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.



[ 0003]

Furt her, awedge wi r e bondi ng appar at us uses at ool having
aw re feed gui de and a pressi ng surface, and i ncl udes t he st eps
of : bondingawiretoapadof achip, without formnganinitial
ball, by pressing a side of the wire to the pad of the chip by
the pressing surface while the wire feed guide naintains a
direction of the wire and by applying ultrasonic vibration to
thewire; loopingthewiretoal ead of asubstrate after raising
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



bondi ng head (see Patent Literature 2, for exanple), or rotating
t he bondi ng stage holding the chip and the substrate are
enpl oyed so as to align the direction of the wire feed gui de
of the bonding tool with the connecting direction of thewre.
[ 0005]

However, rotating the bondi ng head or the bondi ng st age
poses a probl emof increasing a size of a bondi ng appar atus as
a whol e, as well as a problemof a sl ower bondi ng speed, which
results in an inability of high-speed bonding. 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 No. $58-9332

Patent literature 2: Japanese Unexamined Patent Application
Publication No. S555-74151

Patent literature 3: US Patent Application Publication No.

2005-0167473

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 capillarybis 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 fromthe tip of the capillary in a
direction along a surface of the capillary tip so as to all ow
wedge wire bonding, it is necessary to nove the capillary
tenporarily downward to press the wire tail against the tip of
thecapillary. Thus, accordingtothewedge 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



of first bondi ng points and aplurality of second bondi ng points
with a wwre, the apparatus is provided with: a bar-shaped
bondi ng t ool havingathroughholeinwhichthewireisinserted,
and a pressing surface provided at a periphery of the through
hole at a tip of the bonding tool and configured to press the
Wi r e agai nst a bondi ng target, the through hol e ext endi ng al ong
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



tip of the bonding tool is further provided, and the control
unit caninclude: wiretail fol ding neans configuredto, after
novi ng t he bondi ng tool to the fol di ng stati on and positioning
thewiretail along the stepped portion, nove t he bondi ng t ool
toward t he succeedi ng second bondi 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



preferabl ethat the pressingsurfaceisanannular flat surface,
and the wire tail extension neans noves the bondi ng tool such
that the length of the wire tail is slightly greater than an
out si de radi us of the pressing surface. It is also preferable
that the wire tail extension nmeans noves the bondi ng tool
hori zontal | y by a predet ermi ned XY-di recti ondi stance al ongthe
straight linedirected fromthe succeedi ng first 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 wi re bondi ng net hod accordi ng to t he present i nvention
Is awre bonding nmethod for connecting a plurality of first
bondi ng points and a plurality of second bonding points with
aw re, thenmethodconprising: astepof preparingaw re bondi ng
appar at us i ncl udi ng: a bar - shaped bondi ng t ool havi ng at hr ough
hole in which the wire is inserted, and a pressing surface
provi ded at a periphery of the through hole at a tip of the
bondi ng t ool and configuredto press the wi re agai nst a bondi ng
target, the through hol e extending along a | ongitudina
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 closed.
[ 0016]

Preferably, the wire bonding nethod according to the

present i nvention can further include afoldingstation having



a stepped portion for catchingthewiretail extendi ng fromthe
tip of the bonding tool, and the net hod can be further provided
with: awiretail foldingstepof, after novi ng the 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 point along the straight Iine 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.

[0017]

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



slightlygreater than an external radi us of the pressingsurface.
It isalsopreferablethat inthewretail extension step, the
bondi ng tool is noved horizontally by a predetermn ned
XY-directiondi stance 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 predet erm ned
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]

11



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, 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
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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.

[ 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



BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 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 apparatus according 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 nvention.

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 5Dis adiagramillustrating an operation of wedge
bondi ngtoapadof achi pbythew re bondi nhg appar at us accor di ng
to the one enbodi nent of the present invention.

FIG 5Eis adiagramillustrating 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 5Mis adiagramillustrating an operation of noving
to the next pad by the wi re bondi ng appar atus according to the
one enbodi nent of the 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 bondi ng apparatus according to the one
enbodi nent of the present invention.

FIG 11A is 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 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 11J is a diagramillustrating a | oopi ng operation
fromthe pad of the chipto a |lead of a substrate by the wire
bondi ng appar at us accordi ngtothe one enbodi nent of t he present
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 15A is a diagramillustrating a wire fol ding
oper ati on by the wi re bondi ng apparatus accordingtoadifferent
enbodi nent of the present invention.

FIG 15B 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 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 19 is a diagramillustrating the operation of
extendingthew retail by the wi re bondi ng appar at us accor di ng
to the different enbodi nent of the present invention.

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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bondi ng appar at us according to the di fferent enbodi nent of the
present invention.

FIG 21His adiagramillustratingthe | oopi nhg operation
fromthe | ead of the substrate to the pad of the chip 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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the present invention, as well as a chip, a substrate, and a
connecting wire after wedge bondi ng.

FIG 24 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 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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configuredto be driven by a Z notor about arotational center,
and such that an ultrasonic horn 13b is attached to a tip of
the arm and a tip of the ultrasonic horn 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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tool 16 constitutes a pressing surface 16awith whichthewre
81 is pressed against a pad of the chip 72 or a |lead of the
substrate 71 as a bonding target. Referringto FIG 2(b), the
pressing surface 16a is an annular flat surface having the
t hrough hole 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 t he 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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bondi ng tool 16. The clanmper 17 noves in XYZ directionthe in
conjunctionw ththebondingarml3. Thew re bondi ng appar at us
10 is provided with a cl anper open-cl ose nechani sm27, and t he
clanper 17 is configured to be driven to open and cl ose based
on an operation of the clanper open-close nechani sm 27.

[ 0031]

As illustrated in FIG 1, the wire bondi ng apparatus 10
is configured 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 height 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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i magi ng device, alens, and the |i ke, without a conponent such
as a di aphragmnechani smor a shutter, as | ong as ani nage si gnal
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
datatothe control unit 30 based ont he conmand 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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atail-cut program35 astail cut neans, andawretail folding
program 36 as wire tail folding neans. Further, the storage
unit 32 al so stores a bondi ng direction cal cul ati on program33
for calculating a direction in whichthe bonding tool 16 noves
in the XY plane when bondi ng.

[ 0035]

As illustrated in FIG 1 and FIG 3, the | ead cl anper 75
for pressing and fixing the substrate 71 agai nst and onto t he
surface of the bonding 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]
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Now, a step of connecting the pad 73 of the chip 72 and
the | ead 74 of the substrate 71 wwth awre by the wire bondi ng
apparatus 10t hus configuredw || be described. Asillustrated
in FIG 3, this enbodi nent descri bes a case in which pads 73
are arranged in a regular pitch al ong each of an upper and a
| ower side of the chip 72, and | eads 74 respectively
corresponding to the chips 72 are arranged in a regul ar pitch
wi der than the pitch of the pad 73 on an upper and a | ower side
of the chip 72, and each of connecting wires 84 respectively
connecting the pads 73 and t he correspondi ng | eads 74 ext ends
obl i quel y upward or downward fromthe 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

28



cal cul ati on program33, and the control data 38 that are stored
inthe storage unit 32, and stores themin an internal nenory.
Further, as illustrated in FIG 5A, the bonding tool 16 is
positioned outwardly both fromthe opening 77 in the | ead
cl anper 75 and the hole 76. As will be described later with
reference to FIG 7Aand FIG 7B, inaninitial state, awre
tail 82 linearly extends fromthe pressing surface 16a at the
tip of the bonding tool 16 by an extension |l ength Ds, and the
cl anper 17 is cl osed. The extension length D; of the wre tail
82 is longer than a wi dth of the annul ar pressing surface 16a
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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16 cones i nmedi at el y above the hole 76 as illustrated in FIG
5B, the control unit 30 out puts acommand f or novi ng t he pressi ng
surface 16a at the tip of the bonding tool 16 down to a position
hi gher than the upper surface 75a of the | ead cl anper 75 by a
hei ght H;,. 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 pressing surface 16a at the tip of
t he bonding 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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the first pad 173 and the first |lead 174 as a direction of a
first straight |line 91.
[ 0040]

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 si gnal 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 5Cand FIG 6(a), tothe side of the first lead 174 in
thedirectionalongthefirst straight line91. Asillustrated
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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16a of the bonding tool 16 or the external radius ri; of the
pressing surface 16a by the | engt h Ds; of t he proj ecting portion
82a. Accordingly, asillustrated in FIG 7A and FIG 7B, the
tipof thewiretail 82flexedinthedirectional ongthepressing
surface 16a projects outwardly fromthe pressing surface 16a
of t he bondi ngtool 16 by t he |l engt h Dg; of t he projecting portion
82a (wire tail folding step).

[ 0041]

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 first pad 173, as the integer n
isset tol. Based onthis command, 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
5D, sothat the center of the bonding tool 16 cones i medi ately
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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straight line 91 illustrated in FIG 6(b) is pressed agai nst
the first pad 173 by the pressing surface 16a at the tip of the
bondi ng tool 16, the ultrasonic transducer 15 is driven based
onasignal fromtheultrasonictransducer interface 43to cause
t he bonding tool 16 to vibrate, and the wire tail 82 i s bonded
to the first pad 173 by wedge bonding. This bonding forns a
first bond portion 183 on an upper surface of thefirst pad 173.
The first bond portion 183 is fornmed by squashi ng t he si de of
thewiretail 82 by the flat pressing surface 16a of t he bondi ng
tool 16, andisanellipticor circularthinplateasillustrated
in FIG 6(b) and FIG 8A. As illustrated in FIG 8A, as the
|l engthof thewiretail 82is|onger thanthew dth of t he annul ar
pressing surface 16a of the bonding tool 16 or the externa
radi us rqi; of the pressing surface 16a by the | ength Dg; of the
projecting portion 82a, the length of theelliptic or circular
first bond portion 183 is slightly greater than the w dth of
the pressing surface 16a, which results in favorable 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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wi t hin the bondi ng head 19 is driven to rotate the bondi ng arm
13, and the tip of the bonding tool 16 i s noved upward. Al ong
with this, a signal fromthe novenent nmechanisminterface 44
is outputted to the XY table 20, and the XY tabl e 20 noves t he
center of the bonding tool 16 in the direction along the first
straight line 91 illustrated in FIG 6(b). Further, based on
this command, a signal fromthe cl anper open-cl ose nmechani sm
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
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interface 44 is outputted to the XY table 20 and t he bondi ng
head 19, and the Z notors provided within the XY table 20 and
t he bondi ng head 19 are driven so that the tip of the bondi ng
tool 16 noves al ong a shape of the loop asillustratedin FIG
5H. By this operation, the center of the bonding tool 16 noves
alongthefirst straight line9lillustratedinFIG 6(b), from
the first pad 173 toward the first |lead 174.
[ 0045]

Then, when the center of the bonding tool 16 cones
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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bond portion 183. Wwenthewre 81 is bondedtothe first | ead
174 by wedge bonding in this manner, the first pad 173 and t he
first lead 174 are connected with the first connectingw re 184
that isinaloophaving anmuntain-likeprofileasillustrated
inFIG 5Kand linearly extendingalongthefirst straight Iine
91 in the XY plane as illustrated in FIG 6(b).

[ 0046]

Upon conpl etion of bonding to the first |ead 174, the
control unit 30 determnes, as in Step S110 of FIG 4, whet her
or not there are the pad 73 or the | ead 74 t hat are to be bonded
next. As theinteger nisset tol, (n+tl) is 2, and the second
bonding is to be perforned for connecting the second pad 273
and the second | ead 274 in this enbodi nent, the control unit
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 | ead 274 in the XY directionillustratedinFIG 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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and compares the angle difference 6; W t h a predet er m ned angl e.
Her e, t he predet erm 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 interferewiththe connecting wire 184 that has
been bonded i medi at el y previ ousl y when extendingthewretail
82, or can be onthe order of 30 degrees or 45 degrees, for exanpl e,
at which afracture can not occur betweenthe extendedwi retail
82 and t he second bond portion 185 bondedtothe first | ead 174.
[ 0048]

As in Step S112 of FIG. 4, when the angle difference 61
Is smaller than the predeterm ned angle difference, as 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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wire tail pulling line 92 illustrated in FIG 6(b) fromthe
surface of the first [ead 174.
[ 0049]

Further details as to how the bonding tool 16 noves
obl i quely upward fromthe first |l ead 174 wi ||l be describedw th
reference to FIG 8A and FIG 8B. In FIG 8A and FIG 8B,
alternate | ong and short dash |ines showa state in which the
bondi ng tool 16 bonds the first lead 174 with the wire 81 by
wedge bonding. Inthis state, the pressing surface 16a of the
bondi ng tool 16 i ndicated by the alternate | ong and short dash
lines in FIG 8A causes the side of the wire 81 to be deforned
into the second bond portion 185 of an elliptic thin plate by
pressing the side of the wire 81 against the first |ead 174,
t her eby bondi ng t he second bond portion 185 ontothe first | ead
174 by wedge bonding. The wire 81 is flexed substantially 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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tip of the bonding tool 16 is flexed at the angle 6; at a border
portion with the end portion of the second bond portion 185.
Then, as further shown by solid lines in FIG 8A and FI G 8B,
when the ti p of the bondi ng tool 16 noves obl i quely upward, the
extendedwiretail 82ispressedlaterally bythecorner portion
16c between the t hrough hole 16b and the pressing surface 16a
of the bonding tool 16, stroked by the corner portion 16¢c, and
formedintoaflexedshape withrespect tothe pressing surface
16a of the bondingtool 16. Theflexingdirectioninavertica
planeissuchthat thewireisflexedtowardthe pressingsurface
16a at the sane angle as a rising angle of the bonding tool 16
wi th respect to the pressing surface 16a, or at an angl e deeper
than this.

[ 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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of the pressing surface 16a by the | ength Dg, of the projecting
portion 82a. This length is necessary in order to ensure a
bondi ng strength and a bondi ng property by allowi ng, in the
succeedi ng bonding, the wire tail 82 to project outside the
annul ar pressi ng surface 16a of t he bondi ngtool 16 by thel ength
Ds, of the projecting portion 82a, and the wre tail 82 to be
formed into a thin plate by being pressed agai nst the pad 73
by an entire surface of the pressing surface 16a of the bondi ng
t ool 16 and bonded by wedge bondi ng (W re tail extension step).
[ 0052]

Here, a proportion of the Zdirection noving di stance Hy;
of the bonding tool 16 to the XY direction noving di stance Li;
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 o 45 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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in order to set the angle o to 45 degrees, the bonding tool 16
can be noved obliquely upward such that the proportion of the
Z direction noving distance H;; of the bonding tool 16 to the
XY direction noving distance Lij; is 1:1. The angle o and the
proportion of the Zdirection noving di stance Hy; of t he bondi ng
tool 16 to the XY direction noving distance L;; can be freely
sel ected based on a condition 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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fromthe pressing surface 16a of the bonding tool 16 is

mai ntai ned. Further, 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.

[ 0054]

Upon cutting of the wire tail 82, the control unit 30
increnents the integer n by 1 as in Step S116 of FIG 4, and
the process returns to Step S105 of FIG 4. At this time, as
the integer nis 2 by being increnmented by 1, the control unit
30 noves the center of the bonding tool 16 i mredi ately above
the second pad 273 asillustratedin FIG 5M Wen the bondi ng
tool 16 cones immedi ately 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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bondi ng tool 16 is pressed against the second pad 273 by the
pressing surface 16a at the tip of the bonding tool 16, the
ul trasoni ¢ transducer 15 is driven based on a signal fromthe
ul trasoni c transducer interface 43 to cause the bondi ng t oo
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 becones a first bond portion 283 in
anellipticor circular thinplate. As thelength of thewre
tail 82 is slightly greater than the width of the annul ar
pressing surface 16a of the bonding tool 16, the projecting
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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in Steps S112-S115 of FIG 4, calculates adirection for third
bonding if third bonding is to be perfornmed. As illustrated
in FIG 6(b), a second wire tail pulling line 94 parallel to
the direction for the third bonding forns an angle difference
6, to the second straight line 93 as the direction for second
bonding, and as the angle difference 6, i s snaller than a
predet erm ned angl e di fference, the control unit 30 noves the
bondi ng tool 16 obliquely upward along the direction of the
second wretail pullingline 94 parallel tothe direction for
third bonding illustrated in FIG 6(b). Then, as in Steps
S114-S115 of FIG 4, after extending the wire tail 82 by 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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above the fifth pad 573, and as in Step S106 of FIG 4, outputs
a command for perform ng bonding onto the fifth pad 573.
Simlarly to the previous description, based on this command,
the wi re bondi ng apparatus 10 drives the Znotor providedw thin
t he bondi ng head 19 to nove the tip of the bonding tool 16
downward onto the fifth pad 573, and bonds the side of the wre
tail 82ontothefifthpad573bywedge bondi ng. Upon conpl etion
of bonding of thewiretail 82tothe fifth pad 573, asin Step
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

45



connecting the sixth pad 673 and the sixth |l ead 674 that are
to be next connected. The control unit 30 reads positions of
the sixth pad 673 and the sixth lead 674 in the XY direction
illustrated in FIG 3 fromthe control data 38, and as
illustrated in FIG 10(b), calculates the direction for the
si xth bondi ng for connecting the sixth pad 673 and the sixth
| ead 674 as a direction 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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upwar d above the fifth | ead 574. In the previous description,
t he bondi ng tool 16 is described to nove obliquely upward after
the bonding to the first | ead 174; however, as illustrated in
FIG 11A, after the bondingtothe fifth |l ead 574, the bondi ng
tool 16 is noved substantially vertically upward. This is
performedinorder toextendthewiretail 82 linearly fromthe
tip of the bondingtool 16. Then, after novi ngt he bondi ng t ool
16 up to a predeterm ned height, the control unit 30 outputs
a command for closing the clanper 17 as in Step S119 of FIG
4. Simlarly to the previous description, the clanper 17 is
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,
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based on this conmand, the pressing surface 16a at the tip of
t he bonding 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
is noved down to the height H,, asillustratedin FIG 11D, the
tipof thewiretail 82 linearly extending fromthe tip of the
bondi ng tool 16 is inside the hole 76 of the | ead cl anper 75.
[ 0062]

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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82 insidethe hol e 76 t o be caught on t he corner portion between
the i nner surface 76a of the hole 76 and t he upper surface 75a
of the |ead clanper 75, and the wire tail 82 is fl exed
substantially at aright angletothe wire 81 inserted through
t he through hole 16b. Further, as illustrated in FIG 10(a),
the folded wiretail 82 faces inthe direction along aline 96
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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the ultrasonic transducer 15 is driven based on a signal from
theultrasonictransducer interface 43to causethe bondi ngtool
16 to vibrate, and the wire tail 82 is bonded to the sixth pad
673 by wedge bondi ng. This bonding forns a first bond portion
683 on an upper surface of the sixth pad 673. The first bond
portion 683 is fornmed 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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[ 0067]

After noving the bonding tool 16 up to a predeterm ned
hei ght, the control unit 30 out puts a conmand for | ooping the
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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that isinaloophaving anountain-likeprofileasillustrated
inFIG 1lLandis linear inthe XYplaneasillustratedinFIG
10( b) .
[ 0069]

Upon conpl etion of bonding to the sixth | ead 674, the
control unit 30 determ nes, as in Step S110 of FIG 4, whet her
or not there is sixth bonding to be next perforned. As
illustrated in FIG 3 and FIG 10(b), as the seventh bondi ng
istobeperfornedfor connectingaseventhpad 773 and a seventh
|l ead 774 in this enbodi ment, the control unit 30 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

52



74 has been conpl eted, and that no succeedi ng bonding is to be
perfornmed, the control unit 30 perforns a bondi ng apparat us
term nating operation, asin Step S117 of FIG 4, by noving t he
bondi ng tool 16 upward while the clanper 17 is closed to cut
the wire tail 82, by noving the center of the bonding tool 16
back to an initial position to termnate the wire bondi ng
apparatus 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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t hat has beentenporarily noved upwardinorder toflexthewre
tail 82 extending fromthe bonding tool 16 in the | ateral
di recti on downward so as to be brought into contact with the
wiretail 82asintheconventional techni que, operational steps
of the bonding tool 16 can be sinplified. Wth this, it is
possi bl e to performwedge bondi ng at hi gher speed. WMbreover,
according to this enbodinment, if the angle difference between
t he previ ous bondi ng and t he 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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Furthernore, in this enbodi nent, the corner portion
bet ween the t hrough hol e 16b and the pressing surface 16a is
descri bed to have the curved surface whose radius is
significantly small; however, as long as the fl exed kinkinthe
| ateral directionis provided for the wire tail 82 when novi ng
obl i quely upward after the bonding to the | ead 74, the corner
portion can have, for exanple, a small chanfer 16e as
illustrated in FIG 12. Furthernore, as |long as the pressing
surface 16ais parallel tothe surface of the pad 73 or the | ead
74 when bondi ng and able to bond the wire 81 or the wire tai
82inathinplate, the pressing surface 16a can be configured
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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Mor eover, according to this enbodinment, it is described
that inthewretail extension step and the tail cut step, the
bondi ng tool 16 is noved |linearly and obli quely upward fromt he
| ead 74; however, the bonding tool 16 can be noved, as
illustratedinFI G 13A alongabondingtool risingtrajectory
50 directed obliquely upward in a curved manner, instead of
linearly, or can be noved, as illustrated in FIG 13B, al ong
a bonding tool rising trajectory 51 directed obliquely upward
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 horizonta
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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withreferencetoFIG 1toFIG 1llLaredenotedbylikereference
nuneral s, and descriptions for these conmponents shall be
om tted.

[0077]

I nthe enbodi ments descri bed previously inthe above, it
I's described that the bonding tool 16 is noved linearly and
obliquely upward fromthe lead 74 to extend the wire tail 82
by a predeterm ned | ength obli quely downward fromt he bondi ng
tool 16 inthe wire tail extension step, the wire tail 82 is
cut in the tail cut step, and then the succeedi ng bonding is
performed; however, if the flexing angle 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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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.

[ 0079]

As illustratedinFIG 14A, after perform ng the bondi ng
by pressing the bonding tool 16 to a point p on the | ead 74,
the tip of the bonding tool 16 is noved obliquely upward to a
poi nt q al ong a novenent trajectory 52illustratedinFIG 14A,
andthewiretail 82is cut by apredetermnedlengthinastate
inwhichthewretail 82 is extended fromthe bonding tool 16
at the angle o obliquely downward. Thereafter, the tip of the
bondi ng tool 16 i s noved downward fromthe point g to a point
r as shown by a novenent trajectory 53 in FIG 14. Then, the
tip of the bonding tool 16 is lightly pressed against the | ead
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 stateinwhichthewretail 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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bonding to the next pad 73, and to provide favorabl e wedge
bondi ng.
[ 0081]

Further, if the flexing angle o of the wire tail 82 to
t he pressi ng surface 16a of t he bondi ng t ool 16 upon conpl eti on
of thetail cut stepis even greater, for exanple, if the angle
o is 80 degrees or greater, as illustrated in FIG. 14B, it is
possi bl e to nove the tip of the bondi ng tool 16 obliquely down
toward the lead 74 fromthe point g to a point s as shown by
a novenent trajectory 56, to press the tip of the bondi ng tool
16 lightly on the | ead 74, and to nove the tip of the bonding
tool 16 upward fromthe point stoapointt asshow by anovenent
trajectory 57, thereby perform ng the novenent to t he next pad
73 as shown by a novenent trajectory 58. By noving the tip of
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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Herei nafter, a different enbodi nent according to the
present inventionw !l be describedwithreferenceto FIG 15A
and FIG 15B. Like conponents as in the enbodi nent descri bed
wthreferencetoFIG 1toFIG 11lLaredenotedbylikereference
nuneral s, and descriptions for these conmponents shall be
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 bondi ng tool 16, so that the wire tai
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 too
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16 so that a gap between the pressing surface 16a at the tip
of t he bondi ngtool 16 andt he upper surface 79a of t he proj ection
79 corresponds to the height H. The height Hy is slightly
hi gher than the dianmeter of the wre 81.

[ 0085]

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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AsillustratedinFIG 16A, accordingtothis enbodi nent
the folding station 78 is configured as a stepped portion
provi ded around the |l ead clanmper 75. As illustrated in FIG
16A, around the | ead cl anper 75, there is provided a peri phery
portion 75c that is |ower than the upper surface 75a. The
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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[ 0090]

Then, asillustratedinFl G 16C, 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
flexing direction and such of the wire tail 82 are the sane as
those i n t he enbodi nents described wthreferenceto FIG 1to
FIG 11L.

[ 0091]

Thi s enbodi ment provi des the sanme effect as that of the
previ ously descri bed enbodi nent with reference to FI G 15A and
FI G 15B.

[ 0092]

Next, a different enbodi nent according to the present
inventionw || be describedwithreferenceto FIG 17, FIG 18A
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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as those i n the enbodi nent previ ously descri bed withreference
to Steps S101-S105 of FIG 4 and FIG 5A to FIG 5E, and the
steps fromthe looing to the first lead 174 to the bonding to
the first lead 174 in Steps S206- S207 of FIG 17 are the sane
as those i n the enbodi nent previ ously descri bed withreference
to Steps S106-S109 of FIG 4 and FIG 5Fto FIG 5J. Further,
the steps of calculating the direction for the second bondi ng
in Steps S208-S210 of FIG 17 are the sane as those in the
enbodi nent descri bed previously with reference to Steps
S110-S112 of FIG 4, and FIG 6(a) and FIG 6(b).
[ 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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dash lines in FIG 19 to a state indicated by dashed lines in
FIG 19, the control unit 30 stops noving the bondi ng tool 16
upward, and the 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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first wiretail pullingline92illustratedinFIG 6(b) by the
predet erm ned XY-directiondistancelLs. Then, whenthe bondi ng
tool 16 is noved horizontally as shown by alateral thick arrow
froma state indicated by dashed lines in FIG 19 to a state
indicated by solidlinesinFIG 19, andthe 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

hori zontal novenent of the bondi ng tool 16.

[ 0096]

AsillustratedinFIG 19, uponconpletionof thevertical
upwar d novenent and t he hori zontal novenent in the XY pl ane of
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 bonding too
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 too
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 o = tan'l( H/Ls). Simlarly

to the previously descri bed enbodi nents, the extension | ength
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D; of the wire tail 82 is requiredto be | onger than the 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 portion 82a, so that in the succeeding
bonding, the wire tail 82 can be forned into a thin plate by
bei ng pressed agai nst the pad 73 by an entire surface of the
annul ar pressing surface 16a of t he bondi ng tool 16 and bonded
by wedge bondi ng.

[ 0098]

Further, the flexing angle o 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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Hi = Dsxsin(a) and Ls = Dsxcos(a), and performs the operation
of Steps S211-S214 of FIG 17.
[ 0100]

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 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]
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Upon cutting of the wire tail 82, the control unit 30
increnments the integer n by 1 as in Step S216 of FIG 17 and
the process returns to Step S205 of FIG 17, and simlarly to
the previously described enbodi nents, the control unit 30
conti nues the bondi ng operation after the second bondi ng.
[0102]

The enbodi ment descri bed above provi des t he sane effect
as that of the previously described enbodi nent with reference
to FIG 1 through FIG 11L. Further, according to this
enbodi nent, the bonding tool 16 is noved horizontally in the
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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bondi ng), and then the second | ead 274 on the |l eft side of the
first lead 174 is connected to the second pad 273 on the |l eft
side of the first pad 173 with the second connecting wire 284
(second bonding). Simlarly, each of the | eads 74 and
correspondi ng one of t he pads 73 are t hen sequenti al | y connect ed
in a countercl ockwi se direction as shown by the arrowin FI G
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,
inthe initial 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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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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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 renain on the pad 73 as the bonding i s 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.

80



[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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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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of pads 1073 of the first chip 1072 and | eads 1074 of the
substrate 71 respectively corresponding to the pads 1073 are
connected by wires 1084, a plurality of pads 2073 of the 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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horizontally to invert the flexing direction of the wire tail
82 extending fromthe capillary 16. After the direction of the
wiretail 82 is inverted, bondi ng between the 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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Thereafter, bondi ng between the pads 3073 of the third
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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[ 0130]

The or der of 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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chip 3072 and the | eads 3074, respectively encl osed by dotted
| ines and on the upper side of the corresponding chips, are
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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however, it i s possibletoprovidethe sane effect by, simlarly
to the enbodi ment described with reference to FIG 3, an
arrangenent of the pads and the |l eads wi th an angle difference
smal l er than a predeterm ned angl e difference which does not
requireinversionof theflexingdirectionof thewiretail 82.
[ 0135]

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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to cut the wire tail 82. Therefore, the cutting of the wire
tail 82 without fail in bonding using alumnumwres is
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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[ 0139]

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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37

Control Program

38 Control Data

41 Cl anper Open-C ose MechanismInterface
42 Bondi ng Tool Height Detection Interface
43 U trasoni c Transducer Interface

44 Movenment Mechani sm Interface

50, 51 Bondi ng Tool Rising Trajectory

52-58 Movenent Trajectory

60
71

Conput er

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
75C
76
76a
77
78
79
79b
81
82
82a
82c

Peri pheral Surface
Peri phery Portion
Hol e

I nner Surface
Openi ng

Fol di ng Stati on
Proj ection

Si de Surface

Wre

Wre Tail
Projecting Portion

FI exi ng Portion
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84 Connecting Wre

91 First Straight Line

92, 94, 97 Wre Tail Pulling Line
93 Second Straight Line

95 Fifth Strai ght Line

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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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;

a folding station having a stepped portion for catching
the wire tail extending from the tip of the bonding tool; and

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 means 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 succeedingone of the second
bonding points by a predetermined distance, and cause the wire
to extend from the through hole of the bonding tool inadirection
along the straight line directed from the succeeding first
bonding point to the succeeding second bonding point;

tail cut means configured to, after causing the wire
tail to extend, cut the wire tail by moving the bonding tool
in the direction along the straight line directed from the
succeeding first bonding point to the succeeding second bonding
point while the clamper is closed; and

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
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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.

2. The wire bonding apparatus according to claim 1,
wherein

the control unit forms the wire tail using:

the wire tail extension means and the tail cut means, 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 folding means, when the angle between the
first straight line and the second straight line is equal to

or greater than the predetermined angle.

3. The wire bonding apparatus according to claim 2,
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.

4. The wire bonding apparatus according to claim 1,
wherein

the pressing surface 1s an annular flat surface, and

the wire tail extension means moves the bonding tool such
that the wire tail is slightly longer than an outside radius

of the pressing surface.

5. The wire bonding apparatus according to claim 4,

wherein
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the wire tail extension means moves the bonding tool
horizontally by a predetermined XY-directiondistance 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.

6. The wire bonding apparatus according to claim 4,
wherein

the wire tail extension means moves the bonding tool
obliquely upward by a predetermined oblique distance along the
straight line directed from the succeeding first bonding point

to the succeeding second bonding point.

7. The wire bonding apparatus according to claim 4,
wherein

the plurality of first bonding points are leads on a
substrate, and

the plurality of second bonding points are pads on a chip.

8. The wire bonding apparatus according to claim 4,
wherein

the stepped portion of the folding station comprises a
wall surface for catching thewire tail, and a flat upper surface
that continues to the wall surface, and

the wire tail folding means 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.

9. A wire bonding method of 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 comprising:

a bar-shaped bonding tool having a through hole in which the
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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; anda folding station
having a stepped portion for catching the wire tail extending
from the tip of the bonding tool, and

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;

a tail cut step of, after causing the wire tail to extend,
cutting the wire tail by moving the bonding tool in the direction
along the straight line directed from the succeeding first
bonding point to the succeeding second bonding point while the
clamper is closed; and

awire tail folding step of, after moving the bonding tool
to the folding station and positioning the wire tail along the
stepped portion, moving 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.

10. The wire bondingmethod according toclaim 9, wherein
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
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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 is equal to or greater than the predetermined

angle.

11. The wire bonding method according to claim 9, wherein

the pressing surface is an annular flat surface, and

in the wire tail extension step, the bonding tool is moved
such that the wire tail is slightly longer than an outside radius

of the pressing surface.

12. The wire bonding method according to claim 11,
wherein

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.

13. The wire bonding method according to claim 11,
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.

14. The wire bonding method according to claim 11,

wherein

the plurality of first bonding points are leads on a

substrate, and

the plurality of second bonding points are pads on a chip.
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15. The wire bonding apparatus according to claim 4,
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 a last 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 previous chip to the lead

corresponding to this last pad.

16. The wire bonding apparatus according to claim 4,
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 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.

17. The wire bonding apparatus according to claim 4,
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.
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18. The wire bonding method according to claim 11,
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, bonding is started after a last 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 previous chip to

the lead corresponding to this last pad.

19. The wire bonding apparatus according to claim 11,
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, 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.

20. The wire bonding method according to claim 11,
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.
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