ternate | ong and short dashlines. AsillustratedinFIG
1, the wire bonding apparatus 10 is configured such that a
bondi ng head 19 i s pl aced on an XY tabl e 20, and a bondi ng arm

13 is attached to the bondi ng head 19. The bonding arm13 is
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FIG. 21N is a diagram illustrating an operation of movement to the next lead by the wire bonding
apparatus according to the different embodiment of the present invention. FIG. 22 is a diagram
illustrating the wire folding operation, the wire tail extending operation, and the tail-cut operation by the
wire bonding apparatus according to the different embodiment of the present invention. FIG. 23 is
a diagram illustrating a lead clamper of the wire bonding apparatus according to a different
embodiment of the present invention, as well as a chip, a substrate, and a connecting wire after wedge

mccording 1S o B S R A B e S ating an
order of borgiag yiydhetwikg bardingtanpasaiue asspring ko the difiesrmambedimentof dhe present
invention. FIG. 26 is a diagram illustrating an order of bonding by the wire bonding apparatus
according to lediffergntamibedimentadf thbgrasémtaswentiornor n 13b noves cl oser to

and away froma pad surface of a chip 72 as a bondi ng surface

in an arc. The tip of the ultrasonic horn 13b noves in a Z

di rection, whichis an up-down direction, near the pad surface

of the chip 72 or a surface of a substrate 71. To the tip of

the ultrasonic horn 13b, a bonding tool 16 is attached. The

XY table 20 and the bonding head 19 constitute a novenent

nmechani sm 18, and t he novenent nmechanism18 is able to freely

nove t he bondi ng head 19 to any position in a plane (in an XY

pl ane) al ongt he bondi ng surface by the XYtabl e 20, andtofreely

nove the ultrasoni c horn 13b attached to the tip of the bondi ng

arm 13 and the bonding tool 16 attached to the tip of the

ultrasoni c horn 13b in an XYZ direction by driving the bondi ng

arm 13 attached to the head by the Z notor. On a side of the

tip of the bonding arm13 fromthe XY tabl e 20, a bondi ng st age

14 for fixing the substrate 71 by suctioning is di sposed.

Further, al eadclanper 75for pressingandfixi ngthe substrate

71 agai nst and onto a surface of t he bondi ng stage 14 i s provi ded

on the bondi ng stage 14.

[ 0028]

As illustrated in FIG 2(a), the bonding tool 16 is a
coni cal body whose topis flat, and configured suchthat awre
81 made of an al um numwi re or agoldw re can beinsertedthrough

athroughhol e 16bdefinedinthecenter alongal engthdirection.

A peri phery of the through hole 16b at the tip of the bondi ng
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FIG. 27 is a diagram illustrating an order of bonding by the wire bonding apparatus according to a
different embodiment of the present invention. FIG. 28 is a diagram illustrating a trajectory of a
bonding tool of the wire bonding apparatus according to a different embodiment of the present
invention. MODES FOR CARRYING OUT THE INVENTION [0027] Hereinafter, a wire bonding
apparatus 10 according to embodiments of the present invention will be described with reference to
the drawings. In FIG. 1, signal lines are shown by alternate long and short dash lines. As illustrated in

FIG. 1 the yigs bRling ARR/Asd A panaiec b dnat adongiog e fsfiagerien an X

table 20, an onding arm 13’is attac ead he bonding arm 13 Is” configured

to be driverghy agZ iUl gaiotaftonal parfepfancheudningt an uiraspnieBarmot3h iseattached to
a tip of the arm, and a tip of the ultrasonic horn 13b moves closer to and away from a pad surface of a

chip 72 as s bbatlingtsrfadcam anbemadThe tippofgae .ultrBsdmic hiongy 1t3b FloB@esd(ta) Z diteetion, which
is an up-down direction, near the pad surface of the chip 72 or a surface of a substrate 71. To the tip of

the ultrasorfé B8 18b, SHbbRGRg 166 165isai=RABY! Rhe X bié B0f AfFihBYdHMhd R€ad 19

constitute at’HP‘é%ré‘ﬁ”ﬁm e 16b in the center. As illustrated in FIG 2(a),

t he t hrough hol e 16b i s a strai ght hol e ext endi ng substantially
verticality fromthe pressing surface 16a, and an angl e bet ween
the pressing surface 16a and an i nner surface of the through
hol e 16b i s substantially at aright angle. Further, a corner
portion 16¢c between the i nner surface of the through hole 16b
and t he pressi ng surface 16a has a curved surface whose radi us
issignificantly small as conparedto a di anmeter of the through
hol e 16b or the wire 81, and a curved surface of a corner portion
16d between the pressing surface 16a and t he bonding tool 16
Is simlar.
[ 0029]

AsillustratedinFIG 1, thewire 8lis fed froma spool
11 provi ded above t he bondi ng head 19. The ultrasoni c horn 13b
has a function of perform ng wedge bondi ng by supplying the
bonding tool 16 with an ultrasonic energy produced by an
ul trasoni ¢ transducer 15, and pressing the wire 81 inserted
t hrough t he bondi ng t ool 16 agai nst the pad surface of the chip
72 or a surface of the | ead of the substrate 71 as t he bondi ng
sur f ace.
[ 0030]

The bondi ng head 19 is provided with a clanper 17 for

hol ding and rel easing the wire 81 to be inserted through the
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mechanism 18, and the movement mechanism 18 is able to freely move the bonding head 19 to any
position in a plane (in an XI plane) alongthebondingsurfacebytheXltable20, and to freely move the
ultrasonic horn 13b attached to the tip of the bonding arm 13 and the bonding tool 16 attached to the
tip of the ultrasonic horn 13b in an XYZ direction by driving the bonding arm 13 attached to the head
by the Z motor. On a side of the tip of the bonding arm 13 from the XI table 20, a bonding stage 14 for
fixing the substrate 71 by suctioning is disposed. Further, a lead clamper 75 for pressing and fixing the

substrate 7 ' n surface qof ngli 14 i i .th ing stage 14.
ooze] DO R S SRty T M TR L S T e
configured gyf) thaé eiWFeVi Made forbrgirumgire orfegqld wine gan kg dpeaiest thsough a
through hole 16b defined in the center along a length direction. A periphery of the through hole 16b at
the tip of thé@ ®orslipg oot &6l cainktitustes| aapressing sufade $eamatthahichinth2Ayirargl ieressed

against a pad of the chizl 72 or a lead of the substrate 71 as a bonding target. Referring to FIG. 2(b),
the pressin§ safBes 164 s aRhhIgH&S I RendlinYg §Re tRrARFIMABA 6 PoBelastREr. As
illustrated i%ﬁlG.nZ(g . the througg hqle 16h,is a strai%ht ho_IeCF>(<)tendin %uabstanrﬂagyi verticality from

I

the pressing surface %El,a %u'u? an a{ngﬁe Eet(\:/\lleaerﬁpt% prgsesﬂng su?fgcg‘%%a Andan fner surface of the
through holﬁd@@li]s substantially at a right angle. Further, a corner portion 16c between the inner
surface of the through hole 16b and the pressing surface 16a has a curved surface whose radius is
significantly small a8arhparedrtateedianmetel Gf tHe thirbaghi lrade d6bdirnbeappaBat arsd ACcurved
surface of a corner P_ortion 16d between the pressing surface 16a and the bonding tool 16 is similar.

is contigured such that a control unit 30 having a CPU built

therein detects a position of and control s an operati on of each

conmponent, thereby connects the chip 72 and the substrate 71

withthewre8l. The XYtable20is providedw than XY position

detecti on neans for detecting a position of the bondi ng head

19 inthe XY direction. Further, the bonding head 19 is al so

provi ded with a bondi ng tool hei ght detector 29 for detecting

a height of the bonding tool 16 tip in the Z direction by

detecting a rotational angl e about a rotational center of the

bondi ng arm 13. The bondi ng tool hei ght detector 29 can

directly detect a position of thetip of the bonding arm13 or

the tip of the bonding tool 16, instead of detecting the

rotational angle. In addition, the bonding tool height

detector 29 can be of a contactless type or a contact type.

[ 0032]

The bondi ng head 19 is provided with a canmera 28, which
I's 1 magi ng neans for obtaining an image of the chip 72, the
substrate 71, or such, andis configuredto performpositioning

of the bonding tool 16 in the XY direction based on the i mage

taken by the canmera 28. The canera 28 can be confi gured by an
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[0029] As illustrated in FIG. 1, the wire 81 is fed from a spool 11 provided above the bonding head
19. The ultrasonic horn 13b has a function of performing wedge bonding by supplying the bonding tool
16 with an ultrasonic energy produced by an ultrasonic transducer 15, and pressing the wire 81
inserted through the bonding tool 16 against the pad surface of the chip 72 or a surface of the lead of
the substrate 71 as the bonding surface. [0030] The bonding head 19 is provided with a clamper
17 for holding and releasing the wire 81 to be inserted through the bonding tool 16. The clamper 17

rovsea b AR e 0 PRPUS T TS VURORND Spse 10
open and clpse hHsgH ey IRLEALLT Shille clasmaranen-£o$e AL akaas MMy 0984 hal

can be obt ai ned.

[ 0033]

A detection signal fromthe bondi ng tool hei ght detector
29 isinputtedtothe control unit 30 through a data bus 31 via
a bonding tool height detection interface 42. Further, the
novenent mechani sm 18 constituted by the XY table 20 and the
bondi ng head 19, the cl anper open-cl ose nechani sm27, and t he
ul trasoni c transducer 15 are connected to the control unit 30
t hrough the data bus 31 respectively via a novenent nmechani sm
i nterface 44, a cl anper open-cl ose nechani sminterface 41, and
an ul trasoni c transducer interface 43, and are confi gured such
t hat each conponent is operated by a conmand fromthe control
unit 30 including the CPU.

[ 0034]

To the data bus 31, a storage unit 32 is connected. The
storage unit 32 stores control data required for the
position-detection processing or an operation for outputting
acontrol comrand by t he control unit 30, and out puts the contr ol
datatothecontrol unit 30 based ont he command fromt he contro
unit 30, or records and stores inputted signal data and such.
The control unit 30, the data bus 31, the storage unit 32, and
the interfaces 41-44 integrally constitute a conputer 60, and
the storage unit 32 stores, in addition to control data 38, a
control program37 for controlling overall bonding control, a

wire tail extension program34 as wire tail extension neans,
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As illustrated in FIG. 1, the wire bonding apparatus 10 is configured such that a control unit 30 having
a CPU built therein detects a position of and controls an operation of each component, thereby
connects the chip 72 and the substrate 71 with the wire 81. TheXItable20 isprovidedwithanXlposition
detection means for detecting a position of the bonding head 19 in the XI direction. Further, the
bonding head 19 is also provided with a bonding tool height detector 29 for detecting a height of the
bonding tool 16 tip in the Z direction by detecting a rotational angle about a rotational center of the

bonding arm i i The&gn&ﬂgﬁfah@ﬁl&t dF%ieicg(’)E a?e%%%ai%(?c geéew 2 pqsitign fo(f)mi@p‘% of the

bonding arm 13 or thetip'of nding too ns etecting the rotational ang addition,

the bondingsiogl haightgetaston 2 caaibe 9ict epmigchesmype ena cariact iwe. Q¥Age The

bonding head 19 is provided with a camera 28, which is imaging means for obtaining an image of the
chip 72, theusulistBteal 5 mis$unte airal ocshfiyyrddte perfomcpositidrang ohtipe bgndimpBdol 16 in
the XY direction based on the image taken by the camera 28. The camera 28 can be configured by an
imaging delieé, 353! Rdi tRE 1k iviiBfduk ATdmpdhieRlshiOs 200 Hidp8rhgl mER ISR or a

shutter, as llongt 5.2 una %signa can Bgﬁ) Itained. [0033] A detection signal from the bonding
tool height detector 29 is IC|)npu fed" 16 the ‘dhtrol dit 30 through a data bus 31 via a bonding tool height

detection infeyfaps) 42. Further, the movement mechanism 18 constituted by the XI table 20 and the
bonding head 19, the clamper open-close mechanism 27, and the ultrasonic transducer 15 are
connected to the coftral lunits3(r threwy i thé&déta busll Fé<pe@iveiyheid & atbvdnmemenechanism
interface 44, a clamper open-close mechanism. interface 41, and an ultrasonic transducer interface

43, and aref @nfifuRSS 50éh 8t ddoH AmbbReAtRIPeRhR By a4RINMPanaFbrARhe dohrol unit 30
including thgug?%t[aooo%]t he bondi ng stage 14 is configured as a flat plate
havi ng a square opening 77 in the center. A periphery of the
opening 77 in a bottomsurface of thelead cl anper 75is pressed
agai nst the substrate 71 fromabove and fi xes the substrate 71
to the bonding stage 14 illustratedin FIG 1. As illustrated
inFIG 3, the substrate 71 inthis enbodinent is alead frane.
The bonding i s perfornmed by noving the tip of the bondi ng tool
16 fromthe opening 77 to a surface of a pad 73 of the chip 72
or asurfaceof alead 74 of the substrate71. Cylindrical holes
76 are provided in a surface of the | ead cl anper 75 near four
corners of the opening 77, respectively. A dianeter of the
holes 76 is greater than that of the wwire 81. As illustrated
in FlGs. 5A-5C, an upper surface 75a of the |l ead clanper 75 1is
flat, an i nner surface 76a of the hole 76 is cylindrical, and
t he upper surface 75a of thel ead cl anper 75andthei nner surface
76a of the hole 76 constitute a stepped portion, which

corresponds to a folding station 78.

[ 0036]

27



To the data bus 31, a storage unit 32 is connected. The storage unit 32 stores control data required for
the position-detection processing or an operation for outputting a control command by the control unit
30, and outputs the control data to the control unit 30 based on the command from the control unit 30,
or records and stores inputted signal data and such. The control unit 30, the data bus 31, the storage
unit 32, and the interfaces 41-44 integrally constitute a computer 60, and the storage unit 32 stores, in
addition to control data 38, a control program 37 for controlling overall bonding control, a wire tail

extension program %\ﬁsg\%irgttgifgeé}g% | @gtapﬁrq:tt ié—c garo%a?}. ?iEh%S }ﬁ.@ ;lg?s*%e%ﬂa, and a

wire tail folding program 36 as wire tail ng mea urther, the storage unit stores a

bonding diregfion salgutafion pre@am P foacalcrating a dreftian kyWhi e Bopeingi trgl 16 moves
in the XI plane when bonding. [0035] As illustrated in FIG. 1 and FIG. 3, the lead clamper 75 for
pressing arappdmathessiiBdtiates thafaiget aaddvaritd the dedace bethe béwdind stagedltdeid configured
as a flat plate having a square opening 77 in the center. A periphery of the opening 77 in a bottom

surface of th® Idddxlatpdrisis§Resh dTBHAINSER e dMRErate §3FRorh ADMEHNPRES the substrate
71 to the bonrdéngcrrstra e 1eAaiII|ustraterdeinulflgr. 1, ﬁscip]ust[)a(;%d ine g(I; : % thg suubstréaFe g% in ghis
embodiment is alcad rame. Trr]weaboncﬂng iS pgrformeg1 y n%vmg t el[ip of tthondlngdtool 16 from
the opening (¢ asugfiaceof eracc h3 B the chipd 2 @ isuriace ekpiaad (A pithe substrate 71.
Cylindrical holes 76 are provided in a surface of the lead clamper 75 near four corners of the opening
77, respectivelyr. ésgianditergot thet ades riGps gf2atardehan tlhatgefdhewiae 18dgtlsallugtratett in FIGs.
5A-5C, an upper surface 75a of the lead clamper 75 is flat, an inner surface 76a of the hole 76 is

cylindrical, %h@&fe UbRBr SUERES 6f tHd R RPEafifhON7 8 AHPRRN InABH stirfR¥er6 S bEithe hole 76

constitute a stepped portio hich corresponds to a folding station 78.F 36 ow, a step of
connecting e 108 A oHne2nig 09 A Bedbad o ks oML ES, Bhides pael e e

e T e

side of the dipi7@uehy lepdsi7d respeotiweiar d fromt he center of the chip 72 to
connect the pad 73 and the l ead 74. Inthis enbodi ment, first,
afirst pad 173 and a first |l ead 174 at upper right positions
of thechip72illustratedinFIG 3 are connectedwithafirst
connecting wire 184 (first bonding), and then a second pad 273
onthe |l eft side of the first pad 173 is connected to a second
| ead 274 on the left side of the first lead 174 with a second
connecting wire 284 (second bonding). Simlarly, each of the
pads 73 and correspondi ng one of the |leads 74 are then
sequenti al ly connectedinacounterclockw sedirectionas shown
by an arrowin FIG 3 (n-th bonding, where nis an integer).
The bonding i s conpl et ed upon goi ng around all of the pads 73
and the leads 74 in a countercl ockw se direction.
[ 0037]

First, the control unit 30 reads the control program37,

the wire tail extension program34, the tail-cut program 35,

the wire tail folding program 36, the bonding direction
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corresponding to the chips 72 are arranged in a regular pitch wider than the pitch of the pad 73 on an
upper and a lower side of the chip 72, and each of connecting wires 84 respectively connecting the
pads 73 and the corresponding leads 74 extends obliquely upward or downward from the center of the
chip 72 to connect the pad 73 and the lead 74. In this embodiment, first, a first pad 173 and a first lead
174 at upper right positions of the chip 72 illustrated in FIG. 3 are connected with a first connecting
wire 184 (first bonding), and then a second pad 273 on the left side of the first pad 173 is connected to

a second lead 314 o 1651 3P 41145 fishlead T4t isseard sarvieing vire 2 gecond

bonding). Similarly, eac and corresponding one o ea aré then sequentially

_connected iinrapﬁengqrékogbwi%ﬁwﬂhregtiqn %&@Vﬁ? BY amaimeIinanl G n3 E7-HuPORE RS yv:here nisan
integer). The bonding is completed upon going around all of the pads 73 and the leads 74 in a
counterclockuigeheirect@®s. [003T$t r atFict,ithe [EbGirobdnit 80 eedutsthengpritimdprddians37, the wire
tail extension program 34, the tail-cut program 35, the wire tail folding program 36, the bonding

direction c&BSlatibRPEShrakH. v, dhy tROtBnfrbIiRth X8 RREAI Gored inthkRforag@dinit 32, and

stores them_in_an_internal memory, Further, illustrated. in EIG. 5A the%%n ing.tool 16 is, positioned
outwardly b%%haﬁgrenrthzggﬁennqng % iﬁ %L]ee Ie@% cla%‘nspé’}/I 9&1 arkféa theeﬁglreI .(ﬁsp\i%ltlleore Weééﬁbed later

with referencertgrdise dA 3NERES- 7R, Ahanenigl! si8ie. s wirne a8 lneastyspdends fiome the _
pressing surface 16a at the tip of the bonding tool 16 by an extension length Ds, and the clamper 17 is
closed. The exten8idn lengtr Dy afxhendre tarl @2 isHenpeetsnragwsdthfcd tlee Bdauddr pressing

surface 16a of the bondinr% tool 16 or an external radius rl11 of the pressing surface 16a by a length

D82 of a prbjeltiRf poio 808 Tigeh 08 inl8tdysaD1 f FeaSLOhd E8HIED Uit 36 sltihiRs an

integer n to 1. When the integer n.is 1, the first pad 173, the first a(%l?, e second pad 273, and
the second fedt P74 rgzp'eét%qel?/sc%#esp@ﬁ% %Qg %Pesv'i&?sii(rasq gc?ﬁ i goﬁ)o?meav;\)ﬁré\ﬁoﬁg'slecond

bonding poigs, @§UP6%§]@Pgtfiﬁ%&p%W9tﬂﬁ’"@f apf& greRACsINg seeYIthosding paintdefined in the
appended claims. [003
of the bondi ng tool 16 or an external radius ri; of the pressing
surface 16a by a |l ength Dg, of a projecting portion 82a. Then,
as in Step S101 of FIG 4, the control unit 30 initializes an
integer nto 1. Wen the integer nis 1, the first pad 173,
the first | ead 174, the second pad 273, and t he second | ead 274
respectively correspond to a previous first bonding point, a
previ ous second bondi ng poi nt, asucceedi ngfirst bondi ng poi nt,
and a succeedi ng second bondi ng poi nt defined in the appended
cl ai ns.
[ 0038]
As in Step S102 of FIG 4, the control unit 30 outputs
a conmand for novi ng t he bondi ng tool 16 to the fol di ng stati on
78. Basedonthiscomand, asignal fromthe novenent nechani sm
interface 44 is outputted to the XY table 20, and the XY table
20 noves t he bondi ng head 19, asillustratedinFIG 5A, sothat
the center of the bonding tool 16 cones i nmedi ately above t he

hole 76 of the |l ead clanper 75. Then, when the bondi ng t ool
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As in Step S102 of FIG. 4, the control unit 30 outputs a command for moving the bonding tool 16 to the
folding station 78. Based on this command, a signal from the movement mechanism interface 44 is
outputted to the Xl table 20, and the Xl table 20 moves the bonding head 19, as illustrated in FIG. 5A,
so that the center of the bonding tool 16 comes immediately above the hole 76 of the lead clamper 75.
Then, when the bonding tool 16 comes immediately above the hole 76 as illustrated in FIG. 5B, the
control unit 30 outputs a command for moving the pressing surface 16a at the tip of the bonding tool

‘ i i f a hei . d
o e oSSR AL SD 13 BERL TGS HEF €1 Ao RS TR 1 B

ace 4471s outpuited to the bonding

head 19, theZ rapieiceavidge within Soedhansling head gdin divan sevetatetthe rdiag agn 13, and

the pressing surface 16a at the tip of the bonding tool 16 is moved downward to the position higher
than the upper $urtacd Gazatf theeldadpczimpbe 1sondihecheigbt HE Tosvhdightilddss sligintly greater
than the diameter of the wire 81. When the pressing surface 16a of the bonding tool 16 is moved down

to the heigMtIHIN&{ tip BRthd NEUBRBD HeahBeidm@ngfirdent 8Rbith8MRLiNetd 1& is inside

the hole 76,0f the |ead clampper 7, .(%[IQO As in Step_S103 of FIG. 4, as the integer nis setto 1,
the control Dr?i't g%lcaI&UIatreBsg g%dosn ingtg3 ﬁ?récﬁé’rﬁ*?o‘?’% é fﬁlst%&nﬁrfgiérocrgr?nFé%tin)\{%e |P£ pad 173

and the firsphegddifidsthat are te Re dirstcoanseigslitihecoptrohdatn Alioh iR sirrags, upii 82 includes
data of positions in the XI direction of the pads 73 of the chip 72 and the leads 74 that are to be

bonded. Thg oaritool ymib30 deatisvpbkitionishod therfoistgat 478 asditkedirsiviend b74 an HieeXI direction
illustrated in FIG. 3 from the control data 38, and as illustrated in FIG. 6(b), calculates the direction for

the first borldify ROMrMe RnG tha firdNBat e PASS Bl et WAREP1 Ha% Airech8ntdf R Aist straight
line 91. [Oo%we bondi ng tool 16 is noved downward to the position higher

t han t he upper surface 75a of the | ead cl anper 75 by t he hei ght
H,. The height Hiis slightly greater than the di aneter of the
wire 81. Wen the pressing surface 16a of the bonding tool 16
I s noved downtothe height H, atipof thewiretail 821linearly
extending fromthe tip of the bondingtool 16is insidethe hole
76 of the |ead clanper 75.

[ 0039]

As in Step S103 of FIG 4, as the integer nis set to 1,
the control unit 30 cal cul ates abondingdirectionfor thefirst
bondi ng for connectingthe first pad 173 andthe first | ead 174
that are to be first connected. The control data 38 of the
storage unit 32 i ncludes data of positions in the XY direction
of the pads 73 of the chip 72 and the |l eads 74 that are to be
bonded. The control unit 30 reads positions of the first pad
173 and the first lead 174 in the XY directionillustrated in
FIG 3fromthecontrol data 38, andasillustratedinFIG 6(b),

cal cul ates the direction for the first bondi ng for connecting
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As In Step S104 of FIG. 4, the control unit 30 outputs a command for performing a wire tall folding
operation. Based on this command, a signal from the movement mechanism Interface 44 Is outputted
to the Xl table 20, and the XI table 20 moves the center of the bonding tool 16 horizontally, as
lllustrated In FIG. 5C and FIG. 6(a), to the side of the first lead 174 In the direction along the first
straight line 91. As lllustrated In FIG. 7A, this causes the wire tall 82 inside the hole 76 to be caught on
a corner portion between the Inner surface 76a of the hole 76 and the upper surface 75a of the lead

clamper 75, and flexed laterall e to th rgzo mave f the bopding tool 16. Then, when
the center gfﬁ%e {bih%?njg t%(g i(ﬁa%tﬁréogﬁ(? oﬁ{sﬁl e tr{eeﬁc(ﬁgﬁ%%otﬁg W%e&}[lahn%%rt |IS!)CI];.u% t%etween the
pressing suffiaeg16atang higrunnessugace 75a. As the through hole 16b of the bonding tool 16 Is a
straight hole vertically extending from the pressing surface 16a, the wire tall 82 Is flexed substantially
at a right aridd®4®dthe wire 81 Inserted through the through hole 16b. Further, as lllustratedInFIG. 6(a)
and FIG. 7B, the tip of the flexed wire tall 82 Is directed along the line 91 toward the first pad 173. In
the Initial state, the A¥ird IIBLExehB4 liREafy Fonfind hesshRt dftacde™ da 3PiRWPHE e bonding

tool 16 by the extensm()lnfl%rggth Df, and the extensmp%el:g??&?lﬁsgof the wire ttalll 82 Is I%n erdthan the

width of the’afnuiar Bressmgps%rr ace 16abfthe hondi 'or thextémalThdius L 0f the

pressing sugiaqent Badynfgranath f&heal the BrRiERENGRAHRM 827 ASSRAIHNIIY B8 ifustiated in FIG.
7A and FIG. 7B, the tip of the wire tail 82 flexed in the direction along the pressing surface 16a

projects oudvhrdly ompthetpedssingtsuefaXe 1@hbetizOhordidgttbel 26/bydbé éerkfihrd82 sf the

projecting portion 82a (wire tail folding step). [0041 Upon completion of folding of the wire tail 82,
as in Step $11% S8 RIET 20thd BENRBNGHIP A0 ARpuiSNVIrhAaRE3O! MoVATy ithé BBhaiREREol 16

above the first 173,-as the integer n_is sef to 1, Based on this command, a sign m the
IREReHC ity ek v A SR AN

movement mechanism intérface e 20, and the moves the

bonding heag d %iasdbusteaies iodd ¢ held . ssthaftthaicgrter phibekonding fql J61Gomes)

immediately above the first pad 173. [0042]
in FIG 7A this causes thewire tail 82 inside the hole 76 to
be caught on a corner portion between the i nner surface 76a of
the hole 76 and t he upper surface 75a of the | ead cl anper 75,
and flexedlaterally due to the horizontal novenment of the
bondi ng tool 16. Then, when the center of the bondi ng tool 16
has noved out sidethe hole 76, thewiretail 82is caught bet ween
the pressing surface 16a and the upper surface 75a. As the
t hrough hole 16b of the bonding tool 16 is a straight hole
vertically extending fromthe pressing surface 16a, the wire
tail 82 is flexed substantially at a right angle to the wire
81 inserted through the through hole 16b. Further, as
illustratedinFIG 6(a) and FIG 7B, thetipof theflexedwre
tail 82isdirectedalongtheline 91 toward the first pad 173.
Inthe initial state, the wire tail 82 extends linearly from
the pressing surface 16a at the tip of the bonding tool 16 by
the extension |l ength D;, and the extensionlength D; of thew re

tail 82islonger thanthe w dth of the annul ar pressi ng surface
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When the center of the bonding tool 16 comes immediately above the first pad 173, the control unit 30
outputs a command for performing bonding to the first pad 173, as in Step S106 of FIG. 4. Based on
this command, a signal from the movement mechanism. interface 44 is outputted to the bonding head
19, the Z motor provided within the bonding head 19 is driven to rotate the bonding arm 13, and the tip
of the bonding tool 16 is moved downward onto the first pad 173. Then, as illustrated in FIG. 5E, a
side of the wire tail 82 extending from the tip of the bonding tool 16 and folded in the direction along
the first strajght i llustrated in El (b)ds pre inst firs 173 by the pressing
surface 1621%#2%5 0 hgé?gﬁ'dﬁr% tto%?EG@%e%lt%ﬁs%gn%q@a%?séggerh%ﬁ:g drivet b%fe(tjrgc{)g a signal
from the ultfsesiq HgnsdveeidBiarce 3 HecreRg teHgnsing KeopLbite vibralg. eid thervire tail 82
is bonded to the first pad 173 by wedge bonding. This bonding forms a first bond portion 183 on an
upper surfag8@af thédiestrpaidntt 3/, Tresfirst lboat rpatrééeh 1L83F$ Grnidd dyddtlaGhintBthe $ide of the
wire tail 82 by the flat pressing surface 16a of the bonding tool 16, and is an elliptic or circular thin

plate as illubirR&d haw 6@) &hd B&T 5RXRE II0REd ih §96! B8R LM idHyI SSPERGre tail 82 is

longer thanstﬂ?ﬁ"’é%tg qffége annular presaqﬁ%ugace{mgrgfttne bonding tool 16 qr the egwéearnal radius

r1l of the pressing surface %gjb?/cthcsa Ié)Hg St the prOJecGt\in%r&oSr |orr1]%23al,1{heal%%g of the elliptic

or circular fisst PRBARMHPA 8D 81 SigHy greaies fiamteg, eth 9é hedressina gykce Hhn which

results in favorable wedge bonding. Then, as illustrated in FIG. 6(b), the projecting portion 82a that
has not beesPfarfredrietotatHin pEteiremasisegs) an end portion 183a on the side of the first bond
portion 183 opposite from the first lead 174. [0043] Upon completion of connection of the wire tail
82 to the firk 173, asin Step S107 of FIG. 4, the control unit 30 outputs a command for moving
the bonding tool 16L5|§ward. B sg{jion th|§ ¢or mand, S} nal from e.rpogsment mechanism.

interface 44 is outpu odl t6 The ondl%rd Read éj 'thel 2 motor g\r"o(/%eoa Withis thg%(')nndlngeipead 19is

driven to rote $hgb@ndingarmHes.ct the tpef the BRHIRATLLE d#aved BPWRKYi Algng with

this, a signal from the movement mechanism interface 44 is outputted to the Xl table 20, and the XI
table 20 mavies therentey afdbé Hbé difgpiom| tleanfthe slirgqotidn BIG)g dee fitsd stnaighgdinerdl
illustrated in FIG. 6(b). Further, based on this command, a signal from the clamper open-close
mechanism ifit&ficé 21lis oRPEREIAD thB FafpEMBPEN-AosedNdtnhhigm DireaBBERMmper 17 is

opened by the clamper apen-clpose mechanism 27. As illustrated i . 5F, this causes the bonding
001 16 to RS BTERBN) Ubial PERAH i CNGBHG S Fres S ABhEIRD o Pk i FIC.

il
_ the 0 Ri6A ongthe'irs str ) d in
6(b). By thexgbligushe upyard meavemenbiBrflisiganestaiows gxtiension Of Hiewiren8iggntinuing to

the wire tail 82 whose side is bonded onto the first pad 173 by wedge bonding smoothly from the tip of
the bondingbpl 46 without heakiegtiee vafe tflegeoloatdi sigepoagles [0044)s | medi at el y

above the first pad 173.

[ 0042]

When t he center of the bonding tool 16 cones i mredi ately
above the first pad 173, the control unit 30 out puts a conmand
for perform ng bonding to the first pad 173, as in Step S106
of FIG 4. Based on this conmand, a signal fromthe novenent
mechani sminterface 44 is outputted to the bondi ng head 19, the
Z not or provided wi thinthe bonding head 19 is driventorotate
t he bondi ng arm13, and the tip of the bonding tool 16 is noved
downward onto the first pad 173. Then, asillustratedin FIG

5E, a side of the wire tail 82 extending fromthe tip of the

bondi ng tool 16 and folded in the direction along the first
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As the integer n is set to 1, after moving the bonding tool 16 up to a predetermined height, the control
unit 30 outputs a command for looping the bonding tool 16 toward the first lead 174 as in Step S108 of
FIG. 4. Based on this command, a signal from the movement mechanism interface 44 is outputted to
the bonding head 19, the Z motor provided within the bonding head 19 is driven to rotate the bonding
arm 13, and the bonding tool 16 is moved upward by a predetermined distance as illustrated in FIG.
5G. Subsequently, a signal from the movement mechanism interface 44 is outputted to the XI table 20
and the bondi 9, andthe. r ided within t table 20 e_bhaonding head 19
are driven ggt '?h%.t ﬁ]ﬁegtljgn Ioﬁ gmeégohﬁjiwg%%gé%g%ﬁ&ﬂﬁlﬁg a @apibsof@g%g%ﬁ as %%Jls%r%?ed in FIG.
5H. By this pperatiqns thg£g¢ni¢rnohihe h@nﬁir@s@phéfisrnpm%élmﬂm firri stegighbling Q4 illustrated
in FIG. 6(b), from the first pad 173 toward the first lead 174. [0045] Then, when the center of the
bonding todddBdiange$ onineliateyhabolé theesfinst edd 4né,dhe @ont®l iunit30 vetputsaedmmand for
performing bonding to the first lead 174, as in Step S109 of FIG. 4. Based on this command, a signal
from the mAeMEAIEENRARM! MteHake 28198 otithIABS ' ERY HoRbIRIY RERI4d HAE AYRStor

provided within the bonding head s driven to, rotate the bonding arm 13, and.the tip of the bonding
fool 16 15 oL S N S0 1 fec e T e F 825 ARG e o1

extending fiasn {ietipiof §ie Barding 30el/1Gusdyeseehanatst the fisstirathil A by dhepressing
surface 16a at the tip of the bonding tool 16, the ultrasonic transducer 15 is driven based on a signal
from the ultfasosic randduaet inerfh88 43tacaysedheshoridiog todl tLbed vibsatepaddlthd. side of the

wire 81 is bonded onto the first lead 174 bz wedge bonding. This bonding forms a second bond portion

185 on an udpRridurficelsNAe ARStE QN 1783 The Siomathdd peHR™M dWid oemeddsy Shuashing the
side of the \{V'He 81 thatt %aﬁ b%?%é??ﬁweéj PV %ge F{k?é gétlashsing ljsrugagg %L%‘% %jutjéiﬁé\a elliptic or circular

thin plate simllearY)V} {othe firstBon portion 1 en the'wire 811s'bonde P 1edy 174 by
wedge bondipg|imibis mannerathefirstiiadclds and shg Hrst Ispd préapeeLonnecisd vathdge first

connecting wire 184 that is in a loop having a mountain-like profile as illustrated in FIG. 5K and linearly
extending aland-th@. firs{ siraightllife Gl I8 e XApland asfliuatratbd in FHGBG6(BYA[0@45]t he Upon
completion of bonding to the first lead 174, the control unit 30 determines, as in Step 5110 of FIG. 4,
whether or hSﬂ@\b\‘bogré e Wake78ar t@dd i l7anaat dr8a hdBoMddmektt Ae tRBMedEr n is set to

1, (n+1)is 2, and tlhe secan g)ogdng; is(_’g? be er@rr%d for onrpecﬂﬁg thet5ﬁcond ﬁ)a(rj 27|3 and the
second Ieagﬁ?fﬁn s 2 bifient thé coﬁtr(()el Ui 50 B8t PMes thaltherd fs Fn)sr )?h B%nding asin

Step 5110 ¢G4, MEVSES 1onteh %%]s}r AGFar 4.0 ealsuliep RebpRtige Klitggtian ferige second

bonding for connecting the second pad 273 and the second lead 274 that are to be next connected.
The controlpmij 2 taany positidno8 B sebent gragit 21V d fartchiheese¢quid leaalr 2¢4 irc tileaX| direction
illustrated in FIG. 3 from the control data 38, and as illustrated in FIG. 6(b), calculates the direction for
the second boh8ind@RdoRAEEIMRNthESSEdondShadby 8 vndtRatsetoh@#hd D24 sd Biréétion of a

second Strat'%hethgsegsss'i ng surface 16a, which results in favorabl e wedge

bondi ng. Then, as illustrated in FIG 6(b), the projecting
portion 82a that has not been forned into athin plate remains
as an end portion 183a on the side of the first bond portion
183 opposite fromthe first | ead 174.
[ 0043]

Upon conpl etion of connection of thewiretail 82to the
first pad 173, as in Step S107 of FIG 4, the control unit 30
out put s a command f or novi ng t he bondi ng t ool 16 upward. Based
on t hi s conmand, a si gnal fromthe novenent mechani sminterface

44 is outputted to the bonding head 19, the Z notor provided
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[0047] Then, as in Step S112 of FIG. 4, the control unit 30 calculates an angle difference el
between the second straight line 93 and the first straight line 91 illustrated in FIG. 6(b), and compares
the angle difference el with a predetermined angle. Here, the predetermined angle can be on the order
of 90 degrees, for example, at which the bonding tool 16 or the extended wire tail 82 can not interfere
with the connecting wire 184 that has been bonded immediately previously when extending the wire
tail 82, or can be on the order of 30 degrees or 45 degrees, for example, at which a fracture can not

occur betwee ee ire tai the second ho orfi 0 e first lead 174.
[0048] %ig m gte%(pﬁﬁ gﬁgrﬁll—ﬁpéa hg%v(ﬁerf]g tﬂesaﬁgTe%ﬁepeE;nge%%g%ﬁ?&%erg %ﬁ%}?nglparg@etermined
angle differgnce aritheh@tegey BfiS SREI®niergP Rt IUNIE3D SUiBYSR GRNARaNd foy rHAYINg the
bonding tool 16, as in Step S113 of FIG. 4, obliquely upward to a direction along a first wire tail pulling
line 92 illustrateld inlHIS, 64b)sivgrich i panallehte thie\direetion mbarigathiessedanidestfzdgiet [k 93 which
is the direction for the second bonding for connecting the second pad 273 and the second lead 274.
Based on thi§ dwmdhd &4 sighdi it YhbaRbReBnt ATt HAMSA YntéRice 22 idBYgRitdfo the
bonding head 19, and.the, Z motor, provided within.the honding head 19 is driven to rqtate the bonding
arm 13, and B Bonding Heie e R P St Rtiean AL 4 ARG e Y lsan

mechanismdpiesfagrt44 isruipytied|tgdhe X &ple?G-pad tae Bpnding pea a9, pad se gymotors
provided within the Xl table 20 and the bonding head 19 are driven. By this operation, the tip of the

bonding todl Ki6smovesrablijuely sipgraad afsrilusttdied ¢h &g ebKdpeard thesdiresiomaalosgthe first
wire tail pulling line 92 illustrated in FIG. 6(b) from the surface of the first lead 174. _

interface 41 is outputted to the cl anper open-cl ose nmechani sm
27, and the clanper 17 is opened by the cl anper open-cl ose
mechanism 27. As illustrated in FIG 5F, this causes the
bondi ng tool 16 to nove obliquely upward toward the direction
along the first straight line 9l illustratedinFIG 6(b). By
t he obl i quely upward novenent in this manner all ows extension
of the wire, 81 continuing to the wire tail 82 whose side is
bonded onto the first pad 173 by wedge bondi ng snoothly from
the tip of the bonding tool 16 without making the wire fl exed
at a steep angle.
[ 0044]

As the integer nis set to 1, after noving the bondi ng
tool 16 uptoapredeterm ned hei ght, thecontrol unit 30 outputs
a conmand for | oopi ng t he bondi ng tool 16 toward the first | ead
174 as in Step S108 of FIG 4. Based on this command, a si gnal
fromthe novenent nmechanisminterface 44 is outputted to the
bondi ng head 19, the Z notor provided wi thin the bondi ng head
19isdriventorotate the bonding arm13, and t he bondi ng t ool

16 i s noved upward by a predeterm ned di stance as illustrated

inFIG 5G Subsequently, asignal fromthe novenent nmechani sm

34



[0049] Further details as to how the bonding tool 16 moves obliquely upward from the first lead
174 will be described with reference to FIG. 8A and FIG. 8B. In FIG. 8A and FIG. 8B, alternate long
and short dash lines show a state in which the bonding tool 16 bonds the first lead 174 with the wire 81
by wedge bonding. In this state, the pressing surface 16a of the bonding tool 16 indicated by the
alternate long and short dash lines in FIG. 8A causes the side of the wire 81 to be deformed into the
second bond portion 185 of an elliptic thin plate by pressing the side of the wire 81 against the first

ead 174, egoty panding ine Scgnd BPRLPYTION RESRPL L5 [rssipad oy wedgs hending. The

wire 81 is flexe stantially at a right angle between an end portion of the secon rtion 185

and the throyghshale, 16fhin theebondigaseal 15.d003Rla wi Yhan thecbondingripal 16 mies obliquely

upward as illustrated in FIG. 8A, the bonding tool 16 moves toward the direction of the first wire tail
pulling line 9Agavalal itohdreacodd saagdiine@3 whidhhigtthe érdctipndbr tHeesboord! bonding as
illustrated in FIG. 8B. This direction is disglaced from the first straight line 91 indicating the direction for

the first borfdY fEcHMYRTiInY hBYirdt DAAAY Phnt ise itQRedd 174 By tHehsgle! O. BkGordingly,

when the bandingdoaol 16 moves opliquely, upward, the wire tail 82 extending fr. ﬁe tip of the
ponding oo/ o bl 3 BEeL AL R el e e e o R e on

portion 18551 R, afdurthesshewndygsRlid finesan G- 86t ard EH: 88 |vehes (g tinrfghe bonding
tool 16 moves obliquely upward, the extended wire tail 82 is pressed laterally by the corner portion 16c¢
between the tieotigh $1olgpabb ArRd theweessindsufaces164 eatheld@nding tool 16, stroked by the
corner portion 16¢, and formed into a flexed shape with respect to the pressing surface 16a of the
bonding todl @84%he flexing direction in a vertical plane is such that the wire is flexed toward the

e e Lo TR TR DR TR 26 Mg o e
i medi ately above the first lead 174, the control unit 30
out puts a command for perform ng bondingtothe first | ead 174,
as in Step S109 of FIG 4. Based onthis command, a signal from
t he novenent nechani sminterface 44 is outputtedtothe bonding
head 19, t he Znot or provi dedw t hi nthe bondi ng head 19i s dri ven
torotate the bonding arm13, and the tip of the bondi ng tool
16 is noved downward onto the first |lead 174. Then, as
illustrated in FIG 5J, a side of the wire 81 extending from
thetipof the bondingtool 16 is pressed agai nst the first | ead
174 by the pressing surface 16a at the tip of the bondi ng t ool
16, the ultrasonic transducer 15 is driven based on a signal
fromtheul trasoni ctransducer interface 43tocausethe bondi ng
tool 16 to vibrate, and the side of the wire 81 i s bonded onto
thefirst | ead 174 by wedge bondi ng. Thi s bondi ng f or ns a second
bond portion 185 on an upper surface of thefirst |l ead 174. The
second bond portion 185 is forned by squashing t he side of the

wi re 81 that has been | ooped by the fl at pressing surface 16a,

andisanellipticor circular thinplatesimlarlytothefirst
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Then, as in Step S114 of FIG. 4, the control unit 30 calculates an obliquely upward moving distance of
the tip of the bonding tool 16 illustrated in FIG. 8A, that is, an extension length D11 of the wire tail 82,
based on a Z direction moving distance H11 illustrated in FIG. 8A obtained from the bonding tool
height detector 29 illustrated in FIG. 1 andanXIldirection moving distance L11 illustrated in FIG. 8A
obtained from the XI table 20 illustrated in FIG. 1, and determines whether or not the extension length
D11 of the wire tail 82 in the oblique upward direction is a predetermined oblique moving distance Ds.

Here, it is syfficient if the rmi oblj ovi ISt IS longe idth of the
annular preksﬁéilﬁée lérizﬁe%a 0 the%ﬁgaiggwt%wgo%%h(l%e?%;rﬁf ra ié)sq?rl]% %?Fh% \pl)\{r(e%sgsﬁg surface
16a by the lepgtih P §ah@eRINRHIGY PREIGNSARNHYES lengid isinresﬁsg@w in7ayden éo epeure a
bonding strength and a bonding property by allowing, in the succeeding bonding, the wire tail 82 to
project outdide #te haadldrigtemsmng surfacd @davaftthet bendlingsdot @6 tgcthe engihr ©8R8aF the
projecting portion 82a, and the wire tail 82 to be formed into a thin plate by being pressed against the

pad 73 by dréhtiteSsfiad BPIMdBMESBHE TR alsR diithe tBRiing BoasLb ldnddirfedhy wedge
bonding (wire tail extension step). [0052 Here, a proportion of.the Z direction moying distance
1711 of the ity B0 1004 tisaracic iU Bl L S ML B = of e

wire tail 82 gxtendingebligvely dewnyard fromstihe asgingtos) & i apobliquely upward direction,
that is, the flexing angle a between the wire tail 82 and the pressing surface 16a of the bonding tool
16. The fleif@®ahbigle a between the wire tail 82 and the pressing surface 16a of the bonding tool 16

can be any angle as long as the wire tail 82 extending obliquely downward from the bonding tool 16
can be smoothly fle¥B8RowarPinat dra8siff serRee 18atyy theidwrhward riaderhéft of the bonding

tool 16 in the sycceeding bo Qin and can be on the order of re, 0 degrees, 10 degrees to
45 cegroes 1156 QogiLbd 1= R FoLL 68 exliiil. EoP BRI S b 18 ol bl & o 30

degrees, thgbendingraslel & can br pavee slAusheupwaid AuGhRAt Ahe RIBPREIRH ALK Z

direction moving distance H11 of the bonding tool 16 to the Xl direction moving distance L11 is 1:A/3,
and in orderdrtset tiAs angde iantbetiedegrees, gbe handing(tnetl)6icsir2he anaveédhebliqoeydipward
such that the proportion of the Z direction moving distance H11 of the bonding tool 16 to the XI
direction m&ARY 'didah&e L2108 1PEMTHRY aRSlefPANE B BRIJOMSLA BEtHEEE @td cR&W nfokAng distance

e g SR o e DA b T e e o
30 determnes that thereis (n+l)th bonding as in Step S110 of
FIG 4, noves to Step S111 of FIG 4, and cal cul ates a bondi ng
direction for the second bondi ng for connecti ng the second pad
273 and the second | ead 274 that are to be next connected. The
control unit 30 reads positions of the second pad 273 and t he
second l ead 274 in the XY directionillustratedin FIG 3 from
thecontrol data38, andasillustratedinFI G 6(b), cal cul ates
the direction for the second bondi ng for connecting the second
pad 273 and the second | ead 274 as a direction of a second
straight |ine 93.

[ 0047]
Then, as in Step S112 of FIG 4, the control unit 30

calculates an angle difference 6; between the second strai ght

line93 andthefirst straight line9lillustratedinFIG 6(b),
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Then, when the extension length D11 of the wire tail 82 obliquely upward becomes the predetermined
obligue moving distance Ds, a command for closing the clamper 17 is outputted as in Step S115 of
FIG. 4. Based on this command, a signal from the clamper open-close mechanism Interface 41 is
outputted to the clamper open-close mechanism 27, and the clamper 17 is closed by the clamper
open-close mechanism 27. Then, as the bonding tool 16 continues to move obliquely upward as
lllustrated in FIG. 5L, the wire tail 82 is cut at a boundary surface between the first lead 174 and the
second bond portion 185 where the strength_is lowest as lllusfrated in FIG. 9 FIG, 9B, and the
SRPE *%‘?%ﬁeaﬁ}gifé g(?f#&]&%ﬂce %,[\MUI %eﬁ‘%aéf»‘t elEer i ﬁ%‘&. CE

wire tail 82 Is sepg%%j&?rsom a cut step). Eve er the wire tail 82°Is cut, as the

wire tail 82 jqesteoketh Bypihearaenpeidanaken bedupepdhamprersingserfage d@@@qd g through hole
16b of the bonding tool 16 when the bonding tool 16 moves obliquely upward, and plastic deformation

of a flexing porti@x afipleawirattaii@i2cedhdvine i @i 84 dcoirs 1Beoflexing angle adsdiquietyedownward
from the pressing surface 16a of the bonding tool 16 is maintained. Further, the wire tail 82 extending

from the boh@irly &aICENiM e KM hRINESE @ikddidd tdieng WS Bk Wi YA SulliBg imtad2hRRallel to the

second straight line Q%éa the se Ioarl1tdek|)onding directipngjﬁ)m Uéﬁ)on C%J tingofrtg§ \éviir tail 82, the

control unit echkr)grrﬁen s the'in egern Mypf 5¢P St olfﬁé.n ! AT the Process returns to

Step S105 ghFIGr 4 A Bisdime @s thieintsgeionde grvekeingdacarmestes bydy. temstel unit 30

moves the center of the bonding tool 16 immediately above the second pad 273 as illustrated in FIG.
5M. When the hbndihgatdol dt coreesammetiatetuabbet Wee seicbadepdd Adedasiiliustrated in FIG.
6(b), the wire tail 82 extending from the tip of the bonding tool 16 is directed to the direction along the

second strafgh@iittk 928 \ifER R DRRdgRPlihé eAnkBeiRgHEdd@idBabi I &f ahaadelsetond lead

274, as thefﬁ,@%,g? bonding, and facing a direction opposite of the second lead 274. [0055] As in
Step S106 1G4, the control unit 30 outputs a command for performing bonding to the second pad

273. Similarly to the,previpus desaription, pased ongthis,command, a.sjgnalfremdhe mavement
mechanism interface 44 is outputted to the bonding head 19, the Z motor provided within the bonding
head 19 is disvesmiml rlioéate tthabontiegpared£s eand thedipohihe brfdirgg ot &6 issndavied downward
onto the second pad 273. Then, a side of the wire tail 82 extending from the tip of the

integer nis set to 1, the control unit 30 outputs a comrand

for noving the bonding tool 16, as in Step S113 of FIG 4,

obliquely upwardtoadirectionalongafirst wiretail pulling

line 92 illustrated in FIG 6(b), which is parallel to the

direction along the second straight line 93 which is the

di rection for the second bondi ng for connecting the second pad

273 and the second | ead 274. Based on this command, a signal

fromthe novenent nechanisminterface 44 is outputted to the

bondi ng head 19, and the Z notor provided wi thin the bonding

head 19 is drivento rotate the bonding arm13, and t he bondi ng

tool 16 is noved upward. Along with this, a signal fromthe

novenent mechanisminterface 44 is outputted to the XY table

20 and the bondi ng head 19, and the Z notors provided within

the XY table 20 and the bonding head 19 are driven. By this

operation, thetip of the bondingtool 16 noves obli quel y upward

asillustratedin FIG 5Ktoward the direction along the first
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bonding tool 16 is pressed against the second pad 273 by the pressing surface 16a at the tip of the
bonding tool 16, the ultrasonic transducer 15 is driven based on a signal from the ultrasonic transducer
interface 43 to cause the bonding tool 16 to vibrate, and the side of the wire tail 82 is bonded onto the
second pad 273 by wedge bonding. As illustrated in FIG. 6(b), the bonded portion becomes a first
bond portion 283 in an elliptic or circular thin plate. As the length of the wire tail 82 is slightly greater
than the width of the annular pressing surface 16a of the bonding tool 16, the projecting portion 82a
projecting fwn; %hg Biqss'wg;l Wr@gel Jr isd‘g)t lsqujﬁ%?]?%{)\é ah(? Rrer_sls'ag %Lffr%icefjr%a},hgqgeremains as
83a as not 0 le

an end portion hat een formed Into athin plate on the side e second lead 274

opposite frogy theyfiest §pne pertiqr 283, 1adhaismanner, by pressing the side of the wire tail 82 onto
the second pad 273 by the pressing surface 16a as a whole to perform wedge bonding, it is possible to

reduce defddii®d Bonding, and to provide favorable wedge bonding. [0056] As in Steps S106-S109
of FIG. 4, upon bonding of the wire tail 82 to the second pad 273, the control unit 30 moves the

bonding tool 16 upAYd 8860 Bicivire GRafPinakdohe 182097 A% el8ts #fe SB¥GS the wire 81
onto the second lead 274 to for second bond portion nd nects the second 273 and
o womand T4 B S A Ty e e T B oA £ o

unit 30 detergyiRgssybathes oEnet thirl kandling i§ todis nexhperfesmegh apdAHNStes S112-S115 of
FIG. 4, calculates a direction for third bonding if third bonding is to be performed. As illustrated in FIG.

6(b), a secald wiraaaiepliting laed4 pardllet &sthd dinecticrhiowthe shiad eondinghiocimst dreangle
difference 02 to the second straight line 93 as the direction for second bonding, and as the angle

difference 020R &My ¥an A& rBaBRES Mk hhgRtditie@Acd /the'tdritrdi h@itdd Modésie bonding
tool 16 obliguely upward.along the direction.of the segond wire tail pulling line 94 parallel to the
direction 10V I DAL stk St e B o SLhg sty 48 e T e
extenpﬁng “Pa% M‘@ﬁeﬁ@i|t&?opyf69f%t%r5@_i88dd9ngﬂb thetconat \énité’ﬁgc'&ﬁﬁséh%ﬁlaraﬁ%” to cut
the wire tail 82. Thereafter, the integer n is again incremented by 1 as in Step S116 of FIG. 4, and the
process retuinsgs $ted=6B53A Keudemd tiee bodeingfistdumtinued. §30%5¢ be defien thedinteger n is

5, a fifth pad 573, a fifth lead 574, a sixth pad 673, and a sixth lead 674 illustrated in FIG. 3
respectively BéPeshhd & Hech R PRt beRdHEDAht, aRerbliBlt Sebbhd BaindirRy BYint, the

succeeding first bonding point, and the succeedin cond bonding, point defined in th pended
R e, 1 THECT BoaUr e A lE ikl hesd o

claims. Furl‘F}re?,SV\S/henrgthe | ernis 5, as’in Ste 4, control un outputs a

command foh@o¥ il EyVRICRPPYRRR S8R ®atba A3 Sased PRIt IR G 13 Paseson this
command, the wire bonding apparatus 10 drives the Xl table 20 similarly to the previous description to
move the camér loy the igedingrtdbhit to Deegpaeditiendd imsddiaebd subst anti al |y at

a right angl e between an end portion of the second bond portion

185 and the through hole 16b in the bondi ng tool 16.

[ 0050]

When t he bonding tool 16 noves obliquely upward as
illustrated in FIG 8A, the bonding tool 16 noves toward the
direction of the first wire tail pulling line 92 parallel to
the secondstraight line93whichisthedirectionfor thesecond
bondingasillustratedinFIG 8B. Thisdirectionis displaced
fromthe first straight line 91 indicating the direction for
the first bondi ng for connectingthe first pad 173 andthe first

lead 174 by the angle ©;. Accordingly, when the bondi ng tool

16 noves obliquely upward, the wire tail 82 extendi ng fromthe
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above the fifth pad 573, and as in Step S106 of FIG. 4, outputs a command for performing bonding
onto the fifth pad 573. Similarly to the previous description, based on this command, the wire bonding
apparatus 10 drives the Z motor provided within the bonding head 19 to move the tip of the bonding
tool 16 downward onto the fifth pad 573, and bonds the side of the wire tail 82 onto the fifth pad 573 by
wedge bonding. Upon completion of bonding of the wire tail 82 to the fifth pad 573, as in Step S108 of
FIG. 4, the control unit 30 outputs a command for looping the bonding tool 16 toward the fifth lead 574.

Based on this co nd,.as described prevjously, the wire bonding apparatus_10 drjives the XI table 20
o Bloued i He Bovming Head 1576 To5y the Do b db Aebnas

and the Z mojtgr%rov In onding hea oop the bon om the fifth pad

toward the fyd laask (4 tAlitassioarrf thelagiag connering hiedifth Bama 7acnd g fiftigead 574

corresponds to a direction of fifth bonding, which is a direction along a fifth straight line 95 illustrated in
FIG. 10(b). J0G58] as Asithdartegéons byt ©05,iahd (mds is 8, FiéCcoBRobutlt BO@et8Mnines, as in
Step 5110 of FIG. 4, whether or not there is sixth bonding to be next performed. As illustrated in FIG.

3, in this en¥bBdIntdIR, BRhefsikiHenBRARGNE BRfing foFBYRSeid Heedivt BRAES3 ANBwer left of

the chip 72 eanfi th% sg(th Iregq %ﬁ ower Ieg of theI St besrtrgﬁ YEthF cont(r)cr)l unijt 30r elterrr]nines that
that there is f(n+‘f)rt]h Bon ing as in Step s1Pf OPE&Q 4, moves td l)ép E?_ﬁ ofrﬁb.pz?, and Calculates a

bonding dlf@@torb&rm%ﬁwth@w.% QHINECliBg tﬁﬁélﬁth@%@?sﬁﬂ the, ﬁP‘QH@?!E’a@M that are
to be next connected. The control unit 30 reads positions of the sixth pad 673 and the sixth lead 674 in
the Xl directbntilhestbatediim 1Go 8l frdd, thet caktenl datat38: arat aeillystratedim B, 1@&bY calculates
the direction for the sixth bonding for connecting the sixth pad 673 and the sixth lead 674 as a
direction of i@ At firld & g6080RPE WrhBT, @8RS SiehOSL e GFAES UNEhe bh@6kunit 30

calculates gn.an edﬁ‘fe ence. Os hetw, the sixth straight line 96 and the. fifth straight line 95
illustrated in ?Gg]ll ( ?,%%%géonrﬁp?a?gsle;\% angTeﬁSirffﬁe[r%)rgcg § With't 'e%%d%t%r‘r’n%& %ﬁrﬁgle. Unlike

the angle difiegence £lhrineainthe RONMInG discelien ke et @enting ad inegbonAngcdirection in

the second bonding that has been described previously, the angle difference Os Is equal to or greater
than 90 dedr6asaant lyeeatamthan ghes pasdetarimsnetyaaglgl, endfthiusehbdaldingydirectiord 6f the wire
tail 82 in the XI plane becomes too large. Accordingl¥, the control unit 30 determines that the angle

difference 4 IyFeateetart 8 SreachsRaab YK TRkrad fRstep S118DHEANG.  IRRPSS a
command f?rhrgl]r(])v'{nr% tge bonding tool 16 substantially vertically upward.

[ 0051]

Then, as in Step S114 of FIG 4, the control unit 30
cal cul ates an obliquely upward novi ng di stance of the tip of
the bondingtool 16illustratedinFI G 8A, that i s, anextension
| ength Dy; of the wire tail 82, based on a Z direction noving
di stance Hy; illustrated in FIG 8A obtai ned fromthe bondi ng
t ool hei ght detector 29illustratedinFI G 1andan XYdirection
novi ng di stance Lj; illustrated in FIG 8A obtained fromthe
XY table 20 illustrated in FIG 1, and determ nes whet her or
not the extension length Dy of the wire tail 82 inthe oblique
upward di rectionis a predeterm ned obl i que novi ng di st ance Ds.
Here, it is sufficient if the predeterm ned oblique noving
di stance Ds is longer than a wdth of the annul ar pressing

surface 16a of the bonding tool 16 or the external radius rq;
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[0060] Based on this command, a signal from the movement mechanism. interface 44 is outputted
to the bonding head 19, the Z motor provided within the bonding head 19 is driven to rotate the
bonding arm 13, and the tip of the bonding tool 16 is moved upward above the fifth lead 574. In the
previous description, the bonding tool 16 is described to move obliquely upward after the bonding to
the first lead 174; however, as illustrated in FIG. 11A, after the bonding to the fifth lead 574, the
bonding tool 16 is moved substantially vertically upward. This is performed in order to extend the wire
tail 82 lineayly f :ﬁ ti f:ﬁe di t% T fter mpving t En ding toagl toa
predetermir@d L(He% ,Fte#ejsgon r&mjr?itég%o% p%’?éyagﬁ%rﬁéﬁg?ﬁr g%%sﬁs t %%CIIQ%O egr(#?et{sain Step
S119 Of F'%o"r-tsi_ﬁﬂaﬂﬁg? themf%V?q)léﬁw ?ﬁfi%ioﬁeﬁ'@s@ﬁwef ﬂt7<_5$ 9@59@' basad dnghis cc_)mmand,
and as illustrated in FIG. 11B, the wire tail 82 is cut in a state extending linearly from the bonding tool
16. Then, abom@iteyy S4L0efdi@. Andhedntegedinng inoremented by 1andowernmocess tegrns to Step
S102 of FIG. 4. [0061] Returning to Step S102 of FIG. 4, the control unit 30 outputs a command
for moving HHSSGRAMG AI2BAbA8e fdI8RgW¥tatort 28] SBAING (8719 BV 8b&l§iptiBR, as
illustrated in FIG, 11C, the Xl table ZQ is dri %%?S?ﬂ on thlaicom anﬁé];a@g thliehceepter of ﬁhe bonding

tool 16 com%gqu#rr?éd%te ?/Sa{b%%es e Kols positiongdb [QWer left of the 18ad ¢ ampeerni%ti ustrated in

FIG. 3. Thep,wvien th bppeingdophtp semesdmmedateinabpue g hele 4. thgzangahenit 30

outputs a command for moving the pressing surface 16a at the tip of the bonding tool 16 down to a
position higher theah thietupertshiriacpl 7daeofithedead glam pers&dbpipehaghtR h @ paescfibed above,
based on this command, the pressing surface 16a at the tip of the bonding tool 16 is moved downward

to the positioh RIgHEN thare the UbpeLsAitdcaer ba 8f HeBattElhAperiany thktiBRPAL"Fhe height

H1 is slightly gr than the diameter of the wire 81. \When the pressing, surface 16a of the bonding
to0l 1619 mESUl ARG SRt Pl o BERE NG CR T RSt BT Seany
extending f tip of the bonding tool 16 is inside the hole 76 of the lead clamper 75. [0062]

As the integer n, which has been 5, is incremented by 1 and set to 6, the control unit 30 calculates a
bonding direction fdddhe sixthphbammbng as nn@tephe1Adofr EE. ido mheeomtopldirst 30 ceadts positions of
the sixth pad 673 and the sixth lead 674 in the Xl direction illustrated in FIG. 3 from the control data
38, and as RlistrAR PRNEINAd(BP caléulbfed e XY direction nmoving distance L

determines a flexing angle o of the wire tail 82 extending

obl i quely downward fromthe bonding tool 16 in an obliquely
upward direction, that is, the flexing angle o between the wire
tail 82 and the pressing surface 16a of the bonding tool 16.
The flexing angle o between the wire tail 82 and the pressing
surface 16a of the bonding tool 16 can be any angl e as | ong as
thewiretail 82 extendi ng obliquely downward fromt he bondi ng
tool 16 can be snoothly fl exed toward t he pressi ng surface 16a
by t he downwar d novenent of t he bondi ngtool 16inthe succeeding
bondi ng, and can be on the order of 5 degrees to 50 degrees,

10 degrees t o045 degrees, or 30 degreesto45degrees, for exanpl e.
For example, in order to set the angle o to 30 degrees, the
bondi ng tool 16 can be noved obliquely upward such that the
proportion of the Zdirection noving di stance Hy; of t he bondi ng

tool 16 to the XY direction noving distance L;; is 1:V¥3, and
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direction for the sixth bonding for connecting the sixth pad 673 and the sixth lead 674 as the direction
of the sixth straight line 96. [0063] As in Step S104 of FIG. 4, the control unit 30 outputs a
command for performing a wire tail folding operation. Based on this command, a signal from the
movement mechanism. interface 44 is outputted to the XI table 20, and the Xl table 20 moves the
center of the bonding tool 16 horizontally, as illustrated in FIG. 11E and FIG. 10(a), to the side of the
sixth lead 674 in the direction along the sixth straight line 96. As described previously with reference to
FIG. 7A, this causes the wire ailc%% insid(iéhe I']Eole th be caughgc%n the carner ptorti n Pgtween the

inner surface 76a of the Rofe 76 and ﬁféguppéyr strface 753 0f e lead ¢ a?nper , and the wire tail 82

is flexed subgianyiallsy adigBiangireto thepwise $sinsarter dbrausd thedperudhooisrLetnd-urther, as

illustrated in FIG. 10(a), the folded wire tail 82 faces in the direction along a line 96 toward the sixth
pad 673. [026d] r ectUpon conpletodios faldiog dhthevitehail B2nds iy SteplS106 ofd-iGhet, the
control unit 30 outputs a command for moving the bonding tool 16 above the sixth pad 673, as the
integer n is 5t B & EBASEN AN D rsthah8Ng Bidrial fismlthé moVemerk frietHamsiA iftefface 44 is

outputted tg_the Xl &able 28]. atr],(]j tffﬁ(il tat%IFiZO moves thgijkl)or%dln hq_ald 1?, 28 |II$str?$ed in FIG. 11F,

so that the EentBro %h%rbondlngetoo 6 26mes Immedis ygbgv% the Shxth pade6 " 'O%g]

tool 16 to the XY direction noving distance L;; can be freely
sel ect ed based on a conditi on such as a di aneter or a materi al
of the wire 81 to be bonded.
[ 0053]

Then, when the extension length Dy; of the wire tail 82
obl i quel y upward becones the predeterm ned oblique noving
di stance Ds, a command for closing the clanper 17 i s outputted
as in Step S115 of FIG 4. Based onthis command, a signal from
t he cl anper open-cl ose mechani sminterface 41 is outputtedto
t he cl anper open-cl ose nechani sm 27, and the clanper 17 is
cl osed by the cl anper open-cl ose nechani sm27. Then, as the
bondi ng tool 16 continues to nove obliquely upward as
illustrated in FIG 5L, the wire tail 82 is cut at a boundary
surface between the first | ead 174 and t he second bond portion
185 where the strengthis lowest as illustratedin FIG 9A and
FIG 9B, andthewiretail 82 is separated fromthe first | ead
174 (tail cut step). Even after the wire tail 82 is cut, as
the wiretail 82 is stroked by the corner portion 16¢c between
t he pressing surface 16a and t he t hr ough hol e 16b of t he bondi ng
tool 16 when the bonding tool 16 noves obliquely upward, and
plastic deformation of a flexing portion of the wire tail 82

shown in FIG. 8A occurs, the flexing angle o obliquely downward
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When the center of the bonding tool 16 comes immediately above the sixth pad 673, the control unit
30 outputs a command for performing bonding to the sixth pad 673, as in Step S106 of FIG. 4.
Similarly to the previous description, based on this command, the tip of the bonding tool 16 is moved
downward onto the sixth pad 673; then, as illustrated in FIG. 11G, a side of the wire tail 82 extending
from the tip of the bonding tool 16 and folded in the direction along the sixth straight line 96 illustrated
in FIG. 10(b) is pressed against the sixth pad 673 by the pressing surface 16a at the tip of the bonding
tool 16, the ujt Ic tr er 15 is dyi based ignal from the ultrasonic tfransducer
interface 4 ogﬁﬁgh%hépb%%ﬁn@&to%ﬁfg %{08 \g/ib?agt%, é)ﬁdq[ﬁeg Wﬁ‘%ﬁ%h %g ié éé?ld% th) %e sixth pad 673
by wedge begdindailhissoongingiaens atfiiat Randeperiipn 683 ek aeH@PAESHarR ehide sixth pad
673. The first bond portion 683 is formed by squashing the side of the wire tail 82 by the flat pressing
surface 16handiis@r eltiptit®i cirthlarxXiipplate As therlengthdobihengirehtailf 82 stshghtly greater
than the width of the annular pressing surface 16a, the length of the elliptic or circular first bond portion
683 is slightiRgle&Et tHaMgnk! \niat@%f R Grekssingt Qirtdte F&E MMcr réiighh thidanBwedge

bonding. Thaesn't iIIuSséra(t)ed ierlrg i1nO b an ecr%dI %ortion 683a that has not been formed into a thin
plate remains on fe 3lde gfolhe?irs b portion 6 g'opposite from the sixth lead 674. [0066]
Upon compﬂqy'@@@f bonding of the wire tail 82 to the sixth pad 673, as in Step S107 of FIG. 4, the
control unit 30 outputs a command for moving the bonding tool 16 upward. Similarly to the previous
description, based tipthis catrinhanyd, dhe blbadingriedadl 9 add thé Xeé talde 20are wniven38nd the
center of the bonding tool 16 moves in the direction along the sixth straight line 96 illustrated in FIG.

10(b). FurtHé?%é‘sEEH“éﬁtﬁig%ohﬂﬁ&g&_fthe ctPé/miéeF"ﬁ?'i§‘o§bﬁ@d.§4§ﬁlu§fra@o@n lﬁic_;.quqii, this
causes the pﬁgd#égtgg%[%é Ttgdrg%or]vr(]aso k’qlﬁl)éupglfé%toob\f’ar‘ﬂ tae (Zl_recté n {e\l%)lng tthe sixth_straight line

96 illustrated in fter m%vmgt e bonding tool 16 up'to a prédé?érn%%ed height,
the control ypig 30RWREES & Gonmang fasilorpinddhe henting i9p! 1.6 tonarddhe ssithead 674 as in

Step S108 of FIG. 4,. Similarly to the previous description, based on this command, the clamper 17 is
opened as #0strateelsntfHE. dddf and die bhedingrtiatyl® codrivieé andwiok bobetlingabolvEs is moved
upward by a predetermined distance. Subsequently, the tip of the bonding tool 16 moves along a

shape of thé 6o @SN RRELIAFRS. L LKUBY HREUPratiohGhé MentdsineNb ARG EE 16 moves

along the S?(E)ho?trallghtclc')nr?eg(si mmedi at el y above the second pad 273, as

illustrated in FIG 6(b), the wire tail 82 extending fromthe
tip of the bonding tool 16 is directed to the direction al ong
t he second strai ght |ine 93, whichisastraight |ineconnecting
t he second pad 273 and t he second | ead 274, as t he second bondi ng
and facing a direction opposite of the second | ead 274.
[ 0055]

As in Step S106 of FIG 4, the control unit 30 outputs
a command for perform ng bonding to the second pad 273.
Simlarly to the previous description, based on this command,
a signal fromthe novenment mechani sminterface 44 is outputted
to t he bondi ng head 19, the Z notor provided wit hinthe bondi ng
head 19 is driven to rotate the bonding arm13, and the tip of
t he bondi ng tool 16 i s noved downward onto t he second pad 273.

Then, a side of thewiretail 82 extending fromthe tip of the
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illustrated in FIG. 10(b), from the sixth pad 673 toward the sixth lead 674. [0068] Then, when the
center of the bonding tool 16 comes immediately above the sixth lead 674, the control unit 30 outputs
a command for performing bonding to the sixth lead 674, as in Step S109 of FIG. 4. Based on this
command, as illustrated in FIG. 111, the side of the wire 81 is bonded onto the sixth lead 674 by
wedge bonding. This bonding forms a second bond portion 685 on an upper surface of the sixth lead
674. The second bond portion 685 is formed by squashing the side of the wire 81 that has been

looped by tl&&ﬁ@nﬁ)ﬁ%g& SL%rgaqesl%f?, 8a$d?;§eaé1g<%lilﬁt§ Oé 7ﬂi CLéI%Et(Qi'lap % s'g‘gl})ar to[ ﬁj?g first bond

portion 683. e wire 81 1s bonded 10 ead by wedge bonding In this manner, the
sixth pad 6153 andithgysixtlt leaeld earegonnegstad it JIKE amariag wirgl 68detha fsdin a loop
having a mountain-like profile as illustrated in FIG. 11L and is linear in the XI plane as illustrated in
FIG. 10(b). (006 sonidpdn aosyhleten dBbosdityiteehne [sagle dbaoh 6 4s tlgnedntrolamit Be
determines, as In Step 5110 of FIG. 4, whether or not there Is sixth bonding to be next performed. As

llustrated I8 IFIG28 QM. AR @8 thé REFEARWOIRNG % EHE Perfdemiandt Bonh&Ring a
seventh pad 773 and a seventh le 74 In this emppdiment, the congrgl unit,30 calculates a bonding
crecton forthe Sebrh Bt o0 GrEp e Ho- I STl AC It A B I By thes
sixth straightiiges3 9 dhe st bangdipoae SeYRmNraigas ing PEsYhigh ktherdirgagon for the
seventh bonding form an angle difference 06, and as the angle difference 06 Is smaller than a
predetermirtddoanglehbffe@mde dtheocdnta unéEhmevas tthe sontimgdopbi 6 obliqd@ upavard along
the direction of a sixth wire tail pulling line 97 parallel to the direction of the seventh straight line

llustrated 1816 Hb@Y) §heh, @shkWiapsidii1a-B1aE&f FIGS 4, hfidredibinG thBSvire k&I 82 by a

predetermined length, .the control ynit 30 closes the clamper 17.to cut the wire tail 82, Thereafter, the
Integer n Isqa%'allin ?n%r('ar%eﬁféog&ﬂ%s%eﬁgs rSltl '51(5]fIIEIF)E§e.3 4\,/\"a(r§1)(t:ﬁ%hé) %rcﬁl:l:he%sarg uwlsa fo Step S105

of FIG. 4 ang thedhaqyling s erriintied. 070he bJﬂ?@Pn%Sﬂ'fb%Feplé,ll@ 196 Fi§? of b thengpntrol unit
30 determines that bonding between all of the pads 73 and the leads
portion 82a projecting fromthe pressing surface 16a i s not
squashed by the pressing surface 16a, and remains as an end
portion 283a that has not been forned into athin plate on the
side of the second | ead 274 opposite fromthe first bond portion
283. Inthis manner, by pressing the side of the wire tail 82
onto the second pad 273 by the pressing surface 16a as a whol e
to performwedge bonding, it is possible to reduce defective
bondi ng, and to provide favorabl e wedge bondi ng.
[ 0056]

As i n Steps S106-S109 of FIG 4, upon bonding of the wre
tail 82 to the second pad 273, the control unit 30 noves the
bondi ng tool 16 upward to | oop the wire toward t he second | ead
274, presses the side of the wire 81 onto the second | ead 274
to forma second bond portion 285, and connects t he second pad
273 and t he second | ead 274 wi t h t he second connecti ng wi re 284.

Then, asin Step S110 of FIG 4, thecontrol unit 30 determ nes

whet her or not third bonding is to be next perfornmed, and as
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74 has been completed, and that no succeeding bonding is to be performed, the control unit 30
performs a bonding apparatus terminating operation, as in Step S117 of FIG. 4, by moving the bonding
tool 16 upward while the clamper 17 is closed to cut the wire tail 82, by moving the center of the
bonding tool 16 back to an initial position to terminate the wire bonding apparatus 10. [0071] As
described above, according to this embodiment, as each of the pads 73 and the corresponding lead 74
can be connected with the connecting wire 84 without rotating the bonding stage or the bonding tool by

pressing the Wies 8,014 side, Gl wiedal P2 fo e pag £3 o e ead 74 o peroig paning by

wedge bonding, it1S poss -speed we nding as compared to a bonding
apparatus Usigiacgnventional gvessedionl Inaddiiaie the apaaiatids capdq simpified: asiit is not
necessary to rotate the bonding stage or the bonding tool. Further, according to this embodiment, as
the tip of the mdRdBg ®Ebjs, canfipced dywhe dat prdssmg surfecd 16 afd thasahlght through hole
16b provided vertically with respect to the pressing surface 16a, and the corner portion between the
through holeN&SHAREHd Bredsiig E08atB16E BN iAEd R ABLARREH & & WhbBE 8848 is
significantlyesn}a(l)l, {;\ﬁlexed kinléin ¥he lat rgl giirecti%is aprov'ded for the wire tfail 82 with the corner
[ li

portion wher’moving %gggrqaingstoglatl@o quer])? upwara Etlf cF t%rb%%dfn%nto {he 18&d 74° Therefore,

as it is not necessary, toqnave thediip. of theihonding (ool 164hat hag bl teporardy mpved upward

in order to flex the wire tail 82 extending from the bonding tool 16 in the lateral direction downward so

as to be brqughd @tte rcontesd veitigihe wiré ftait 82 @s,intthe comwentdnalrtethBigue) wesrational steps of

the bonding tool 16 can be simplified. With this, it is possible to perform wedge bonding at higher

speed. MorB&WH Becé@flg t%gh%bém%&iWerHPWéja%I@r&ﬁ’ffér@ﬁcé"béﬁ/? érPthePhrelfis bonding

and the succeegirrllg bondinlg IS Iaerﬁcjal, F\pd it |s| not possible t%c(eear]gsieﬁ:q hg \gire taig 82 to.be flexed in an
m after the

appropriatesoei'f:ectlon\/}%')yr the r%'olv ent of the 'bon mg‘%t%lal on Inrget% the rllezf;lg r74, the wire

tail 82 can be fqldedgR dhe fidingiation 63 that ixpedditigpaly pravided inya dirgciigrpyited for the
succeeding bonding; therefore, it is possible to perform wedge bonding successively even when the
bonding dir&dtioh Sidrfyesflafjely, ahd tafinencase tleandpeed bheedge donding. 012} a

predeterm ned | ength, the control unit 30 cl oses the cl anper

17tocut thewiretail 82. Thereafter, theinteger nis again

increnented by 1 as in Step S116 of FIG 4, and the process

returns to Step S105 of FIG 4 and the bonding is conti nued.

[ 0057]

When the integer nis 5 a fifth pad 573, a fifth | ead

574, a sixth pad 673, and a sixth lead 674 illustrated in FIG

3 respectively correspondto the previous first bondi ng poi nt,

t he previ ous second bondi ng poi nt, the succeedi ng first bondi ng

poi nt, and t he succeedi ng second bondi ng poi nt defined in the

appended clainms. Further, whenthe integer nis 5, asin Step

S105 of FIG 4, the control unit 30 out puts a command f or novi ng

toward above the fifth pad 573 illustrated upper light inFlI G

3; based on this conmand, the wire bondi ng apparatus 10 drives

the XY table 20 simlarly to the previous description to nove

t he center of the bonding tool 16 to be positioned i mredi ately
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In the embodiment described above, the bonding tool 16 is described as a cylindrical shape having the
through hole 16b, and the pressing surface 16a is annular; however, the shape of the cross-section of
the bonding tool 16 is not limited to the cylindrical shape, and can be polygonal shape such as a
square, or ellipsoidal. In addition, the through hole 16b is described as, but not limited to, a straight
hole, and as long as a portion near the pressing surface 16a is straight, a portion above the hole can
be configured as a tapered or stepped portion. [0073] Furthermore, in this embodiment, the

corner portigB 3)\? ween W?&tpho?%kbrflglﬁsmg@cﬁgh? Rr%?sér&g%fgcgf 1th2 ﬁ dgsc(r)iBE%ltch Igave the

curved surface W‘%ose radius 1S ignificantly small;" however, as long as exed Kink'in'the lateral

direction is groyigeehiad the witsdail S2rivhen BviNheblisned vpward aiter thadonding to the lead 74,
the corner portion can have, for example, a small chamfer 16e as illustrated in FIG. 12. Furthermore,
as long as tBerpressihy sufddeel pa &/panadietesitiel irface, oftthe gdd N3 tdnitlse desdr@ndvhen
bonding and able to bond the wire 81 or the wire tail 82 in a thin plate, the pressing surface 16a can be

configured 598 Wilt&- 8R4I NGFARP U 2hHDd & Aat ¥G$akB FofniiRE @ sRGIVArREE WMd AisOrface of the
pad 73 or the lead 74 when bonding.as illustrated, in FIG. 12. [007 Further, accprdjng to this
embodimeriwgte,fq i iastSl ensq:'ri%%d I'%ﬁg.[ Inthe w?rent%ﬁ?oltdﬁ\% (?r')égraﬁgon,taﬁ gif@?gn%eq% ﬁe?&ft gie ween the

pressing sufiagRiSALbIREP e Mling; tpohlp AN the upRer sBrace(9a of U lsad Hampere?s is the
height H1 that is slightly higher than the diameter of the wire 81; however, the height H1 can be any

height as longids 8i2eonire tall 82 iihédriyakendiby frechgad bp dif tree bobidioiy tantiléetanolme flexed in
the lateral direction, and can be about a half of the length of the wire tail 82 whose tip is extending

such that aR R e Pfeddney WuFBckaida RBZablut 56 dddréds PRF exéépids [0B75] ep

S108 of FIG 4, the control unit 30 out puts a conmand f or | oopi ng
t he bondi ng tool 16 toward the fifth |l ead 574. Based on this
command, as descri bed previously, the wi re bondi ng appar at us
10 drives the XY table 20 and the Z notor provided within the
bondi ng head 19 to | oop the bonding tool 16 fromthe fifth pad
towardthefifthlead574. Adirectionof thel ooingconnecting
the fifth pad 573 and the fifth I ead 574 corresponds to a
direction of fifth bonding, whichis adirectionalongafifth
straight line 95 illustrated in FIG 10(b).

[ 0058]

As theinteger nis set to5, and (n+l) is 6, the control
unit 30 determnes, as in Step S110 of FIG 4, whether or not
there is sixth bonding to be next perforned. As illustrated
in FIG 3, inthis enbodi nent, as the sixth bondi ng i s bondi ng
for connecting the sixth pad 673 at | ower |eft of the chip 72
and the sixth | ead 674 at |ower left of the substrate 71, the
control unit 30 determ nes that that there is (n+l)th bonding
as in Step S111 of FIG 4, noves to Step S111 of FIG 4, and

cal cul ates a bonding direction for the sixth bonding for
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Moreover, according to this embodiment, It Is described that In the wire tall extension step and the tall
cut step, the bonding tool 16 Is moved linearly andobliquelyupwardfromthe lead 74; however, the
bonding tool 16 can be moved, as lllustratedIinFIG. 13A, along a bonding tool rising trajectory 50
directed obliquely upward In a curved manner, Instead of linearly, or can be moved, as lllustrated In
FIG. 13B, along a bonding tool rising trajectory 51 directed obliquely upward In a stepped manner by
repeating vertical upward movement and horizontal movement of the bonding tool. When moving the

bonding tool 46 obliaglY YEATd I cUEdmANaRly e BORIREHOPELS CaY e fs Mougd vertically

upward, and then'In a crrcular arc su angle a gradually decreases. Further, when moving

the bonding i9ahd Erigra Stepmeedbanner, the angit a etyAeR the Hressiag sysree 43 @fthe bonding
tool 16 and the wire tail 82 can be constant through the steps by maintaining amounts of the vertical

upward movdéraest and tipatlofZéhtahohavemesit f thé baddifg4ooinlé hachkahgkd gebugmthe steps,
or the amounts of the vertical upward movement and the horizontal movement can change for each

step. AlternatiVét$t & FGsbriioh Bbfvech fHeXimbOgisMhé Qbrifal pwdrd MadeRnt and the

horizontal moyement of the bonding to an be constant through the steps, or can change for each
step. [0076] M uﬁflér?;%mea e'r,na %!ﬂ%rer?tb %gOdi(r:naeln Qlcg%remgt o'gth(éI prrgger'wt%vcfrﬂlronpv%fﬁ be

described vdihiichelenRaita & Bod4AHIEEIG i B-Hdke LRMPOpEAtsaS Ihitte embodimey described
with reference to FIG. 1 to FIG. 1 1L are denoted by like reference numerals, and descriptions for
these compoeadttsthlldse amitteced®0047] of a sixth straight [ine 96.

[ 0059]

Then, as in Step S112 of FIG 4, the control unit 30
calculates an angle difference 6s between the sixth straight
line96andthefifthstraight line95illustratedinFI G 10(b),
and compares the angle difference 65 With the predeterm ned
angle. Unlike the angle difference ©6; between the bondi ng
directioninthe first bonding and the bondingdirectioninthe
second bondi ng that has been described previously, the angle
difference 651 s equal toor greater than 90 degrees, and greater
than the predeterm ned angle, and thus the fol ding direction
of the wire tail 82 in the XY plane becones too |arge.
Accordingly, the control unit 30 determ nes that the angle
difference 65 1S greater than a predeterm ned value, and as in
Step S118 of FIG 4, outputs a conmand for novi ng t he bondi ng
tool 16 substantially vertically upward.

[ 0060]

Based on this command, a signal fromthe novenent
mechani sminterface 44 is outputted tothe bondi ng head 19, the
Z not or provided wi thinthe bonding head 19 is driventorotate

t he bondi ng arm13, and the tip of the bonding tool 16 is noved
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In the embodiments described previously in the above, it is described that the bonding tool 16 is
moved linearly and obliquely upward from the lead 74 to extend the wire tail 82 by a predetermined
length obliquely downward from the bonding tool 16 in the wire tail extension step, the wire tail 82 is
cut in the tail cut step, and then the succeeding bonding is performed; however, if the flexing angle a of
the wire tail 82 to the pressing surface 16a of the bonding tool 16 is large, for example, if the angle a is
45 degrees or greater, there is a case in which favorable wedge bonding can not be performed

of e next AR Leror e B T hext Bt R BAde 7 oINS BT the wire

of the next p when pérforming bonding hext one 0

tail 82 is not ReesRATHAIRNSIE 1Ot PaskE3r (WESk o ndVEIN isempegingany as ilkstrated in

FIG. 14A, after completing the wire tail extension step and the tail cut step, the wire tail 82 extending
obliquely davmewbondi thg aglehefronT e tigatitie’ Bonbiogavel 16 ésdirettedtalaigethe pressing
surface 16a of the bonding tool 16 by pressing the tip of the bonding tool 16 lightly against the surface

of the lead 74 Gt shbid Bé reted RalAndidEmMBbdiRRrdt i uiréabriftwnidheOisbNMhe bonding

tool 16 movtes(;p ﬂl%xil glane &n dtheuhogzgnfalll I%ne)vise rt_I%e same, as in th? mbcijiqimsentsS previously
described with referénca t0 FiG. 136 lt}f' 4 L.‘ﬂ) ¥9] § Nustratdd ™ Fi. 1 A, after performing

the bonding,Ry prIseitd the Hogeing Belteinat it 08 the leagh’fi thedin 9f fieohepding tool 16

is moved obliquely upward to a point g along a movement trajectory 52 illustrated in FIG. 14A, and the
wire tail 82 t3 qubbytdprbdetérmmecd @ndB.in dbete infvitechrtbe iwice taie820ie cixtented from the
bonding tool 16 at the angle a obliquely downward. Thereafter, the tip of the bonding tool 16 is moved

downward fFémU4Bel iRt ®EE Rt deshdifh 89t mobenfedRtrafctewi 53 ROFRY IR en, the tip

of the bonding tool 16 is lightly pressed inst the lead 74 to make the flexj | f the wire tail
82 substant"f‘a?ﬁ/ozné%ns%st %[ thCeP Wire %ffg % airgc ral&?g e I;:)rnesgs?negD sugrLTEal?g %gaa%? e bonding

tool 16. Thefeafter,iie 4ip| §f the RoREing g 84 Maveiymyasd framéhe paimhéto ihe paint g as
shown by a movement trajectory 54, and then to the next pad 73 as shown by a movement trajectory
55. cl osed based on this command, and as illustrated in FIG 11B,
thewretail 82is cut inastate extending linearly fromthe
bondi ng tool 16. Then, as in Step S120 of FIG 4, the integer
nis incremented by 1 and the process returns to Step S102 of
FIG 4.
[ 0061]
Returning to Step S102 of FIG 4, the control unit 30
out put s a conmand f or novi ng t he bondi ng tool 16 to t he fol di ng
station 78. Simlarly to the previous description, as
illustratedinFIG 11C, the XYtable 20is driven basedonthis
command, andthe center of the bondi ngtool 16 cones i medi ately
above the hole 76 positioned | ower | eft of the | ead cl anper 75
illustrated in FIG 3. Then, when the bonding tool 16 cones
I mredi atel y above the hole 76, the control unit 30 outputs a
command for noving the pressing surface 16a at the tip of the
bondi ng t ool 16 down t o a posi tion higher thanthe upper surface

75a of thel ead cl anper 75 by t he hei ght H,. As descri bed above,

a7



[0080] According to this embodiment, it is possible to perform the bonding to the next pad 73 by
performing the movement to the next pad 73 in the state in which the wire tail 82 is flexed in the
direction along the pressing surface 16a of the bonding tool 16; therefore, it is possible to ensure
pressing of the side of the wire tail 82 against the pad 73 when performing the bonding to the next pad
73, and to provide favorable wedge bonding. [0081] Further, if the flexing angle a of the wire talil
82 to the pressing surface 16a of the bonding tool 16 upon completion of the tall cut step Is even

greater, for le, If the angle a | egre r.greater lllustrated in.FI , lt isgossible to
move the ta%égtgtwe%bnorggﬁgg togcﬂrﬁ?ébséba?qﬁegé d%c\f/v%st%{/vrg1 d ?fll?e}:sfe%%e%j ﬁ%mg ﬁfﬁéﬁ tOSE];. point s as
shown by aimeveydRaT Haieckyy 566 19 prers i8e @eah e BondingHieohde lighhnoRitem igad 74, and
to move the tap of the bonding tool 16 upward from the point s to a point t as shown by a movement
trajectory 57 hiherebg pepfoeming tHenmvéraeaf td tee neatpad arBpes sRbwWy bl leentmiegidnt trajectory
58. By moving the tap of the bonding tool 16 obliquely downward In this manner, It Is possible to

perform thetnovethént'® BBindt hbadS?3 ahél heOhvRa LAl sbNafRdxba Abagei&tirttibR®iong the
pressing surface of bonding tool 16 more definitely; therefore, It Is pgssible to further ensure
3182% W{een Pﬂ gg&essu ngtﬁur? 8%3\%#1 Of X fre bORta]'erb%ﬁtGCfr?lu m

pressing of the Si f the \ware tall against the pa en performing g to the next
pad 73, and to REAMAE deRie Byaraklenwegae onding. il shasdq be s@ted thatzalsa b thise

embodiment, the direction In winch the tap of the bonding tool 16 moves In the Xl plane (In the
horizontal pilane)ok theesavhe g lai theS8gmbodeaenty rviendiyrdedarived withtreferehcehe FIG. 1 to
FIG. 11L. [0082] Hereinafter, a different embodiment according to the present invention will be
described WVIBNEE@ R AIG. 113 A Asd dect hsphel@ J&nBBnE%% a& /Pl &RBBHINTEt described
with referelcgﬂtgézle Ito FIG. 11L are denotedby like reference numerals, and descriptions for these
components sha ]oe omitted. [0083]

As the integer n, which has been 5, is increnmented by 1
and set to 6, thecontrol unit 30 cal cul at es a bondi ng di rection
for the sixth bonding as in Step S103 of FIG 4. The control
unit 30 reads positions of the sixth pad 673 and t he si xth | ead
674 inthe XYdirectionillustratedinFIG 3 fromthe control
data 38, and as illustrated in FIG 10(b), calculates the
direction for the sixth bonding for connecting the sixth pad
673 andthe sixth |l ead 674 as the direction of the sixth straight
i ne 96.

[ 0063]

As in Step S104 of FIG 4, the control unit 30 outputs
a command for performngawretail folding operation. Based
on t hi s conmand, a signal fromthe novenent mechani sminterface
44 is outputted to the XY table 20, and the XY table 20 noves
t he center of the bonding tool 16 horizontally, asillustrated
in FIG 11E and FIG 10(a), to the side of the sixth | ead 674
inthedirectionalongthesixthstraight Iine96. Asdescribed

previously wthreferenceto FIG 7A, this causesthewretail
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According to the embodiment illustrated in FIG. 15A and FIG. 15B, the folding station 78 is configured
as a projection 79 projecting from the surface of the lead clamper 75. As illustrated in FIG. 15A, the
projection 79 is disposed at a position corresponding to the hole 76. Similarly to the hole 76, the
projection 79 can be provided at each of four corners of the opening 77 in the lead clamper 75, total
four in this case, or can be just one or more than one. The shape of the projection 79 can be cylindrical
or polygonal. The projection 79 includes a substantially vertical side surface 79b and a substantially

porton. 00881 T A A A B RGeSl o B e Gl Ee e

portion. [00 As’illu edin drives table fo move the

bonding toal 46, SRiBAt e wise éair 63 etendiacinearbeiramttentiv g bonringdaoyga comes to

a position near the side surface 79b of the projection 79. Then, the control unit 30 drives the Z motor
provided witHin tthee bbeaid g deaninkd toradjusintiethedgiviiof ehe BbhdiBg tosl 16 sxdtht a gap between
the pressing surface 16a at the tip of the bonding toot 16 and the upper surface 79a of the projection

79 correspoﬂ&%ﬁb%ﬁ:é indignt Fﬂ. k! HEgHhANY i§s‘ii8h¥|§‘%i§‘ﬁér®c {Héstﬁéﬁfe@'eF Bf t‘Pl'éQDirg 81.
[0085] EI' &N, fs |IIllJJ§g2 teoci g}jk’% 15llgltlrghtepceorntroal1 Sunllt] "T’Ous orng %h t(i)brgnl%:r@ tgfﬁql]%honzontally,

and causes thé wire tal extending from the tip of thé bonding too e flexed. flexing
direction andrighypiibg Wire sl 82iargheamaeias thesedn tae emhpdiments descredavith

reference to FIG. 1 to FIG. 11L. [0086]
toward the sixth pad 673.
[ 0064]

Upon conpl etion of foldingof thewiretail 82, asin Step
S105 of FIG 4, the control unit 30 out puts a command f or novi ng
t he bondi ng tool 16 above the sixth pad 673, as the integer n
is set to 6. Based onthis comand, a signal fromthe novenent
mechani sminterface 44 is outputtedtothe XY table 20, and t he
XY tabl e 20 noves the bondi ng head 19, as illustrated in FIG
11F, sothat the center of the bondingtool 16 cones i medi ately
above the sixth pad 673.

[ 0065]

When t he center of the bonding tool 16 cones i mredi ately
above the sixth pad 673, the control unit 30 out puts a conmand
for perform ng bonding to the sixth pad 673, as in Step S106
of FIG 4. Simlarlytothe previous description, basedonthis
command, the tip of the bonding tool 16 i s noved downward ont o
the sixth pad 673; then, asillustratedin FIG 11G a side of
the wwre tail 82 extending fromthe tip of the bondi ng tool 16
and folded in the direction along the sixth straight |ine 96
illustratedin FIG 10(b) is pressed agai nst the si xth pad 673

by t he pressing surface 16a at the tip of the bondi ng tool 16,
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This embodiment provides, in addition to the same effects as those of the previously described
embodiments, an effect that it is possible to perform bonding at higher speed, as it is not necessary to
move the bonding tool 16 downward so that the wire tail 82 temporarily comes into the hole 76 in order
to flex the wire tail 82. [0087] Hereinafter, a different embodiment according to the present
invention will be described with reference to FIG. 16A to FIG. 16C. Like components as in the
embodiment described with reference to FIG. Ito FIG. 11L are denotedby like reference numerals, and

descriptions [0 {1e5¢ goaipopeps, sl be priked (0988 o p ASHuSlfaled I FIG. 194 ocording

to this embodiment, ing station 78'1S contigured as a stepped portion pro F'daed around the lead

clamper 75¢ Ag ilystraisd i £1G- difu dceundribe leagelamnes faubererie oMiesptrRasiPhery
portion 75c that is lower than the upper surface 75a. The periphery portion 75c and the upper surface

75a are corfrtedted\nyta atilestaatidlly hertwaal petipherd Zurfadeonsle drhus,tasteppedip@adn including
the upper surface 75a and the peripheral surface 75b is formed. The periphery portion 75c can be

provided alC3uM YES8I§ LPARIGIhe IddH SIaRel 71 hAdHRiGn! iHe3eMOREtaPQUASR 75b can be

a cyllndrlcal3 face having a central anaggle of 90,de rees Iqlsrpogeg ea ce)f ﬁerfsoyr £Qners, or can

be a chamfer a\%ﬂgaap ce t‘r)glransglfé% aoegrtegg |s',p)§)sed eathof the four corners,oi%r example.

[0089] portion 683 is forned by squashing the side of the wire tail
82 by the flat pressing surface 16a, and is an elliptic or
circular thin plate. As the length of the wire tail 82 is
slightly greater thanthe w dt h of the annul ar pressi ng surface
16a, the length of the elliptic or circular first bond portion
683 is slightly greater than the wi dth of the pressing surface
16a, which results in favorabl e wedge bondi ng. Then, as
illustratedinFI G 10(b), an end portion 683athat has not been
formed intoathin plate remains on the side of the first bond
portion 683 opposite fromthe sixth | ead 674.

[ 0066]

Upon conpl eti on of bondingof thewiretail 82tothesixth
pad 673, as in Step S107 of FIG 4, the control unit 30 outputs
a command for novi ng the bonding tool 16 upward. Simlarly to
t he previous description, based on this command, the bonding
head 19 and the XY table 20 are driven, and the center of the
bondi ng t ool 16 noves in the direction al ongthe sixth straight
line 96 illustrated in FIG 10(b). Further, based on this
command, the clanper 17 is opened. AsillustratedinFI G 11H,
t hi s causes t he bondi ng t ool 16 t o nove obl i quel y upwar d t owar d
the direction along the sixth straight line 96 illustrated in

FIG 10(b).
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As illustrated in FIG. 16A, the control unit 30 drives the XI table to move the position of the bonding
tool 16 such that the wire tail 82 extending linearly from the tip of the bonding tool 16 comes to a
position near the peripheral surface 75b. Then, as illustrated in FIG. 16B, the control unit 30 drives the
Z motor provided within the bonding head 19 to adjust the height of the bonding tool 16 so that a gap
between the pressing surface 16a at the tip of the bonding tool 16 and the upper surface 75a of the
lead clamper 75 corresponds to the height H1. The height H1 is slightly higher than the diameter of the
wire 81. [O?%QJ v Then, as illustrated in FIG. 16C, the control unit 30 moves the bonding tool 16
horizontally;, ang cLuses the wire tail 82 extending from the tip of the bonding tool 16 to be flexed. The

flexing direction anchspgh oftha W'gettﬁiéSB(ﬁﬁgitfﬂ@S@mﬂ aqmqﬁg indhg efkeiments Aesrribed with

reference to FIG. 1 to FIG. 11L. [0091] This embodiment provides the same effect as that of the

previously desicgbed drhieodiomgnt aVithureféredieotat PIG. L %A aodrRIGd 15@. [0093]i ng t he
bondi ng tool 16 toward the sixth | ead 674 as in Step S108 of
FIG 4,. Simlarlytothe previous description, based onthis
command, the clanper 17 is opened as illustrated in FIG 11J,
and the bonding head 19 is driven and the bonding tool 16 is
noved upward by a predeterm ned di stance. Subsequently, the
tip of the bonding tool 16 noves al ong a shape of the | oop as
illustrated in FIG 11K. By this operation, the center of the
bondi ng tool 16 noves along the sixth straight |line 96
illustrated in FIG 10(b), fromthe sixth pad 673 toward the
sixth | ead 674.
[ 0068]

Then, when the center of the bonding tool 16 cones

i medi ately above the sixth | ead 674, the control unit 30
out puts a command for perform ng bondingtothe sixth | ead 674,
asinStep S109 of FIG 4. Basedonthisconmand, asillustrated
in FIG 11L, the side of the wire 81 is bonded onto the sixth
| ead 674 by wedge bonding. This bonding forns a second bond
portion 685 on an upper surface of the sixth lead 674. The
second bond portion 685 is fornmed by squashing t he side of the
wi re 81 that has been | ooped by the fl at pressing surface 16a,
andisanellipticor circular thinplatesimlarlytothefirst
bond portion 683. Wwenthewre 81 is bondedtothe sixthlead
674 by wedge bonding in this manner, the sixth pad 673 and t he

sixth |l ead 674 are connected with a sixth connecting wire 684
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Next, a different embodiment according to the present invention will be described with reference to
FIG. 17, FIG. 18A to FIG. 18C, and FIG. 19. like components as In the embodiment described with
reference to FIG. 1 to FIG. 11L are denoted by like reference numerals, and descriptions for these
components shall be omitted. In the embodiment described with reference to FIG. 1 to FIG. 11L, It s
described that In the wife tall extension step and the tall cut step, the bonding tool 16 Is moved
obliquely upward; however, In this embodiment, the bonding tool 16 Is moved In the horizontal

1001 16 15 LS el T IRORoy BN e SRR 15 30 bt 8 Bl hBGL Srbciment,

tool 16 Is further move orizonta ion In the 6] iS embodiment,

the steps from fecstaffingamte §1¢ paeding 19 thefixst prdiA&3ds SIenssP2@t-6dGoEFES. 17 are

the same as those in the embodiment previously described with reference to Steps S101-S105 of
FIG. 4 and EGGEHA to FIG. 5E, and the steps from the looing to the first lead 174 to the bonding to the
first lead 174 in Steps S206-S207 of FIG. 17 are the same as those in the embodiment previously
described WiP&%rence to Steps S106-S109 of FIG. 4 and FIG. 5F to FIG. 5J. Further, the steps of

calculating the directjon for the secand bonding in,Steps, S208-S210 af FIG, 17 e same as those
i the embodment FERLIE Bocudly ot TS i e P At TR o

and FIG. 6(bpriPP8] uni A30 dPep A hebF@slinti epnsohunipSOmWpULs agaspmand for

moving the bonding tool 16 vertically upward if the angle difference el is smaller than a predetermined
angle differencend@adeduesrethis camxtdnd) arnsigmay ftaon ke mesvie mpeent inoechechismAsterface 44 is
outputted to the bonding head 19, the Z motor provided within the bonding head 19 is driven to rotate

the bonding &Mnt'38" 8h&thé BohRbifdg BoRDE i& havedUdhardass AiDSraR¥eRHIGO2BAl AG in Step
S212 of_ FIG. 1zbth%coe?rtﬁ‘9<|)PPrE compares tliu? Z d_ireg:ti\gn rqn%vin ' _c%dH%llSillusetrr]?_tﬁd in FIG.
19 obtained ffon tP1e Bondlng tog(ﬁelgﬁt WEGH D8 iftuztiid i E%dm% a predee ermined
Z-direction distancertls; AndnaevesHisdPerHRY 0oll@ yartically YRite 188 cal cul ates a

bondi ng direction for the seventh bonding asin Steps S112-S115

of FIG 4. As illustrated in FIG 10(b), the sixth straight

line 96 for the sixth bonding and a seventh straight Iine 98

which is the direction for the seventh bonding forman angle

difference 0, and as the angle difference 6 i S snmaller than

a predet erm ned angl e di fference, the control unit 30 noves t he

bondi ng t ool 16 obli quely upward al ong the direction of asixth

wire tail pulling line 97 parallel to the direction of the

seventh straight lineillustrated in FIG 10(b). Then, as in

St eps S114-S115 of FIG 4, after extending the wire tail 82 by

a predeterm ned | ength, the control unit 30 cl oses t he cl anper

17tocut thewiretail 82. Thereafter, theinteger nis again

increnented by 1 as in Step S116 of FIG 4, and the process

returns to Step S105 of FIG 4 and the bonding is conti nued.

[ 0070]

Then, as in Step S110 of FIG 4, if the control unit 30

det er mi nes t hat bondi ng bet ween al | of t he pads 73 and t he | eads
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predetermined Z-direction distance Hs. Then, when the height of the bonding tool 16 is moved
vertically upward by the predetermined Z-direction distance Hs as shown by an upward thick arrow
from a state indicated by alternate long and short dash lines in FIG. 19 to a state indicated by dashed
lines in FIG. 19, the control unit 30 stops moving the bonding tool 16 upward, and the process moves
to Step S213 of FIG. 17. [0094] As in Step S213 of FIG. 17, as the integer n is set to 1, the control
unit 30 outputs a command for moving the bonding tool 16 horizontally in the XI plane along the

direction of the ié%t é&ﬁgﬁ%t”g&g was{rﬁgﬁé}l ﬁéféﬁ&%%b%ﬁ%@%ﬂm% irlegti{)g %8”9] the

\g é%']"ai
second straight line 93, whic e direction fo of connecting the second pad

273 and theyaegaichiead 27Ke Basad op) thigreammang ep signa franbbednayemgpargchanism
interface 44 illustrated in FIG. 1 is outputted to the XI table 20, and the Xl table 20 is driven. By this

operation, thettipi ofahé bonuirey tiol @6, maseisrh&@izmtalyl ih te Xl @lade dyillustrateyl imEIG. 18B
toward the direction along the first wire tail pulling line 92 illustrated in FIG. 6(b) from the surface of the
first lead 1729NABA the@h K&nE HEREMVIO! 86 thcved REMRIntK insthe!Yasstshé ahextended
wire tail 82 js pressed laterally, by the caorner portion 16¢ between the through. hole 16b, and.the
pressing su{r a(e:evféaeo? t%'e?bgr?ding Yoo Aitd g'remgg iht6 a ﬁcfxe% sehggé? b8§5]t ocl %e control

unit 30 compaegs the Kndirgqtionanoyjpgidistance b1 obfined dorhbekkiablgodyiliygtrated in FIG.

1 with a the predetermined Xl-direction distance Ls, and moves the bonding tool 16 horizontally toward

the directioapmargthes 10.
[ 0071]

As descri bed above, accordingtothis enbodi nent, as each

of the pads 73 and the correspondi ng | ead 74 can be connect ed
Wi th the connecting wire 84 wi thout rotati ng the bondi ng stage
or the bondi ng tool by pressing the wire 81 or the side of the
wire tail 82 to the pad 73 or the |l ead 74 to perform bondi ng
by wedge bonding, it is possible to perform high-speed wedge
bondi ng as conpared t o a bondi ng appar at us usi ng a conventi onal
wedge tool. In addition, the apparatus can be sinplified, as
it is not necessary to rotate the bondi ng stage or the bondi ng
tool. Further, accordingtothis enbodi nent, asthetip of the
bondi ng tool is configuredby the flat pressing surface 16a and
t he strai ght through hol e 16b provi ded vertically with respect
to the pressing surface 16a, and t he corner portion between t he
t hrough hol e 16b and the pressing surface 16a is provided as
a curved surface whoseradius is significantly small, a fl exed
kink inthe lateral directionis provided for thewire tail 82
with the corner portion when noving the bonding tool 16
obl i quel y upward after the bondingto the | ead 74. Therefore,

as it is not necessary to nove the tip of the bonding tool 16
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first wire tail pulling line 92 illustrated in FIG. 6(b) by the predetermined XY-direction distance Ls.
Then, when the bonding tool 16 is moved horizontally as shown by a lateral thick arrow from a state
indicated by dashed lines in FIG. 19 to a state indicated by solid lines in FIG. 19, and the Xl direction
moving distance L11 of the bonding tool 16 becomes the predetermined Xl-direction distance Ls, the
control unit 30 stops the horizontal movement of the bonding tool 16. [0096] As illustrated in FIG.
19, upon completion of the vertical upward movement and the horizontal movement in the XI plane of

the bonding ipel 16, pHRRERaNIBEIC s Belinerlaas upiialed I Gy K igapfrom the

end portion of the second bon e dl sin irection and the distance Ls in

the XI directig, Tigewirgttaih §2g exieswiedbliggalyidayvnvryd fiamithe tinof thg bpaging tool 16 by
the length Ds. The angle of the wire tail 82 with respect to the pressing surface 16a of the bonding tool
16 is the andjle agthvirenaitl ewenaiocth steppagd0007pe bHzughhei arighe adrdtaetnwhé lextéresion length
Ds of the wire tail 82 and the pressing surface 16a of the bonding tool 16 is determined based on the

Z-direction Wistght@Hs 8@tk Xi-BfBM &thRR& L B WhidPe APDF 8ld BORYIT] &% 16 has

moved. Spegifically, the extension length D3 ofthe wire tail 82.= .(H3 ),.and the.angle a =
tan51(H3/L§§. gﬁqm arb;? o&ihré r%efgus%/%dé:s%?ibgg esrﬁ%pc!ir'n%'n?scg 'the29é}>_< ﬁns%r'l Féng'terl% Dsof the wire

tail 82 is reqicas] 19 ke {ongRsthan hasgh eLingi AT ATRPSE Sykse 168w dos Bpnding tool

16 or the external radius r11 of the pressing surface 16a by the length D82 of the projecting portion
82a, so thatiocbe diungetdirtchbeneing pthieneing tail 82tdae bedbrenéd irfte raethoeplade g dreing
pressed against the pad 73 by an entire surface of the annular pressing surface 16a of the bonding
tool 16 and R dedaY) KEagBYHdRE.and the succeedi ng bonding is | arge, and

it is not possible to cause to the wwre tail 82 to be fl exed
i nan appropriate direction by the novenent of the bondi ng t ool
16 after the bonding to the lead 74, the wire tail 82 can be
fol ded on the fol ding station 78 that is additionally provided
inadirection suited for the succeedi ng bondi ng; therefore,
it is possibleto performwedge bondi ng successively even when
t he bondi ng di recti onchanges | argely, andtoi ncreasethe speed
of wedge bondi ng.
[0072]

In the enbodi nent descri bed above, the bonding tool 16
i s describedas acylindrical shape havi ngthethrough hol e 16b,
and t he pressing surface 16a i s annul ar; however, the shape of
the cross-section of the bonding tool 16 is not [imtedto the
cylindrical shape, and can be pol ygonal shape such as a squar e,
or ellipsoidal. Inaddition, thethroughhole 16bis descri bed
as, but not limtedto, astraight hole, and as | ong as a portion
near the pressing surface 16ais straight, a portion above the
hol e can be configured as a tapered or stepped portion.

[ 0073]
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[0098] Further, the flexing angle a of the wire tail 82 to the pressing surface 16a of the bonding
tool 16 is required to be an angle at which in the succeeding bonding, the wire tail 82 extending
obliquely downward from the bonding tool 16 can be smoothly flexed toward the pressing surface 16a
by the downward movement of the bonding tool 16, and can be, for example, on the order of 5
degrees to 50 degrees or on the order of 10 degrees to 45 degrees, and preferably on the order of 30
degrees to 45 degrees. The angle a can be freely selected based on a condition such as a diameter or

a material of the wir 0 ded. [0 re, according to the flexj le a of the

wire tail 82 freely seﬁgﬁehgggﬁg §h agpon{zﬁt%n gg&ggﬁﬁe&dhm@t}e‘% rc?)'\crbt?hrégrrl‘?a eﬁ}zﬂqo? ?ﬁge wire 81 to

be bonded KrihpaeRSEIRG &qﬁmﬁﬁ%@i b el ding oM d 6y fhes sPER 9N 32 seteghej & direction
IS

distance Hs and the XY-direction ance Ls by which the tip of the bonding tool 16 moves
respectivelydfrenr HoedDsxsim@y antihs < Disxeos(al rdracpefdrosstheaaperatiors of Steps 5211-5214
of FIG. 17. [0100] The control unit 30 moves the tip of the bondinq tool 16 from the end portion of

the second HoBBIJorfGN LY HRle! disBaWRVIas indfe! 2BFeRBdn e ek attaha& i i xI

direction, a?%f)utp ts&lI ?_C)ergg}and for closmg the c*ampg%? as In §5eq_ Sg%S f FIG, 17, when the

extension Iengtﬁro?1 he wire-tall 82 becbmed't g‘fjené)t 2°BAsEq orthis com\'\r%]gﬂdr,rg\{s'ié}gal from the

clamper opgRiCiQfgeNPCOBNEIH NieHase AAdSKutiRttRS! fotheelanRar aRen-clasedpeplanism 27,

and the clamper 17 Is closed by the clamper open-close mechanism 27. Then, as the bonding tool 16
continues t@ardviedmorzantdigva,thé &l ptacengd Blustaatedainl FIGhA8Ce thel 6aredall 82 Is cut at the
boundary surface between the first lead 174 and the second bond portion 185 where the strength Is
lowest, andithk Yaife @118 I9sépdratd@front e Rk MBe1 7881l ANE sBSp)L B P FRFtAE wire tall 82
Is cut, as plgatruf dgfgr tion of a fquﬁlneq pto(r)t|9n 82c of the wir tfaH 82 sk&s\?@ Ionr FI%. 9 oceurs, the

flexing anglea oblique y%lév?n A& trom the prQSGS%LérsfuarlFa%eo 6a Of tha onding Eoo 6 Rmaintained.

Further, as flusiiaéed o R ng(banteapire [@lh83 sxiendiroiiana tha bgndingetagl L& Ipdhe XI plane Is

directed along the first wire tall pulling line 92 parallel to the second straight line 93 as the second
bonding dir8&iom @XCiijn pl ate, the pressing surface 16a can be confi gured

as a mld curved surface, or can be a flat surface formng a
slight angle B to a surface of the pad 73 or the lead 74 when
bonding as illustrated in FIG 12.

[ 0074]

Further, according to this enbodinent, it is described
that inthewretail fol ding operation, adifferencein height
bet ween t he pressi ng surface 16a of the bonding tool 16 and t he
upper surface 75a of the |l ead cl anper 75 is the hei ght H; t hat
is slightly higher than the dianeter of the wire 81; however,
the height H; can be any height as long as the wire tail 82
linearly extending fromthe tip of the bonding tool 16 can be
flexedinthe lateral direction, and can be about a hal f of the
| ength of the wire tail 82 whose tip is extendi ng such that an
angle to the pressing surface 16a i s about 30 degrees, for
exanpl e, .

[ 0075]
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Upon cutting of the wire tail 82, the control unit 30 increments the integer n by 1 as in Step S216 of
FIG. 17 and the process returns to Step S205 of FIG. 17, and similarly to the previously described
embodiments, the control unit 30 continues the bonding operation after the second bonding. [0102]
The embodiment described above provides the same effect as that of the previously described
embodiment with reference to FIG. 1 through FIG. 11L. Further, according to this embodiment, the
bonding tool 16 is moved horizontally in the XI plane after moving upward in the Z direction; therefore,

it is possible to simplj eration of nding tool well as the configurati e
movement mechan@n}( %%fgrp fh;%f %??eél?oﬁ& ;{néj E?'e' %I g?fr%g%ﬁ%@é Uveftre?b%r%r%ggga%r&us 10.
[0103]  Avlifferent erabgidiraenhpecardintiy Bie pressrdaventon will bedesaringd yih reference
to FIG. 20 through FIG. 22. According to the embodiment that has been described with reference to
FIG. 1 througmBIGigl1bgat id Bessribedetalt theebohdgiranid pdxiforgnes froup e platiradof thee chip 72 to
the lead 74 of the substrate 71 as a lead frame; however, by contraries in this embodiment, so-called

reverse borldf@glis ferfdiA&VB6m thBGe &P idithd 89hstrdfle ¥3NolRe FRUES ofdBe chip 72. In this

embodiment, first, the first lea 4a[g§ithe irst pad 173 at upper right pasitions of the, chip 72
ustated i HOoS ol S A Sithe plg b i A TR S8, e

second leads g7diondbiedelt sisle; ¢fube jirsidond 474 0RACRR G lA-RACONCRAGAE8 g the left

side of the first pad 173 with the second connecting wire 284 (second bonding). Similarly, each of the
leads 74 aridi cersadppndorg oae ob therpaes 7 3aseithén seqadrethllyrcdrnéctel3iB, a abomgrclockwise
direction as shown by the arrow in FIG. 3 (n-th bonding, where n is an integer). The bonding is

completed @pBRYBiriPatRRId Al 8F e feadk &t Yt pAs &3LiR % eBlMBHSbKWiRERi@ction.

I n astepped manner by repeating vertical upward novenent and
hori zontal novenent of the bonding tool. Wen noving the
bondi ng t ool 16 obli quely upward i n a curved manner, the bondi ng
tool 16 can be first noved vertically upward, and then in a
circular arc such that the angle o gradually decreases. Further,
when novi ng t he bondi ng tool 16 in a stepped manner, the angl e
o between the pressing surface 16a of the bonding tool 16 and
thewiretail 82 can be constant t hroughthe steps by nmai nt ai ni ng
anounts of the vertical upward novenent and the horizontal
novenent of the bonding tool 16 unchanged through the steps,
or the amounts of the vertical upward novenent and the
hori zont al novenent can change for each step. Alternatively,
aproportionbetweenthe anounts of thevertical upward novenent
and the horizontal novenent of the bonding tool 16 can be
constant through the steps, or can change for each step.
[ 0076]

Herei nafter, a different enbodi nent according to the
present inventionw || be described wthreferenceto FIG 14A

and FIG 14B. Like conponents as in the enbodi nent descri bed
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[0104] Similarly to the embodiment that has been previously described with reference to FIG. 1
through FIG. 11L, the control unit 30 reads the control program 37, the wire tail extension program 34,
the tail-cut program 35, the wire tail folding program 36, the bonding direction calculation program 33,
and the control data 38 that are stored in the storage unit 32, and stores them in an internal memory
Similarly to the embodiment that has been previously described, as illustrated in FIG. 21A, in the initial
state, the wire tail 82 linearly extends from the pressing surface 16a at the tip of the bonding tool 16 by

the extension t Landt per.17 is closed. i ngth Ds of & ire tail 82 is
longer thang)l'yh({eqywg h%? ﬁ?ﬁzgn%%l‘gfgezsﬁ%@u%aﬁﬂ[g %f%%ﬁgeﬁ %%ngrlls tq(’),(:f%gcgrft%?e ¥e\f)l'&eeernal radius
r11 of the prREfNGFYrfac 6 BY dhe [Nath HERT the PseieeiighbadionB2sh Jihenpas in Step S301
of FIG. 20, the control unit 30 initializes the integer n to 1. When the integer n is 1, the first lead 174,

the first padb¥3,tted.second lead 274, and the second pad 273 respectively correspond to the
previous first bonding point, the previous second bonding point, the succeeding first bonding point, and
the succeecﬂiﬂ@%@bond bonding point defined in the appended claims. [0105] As in Step S302 of

FIG. 20, the controllunni{ ﬁg moves Ithe kr)]?rédin tgo% }?6 50 theeI/oIIdilr}glstationt78. Th%r{lé/vhler,e the
bonding tool 16 comes imme ia?eqy aBove tHe hole 76 adiliGdtrated il FIB. ﬂeB,attﬁe control unit 30

moves the presgegsuriseg Laraat thadiPgibe kendingl toakle dowpved Pesiien highghthan the
upper surface 75a of the lead clamper 75 by the height H1. The height H1 is slightly greater than the

diameter ofdbé waree8y. \Wireartde foressihdpsutfaeel 164 dfahedioadihg toel 16 i€ nmavield @Rvn to the
height H1, the tip of the wire tail 82 linearly extending from the tip of the bonding tool 16 is inside the
hole 76 of tRY 18aB'cRiRpEr T8 N60bENIt AORI Stag &30 81PMR % f4OMd fedandlisngbt to 1, the
control unit 30 galil.%apr? %Rondm{gedl{eé:ltlpn f% the first bonding fgrhco%lercgnp élln? f|%521 lead 174 and

the first pac} PP3 that ar8 t6 be first Conrsected. r?en(S:(')r?tPoISutn?lpSO reads positions of the firdt lead 174

and the firsgpad i143tipshe Xl pirgg@og{l@ggra@qdint &R Btfﬁ@rrgtggd:@@gphgami agillustrated
in FIG. 22(b), calculates the direction for the first bonding for connecting the first lead 174 and the first
pad 173 asphke dsection; ofthesfisit-stramghtlinefQk{0107hngle o of the wire tail 82

to the pressing surface 16a of the bonding tool 16 is | arge,

for example, if the angle o is 45 degrees or greater, there is

a case in which favorabl e wedge bondi ng can not be perforned

because t he cut surface, instead of the side, of thewire tail

82 is brought into contact with the surface of the next pad 73

when perform ng bondi ng to the next one of the pads 73, and t he

side of the wire tail 82 is not pressed agai nst the next pad

73.

[ 0078]

Thus, in this enbodinent, as illustrated in FIG 14A,

after conpletingthe wiretail extension step and the tail cut

step, thewiretail 82 extendi ng obliquely downward at t he angl e

o from the tip of the bonding tool 16 is directed along the

pressi ng surface 16a of the bonding tool 16 by pressingthetip

of the bonding tool 16 |ightly agai nst the surface of the | ead

74. 1t should be notedthat, inthis enbodi nent, the direction
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As in Step S304 of FIG. 20, the control unit 30 moves the center of the bonding tool 16 horizontally, as
illustrated in FIG. 21C and FIG. 22(a), from the first lead 174 to the side of the first pad 173 in the
direction along the first straight line 91, and then causes the wire tail 82 inside the hole 76 to be caught
on a corner portion between the inner surface 76a of the hole 76 and the upper surface 75a of the lead
clamper 75 and flexed laterally . Further, as illustrated in FIG. 22(a), the tip of the flexed wire tail 82 is
directed along the line 91 toward the first lead 174. In the initial state, the wire tail 82 extends linearly
from the pressing surfa 6.tt$ tip.of n%ﬂ, Ing toql he extensjqn | tg) nd the
extension Ej@t sggf h?ééw}?]e{i%m gz{%%on@g%r [E#l?lé @id]tf%ﬁé\ée%riurﬁar{%?%:gﬁ] gjaslrpa%:e 16a of
the bonding tol 1Q &1 e P¥eRIalIragiuand] of he ReessigeswiaGenl Ganay BiblsapHeRBE of the
projecting portion 82a. Accordingly, as illustrated in FIG. 22(a), the tip of the wire tail 82 flexed in the
direction algmgtheopresgindesseiaick ebawrofectedbetvendly ftam fhé&prdssing slitacell6a of the
bonding tool 16§b§/ the length D82 of the projecting portion 82a. [0108] Upon completion of folding
of the wire {81®%9ks the integer n is set to 1, the control unit 30 moves the center of the bonding tool
16 immediately aboxg tlhlel fII‘SE Ielglféal zll ﬁs#péteg 305fof FIG. 20.and as |Ilu[s|Llrgt%d 'nle'_.:IG' 21D, and

moves the tip of the ondlnléstoE) own onto the it‘sta}eég rl?%?rfﬁeonr, s ustratet’in FIc 21E, the

control_unit@pwpégsﬁ He sife og,y,\@wag tﬁg&z %erﬂ@ing f _ e §p t@ﬁgongm tp@! 16 and
folded in the direction along the first straight line 91 illustrated in FIG. 22(b) against the first lead 174
by the pressing durfacef 16dat bontip nHtheobbndibgi teohh® ediivdd theudirgsomodratisdacar 15 to

cause the bonding tool 16 to vibrate, and bonds the wire tail 82 to the first lead 174 by wedge bonding.
This bondingofthsrd MY AP YEARAL18S BhaRE ApHe? SirfddesditAb 8ist Rdd £741%he first bond

portion 183 is fprmed by squashing.fhe side, of the wire tail 82 by the flat pressing surface 16a, and is
an elliptic o?@ﬁzgﬁ? tManI;[g'gs fﬁgs{rgtg&tm & fé(%s?% rﬂéﬁ%ﬁﬁ%ﬁﬁ?ﬁlﬁrl& othe éetm%odiment

previously descriegivith selgrerce & 182 8As asdhergretis pidher wikendihg? igylqnasr thgn the width
of the annular pressing surface 16a of the bonding tool 16 or the external radius r11 of the pressing
surface 16ashy the: length D82 @b theypeojecting potion.82aHbhedargib of thaelliptic or citaelar first
bond portion 183 is slightly greater than the width of the pressing surface 16a, which results in
favorable we@hEITdARP I TH, 2% iMyestedammer QlEraQ{H EIE. P20y tHE pidjéctity Portion 82a

that has not been formed jnto a thin plate remains as an en,%j] ortio 3a,gn the side of the first bond
X R : P Flt]én ) 5

portion 183ropapsos?tec%\r’\@m Meqirg'toﬁ/aﬁ‘? . forlabfc OUb C(')rﬁpe connedtioh (;f fe wire tail

?ozoltoletshﬁ\ ftilrf(j Erag@(f: tligrj‘i]‘rg‘?n%h%%sﬁ%IOfl'ﬁGr-sch’itBﬁtCPVtr&' He& 80 RguPs e CRBI§T{dhe bonding
74 to make the flexing angle o of the wire tail 82 substantially
zero so that the wire tail 82 is directed al ong the pressing
surface 16a of the bonding tool 16. Thereafter, thetip of the
bondi ng tool 16 i s noved upward fromthe point r to the point
g as shown by a novenent trajectory 54, and then to the next
pad 73 as shown by a novenent trajectory 55.

[ 0080]

According to this enbodinent, it is possible to perform
the bonding to the next pad 73 by perform ng the novenent to
the next pad 73inthe stateinwhichthewiretail 82is flexed
inthe direction along the pressing surface 16a of the bondi ng

tool 16; therefore, it is possible to ensure pressing of the

side of thew re tail 82 agai nst the pad 73 when perform ng t he
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the first straight line 91 illustrated in FIG. 22(b), and opens the clamper 17. As illustrated in FIG. 21F,
this causes the bonding tool 16 to move obliquely upward toward the direction along the first straight
line 91 illustrated in FIG. 22(b). The, the control unit 30 moves the bonding tool 16 vertically upward as
illustrated in FIG. 21G, and then causes the bonding tool 16 to loop toward the first pad 173 as
illustrated in FIG. 21H. [0110] Thereafter, when the center of the bonding tool 16 comes
immediately above the first pad 173, as in Step S307 of FIG. 20 and as illustrated in FIG. 21J, the

control unit esses the side of the wi xtending from the tip o ing oo against the
first pad 17§ %ﬁhg ris@iﬁ?%uﬁe%gg 1§§8ét he tip(‘;jl %?Jth%(gbér?d‘tfr\{z %c%olfl%],fg?i%;bi lt%e\g\slzjﬁ!rﬁgionic
transducer bar@cagse the bonding tool 16 to vibrate, and bonds the side of the wire 81 to the first pad
173 by wedge bonding. This bonding forms the second bond portion 185 on the upper surface of the
first pad 178004 kecond bond portion 185 is formed by squashing the side of the wire 81 that has
been looped by the flat pressing surface 16a, and is an elliptic or circular thin plate similarly to the first
bond portion 183. Vet firwiré Bitishontredtb Ihé fitstHal P73 b vetigechbrading &t tHi€ manner,
the first Ieag %74 rFlnd gllenfirst B 107e3 e cc%nneacéezglwit | tnhe {igst C eucti&g \c/:vire J|84t1',|h8t is in a loop
having a mOUNtan-TiRE prgfi s ftGstrated I'—tl - AX'Ghd ﬁneaﬂy ex en%mg aPorFl% {he first straight

line 91 in ther Xt planexps ilstrated niRGeZibyr eat e¥Pongionarigipn ©f handing taige drst pad
173, the control unit 30 determines, as in Step S308 of FIG. 20, whether or not there are the pad 73 or
the lead 74 d¢hatsar®Otadeey bonded next.cis the, inkegearin isssetda dd (AtlFsR, angirtheigeciond bonding

is to be performed for connecting the second lead 274 and the secondégad 273 in this embodiment,
the control BA% 8bRlefefrRinBMAak bferld iB @M BoRANY &9id 8Rlp B30 MIee20, W moves to

Step S309 of FIG. 0 _calculgt nding direction for the second bonding far connecting the
4 {g:e3lauate s bonding drestion p %

second lead 2794"and the second pa 273 Mal ar8 % Be néx ?:oﬁnggt'ea.t TRe &on roPM\ﬁita reads

positions ofgherigsepilead 7danst eseecend padsy 3 wetha Y direchendbisialey i b|G. 3 from

the control data 38, and as illustrated in FIG. 22(b), calculates the direction for the second bonding for
connecting 1ite kegind leanh?27handdbd se¢pndmpdd 27 83aga tinectiorpobthe $ecdrmhstraight line 93.
[0112] Then, as in Step S310 of FIG. 20, the control unit 30 calculates the angle difference el
between thé @8Eoh YRURINE IRt PRt Aiststraigtahetol iRSsHREMIPKIG MY@®YBAHd compares

the angle dWFre%Ccet elrWitg'? Py deerterminegrar:ﬁgrle..Herg,ﬁ%er%eger}grrpi?%dtﬂgle can be qn the order
of 90 degrees,ai’or ex8m¥)I , atw |chet'ﬂ¥ bSidi g 18196 OFthPERIEREEd" \Wire1i"E2*¢aR A0t interfere

with the connegiingWERA 8 INathArhesT bPPQE%HPBWi@tQ!Y PESVIRB)Y Mgrehexiandiag the wire

tail 82, or can be on the ordér of 30 degrees or 45 degrees, for example,
t he bonding tool 16 obliquely dowward in this manner, it is
possi bl e to performthe novenent to the next pad 73 after the
wiretail 82 is flexed along the direction al ong the pressing
surface 16a of the bonding tool 16 nore definitely; therefore,
it is possible to further ensure pressing of the side of the
wire tail 82 against the pad 73 when perform ng the bonding to
t he next pad 73, and to provi de nore favorabl e wedge bondi ng.
I't shoul d be noted that, alsointhis enbodi ment, the direction
inwhich the tip of the bonding tool 16 noves in the XY plane
(in the horizontal plane) is the sane as in the enbodi nents

previously described with reference to FIG 1 to FIG 11L.
[ 0082]
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at which a fracture cannot occur between the extended wire tail 82 and the second bond portion 185
bonded to the first pad 173. [0113] As in Step S311 of FIG. 20, the control unit 30 outputs a
command for moving the bonding tool 16 vertically upward if the angle difference el is smaller than the
predetermined angle difference. Based on this command, a signal from the movement mechanism.
interface 44 is outputted to the bonding head 19, the Z motor provided within the bonding head 19 is
driven to rotate the bonding arm 13, and the bonding tool 16 is moved upward as illustrated in FIG.
21K. Similarly to th odj preyiously. described with referenc , as.in Step S312 of
FIG. 20, the contro%ﬁ%éﬂj é@rﬁ%tgafesg{th@; B%?agttﬁﬁ %ﬁopé/gr:%l (ﬁf%tiﬁcg}l%l@ﬁolb}% inqéa :“lr[o%rr%’ra the bonding
tool height deteston29 HustkatedrindiIG. bwidekernrsdateiminedt-dirasiian distanes Hs &nd moves
the bonding tool 16 vertically up to the predetermined Z-direction distance Hs. Then, when the height
of the bondagyctdel €6 i§ bibved v&eicatyppnand byahei pretbtererihed ZAdirdctibasdisiabed Hs, the
control unit 30 stops moving the bonding tool 16 upward, and the process moves to Step S313 of FIG.

20. [0114] M t Ad B SepreR 8o fitie. 2d, a5t ihtdgér Fid2Rted, b ddtRrbFiGt 80©8tputs a

command fgr moving _the bondipng tool 16.horizontally in the X1 plane along.the direction of the first wire
il puling 1463 MStaiin e ooy G161 (hEe” cBABBALHILTEHAI T8

omtted.

[ 0083]

According to the enbodi nent illustrated in FIG 15A and
FIG 15B, the folding station 78 is configured as a projection
79 projecting fromthe surface of the |ead clanper 75. As
illustrated in FIG 15A, the projection 79 is disposed at a
position corresponding to the hole 76. Simlarly to the hole
76, the projection 79 can be provided at each of four corners
of the opening 77 in the | ead clanper 75, total four in this
case, or can be just one or nore than one. The shape of the
projection 79 can be cylindrical or polygonal. The projection
79 includes a substantially vertical side surface 79b and a
substantially horizontal upper surface 79a, and the upper
surface 79a and the side surface 79b constitute a stepped
portion.

[ 0084]

As illustrated in FIG 15A, the control unit 30 drives
the XY tabl e to nove t he bonding tool 16, sothat thewre tail
82 extending linearly fromthe tip of the bonding tool 16 cones
to a position near the side surface 79b of the projection 79.
Then, the control unit 30 drives the Z notor provided within

t he bondi ng head 19 to adjust the height of the bonding tool
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parallel to the direction along the second straight line 93, which is the direction for the second bonding
for connecting the second lead 274 and the second pad 273. Based on this command, a signal from
the movement mechanism interface 44 illustrated in FIG. 1 is outputted to the Xl table 20, and the XI
table 20 is driven. By this operation, the tip of the bonding tool 16 moves horizontally in the Xl plane as
illustrated in FIG. 211 toward the direction along the first wire tail pulling line 92 illustrated in FIG. 22(b)
from the surface of the first pad 173. When the tip of the bonding tool 16 moves horizontally in the XI

pane, he et 1P 9157, BTSIER e PR KL PPAD 1R SqT o ol

16b and the pressing surfac onding too form exed shape. [0115]

Similarly to gher eraRnsiBE Rbdes6TIDES AYith HfeTepseiosTIG dlde thecontil aip 3D somnsties the XI

direction moving distance L11 obtained from the XI table 20 illustrated in FIG. 1 with a the
predetermin&dl XbdirestipondistancetlLize ahdingbiesthe bohdingeoghi6 Herizentlly ghwand the
direction along the first wire tail pulling line 92 illustrated in FIG. 22(b) by the predetermined

XI-direction'Hié3Ate L BafhERevReR IR B6n@hg {68 14 i58néVed horizontally, and the XI direction

moving diStﬁgﬁ?ﬁ% 1 of the bonding tool 16 becomes the predetermined Xl-direction distance Ls, the
control unit'30 stops the horizontal movement of the bonding tool 16. [0116]

Then, asillustratedinFl G 15B, thecontrol unit 30 noves
t he bondi ng tool 16 horizontally, and causes the wire tail 82
extending fromthe tip of the bondingtool 16 to be flexed. The
fl exing direction and such of the wire tail 82 are the sane as
those i n the enbodi nents described withreferenceto FIG 1to
FIG 11L.

[ 0086]

Thi s enbodi ment provides, inadditiontothe sane effects
as t hose of t he previ ousl y descri bed enbodi nents, aneffect that
it is possibleto performbondi ng at hi gher speed, as it is not
necessary t o nove t he bondi ng tool 16 downward so that the wire
tail 82 tenporarily conesintothe hole 76 in order to flex the
wre tail 82.

[ 0087]

Herei nafter, a different enbodi nent according to the
present inventionw || be describedw th referenceto FIG 16A
to FIG 16C. Like conmponents as in the enbodi nent descri bed
withreferencetoFIG 1toFIG 1llLaredenotedbylikereference
nuneral s, and descriptions for these conponents shall be
om tted.

[ 0088]
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Similarly to the embodiment described with reference to FIG. 19, upon completion of the vertical
upward movement and the horizontal movement in the XI plane of the bonding tool 16, the tip of the
bonding tool 16 is positioned distant from the end portion of the second bond portion 185 on the first
pad 173 by the distance Hs in the Z direction and the distance Ls in the Xl direction. The wire tail 82 is
extended obliquely downward from the tip of the bonding tool 16 by the length Ds. The angle of the
wire tail 82 with respect to the pressing surface 16a of the bonding tool 16 is the angle a (wire tail

extension step). [01 ]i I U§Wi5qrg¢ih}g%vﬁ%??§%ge% rgyg)%gad(gﬁ%iﬂgdewgla &?g?#%qce to FIG.

19, according to the flexing angle a0 freely selec ased on a condition such as the

diameter orithe afedRhef tBe aviredl 1gbe hongrtlitg thearessing suréansetbaet thedipnding tool
16, the control unit 30 sets the Z-direction distance Hs and the XI-direction distance Ls by which the tip
of the bondjprgotootled neovasnespeetivebatiool BHspdsxsn(a) Andi lld-uBsxaiséd), amdfd€Bforms the
operation of Steps S311-S314 of FIG. 20. [0118] The control unit 30 moves the tip of the bonding
tool 16 fromBfR el PBRbiA BEthEa8c6h@BBRE pottioh®I5en| e dRMthRES Hs REMePP Bl¥ction and

the distance Ls.in the %kglr?%log and closes tpﬁé:hamaer 17 asin Steq S315 ﬂf;aFIG. %Rewhen the

extension 181G th o the/ Wire thtB2 becoNag the € upper surrace

peri phery portion 75c and t he upper surface 75a are connect ed
by a substantially vertical peripheral surface 75b. Thus, a
st epped portion including the upper surface 75a and the
peri pheral surface 75b is formed. The periphery portion 75c
can be provided all around or only a part of the | ead cl anper
75. In addition, the peripheral surface 75b can be a
cylindrical surface having a central angle of 90 degrees

di sposed at each of the four corners, or can be a chanf er havi ng
acentral angl e of 45 degrees di sposed at each of t he f our corners,
for exanple.

[ 0089]

As illustrated in FIG 16A, the control unit 30 drives
the XY table to nove the position of the bonding tool 16 such
that the wire tail 82 extending linearly fromthe tip of the
bondi ng t ool 16 cones to a position near the peripheral surface
75b. Then, as illustrated in FIG 16B, the control unit 30
drives the Znotor providedw thinthe bondi ng head 19t o adj ust
t he hei ght of the bonding tool 16 so that a gap between the
pressing surface 16a at the tip of the bonding tool 16 and t he
upper surface 75a of the |ead clanper 75 corresponds to the
hei ght H,. The height H is slightly higher than the di aneter

of the wire 81.
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length Ds. Then, as the bonding tool 16 continues to move horizontally in the Xl plane as illustrated in
FIG. 21M, the wire tail 82 is cut at the boundary surface between the first pad 173 and the second
bond portion 185 where the strength is lowest, and the wire tail 82 is separated from the first pad 173
(tail cut step). When the wire tail 82, the second bond portion 185 remains on the first pad 173;
however, unlike the bonding to the first lead 174, a thin plate is not formed and does not remain as the
end portion 183a. [0119] Similarly to the embodiment described with reference to FIG. 19, even
after the wire-tai Is cut, as plastic deformation of a flexing portion 82c of the wire tail 82 occurs, the
flexing angle a oblquely downward from the pressing surface 16a of the bonding tool 16 is maintained.
Further, the wire tait B2 @xtg8ding fjom Hieckondipg ¢pol 46 in the <bRtans iviAirectss mirg the first
wire tail pulling line 92 parallel to the second straight line 93 as the second bonding direction. [0120]
Upon cuttinglog the ndreniilt 8 1thé @dmirol apit38lihgrenaemitsahe seegeha by 1 astiaiSteP25316 of
FIG. 20 and the process returns to Step S305 of FIG. 20, and similarly to the previously described
embodimerRE BB HoREd LA EH Erblés AhrettLob b AuieAbol @6 Qubed E@%&ondﬂ@ﬁd 274 as
illustrated iq ,: G. ZlNéo con{ipue the gogdi 8Pe{ef1;[ieon after the Te%ot?d bon?rbn . Further, if the angle

|
difference between the direction forthe n-th onding and'the diraction fof the (n+ )t%%r{)en(ﬂﬁg is equal

to a predetqrryaediangle OrareaiEr i stad $840:f 56 W0: RitesMepdng the §anding joelsl6 upward
as in Step S318 of FIG. 20 and cutting the wire tail 82 by closing the clamper 17 as in Step S319 of

FIG. 20, thérinGgekXiis incremented by 1 as in Step S320 of FIG. 20, the process returns to Step
S302 of FIG. 20, and then the wire tail 82 is folded after moving to the folding station 78. Then, if in
Step S308 6BRL120, the control unit 30 determines that bonding between all of the pads 73 and the

leads 74 has been completed, and that no succeeding bonding is tq be performed, th ntrol unit 30
TAre GF%OGFI' rnc,'rgti vicdes %2 sgpe% gé‘ﬁ cotf l‘—&fétz%a of T

performs a bonding apparatus termin n%ré)peraﬁgn, as’in y moving the

bonding togh A&RWAIAWRER H19 glamrembaisriatedite AUt 1edRdallE2.AyanoMig dhe center of

the bonding tool 16 back to an initial position to terminate the wire bonding apparatus 10. [0121]

The above BeseridEsB2mbodiment provides, in addition to the same effects as those of the previously
described embodiments with reference to FIG. 17 through FIG. 19, an effect that an end portion
projecting fldPP9¥d second bond portion 185 does not remain on the pad 73 as the bonding is

performed from the | 531((% 746(1)f65fi16f\ §utr)str?te 7r%’§8c}|h?1-l§r?td 73 Ofotrh icrﬁli t72, ?r#]d it isr gg%sri?le to
effectively prevent the’connecting Wite&Nont B ing br ughfal%?o ESM A8 With ©A8h RthER the bonding

when a fine; pilrdie iEPIRYEA WhekR 8ig PR 43 /1§ RERBERMIEA RAHPY PHEN, ndEtheigiore, itis

possible to improve bonding quality.
to FIG 18C, and FIG 19. Like conponents as in the enbodi nent
described with reference to FIG 1 to FIG 11L are denoted by
| i ke ref erence nuneral s, and descriptions for these conponents
shall be omtted. |In the enbodinent described with reference
to FIG 1to FIG 11L, it is described that in the wire tail
extension step and the tail cut step, the bonding tool 16 is
noved obl i quely upward; however, in this enbodi nent, the
bondi ng tool 16 is noved in the horizontal directioninthe XY
pl ane after noving vertically upward to extend the wire tail
82, and then the bonding tool 16 is further noved in the
hori zontal directioninthe XY planeto cut thetail. Inthis

enbodi nent, the steps fromthe starting up to the bonding to

the first pad 173 in Steps S201-S205 of FIG 17 are the sane
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[0122] A different embodiment according to the present invention will be described with reference
to FIG. 23. As illustrated in FIG. 3, the above described embodiments have described the case in
which the pads 73 are arranged in a regular pitch along each of the upper and the lower side of the
chip 72, and the leads 74 respectively corresponding to the chips 72 are arranged in a regular pitch
wider than the pitch of the pad 73 on the upper and the lower side of the chip 72, and each of the
connecting wires 84 respectively connecting the pads 73 and the corresponding leads 74 extends

bli I ) t t ' t lead 74;
owover e e R b P o s I e PR SRS o
between the gads d30fdhe £hipl 68 a9 the qitch hetwern the kad 4 of the sebstiag Firare identical,

and all the connecting wires 84 extend in parallel to each other and connect the pads 73 and the leads
74, respectvebpiVheoithé pads 0@ argl the tdaelsf 74 ate headgéd 4stibustratedandil@g2Bpthe
direction for the first bonding and the direction for the second bonding are the same, and this case

corresponds R o <t in! eRiEh1Ké dnyIStRRFerédB1 3Rl ardI&difteretice 62 RuSRER in FIG.

6(b) and FIG, 22(h), and the angle difference 06 and the angle difference 07 illustrated in FIG. 10(b)
e s gk 1T RS B e e S BRe T I PR IR GEC,

the angle difigrepegssek£86 081800 OR aiecall zexndheiqantent unit &9 determines jhaiibe angle
differences el and e2 are smaller than the predetermined value in Step S112 of FIG. 4, in Step S210 of

FIG. 17, anthe Step |88 df ot BI@.L2Qtantigheha odiese proaeedsao thiesisreeedihdoontding between

the pad 73 and the lead 74 on the upper side in FIG. 23; after connecting the pads 73 and the

corresponding 18h89F 4 94fBhaddhreltifg Rirek BARHS tHd1Bp S Bd@ EROSE3, i’ thB&ingle

difference 05 is 180 der%re«as, the. onHoI unit 30 determines that the angle C%iffergnce 05 is equal to the
SCr @te % {

Tea vallg ¢ ap ST HPHIE 34, e 8270 8

predetermined value or greaterin 97, and in Step S310 of

FIG. 20, and pegfogns shepopfig betwegn the gads 73)anghieragesppepsling leads 74 on the lower
side in FIG. 23 after moving to the folding station and performing the folding of the wire tail 82.
[ 0093]
As in Step S211 of FIG 17, the control unit 30 outputs
a command for noving the bonding tool 16 vertically upward if
the angle difference ©; i s snmaller than a predeterm ned angl e
di fference. Based on this command, a signal fromthe novenent
mechani sminterface 44 is outputted tothe bondi ng head 19, the
Z not or provided wi thinthe bonding head 19 is driventorotate
t he bondi ng arm13, and the bondi ng tool 16 i s noved upward as
illustratedinFIG 18A. AsinStep S212 of FIG 17, the control
unit 30 conpares the Zdirection novingdistance H;;illustrated
in FIG 19 obtained fromthe bondi ng tool height detector 29
illTustratedinFIG 1w thapredeterm ned Z-directiondistance
Hs, and noves the bonding tool 16 vertically up to the
predeterm ned Z-direction distance H;. Then, when t he hei ght
of the bonding tool 16 is noved vertically upward by the
predeterm ned Z-direction distance Hs as shown by an upward

thick arrowfroma state indi cated by alternate | ong and short
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[0124] As described above, the present invention can be applied to the case in which the pads 73
and the leads 74 are arranged in various patterns. [0125] Hereinafter, a different embodiment
according to the present invention will be described with reference to FIG. 24 and FIG. 25. FIG. 24
shows a case in which a plurality of chips 1072, 2072, and 3072 are mounted on a single substrate 71,
by providing a plurality of, in this embodiment the three chips 1072, 2072, and 3072, are disposed on a
surface of the substrate 71 in an opening of a single the lead clamper 75, a plurality of pads 1073 of

the first Chi% &gazle}?%%%apaﬁpjﬁ7¢ of1 Egéf%%??‘g tri RB‘F@Q{G 9§ géggrﬂ%éﬂlgltpé%%gags 1073 are

connected by wires rality o he second chi andlead 4 of the
substrate 7 respadivelizeowspReling i thepasls #99 nwilh MérasneO%h randgy wality1ef the pads

3073 of the third chip 3072 and leads 3074 of the substrate 71 respectively corresponding to the pads
3073 with wirese30B4. §0u@lhe process noves to Step S213 of FIG 17.

[ 0094]

As in Step S213 of FIG 17, as the integer nis set to
1, the control unit 30 outputs a command f or novi ng t he bondi ng
tool 16 horizontally inthe XY plane al ong the direction of the
first wire tail pulling line 92 illustrated in FIG 6(b)
parallel to the direction along the second straight |ine 93,
which is the direction for the second bonding for connecting
the second pad 273 and the second | ead 274. Based on this
command, a signal fromthe novenent nechanisminterface 44
illustratedin FIG 1is outputted to the XY table 20, and the
XYtable20isdriven. Bythisoperation, thetipof thebonding
tool 16 noves horizontally in the XY plane as illustrated in
FIG 18Btowardthe directionalongthefirst wiretail pulling
line 92 illustrated in FIG 6(b) fromthe surface of the first
| ead 174. Wienthetipof thebondingtool 16 noves horizontal |y
i nthe XY plane, the extendedwretail 82is pressedlaterally
by the corner portion 16¢c between the t hrough hol e 16b and t he
pressing surface 16a of the bonding tool 16 and fornmed into a
fl exed shape.
[ 0095]

The control unit 30 conpares the XY direction noving
di stance Li; obtained fromthe XY table 20 illustrated in FIG
1withathe predeterm ned XY-direction di stance Ls, and noves

t he bondi ng tool 16 hori zontally toward the direction al ongthe
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According to this embodiment, the pads 1073 of the first chip 1072 and the leads 1074 are first
connected with the wires 1084, respectively. The wire bonding is performed such that, for example,
one of the pads at a lower right corner of the first chip 1072 and the lead corresponding to this pad are
bonded, and then, a pad and a lead in a similar direction as the first bonded pad and lead, that is,
another of the pads on a left side of the pad at the lower right corner and the lead corresponding to this
pad are bonded. Then, as indicated by an arrow A in FIG. 24, the bonding between the pads and the

lead on the Jowey sigle g perfarmed in g ighhand piafinn, Aler-bonding of the lefimost gad and the
%he r}%ﬁalowé tlﬁue ad and Fher‘ﬂa a [? %

leftmost lead on ower side rleft corner), p n‘upper lett corner are

bonded nexi; Addielimente Riregiioriemmeraddadeellcad tresn L8thdeor ers6AdNthand
therefore, as described with reference to FIG. 21A through FIG. 21C, the tip of the wire is inserted in

the hole 76tiothe lénd £lampeddfiter tlzobbadihy @shehowerbgftacdrateisadiohé] arkd ang capillary 16 is
moved horizontally to invert the flexing direction of the wire tail 82 extending from the capillary 16.

After the difec88h df Hélvirel tAllis2a8 G eI BBR8fMJ BetReehthElpad &InkUppet iét Borner of the

first chip 1072 and_the lead is perfoymed. Then, t s and the leads are sequentially.bonded in a
rightward direS Eo%‘ﬁr%éib, ir?afﬁy', ﬂ?e 'pré Slb%rlze{tregnﬁgpearlr}%ﬁlti%rnerdéfrtﬁé:eff?rs %Hg\énﬁqhe lead

1074 are bepidada Mpon Gorepleting o #iriPARdNgothe Winsdal SeLxtardp fregether in atide capillary
16 in a direction from the pad 1073 at the upper right corner toward the lead 1074. [0127] Next,

bonding beteal theqiads?2@ii ofaheeselcgndt diep Q0L ramid thailéad02@1hspdrfemed. In this
case, bonding between one of the pads 2073 at an upper right corner of a chip for which the pads
2073 and tHOIa@80ak JFe\veriedah tﬁé‘air@&wﬁ o ar@NnhidiPihe wire tail 82 is flexed, for
example, tTO%%: d chip 2072, and a corresponding one of the leads 2074 is performed, for example.
Then, a pad ona'left side of the pad 2073 (at a upper left corner) and a lead that are in a similar

direction as the padag07@3|angt thgtledd 20E# @t ti}glug%rnrig@ﬁﬁpré\eir Sregronpecied- tlinegy similarly to
the previous description, the flexing direction of the wire tail 82 extending from the capillary 16 is
inverted, andptherltbmiing epérfandetseduantiaty tred |einhamdmbtatron meakYpleaonéadbwer left
corner and a lower right corner as indicated by an arrow B in FIG. 24. [0128]

t he bondi ngtool 16, thetipof thebondingtool 16i s positioned,

as illustratedinFIG 19, distant fromthe end portion of the

second bond portion 185 by the distance H; in the Z direction

and the distance Ls in the XY direction. The wire tail 82 is

ext ended obliquely dowmward fromthe tip of the bondi ng tool

16 by the length D;. The angle of thewiretail 82 wth respect

to the pressing surface 16a of the bondi ng tool 16 is the angle

o (wire tail extension step).

[ 0097]

Here, the angle o between the extension length Ds of the

wire tail 82 and the pressing surface 16a of the bonding tool

16 i s determ ned based on the Z-direction di stance Hs and the

XY-direction di stance Ls by which the tip of the bondi ng tool

16 has noved. Specifically, theextensionlengthDsof thewire

tail 82 = V(Hs?+Ls?), and the angle a = tan }(H/Ls). Similarly

to the previously descri bed enbodi nents, the extension | ength
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Thereafter, bonding between the pads 3073 of the third chip 3072 and the leads 3074 is performed.
Similarly to the previous description, also in this case, bonding between the pad 3073 at lower right of
a chip for which pads and leads are arranged in the same direction as the pad of the second chip 2072
and the lead that have been last bonded, for example, the third chip 3072, and the lead 3074 is
performed. Then, as indicated by an arrow C in FIG. 24, bonding between the pads and the leads is
performed sequentially in the right-hand rotation. [0129] According to the embodiment described

above, it is B%)Sgitgfﬁ% WI}I gopg]mg gﬁty}/%er;; él;%?]apr?(%t o{ W%gerhﬁ‘%f\%ﬁ%’g ﬁ@grs\,aftg{ he bonding

between theias hé pads of the previous ¢ e lead wit lexing direction of

the wire tail32.1a06l Hierefiose itds @ossiRle Kuiadaiee the Auspbenel henavergnorneratiogof the
flexing direction of the wire tail 82 the extending from the capillary 16, and to allow efficient bonding.

Further, in thizeeenticelimahty iads described thhetipe eFectians of frecpatié ahy thedebda@hnlithe lower

side are the same as those on the upper side in each of the chips 1072, 2072, and 3072; however, it is
possible to BravRfe thB&aMhOEREE BYY sRANdAPR BédmB&ui de8cribd WA GeRMEME to FIG. 3,
an arrangementdof the thdes :\wdr tehet |§|af18é/§th an atqglef %iﬁrerée ce imallert ﬁf]lan a B%Ie[?et%rmined angle

difference wHich dogs not require’inversion of frie flexing direc ion of the?wire tail 822761 @/] The

order of bomging hehreer e Raas AQY 3¢ M/ pandr30 by imineceiiips 4044 2862 atd 8RE2 and the

corresponding leads 1074, 2074, and 3074 is not limited to that in the above embodiment. After the
last one of duemdds opthegeeniguswiiipaadliba lebd dfehesutistrgte cotrekp caathdp tonttes pad are
connected with the wire, the connection of the wire can be started from a pad and a corresponding
lead of the Hé‘xtV@ﬁigForbMﬂgh s pad and this lead are arranged along the direction from the pad to
the lead of Lt‘qﬁlgggous chip. For example, as illustrated in FIG. 25, the bonding can be sequentially
performed inthé Tight-hand rotation for the first chip 1072, in the right-hand rotation for the second

chip, and in the fig%&@@ﬂéﬂaﬂ%‘efoﬂ'&&h@ %meﬁ@?c;'of the wire tail 82 to the
pressing surface 16a of the bonding tool 16 is required to be
an angl e at which in the succeedi ng bonding, the wire tail 82
ext endi ng obliquely dowward fromthe bonding tool 16 can be
snoot hly fl exed toward t he pressi ng surface 16a by t he downwar d
novenent of the bonding tool 16, and can be, for exanple, on
t he order of 5 degreesto 50 degrees or onthe order of 10 degrees
to 45 degrees, and preferably on the order of 30 degrees to 45
degrees. The angle acanbe freely selectedbasedon a condition
such as a dianmeter or a material of the wwre 81 to be bonded.
[ 0099]

Therefore, according to the flexing angle o of the wire
tail 82freelysel ectedbasedonaconditionsuchasthedi aneter
or the material of the wire 81 to be bonded to the pressing
surface 16a of the bonding tool 16, the control unit 30 sets
the Z-direction distance Hs and the XY-direction distance Ls

by whi ch the ti p of the bondi ng tool 16 noves respectively from
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[0131] The embodiment described above has described the bonding method of starting the
bonding between the pads of the next chip and the leads without inverting the flexing direction of the
wire tail 82 after the bonding between the last of the pads of the previous chip and the lead.
Hereinafter, a different bonding method for reducing the number of the inverting operation of the
flexing direction the wire tail 82 will be described with reference to FIG. 26 and FIG. 27. [0132] In
FIG. 26, the leads and the pads in each of sets of the pads 1073 of the chip 1072 and the leads 1074,

the pads 2073 of Ek}éexchi 72 and the leads 2074, and the pads 3073 of the chip 3072.and the leads
3074, respectively nscﬁo@éz(cyi byaéllo te£d’ Iine%sganccfjgr? ?ﬁe‘ usaéjr side %?&mescéﬁ?eesﬁ(gnedrlﬁég (l:ﬁi%s, are

arranged s\jstaptadly isanjdeptical giregtjqy. Fupther, the leads and the pads in each of sets of the
pads 1073 and the leads 1074, the pads 2073 and the leads 2074, and the pads 3073 and the leads
3074, respddii¥@f]enclosed by dotted lines and on the lower side of the corresponding chips, are

arranged in a direction opposite from that for the sets on the upper side. Therefore, by successively

bonding the pads qﬁB%hE%‘édé’ih idnSh mi’(ﬂ’ftﬁehﬁ@% Bn‘afthfe']@aag'&‘i’é 'ﬂ?tﬁé’ﬂer&@al
\(lj\/lirreecttl'glné;.f[sb%%i]l?llg 1@ RS e aben Aldhg LSS SRG SIS dhe figying finetion of the

distance H; in the Z direction and the distance Ls in the XY
di rection, and outputs a command for cl osing the cl anper 17 as
in Step S215 of FIG 17, when the extension |l ength of the wire
tail 82 becones the |l ength Ds. Based on this command, a signal
fromt he cl anper open-cl ose nechani sminterface 41is outputted
to the cl anper open-cl ose nechani sm27, and the cl anper 17 is
cl osed by the cl anper open-cl ose nechani sm27. Then, as the
bondi ng tool 16 continues to nove horizontally in the XY pl ane
as illustrated in FIG 18C, the wire tail 82 is cut at the
boundary surface betweenthefirst | ead 174 and t he second bond
portion 185 where the strengthis [owest, andthe wire tail 82
Isseparatedfromthefirst lead 174 (tail cut step). Evenafter
the wire tail 82 is cut, as plastic deformation of a flexing
portion 82c of the wire tail 82 shown in FIG 19 occurs, the
flexing angle o obliquely downward from the pressing surface
16a of the bonding tool 16 is maintained. Further, as
illustrated in FIG 6(b), the wire tail 82 extending fromthe
bondingtool 16 inthe XYplaneis directedalongthefirst wire
tail pulling line 92 parallel to the second straight [ine 93

as the second bondi ng direction.

[0101]

68



For example, it is possible to reduce the number of the inverting operation of the flexing direction of the
wire tail 82 down to 1 by a configuration in which bonding between the pads and the leads in regions
1101, 2101, and 3101 is performed in this order, the tip of the wire is inserted in the hole 76 in the lead
clamper, the capillary 16 is moved horizontally to invert the flexing direction of the wire tail 82
extending from the capillary 16, and then bonding between the pads and the leads in regions 1102,
2102, 3102 is performed in this order,. [0134] Further, in this embodiment, it is described that the

directions of the pag%gﬂqd;ﬂ? {qargﬁ;ngpelr?]%loyfdlzéogl%ﬁmgggitﬁlemcgﬁ §ig]ilahnqqd @8 directions

of the pads and the Tead in the regrons region 2102, an are similar; however, it is
possible to prvideHia sampefiast Byesimiagy tq the embasimgnidescrizedyith refergnge to FIG. 3,
an arrangement of the pads and the leads with an angle difference smaller than a predetermined angle
difference whieh gloesess requive imversiobtafph&2Ie%inf diréHorldf thendireitail Bar [0y 360
Alternatively, in a case in which chips are stacked as illustrated in FIG. 27 and pads on the chips of
different stzi/clil@ PE @¥hRESEY fl8s& WirkeH i€ pBSS bR ficcbESvEY HerBrmWrdirtPto pads
arranged inCthetsrarr;needir%cf,;[ionbinrqagirc])nsélgrla'éll%lﬁ %r}d[ 610]t iEUStsr%tcegrip FkI)th?iMirst, insert the tip
of the wire in the hole 76 in the-lea clegmpgr, move the capi [ary B horizon allycfo nvert the flexing
direction of tlig gire tail 82 extending from the capillary 16, and then successively perform bonding in
regions 4102, 5102, and 6102. It is also possible to provide the same effect as that of the previously
described embodimEmt i this daseD1d6$cr i biddxhlaodifepera\apiestiom éseutengfthe atire tail 82
will be described with reference to FIG. 28. The cutting of the wire tail 82 is described with reference to

FIG. 5L in tAS dHtk & thd 8pRFRUNAHHNCHIRE ChPRENPRAABI B BhINIE) SRISURDCERL the wire
o 6220 1 Y PR e RSl R e D et
the wire tailgdisirpater thamihaldn i 6ase 81 UTiBg; 0IHuEs REFLis soAgtimes diffieult

XY pl ane after noving upward inthe Zdirection; therefore, it

is possible to sinplify the operation of the bonding tool 16

as well as the configuration of the novenent nechani sm18 for

the Z direction and the XY direction of the wi re bonding

appar at us 10.

[ 0103]

Adi fferent enbodi nent accordingtothe present i nvention

will be described with reference to FIG 20 through FIG 22.

According to the enbodi nent that has been described wth

reference to FIG 1 through FIG 11L, it is described that the

bondi ng i s performed fromthe pad 73 of the chip 72 to the | ead

74 of the substrate 71 as a |l ead franme; however, by contraries

inthis enbodi nent, so-call edreverse bondingis performedfrom

the | ead 74 of the substrate 71 to the pad 73 of the chip 72.

Inthis enbodinment, first, thefirst | ead 174 and the first pad

173 at upper right positions of thechip72illustratedinFIG

3 are connected with the first connecting wire 184 (first
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to cut the wire tail 82. Therefore, the cutting of the wire tail 82 without fail in bonding using aluminum
wires is demanded. [0137] As illustrated in FIG. 28, in this embodiment, after bonding to a second
bonding point P, the clamper is opened and the capillary 16 is temporarily moved vertically upward to
a predetermined height from the second bonding point as indicated by a movement line 1051 in FIG.
28, and horizontally moved to a first bonding point as indicated by a movement line 1052 in FIG. 28,
then the capillary 16 is horizontally moved along the direction between the first bonding point for

bonding an Jye,seeand bandieLoidneciamper inglosed e oL, and e gapliagy 16 s

horizontally moved further to cut the wire So as to extend obliquely downward. This cutting

method proyidestar @E@C_thfzfa_pigljt@mw@&%@imgpf H@_W@!@dﬁiﬂi 8ga@s My kdrardgeingegfithe wire tail
82 near the second bonding point is produced by the horizontal reciprocating movement of the
capillary 16s[0ds8)f t h&He presepanhvEn8oniis hot limitedconide abone desadgo@d eentd@iiments, and
can include any alteration or modification without departing from the technical scope and the spirit of

the present(SEGRIMH 2086k ) in thel SBdpRrdiXhe BREEMRinVerBoh eBESCRIPAIEN OF

REFEREN%%rCrHeéB@r(]:dFEn%Sone of t he pads 73 are t hen sequenti al | y connect ed

in a countercl ockwi se direction as shown by the arrowin FIG
3 (n-th bonding, where nis an integer). The bonding is
conpl et ed upon goi ng around all of the |leads 74 and t he pads
73 in a counterclockw se direction.

[ 0104]

Simlarly to the enbodi nent that has been previously
describedwithreferencetoFIG 1throughFIG 11L, the control
unit 30 reads the control program37, the wire tail extension
program 34, the tail-cut program 35, the wire tail folding
program 36, the bonding direction cal cul ati on program33, and
the control data 38 that are stored in the storage unit 32, and
stores theminaninternal nmenory Simlarly tothe enbodi nent
t hat has been previ ously described, asillustratedinFl G 21A,
intheinitial state, the wire tail 82 linearly extends from
the pressing surface 16a at the tip of the bonding tool 16 by
the extension length D;, and the clanper 17 is closed. The
extensionlength D; of thewiretail 82isl|onger thanthe wi dth
of the annul ar pressing surface 16a of the bonding tool 16 or
t he external radiusrj; of the pressingsurface 16a by thel ength
Ds, of the projecting portion82a. Then, asin Step S301 of FIG
20, the control unit 30 initializes the integer nto 1. When

theinteger nis 1, thefirst lead 174, the first pad 173, the
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[0139] 10Wire Bonding Apparatus 11Spool 13Bonding Arm 13bUltrasonic Horn 14Bonding Stage

second | ead 274, and t he second pad 273 respecti vel y correspond
tothepreviousfirst bondi ng poi nt, the previ ous second bondi ng
poi nt, the succeeding first bondi ng point, and the succeedi ng
second bondi ng point defined in the appended cl ai ns.

[ 0105]

As in Step S302 of FIG 20, the control unit 30 noves t he
bonding tool 16 to the folding station 78. Then, when the
bondi ng tool 16 cones i medi ately above the hole 76 as
illTustratedinFI G 21B, the control unit 30 noves t he pressing
surface 16a at the tip of the bonding tool 16 down to a position
hi gher than t he upper surface 75a of the | ead cl anper 75 by the
hei ght H;. The height Hyis slightly greater than the di aneter
of the wire 81. Wen the pressing surface 16a of the bonding
tool 16 is noved down to the height H, thetip of thewre tai
82 linearly extending fromthe tip of the bonding tool 16 is
inside the hole 76 of the | ead clanper 75.

[0106]

As in Step S303 of FIG 20, as the integer nis set to
1, the control unit 30 cal cul ates a bonding direction for the
first bonding for connecting the first lead 174 and the first
pad 173 that are to be first connected. The control unit 30
reads positions of the first lead 174 and the first pad 173 in
the XY direction illustrated in FIG 3 fromthe control data
38, and as illustratedin FIG 22(b), calculates the direction
for the first bonding for connectingthefirst lead 174 and t he
first pad 173 as the direction of the first straight [ine 91.
[ 0107]
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15Ultrasonic Transducer 16Bonding Tool 16aPressing Surface 16bThrough Hole 16¢, 16dCorner
Portion 16eChamfer 16gCenter Line

As in Step S304 of FIG 20, the control unit 30 noves t he
center of the bonding tool 16 horizontally, as illustrated in
FIG 21C and FIG 22(a), fromthe first lead 174 to the side
of the first pad 173 inthe direction along the first straight
l'ine 91, and then causes the wire tail 82 inside the hole 76
to be caught on a corner portion between the i nner surface 76a
of the hole 76 and t he upper surface 75a of the | ead cl anper
75andflexedlaterally. Further, asillustratedinFI G 22(a),
the tip of the flexed wwre tail 82 is directed along the |line
91 toward the first lead 174. Intheinitial state, the wire
tail 82 extends linearly fromthe pressing surface 16a at the
tip of the bonding tool 16 by the extension | ength Ds, and the
extensionlength D; of thewiretail 82isl|onger thanthe wi dth
of the annul ar pressing surface 16a of the bonding tool 16 or
t he external radiusrj; of the pressingsurface 16a by thel ength
Ds, of the projecting portion82a. Accordingly, asillustrated
inFIG 22(a), thetipof thewiretail 82flexedinthedirection
al ong the pressing surface 16a projects outwardly fromthe
pressing surface 16a of the bonding tool 16 by the | ength Ds;
of the projecting portion 82a.

[ 0108]

Upon conpl etion of folding of the wire tail 82, as the
integer nis set to 1, the control unit 30 noves the center of
t he bondi ng tool 16 i nmedi ately above the first |lead 174 as in
Step S305 of FIG 20 and as illustrated in FIG 21D, and noves
the tip of the bonding tool 16 down onto the first | ead 174;

then, as illustrated in FIG 21E, the control unit 30 presses
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thesideof thewiretail 82extendingfromthetipof the bonding
tool 16 and folded in the direction along the first straight
line 91 illustrated in FIG 22(b) against the first |ead 174
by the pressing surface 16a at the tip of the bondi ng tool 16,
drives the ultrasoni c transducer 15 to cause t he bondi ng t ool
16 to vibrate, and bonds thewire tail 82 tothefirst |ead 174
by wedge bondi ng. This bonding forns the first bond portion
183 on t he upper surface of the first lead 174. The first bond
portion 183 is fornmed by squashing the side of the wire tail
82 by the flat pressing surface 16a, and is an elliptic or
circular thinplateasillustratedinFIG 22(b) and FIG 21E.
Simlarlytotheenbodi nent previouslydescribedw threference
to FIG 8A as the length of the wire tail 82 is | onger than
the width of the annul ar pressing surface 16a of the bondi ng
tool 16 or the external radius ri; of the pressing surface 16a
by the I ength Dg, of the projecting portion 82a, the | ength of
the elliptic or circular first bond portion 183 is slightly
greater than the width of the pressing surface 16a, which
results in favorabl e wedge bonding. Then, as illustrated in
FIG 21E and FIG 22(b), the projecting portion 82a that has
not beenfornedintoathinplate remains as an end porti on 183a
onthesideof thefirst bondportion 183 oppositefromthefirst
pad 173.
[0109]

Upon conpl etion of connection of thewiretail 82to the
first lead 174, as in Step S306 of FIG 20, the control unit

30 noves t he cent er of the bondingtool 16inthedirectional ong
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thefirst straight line9lillustratedinFI G 22(b), and opens
the clanper 17. As illustrated in FIG 21F, this causes the
bondi ng tool 16 to nove obliquely upward toward the direction
alongthefirst straight line9lillustratedinFI G 22(b). The,
the control unit 30 noves t he bondi ng tool 16 vertically upward
as illustrated in FIG 21G and then causes the bondi ng tool
l6tolooptoward the first pad 173 asillustratedin FIG 21H.
[0110]

Thereafter, when the center of the bonding tool 16 cones
i mredi atel y above the first pad 173, as in Step S307 of FIG
20 and as illustratedin FIG 21J, the control unit 30 presses
the side of the wire 81 extending fromthe tip of the bondi ng
tool 16 against the first pad 173 by the pressing surface 16a
at the tip of the bonding tool 16, drives the ultrasonic
transducer 15to cause the bondingtool 16 to vi brate, and bonds
the side of the wire 81 to the first pad 173 by wedge bondi ng.
Thi s bonding fornms the second bond portion 185 on the upper
surface of the first pad 173. The second bond portion 185 is
f or med by squashi ng t he si de of the wire 81 that has been | ooped
by the fl at pressing surface 16a, andisanellipticor circular
thin plate simlarly to the first bond portion 183. Wen the
wire 8lis bondedtothe first pad 173 by wedge bonding in this
manner, the first lead 174 and the first pad 173 are connect ed
wWith the first connecting wire 184 that is in a |l oop having a
nountain-li ke profileasillustratedin FIG 21K and linearly
extending along the first straight line 91 in the XY plane as

illustrated in FIG 22(b).
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[0111]

Upon conpl etion of bonding to the first pad 173, the
control unit 30 determ nes, as in Step S308 of FI G 20, whet her
or not there are the pad 73 or the | ead 74 that are to be bonded
next. As theinteger nis set tol, (n+l) is 2, and t he second
bonding is to be perfornmed for connecting the second | ead 274
and t he second pad 273 in this enbodi nent, the control unit 30
determinesthat thereis (n+l)th bondingasinStep S308 of FI G
20, and noves to Step S309 of FIG 20 to cal cul ate a bonding
di rection for the second bondi ng for connecti ng t he second | ead
274 and the second pad 273 that are to be next connected. The
control unit 30 reads positions of the second | ead 274 and t he
second pad 273 in the XY directionillustrated in FIG 3 from
the control data 38, and as illustrated in FIG 22(b),
cal cul ates the direction for the second bondi ng for connecti ng
the second | ead 274 and the second pad 273 as a direction of
the second straight |ine 93.

[0112]

Then, as in Step S310 of FIG 20, the control unit 30
calculates the angle difference 6; bet ween t he second strai ght
line93andthefirst straight line9lillustratedinFI G 22(b),
and compares the angle difference 61 W t h a predet er m ned angl e.
Her e, t he predet er mi ned angl e can be on t he order of 90 degr ees,
for exanpl e, at which the bondi ng tool 16 or the extended wire
tail 82 cannot interferew ththe connecting wre 184 that has
been bonded i medi at el y previ ousl y when extendingthew retail

82, or can be onthe order of 30 degrees or 45 degrees, for exanpl e,
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at which afracture can not occur between the extendedw retail
82 and t he second bond portion 185 bonded to the first pad 173.
[0113]

As in Step S311 of FIG 20, the control unit 30 outputs
a conmmand for noving the bonding tool 16 vertically upward if
the angle difference 611 s small er than the predeterm ned angl e
di fference. Based on this command, a signal fromthe novenent
mechani sminterface 44 is outputted tothe bondi ng head 19, the
Z not or provided wi thinthe bonding head 19 is driventorotate
t he bondi ng arm13, and the bondi ng tool 16 i s noved upward as
illustrated in FIG 21K Simlarly to the enbodi nent
previously describedwithreferenceto FIG 19, asin Step S312
of FIG 20, the control unit 30 conpares the Z directi on novi ng
di stance H;; obtai ned fromthe bondi ng t ool hei ght detector 29
illustrated in FIG 1 with the predeterm ned Z-direction
di stance Hs, and noves t he bonding tool 16 vertically uptothe
predeterm ned Z-direction distance H;. Then, when t he hei ght
of the bonding tool 16 is noved vertically upward by the
predet erm ned Z-directi ondi stance Hs, thecontrol unit 30 stops
novi ng t he bondi ng t ool 16 upward, and t he process noves to Step
S313 of FIG 20.
[0114]

As in Step S313 of FIG 20, as the integer nis set to
1, the control unit 30 out puts a command for novi ng t he bondi ng
tool 16 horizontally inthe XY plane al ong the direction of the
first wire tail pulling line 92 illustrated in FIG 22(b)

parallel to the direction along the second straight |ine 93,
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which is the direction for the second bonding for connecting
the second | ead 274 and the second pad 273. Based on this
command, a signal fromthe novenent nechanisminterface 44
illustratedin FIG 1is outputted to the XY table 20, and the
XYtable20isdriven. Bythisoperation, thetipof thebonding
tool 16 noves horizontally in the XY plane as illustrated in
FIG 21Ltowardthe directionalongthefirst wiretail pulling
line92illustratedinFIG 22(b) fromthe surface of the first
pad 173. Wienthetip of the bondingtool 16 noves horizontal ly
inthe XY plane, the extendedwiretail 82is pressedlaterally
by the corner portion 16¢c between the t hrough hol e 16b and t he
pressing surface 16a of the bonding tool 16 and forned into a
fl exed shape.
[ 0115]

Simlarly to the enbodi nent described with reference to
FIG 19, the control unit 30 conpares the XY direction noving
di stance Lq; obtai ned fromthe XY table 20 illustrated in FIG
1with athe predeterm ned XY-direction distance Ls, and noves
t he bondi ng tool 16 hori zontally toward the direction al ongthe
first wwre tail pulling line 92 illustrated in FIG 22(b) by
the predeterm ned XY-direction distance Ls. Then, when the
bondi ng tool 16 is noved horizontally, and the XY direction
novi ng di stance L;; of the bonding tool 16 becones the
predeterm ned XY-direction distance Ls, the control unit 30
stops the horizontal novenent of the bonding tool 16.

[ 0116]
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Simlarly to the enbodi nent described with reference to
FIG 19, upon conpletion of the vertical upward novenent and
t he hori zontal novenent in the XY pl ane of the bondi ng t ool 16,
the tip of the bonding tool 16 is positioned distant fromthe
end portion of the second bond portion 185 onthe first pad 173
by the distance H; in the Z direction and the distance Ls in
the XY direction. The wire tail 82 is extended obliquely
downward fromthe tip of the bonding tool 16 by the | ength Ds.
Theangleof thewiretail 82withrespect tothepressingsurface
16a of the bonding tool 16 is the angle a (wire tail extension
step).

[0117]

Simlarly to the enbodi nent previously described with
reference to FIG. 19, according to the flexing angle o of the
wiretail 82 freely sel ected based on a condition such as the
di aneter or the material of the wire 81 to be bonded to the
pressi ng surface 16a of the bonding tool 16, the control unit
30 sets the Z-direction distance Hs and the XY-direction
di stance Ls by which the tip of the bonding tool 16 noves
respectively fromHs = Dsxsin (o) and Ls = Dsxcos (o) , and performs
the operation of Steps S311-S314 of FIG 20.

[0118]

The control unit 30 noves the tip of the bonding tool 16
fromthe end portion of the second bond portion 185 by the
di stance Hs in the Z direction and the distance Ls in the XY
di rection, and closes the clanper 17 as in Step S315 of FIG

20, when the extension Il ength of the wire tail 82 becones the
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|l ength Ds. Then, as the bonding tool 16 continues to nove
horizontally in the XY plane as illustrated in FIG 21M the
wiretail 82 is cut at the boundary surface between the first
pad 173 and the second bond portion 185 where the strength is
| onest, and the wire tail 82 is separated fromthe first pad
173 (tail cut step). When the wire tail 82, the second bond
portion 185 renmains on the first pad 173; however, unlike the
bonding to the first lead 174, athin plate is not forned and
does not remain as the end portion 183a.

[0119]

Simlarly to the enbodi nent described with reference to
FIG 19, even after the wire tail 82 is cut, as plastic
def ormation of aflexingportion82c of thewiretail 82 occurs,
the flexing angle a obliquely downward from the pressing surface
16a of the bonding tool 16 is nmaintained. Further, the wire
tail 82 extending fromthe bonding tool 16 in the XY plane is
directed alongthe first wwiretail pullingline 92 parallel to
the second straight line 93 as the second bondi ng direction.
[ 0120]

Upon cutting of the wire tail 82, the control unit 30
increnents the integer n by 1 as in Step S316 of FIG 20 and
the process returns to Step S305 of FIG 20, and simlarly to
t he previ ousl y descri bed enbodi nents, the control unit 30 noves
the tip of the bonding tool 16 above the second | ead 274 as
illustratedinFI G 21Nto continuethe bondi ng operation after
t he second bonding. Further, if the angle difference between

the direction for the n-th bonding and the direction for the
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(n+1)th bonding is equal to a predeterm ned angle or greater
inStep S310 of FIG 20, after novi ng t he bondi ng t ool 16 upward
asinStep S318 of FIG 20and cuttingthew retail 82 by cl osing
the clanper 17 as in Step S319 of FIG 20, the integer nis
incremented by 1 asin Step S320 of FI G 20, the process returns
to Step S302 of FIG 20, and then the wire tail 82 is fol ded
after noving to the folding station 78. Then, if in Step S308
of FIG 20, the control unit 30 determ nes t hat bondi ng bet ween
all of the pads 73 and t he | eads 74 has been conpl et ed, and t hat
no succeedi ng bonding is to be perforned, the control unit 30
perforns a bondi ng apparatus term nating operation, asin Step
S317 of FIG 20, by noving t he bondi ng tool 16 upward whil e t he
clanper 17isclosedtocut thewretail 82, by novingthecenter
of the bonding tool 16 back toaninitial positiontotermnate
the wi re bondi ng apparatus 10.

[0121]

The above descri bed enbodi nent provides, in additionto
the sane effects as those of the previously described
enbodi nrentswithreferencetoFIG 17 through FIG 19, an effect
that an end portion projecting fromthe second bond portion 185
does not renmain on the pad 73 as the bonding is perforned from
the | ead 74 of the substrate 71 to the pad 73 of the chip 72,
and it is possibletoeffectively prevent the connecting wires
frombei ng brought into contact with each other in the bonding
when a fine pitch is enployed where the pads 73 are arranged
in anarrow pitch, and therefore, it is possible to inprove

bondi ng quality.
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[0122]

Adi fferent enbodi nent accordingtothe present i nvention
wi Il be described with reference to FIG 23. As illustrated
in FIG 3, the above descri bed enbodi nents have descri bed t he
case i n which the pads 73 are arranged i n a regul ar pitch al ong
each of the upper and the | ower side of the chip 72, and the
| eads 74 respectively correspondingtothechips 72are arranged
in aregular pitch wider than the pitch of the pad 73 on the
upper and the |l ower side of the chip 72, and each of the
connecting wi res 84 respectively connectingthe pads 73 and t he
correspondi ng | eads 74 extends obliquely upward or downward
fromthe center of the chip 72 to connect the pad 73 and the
| ead 74; however, the present i nvention can be appliedto acase
inwhich, asillustratedinFIG 23, the pitch between the pads
73 of the chip 72 and the pitch between the | ead 74 of the
substrate 71 are identical, and all the connecting w res 84
extend in parallel to each other and connect the pads 73 and
the | eads 74, respectively. Wen the pads 73 and t he | eads 74
are arranged as illustrated in FIG 23, the direction for the
first bonding and the direction for the second bondi ng are t he
same, and this case corresponds to a case in which the angle
difference 6; and the angle difference 6, illustrated in FIG
6 (b) and FIG. 22 (b), and the angle difference 0 and t he angl e
difference 67 1illustratedinFIG 10(b) are zero, and t he angl e
difference 05 illustrated in FIG 10(b) is 180 degrees.

[ 0123]
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1101-6102Region Integer CLAIMS 1. A wire bonding apparatus for connecting a plurality of first
bonding points and a plurality of second bonding points with a wire, the apparatus comprising: a
bar-shaped bonding tool having a through hole in which the wire is inserted, and a pressing surface
provided at a periphery of the through hole at a tip of the bonding tool and configured to press the wire
against a bonding target, the through hole extending along a longitudinal direction of the bonding tool;
a clamper configured to hold the wire; and

Further, as the angle differences 61, 92, 6, and 67 are
all zero, the control unit 30 determ nes that the angle
differences 0; and 6, are smal | er than the predeterm ned val ue
in Step S112 of FIG 4, in Step S210 of FIG 17, and in Step
S310 of FIG 20, and the process proceeds to the succeeding
bondi ng between the pad 73 and the |l ead 74 on the upper side
inFIG 23; after connecting the pads 73 and t he correspondi ng
| eads 74 with t he connecting wires 84 on the upper sideinFIG
23, as the angle difference 651 S 180 degrees, the control unit
30 determines that the angle difference 65 i S equal to the
predet erm ned val ue or greater in Step S112 of FIG 4, in Step
S210 of FIG 17, and in Step S310 of FIG 20, and perforns the
bondi ng bet ween t he pads 73 and t he correspondi ng | eads 74 on
the lower side in FIG 23 after noving to the folding station
and performng the folding of the wire tail 82.

[ 0124]

As descri bed above, the present i nvention can be applied
to the case in which the pads 73 and the | eads 74 are arranged
i n various patterns.

[0125]

Herei nafter, a different enbodi nent according to the
present invention wll be described with reference to FIG 24
and FIG 25. FIG 24 shows a case inwhichaplurality of chips
1072, 2072, and 3072 are nounted on a single substrate 71, by
providing a plurality of, in this enbodi nent the three chips
1072, 2072, and 3072, are di sposed on a surface of the substrate

71 in an opening of a single the | ead cl anper 75, a plurality
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a control unit configured to specify movement of the bonding tool, and to open and close the clamper,
wherein the control unit comprises: wire tail extension unit configured to move the bonding
tool, after bonding the wire to a previous one of the second bonding points, upward while the clamper
is opened, and then along a straight line directed from a succeeding one of the first bonding points to a
succeeding one of the second bonding points by a predetermined distance, and cause the wire to
extend from the through hole of the bonding tool in a direction along the straight line directed from the

succeeding yrsthonding pgink o fie.syqceeding sesond honginp paiglianthrg o (kcut uni

configured to, after causing the wire tail to exte e wire tail by moving the bonding tool in the

direction alenmBier gifaightlinedi @fétﬁd\f_@r?tia%ﬁw@“sqﬁsww figt Pending paiasta dresugceeding

second bonding point while the clamper is closed. 2. The wire bonding apparatus according to

claim 1, furthencertpeidity. W res 1084, a plural ity of pads 2073 of t he second
chip 2072 and | eads 2074 of the substrate 71 respectively
corresponding to the pads 2073 with wires 2084, and a plurality
of the pads 3073 of the third chip 3072 and | eads 3074 of the
substrate 71 respectively corresponding to the pads 3073 with
w res 3084.
[0126]

According to this enbodi nent, the pads 1073 of the first

chip 1072 and t he | eads 1074 are first connected wth the wires
1084, respectively. The wire bonding is perforned such that,
for exanpl e, one of the pads at al ower right corner of the first
chip 1072 and the | ead corresponding to this pad are bonded,
and then, a pad and alead inasimlar direction as the first
bonded pad and | ead, that i s, anot her of the pads on aleft side
of the pad at the | ower right corner and the | ead correspondi ng
to this pad are bonded. Then, as indicated by an arrow A in
FI G 24, the bondi ng bet ween t he pads and the | ead on t he | ower
side is performed in a right-hand rotation. After bondi ng of
the I eftnost pad and the leftnost | ead on the | ower side (at
alower | eft corner), the padandthel eadat anupper | eft corner
are bonded next. At this tinme, the direction fromthe pad to
the | ead turns 180 degrees around, and therefore, as descri bed
withreferenceto FIG 21Athrough FIG 21C, thetipof thewre
isinsertedinthe hole 76 inthe |l ead cl anper after the bondi ng

at the lower | eft corner is done, and the capillary 16 i s noved
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a folding station having a stepped portion for catching the wire tail extending from the tip of the
bonding tool, wherein the control unit comprises: wire tail folding unit configured to, after
moving the bonding tool to the folding station and positioning the wire tail along the stepped portion,
move the bonding tool toward the succeeding second bonding point along the straight line directed
from the succeeding first bonding point to the succeeding second bonding point, thereby causing the
wire tail to be flexed toward the succeeding first bonding point. 3. The wire bonding apparatus

according tp Glain 2, MHgroin e GOl ynitfarms NG WiKe 1aILYSIAgy o (R WIS il extpnsion unit
g straight |

and the tail cut unit, when an angle bétween a firs ine and a second Straight line' is smaller
than a predgtegnined dNGLe  therfiish stiaigiitlingrapnicting @ ereviResapneet therfitst Rapsling points

and the previous second bonding point, the second straight line connecting the succeeding first

bonding poinit aad taelsiB2desinggecoredibohdimgi painheindeen t he pad at t he upper
| eft corner of the first chip 1072 and the | ead i s perforned.
Then, the pads and the | eads are sequentially bonded in a
rightward direction. Then, finally, the pad 1073 at an upper
right corner of the first chip and the | ead 1074 are bonded.
Upon conpl eti on of the bonding, the wire tail 82 extends from
the tip of the capillary 16 in a direction fromthe pad 1073
at the upper right corner toward the | ead 1074.
[0127]

Next, bondi ng between the pads 2073 of the second chip

2072 and the | eads 2074 is perforned. |In this case, bonding
bet ween one of the pads 2073 at an upper right corner of a chip
for which the pads 2073 and the | eads 2074 are arranged in the
directiontoward whichthewiretail 82is flexed, for exanple,
t he second chi p 2072, and a correspondi ng one of the | eads 2074
is perforned, for exanple. Then, a pad on a left side of the
pad 2073 (at a upper left corner) andaleadthat areinasimlar
di rection as the pad 2073 and the | ead 2074 at the upper right
corner are connected. Then, simlarly to the previous
description, theflexingdirectionof thewiretail 82 extendi ng
fromthe capillary 16is inverted, and the bondingis perforned
sequentiallyinaleft-handrotationinanorder of alower |eft
corner and a | ower right corner as indicated by an arrowB in
FIG 24.
[ 0128]
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the wire tail folding unit, when the angle between the first straight line and the second straight line is
equal to or greater than the predetermined angle. 4. The wire bonding apparatus according to

claim 3, wherein

an end portion of the through hole on a side of the pressing surface is a straight

hole, and an angle between an inner surface of the straight hole and the pressing surface is
substantially at a right angle. 5. The wire bonding apparatus according to any one of claims 1 to
4, wherein the pressing surface is an annular flat surface, and the wire tail extension unit moves

the bondiing tool sugh it pg ¥pre 15 % PNty PRERHIMARANL QS ARy RSl of e pigspipa surface.

chip 3072 and the |l eads 3074 is perforned. Simlarly to the
previ ous description, also in this case, bondi ng between the
pad 3073 at | ower right of a chip for which pads and | eads are
arranged in the sane direction as the pad of the second chip
2072 and the | ead t hat have been | ast bonded, for exanple, the
third chip 3072, and the |l ead 3074 is perforned. Then, as

i ndicated by an arrow Cin FIG 24, bondi ng between the pads
and the leads is perforned sequentially in the right-hand
rotation.

[ 0129]

According to the enbodi nent descri bed above, it is
possi bl e to start bondi ng bet ween t he pads of the next chi p and
the | eads after the bondi ng between the | ast of the pads of the
previous chip and the | ead wi thout inverting the flexing
direction of thewiretail 82, and therefore it is possibleto
reduce the nunber of the inverting operation of the flexing
direction of thewiretail 82 the extending fromthe capillary
16, andtoal |l owefficient bonding. Further, inthisenbodi nent,
it is described that the directions of the pads and the | eads
on the | ower side are the sane as those on the upper side in
each of the chi ps 1072, 2072, and 3072; however, it i s possible
to provide the sane effect by, simlarly to the enbodi nent
described with reference to FIG 3, an arrangenent of the pads
and the leads with an angle difference snaller than a
predet er mi ned angl e di ff erence whi ch does not requi rei nversion

of the flexing direction of the wire tail 82.
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6. The wire bonding apparatus according to claim 5, wherein the wire tail extension unit moves the
bonding tool horizontally by a predetermined XY-direction distance along the straight line directed from
the succeeding first bonding point to the succeeding second bonding point, after moving the bonding
tool upward by a predetermined Z-direction distance. 7. The wire bonding apparatus according to
claim 5, wherein the wire tail extension unit moves the bonding tool obliquely upward by a
predetermined oblique distance along the straight line directed from the succeeding first bonding point
to the succT(?tﬂi%%fecond bonding point. 8. The wire bonding apparatus according to claim 5,
wherein e plurality of first bonding points are leads on a substrate, and the plurality of second

bonding points are padsfya CiP- bondi ng bet ween t he pads 1073, 2073, and 3073
inthe chips 1072, 2072, and 3072 and t he correspondi ng | eads
1074, 2074, and 3074 is not |imted to that in the above
enbodi nent. After thelast one of t he pads of the previous chip
and the |l ead of the substrate corresponding to this pad are
connected with the wire, the connection of the wire can be
started froma pad and a correspondi ng | ead of the next chip
for whichthispadandthis|eadarearrangedal ongthedirection
fromthe pad to the |l ead of the previous chip. For exanple,
as illustrated in FIG 25, the bonding can be sequentially
performed in the right-hand rotation for the first chip 1072,
in the right-hand rotation for the second chip, and in the
right-hand rotation for the third chip 3072.

[0131]

The enbodi ment descri bed above has descri bed t he bondi ng
met hod of startingthe bondi ng bet ween t he pads of the next chip
and the | eads without inverting the flexing direction of the
wire tail 82 after the bondi ng between the | ast of the pads of
the previous chip and the | ead. Hereinafter, a different
bondi ng nmet hod for reducing the nunber of the inverting
operation of the flexing direction the wire tail 82 wll be
described with reference to FIG 26 and FIG 27.

[ 0132]

In FIG 26, the | eads and the pads i n each of sets of the
pads 1073 of the chip 1072 and the | eads 1074, the pads 2073
of the chip 2072 and the | eads 2074, and t he pads 3073 of the
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9. The wire bonding apparatus according to claim 5, wherein the stepped portion of the folding
station comprises a wall surface for catching the wire tail, and a flat upper surface that continues to the
wall surface, and the wire tail folding unit moves the bonding tool at a height at which the pressing
surface of the bonding tool is higher than the flat upper surface of the stepped portion of the folding
station by a height slightly higher than a diameter of the wire. 10. A wire bonding method of
connecting a plurality of first bonding points and a plurality of second bonding points with a wire, the

method compngn SeR P NERALRA Wio bondiag BORRGIS COIATBINGS by go (Afarshaped

bonding tool haVing a through hole in which the Wwire’is'i e provided at a

periphery of thedfreyah beleraia ippkinediansling tachand spplgwesdpijeshifigswirgagainst a
bonding target, the through hole extending along a longitudinal direction of the bonding tool; and

arranged substantially in an identical direction. Further,
the | eads and t he pads i n each of sets of the pads 1073 and t he
| eads 1074, the pads 2073 and t he | eads 2074, and t he pads 3073
and the | eads 3074, respectively encl osed by dotted |Iines and
on the | ower side of the corresponding chips, are arranged in
a direction opposite fromthat for the sets on the upper side.
Therefore, by successively bonding the pads and the | eads in
regions in which the pads and the |l eads are in the identi cal
direction, it i s possibletoreduce the nunber of theinverting
operation of the flexing direction of the wire tail 82.
[0133]

For exanple, it is possible to reduce the nunber of the
I nverting operation of the flexing direction of the wire tail
82 down to 1 by a configuration in which bondi ng between the
pads and the | eads i n regi ons 1101, 2101, and 3101 i s perforned
inthis order, thetip of the wireis insertedin the hole 76
inthelead clanper, the capillary 16 i s noved hori zontally to
invert theflexingdirectionof thewiretail 82 extendi ng from
the capillary 16, andt hen bondi ng bet ween t he pads and t he | eads
in regions 1102, 2102, 3102 is performed in this order,.
[ 0134]

Further, in this enbodinent, it is described that the
di rections of the pads and the lead in the regions 1101, 2101,
and 3101 are simlar, and the directions of the pads and the

| ead in the regions region 1102, 2102, and 3102 are simlar;
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a clamper configured to hold the wire; a wire tail extension step of, after bonding the wire to a
previous one of the second bonding points, moving the bonding tool upward while the clamper is
opened, moving the bonding tool along a straight line directed from a succeeding one of the first
bonding points to a succeeding one of the second bonding points by a predetermined distance, and
causing the wire to extend from the through hole of the bonding tool in the direction along the straight
line directed from the succeeding first bonding point to the succeeding second bonding point; and

a tal cut stqp o pler SATIOG e s ) 10,450 £fiaaisanieall pYrodng e bpging tol

the direction along the straight line directe m the succeeding first bonding’poin ucceeding

second bonding peinkwhiaithe: AlRMREs ds Floegdwi t h Hefldieanice bppdinganethodagcording to
claim 10, wherein the bonding apparatus further comprises a folding station having a stepped

portion for catclaing eine nirefail brtqratisgdraint the ligatithe bohtiranteoigheddhé neatbod éurther
comprises: a wire tail folding step of, after moving the bonding tool to the folding station and

positioning 8Bir8tall BRI PHR §EEHEN BbARM, #dify thd bERGRE fodbRArda8s si&eeding

second bondln(éhpmnt.alonegr the straligl}trlllge? ?I ected f(rjclarpetra?rs cce dtlr}geflrst bondlng %)ént to the

r u
succeedingrsee ond%(')rwing %'o%rt], Hhereb cauesﬁhg? the wire tail 10 Be erxedV\f'O\r/v%rtda} e succeeding first

bonding po'[r1@135]

Alternatively, in a case in which chips are stacked as
illustratedinFI G 27 and pads on the chi ps of different stacks
are connected with a wire, it is possible to successively
perform bonding to pads arranged in the sane direction in
regi ons 4101, 5101, and 6101 illustrated in FIG 27 first,
insert thetip of thewireinthe hole 76 in the | ead cl anper,
nove the capillary 16 horizontally to invert the flexing
direction of thewiretail 82 extending fromthe capillary 16,
and then successively performbonding in regions 4102, 5102,
and 6102. It is also possible to provide the sane effect as
that of the previously described enbodinent in this case.

[ 0136]

Next, a different operation for cuttingthewretail 82
wi Il be described with reference to FIG 28. The cutting of
the wiretail 82 is describedwithreferenceto FIG 5L in the
above as the operationinwhichthecapillaryis novedobliquely
upwardtocut thewiretail 82 soastoextendobliquely dowward
fromthetipof thecapillary 16. However, in a case of bondi ng
usi ng al um numwi res, whi ch has been wi del y usedinrecent years,
the power requiredto cut thewiretail 82 is greater than that

inthe case of using goldwres, andit is sonetinmes difficult
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12. The wire bonding method according to claim 11, wherein the wire tail is formed in the wire tall
extension step and the tail cut step, when an angle between a first straight line and a second straight
line is smaller than a predetermined angle, the first straight line connecting a previous one of the first
bonding points and the previous second bonding point, the second straight line connecting the
succeeding first bonding point and the succeeding second bonding point; and the wire tail is
formed in the wire tail folding step, when the angle between the first straight line and the second

straight line, i {8 e(%lfll %}% %eraée %Flp t%% preﬁbﬁt [2 néed anqlﬁe cut 9.}3 ;éh%]WI eh%or%\ﬁilp method

according to any one of claims 1 12, wherein the pres§|ng surface Is arnr annu ar surface, and
in the wire fajiextesision sieguiher RENding to irimeyedSugl thatithenirg Wiliasligltly longer than

an external radius of the pressing surface. 14. The wire bonding method according to claim 13,
wherein  demanded.
[0137]

As illustrated in FIG 28, in this enbodinent, after
bondi ng to a second bondi ng point P, the cl anper i s opened and
the capillary 16 is tenporarily noved vertically upward to a
pr edet er m ned hei ght fromt he second bondi ng poi nt as i ndi cat ed
by a novenent [ine 1051 in FIG 28, and horizontally noved to
a first bondi ng point as indicated by a novenent |ine 1052 in
FIG 28, thenthe capillary 16 is horizontally noved al ong t he
di rection between the first bondi ng point for bonding and t he
second bondi ng poi nt, the cl anper is closed at the point s, and
the capillary 16 i s horizontally noved further to cut thewre
tail 82soastoextendobliquelydowward. Thiscuttingnmethod
provi des an effect of facilitatingthe cuttingof thewiretail
82, as work hardeningof thewiretail 82 near the second bondi ng
poi nt is produced by the horizontal reciprocating novenent of
the capillary 16.

[0138]

The present invention is not Iimted to the above
descri bed enbodi nents, and can include any alteration or
nodi ficationw t hout departing fromthetechnical scope andthe
spirit of the present invention as defined in the scope of the

present invention.

DESCRI PTI ON OF REFERENCE CHARACTERS
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in the wire tail extension step, the bonding tool is moved horizontally by a predetermined XY-direction
distance along the straight line directed from the succeeding first bonding point to the succeeding
second bonding point, after moving the bonding tool upward by a predetermined Z-direction distance.
15. The wire bonding method according to claim 13, wherein in the wire tail extension step, the
bonding tool is moved obliquely upward by a predetermined oblique distance along the straight line
directed from the succeeding first bonding point to the succeeding second bonding point. 16. The
wire bondin d according to claim 13, wherein the plurality of first bonding points are leads
on a substrate, and the plurality of second bonding points are pads on a chip.

10 W re Bondi ng Appar at us

11 Spool

13 Bondi ng Arm

13b U trasonic Horn

14 Bondi ng St age

15 U trasoni c Transducer

16 Bondi ng Tool

16a Pressing Surface

16b  Through Hol e

16¢c, 16d Corner Portion

16e  Chanfer

169 Center Line

17 Cl anper

18 Movenment Mechani sm

19 Bondi ng Head

20 XY Tabl e

27 Cl anper Open-C ose Mechani sm
28 Caner a

29 Bondi ng Tool Hei ght Detector
30 Control Unit

31 Dat a Bus

32 Storage Unit

33 Bondi ng Direction Cal cul ati on Program
34 Wre Tail Extension Program
35 Tai | - Cut Program

36 Wre Tail Folding Program
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17. The wire bonding apparatus according to claim 5, wherein when a plurality of chips are
disposed on a common substrate, and a plurality of pads of each chip and leads on the substrate
corresponding to the pads are connected with a wire, the control unit starts bonding, after alast
one of the pads on a previous one of the chips and a lead on the substrate corresponding to this pad
are connected with a wire, from a set of pads and leads of a subsequent one of the chips on which a
pad and a lead corresponding to this pad are disposed along a direction directed from the last pad on
the preV|ou§x}:h|p to ﬁtl?%? CRIrEsR %rmlng to this last pad. 18. The wire bonding apparatus
according to claim 5, wherein hen a plurality of chips are disposed on a common substrate, and
a plurality ogpads o@;@ﬁph &hinapd, leads on the substrate corresponding to the pads are connected
with a wire, the control unit sequentially performs bonding to each of sets of pads and leads
respectivelydorresidratipg to Beepads, dise phtts haditsendatsanfeach set being connected by lines in

a similar direction. _ _ _
Bondi ng Tool Height Detection Interface

43 U trasoni ¢ Transducer Interface
44 Movenment Mechani smiInterface
50, 51 Bondi ng Tool Rising Trajectory

52-58 Movenent Trajectory
60 Conput er

71 Substrate

72, 1072, 2072, 3072 Chip
73, 1073, 2073, 3073 Pad
74, 1074, 2074, 3074 Lead
75 Lead C anper

75a, 79a Upper Surface
75b  Peripheral Surface
75¢C Peri phery Portion

76 Hol e

76a I nner Surface

77 Openi ng

78 Fol di ng Stati on

79 Proj ection

79b  Side Surface

81 Wre

82 Wre Tail

82a Projecting Portion

82c FI exi ng Portion
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19. The wire bonding apparatus according to claim 5, wherein the wire tail extension unit moves
the bonding tool horizontally by a predetermined XY-direction distance along the straight line directed
from the succeeding first bonding point to the succeeding second bonding point, after moving the
bonding tool upward by a predetermined Z-direction distance, and horizontally from the second
bonding point to the first bonding by a predetermined XY-direction distance. 20. The wire bonding
method according to claim 13, wherein when a plurality of chips are disposed on a common
substrate, agm&l a pI%pﬁX Oétpﬂ?é q;\.'elagh chip and leads on the substrate corresponding to the pads

are connected with a erg, onding is started after a last one of the pads on a previous one of the

chips and aggad orghegubstratg gprfesnaneling to this pad are connected with a wire, from a set of
pads and leads of a subsequent one of the chips on which a pad and a lead corresponding to this pad
are disposed?alofd a drectldty direlcaed frBol thenigstypareon the previous chip to the lead

corresponding to this last pad. ~ 21. The wire bonding apparatus according to claim 13, wherein
when a plufdfity of FFE98FE Sshas&dbnld &Smmon substrate, and a plurality of pads of each chip and

leads on th@gubstr%tlef (fq,]rreétppgldbr}g[tol_tpﬁ é)ads are connected with a wire,

96 Si xth Straight Line

98 Sevent h Strai ght Line

173 First Pad

174 First Lead

183, 185, 283, 285, 683, 685 Bond Portion
183a, 283a, 683a End Portion
184, 284, 684 Connecting Wre
273  Second Pad

274  Second Lead

573 Fifth Pad

574 Fifth Lead

673 Sixth Pad

674 Sixth Lead

773  Seventh Pad

774  Seventh Lead

1051-1053 Movenent Line

1101- 6102 Region

n | nt eger
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bonding is sequentially performed to each of sets of pads and leads respectively corresponding to the
pads, the pads and the leads in each set being connected by lines in a similar direction. 22. The
wire bonding method according to claim 13, wherein the wire tail extension step moves the
bonding tool horizontally by a predetermined XY-direction distance along the straight line directed from
the succeeding first bonding point to the succeeding second bonding point, after moving the bonding
tool upward by a predetermined Z-direction distance, and horizontally from the second bonding point
to the first bonding by a predetermined XY-direction distance.

CLAI M5

1. Awre bonding apparatus for connecting a plurality
of first bondi ng points and aplurality of second bondi ng points
with a wre, the apparatus conprising:

a bar - shaped bondi ng t ool havi ng a t hrough hol e i n whi ch
the wire is inserted, and a pressing surface provided at a
peri phery of the through hole at a tip of the bonding tool and
configured to press the wire against a bonding target, the
t hrough hol e extendi ng al ong a | ongi tudi nal direction of the
bondi ng t ool ;

a clanper configured to hold the wire; and

a control unit configured to specify novenent of the
bonding tool, and to open and cl ose the clanper,

wherein the control unit conprises:

wire tail extension unit configured to nove the
bondi ng tool, after bonding the wire to a previ ous one of the
second bondi ng poi nts, upward whil e the cl anper i s opened, and
then along a straight Iine directed froma succeedi ng one of
the first bonding points to a succeedi ngone of the second
bondi ng poi nts by a predeterm ned di stance, and cause the wire
toextendfromthethroughhol e of thebondingtool inadirection
along the straight line directed fromthe succeeding first
bondi ng point to the succeedi ng second bondi ng point; and

tail cut unit configuredto, after causingthewre

tail to extend, cut the wire tail by noving the bondi ng tool
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in the direction along the straight line directed fromthe
succeedi ng first bondi ng point tothe succeedi ng second bondi ng

poi nt while the clanper is closed.

2. The wire bondi ng apparatus according to claim1,
further conpri sing:

a fol ding station having a stepped portion for catching
thewiretail extendingfromthetipof thebondingtool, wherein

the control unit conprises:

wiretail foldingunit configuredto, after noving

the bondingtool tothefoldingstationandpositioningthewre
tail along the stepped portion, nove the bonding tool toward
t he succeedi ng second bondi ng point along the straight |ine
directed fromthe succeeding first bonding point to the
succeedi ng second bondi ng poi nt, thereby causing the wire tai

to be flexed toward the succeeding first bondi ng point.

3. The wi re bondi ng apparatus according to claim 2,
wherein

the control unit fornms the wre tail using:

the wretail extensionunit and the tail cut unit, when
an angl e between a first straight [ine and a second strai ght
lineis smaller than a predeterm ned angle, the first straight
| i ne connecting a previous one of the first bondi ng points and
t he previous second bondi ng point, the second straight |ine
connecting the succeeding first bonding point and the

succeedi ng second bondi ng point; and
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the wire tail folding unit, when the angle between the
first straight line and the second straight line is equal to

or greater than the predeterm ned angle.

4. The wire bondi ng apparatus according to claim 3,
wherein

an end portionof t hethroughhol e onasideof thepressing
surfaceis astrai ght hol e, and an angl e bet ween an i nner surface
of the strai ght hole and the pressing surface is substantially

at a right angle.

5. The wire bondi ng apparatus according to any one of
claims 1 to 4, wherein

the pressing surface is an annular flat surface, and

the wre tail extension unit noves t he bondi ng tool such
that the wire tail is slightly |longer than an outsi de radi us

of the pressing surface.

6. The wi re bondi ng apparatus according to claimb5,
wherein

the wire tail extension unit noves the bonding tool
hori zontal | y by a predet ermi ned XY-di recti ondi stance al ongt he
straight linedirected fromthe succeeding first bondi ng poi nt
tot he succeedi ng second bondi ng poi nt, after novi ngthe bondi ng

tool upward by a predeterm ned Z-direction distance.
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7. The wi re bondi ng apparatus according to claimb5,
wher ei n

the wire tail extension unit noves the bonding too
obl i quel y upwar d by a predet er mi ned obl i que di stance al ong t he
straight linedirected fromthe succeeding first bondi ng poi nt

to the succeedi ng second bondi ng point.

8. The wi re bondi ng apparatus according to claimb5,
wher ei n

the plurality of first bonding points are |eads on a
substrate, and

the plurality of second bondi ng poi nts are pads on a chi p.

9. The wi re bondi ng apparatus according to claimb5,
wher ei n

t he stepped portion of the folding station conprises a
wal | surfacefor catchingthewiretail, andafl at upper surface
that continues to the wall surface, and

the wire tail folding unit noves the bonding tool at a
hei ght at which the pressing surface of the bonding tool is
hi gher than the flat upper surface of the stepped portion of
the fol ding stati on by a hei ght slightly higher than a di aneter

of the wire.

10. A wire bondi ng net hod of connecting a plurality of
first bonding points and a plurality of second bondi ng points

with a wire, the nethod conpri sing:
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a step of preparing aw re bondi ng appar atus conpri sing:
a bar - shaped bondi ng t ool having a through hole in
whichthewireis inserted, and a pressing surface provi ded at
a periphery of the through hole at a tip of the bondi ng tool
and configured to press the wire agai nst a bondi ng target, the
t hrough hol e extendi ng al ong a | ongi tudi nal direction of the
bondi ng tool; and
a cl anper configured to hold the wre;

awretail extension step of, after bondingthewreto
a previ ous one of the second bondi ng poi nts, novi ng t he bondi ng
t ool upward whil ethe cl anper i s opened, novi ng t he bondi ng t ool
alongastraight linedirectedfromasucceedi ngone of thefirst
bondi ng poi nts to a succeedi ng one of t he second bondi ng poi nts
by a predet er mi ned di stance, and causingthew retoextendfrom
t he t hrough hol e of the bonding tool inthe direction alongthe
straight linedirected fromthe succeedi ng first bondi ng poi nt
to the succeedi ng second bondi ng poi nt; and

atail cut stepof, after causingthewi retail to extend,
cuttingthewretail by novingthebondingtool inthedirection
along the straight line directed fromthe succeeding first
bondi ng poi nt to t he succeedi ng second bondi ng poi nt while the

cl anper is closed.

11. The wire bondi ng nethod according to claim10,

wher ei n
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t he bondi ng apparatus further conpri ses afol dingstation
havi ng a stepped portion for catching the wire tail extending
fromthe tip of the bonding tool, and

the nmethod further conprises:

awiretail foldingstepof, after novi ng t he bondi ng t ool
tothe folding station and positioningthewiretail alongthe
st epped portion, noving the bondi ng tool toward t he succeedi ng
second bondi ng poi nt al ong the straight line directed fromthe
succeedi ng first bondi ng point tothe succeedi ng second bondi ng
poi nt, thereby causing the wire tail to be flexed toward the

succeedi ng first bondi ng point.

12. The wire bonding nethod according to claim11,
wher ei n

the wwre tail is formedinthe wire tail extension step
and the tail cut step, when an angl e between a first straight
i ne and a second straight lineis smaller than a predeterm ned
angle, thefirst straight |ine connecting a previ ous one of the
first bondi ng poi nts and t he previ ous second bondi ng poi nt, the
second straight |ine connecting the succeeding first bondi ng
poi nt and the succeedi ng second bondi ng point; and

the wire tail is forned in the wire tail folding step,
when t he angl e between the first straight |line and t he second
straight line is equal to or greater than the predeterm ned

angl e.
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13. The wire bonding nethod according to any one of
clains 10 to 12, wherein

the pressing surface is an annular flat surface, and

inthewretail extensionstep, the bondingtool is noved
such that the wire tail is slightly |onger than an external

radi us of the pressing surface.

14. The wire bonding nethod according to claim13,
wher ei n

inthewiretail extensionstep, the bondingtool is noved
hori zontal | y by a predet ermi ned XY-di recti ondi stance al ongt he
straight linedirected fromthe succeeding first bondi ng poi nt
tot he succeedi ng second bondi ng poi nt, after novi ngthe bondi ng

tool upward by a predeterm ned Z-direction distance.

15. The wire bonding nethod according to claim13,
wher ei n

inthewiretail extensionstep, the bondingtool is noved
obl i quel y upwar d by a predet er mi ned obl i que di stance al ong t he
straight linedirected fromthe succeedi ng first bondi ng poi nt

to the succeedi ng second bondi ng point.

16. The wire bonding nethod according to claim13,
wher ei n

the plurality of first bonding points are |eads on a
substrate, and

the plurality of second bondi ng poi nts are pads on a chi p.
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17. The wire bondi ng apparatus according to claimb5,
wher ei n

when a plurality of chips are disposed on a common
substrate, and a plurality of pads of each chip and | eads on
the substrate corresponding to the pads are connected with a
wire, the control unit starts bondi ng,

after al ast one of the pads on a previ ous one of the chi ps
and a lead on the substrate corresponding to this pad are
connected with a wire, froma set of pads and | eads of a
subsequent one of the chips on which a pad and a | ead
corresponding to this pad are disposed along a direction
directed fromthe | ast pad on the previous chip to the | ead

corresponding to this | ast pad.

18. The wire bondi ng apparatus according to claimb5,
wher ei n

when a plurality of chips are disposed on a common
substrate, and a plurality of pads of each chip and | eads on
the substrate corresponding to the pads are connected with a
Wre,

the control unit sequentially perforns bonding to each
of sets of pads and | eads respectivel y correspondi ngtothe pads
t he pads and the | eads i n each set bei ng connected by lines in

a simlar direction.
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19. The wire bondi ng apparatus according to claimb5,
wher ei n

the wire tail extension unit noves the bonding too
hori zontal | y by a predet ermi ned XY-di recti ondi stance al ongt he
straight linedirected fromthe succeeding first bondi ng poi nt
tot he succeedi ng second bondi ng poi nt, after novi ngthe bondi ng
tool upward by a predeterm ned Z-direction distance, and
hori zontal Iy fromt he second bondi ng poi nt tothe first bonding

by a predeterm ned XY-direction distance.

20. The wire bondi ng nethod according to claim 13,
wher ei n

when a plurality of chips are disposed on a common
substrate, and a plurality of pads of each chip and | eads on
the substrate corresponding to the pads are connected with a
Wre,

bonding is started after a | ast one of the pads on a
previ ous one of the chips and a |lead on the substrate
correspondingto this pad are connectedwithawre, froma set
of pads and | eads of a subsequent one of the chips on which a
pad and a | ead corresponding to this pad are di sposed al ong a
direction directed fromthe | ast pad on the previous chip to

the | ead corresponding to this |ast pad.

21. The wire bondi ng apparatus according to claim 13,

wher ei n
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when a plurality of chips are disposed on a conmon
substrate, and a plurality of pads of each chip and | eads on
the substrate corresponding to the pads are connected with a
W re,

bondi ng i s sequentially performed to each of sets of pads
and | eads respectively correspondi ng to t he pads, the pads and
the | eads in each set being connected by lines in a simlar

di rection.

22. The wire bondi ng nethod according to claim 13,
wher ei n

the wire tail extension step noves the bonding too
hori zontal | y by a predet ermi ned XY-di recti ondi stance al ongt he
straight linedirected fromthe succeeding first bondi ng poi nt
tot he succeedi ng second bondi ng poi nt, after novi ngthe bondi ng
tool upward by a predeterm ned Z-direction di stance, and
hori zontal |y fromt he second bondi ng point tothe first bondi ng

by a predeterm ned XY-direction distance.
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