English translation of the International Application as filed DESCRI PTI ON 5
TI TLE OF THE | NVENTI ON:. W RE BONDI NG APPARATUS AND W RE BONDI NG METHOD
TECHNI CAL FI ELD [ 0001] The present invention relates to a
structure of a wire 10 bonding apparatus and a bondi ng nethod enpl oyed by
such a wire bondi ng apparatus. BACKGROUND ART [0002] 15In an assenbling
process of a seniconductor such as an IC, a wire bonding appar at us t hat
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DESCRIPTION

5 TITLE OF THE INVENTION: WIRE BONDING APPARATUS AND WIRE BONDING
METHOD
TECHNICAL FIELD
[0001]
The present invention relates to a structure of a wire
10 bonding apparatus and a bonding method employed by such a wire

bonding apparatus.

BACKGROUND ART

{00021

15 In an assembling process of a semiconductor such as an
IC, a wire bonding apparatus that typically connects a pad of
a semiconductor chip with a lead of a lead frame using a wire
is used. According to the wire bonding apparatus, bonding to
the pad is performed using a capillary by causing a wire to

20 extend from a tip end of the capillary and forming the extended
wire into an initial ball using such as an electronic flame
off. Subsequently, the capillary is moved upward and toward
the lead while feeding the wire in a looping operation, and
then bonding the wire to & second bonding point is performed

25 using the capillary. Upon completion of the bonding the wire
to the lead, the capillary is moved upward while feeding the
wire from the tip end of the capillary, and then a clamper is
closed. Then, the capillary and the clamper are moved further

upward, and whereby the wire is cut in a state in which a tail



the pad is perforned using a capillary by causing a wire to 20 extend from
atipend of the capillary and formng the extended wire into an initial
bal | using such as an electronic flane off. Subsequently, the capillary is
noved upward and toward the | ead while feeding the wire in a | ooping
operation, and then bonding the wire to a second bonding point is perforned
25 using the capillary Upon conpl etion of the bonding the wire to the
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of the capl d-then a clanp is close e capilTary and the

cl anper g€ tfHéV%%plqutaw uewe%équ@ﬂd;1\gvheltﬁaychb@1waﬁ:9 i§ Gotelint@ state in
which a tail wre of a'predetermned Iength is extending fromthe tip end

of the capdiw@ron Suh$egqedridtyorntie fdapiel bdify thenmbwed vdra poslsiwm of the
el ectronic flame off, the tail wire rolls up into an initial ball, and then
bondi ng tieaniare Iitfbi‘?tilria«—}1 adls g s’fth%rifbﬁfﬁgl%l?ﬁe LR ForiHRl. "PHds and
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sequentially connected by repeating bonding in this manner.
[0003]
The wire can be cut by holding the wire with the clamper
and moving the wire upward after bonding to the lead, because
10 the wire can be easily cut at an end portion of the wife bonded
to the lead as this portion is crushed with the capillary when
bonded and therefore the cross-sectional area is smaller than
in other portions of the wire.
[0004]
15 However, the cross-sectional area of the end portion of
the wire bonded to the lead is often not sufficiently small
depending on the bonding condition. In such a case, holding
the wire with the clamper and moving the wire upward cannot
cut the wire easily, and the wire is cut only after a large
20 tensile force is applied to the wire. This causes the wire
to flip up due to a reaction force of the large tensile force
applied to the wire when cutting, and causes the wire and the
tail wire under the clamper to bend in an S shape. The bend
in the tail wire often results in defective ball formation that
25 is carried out by such as electric discharges. Even if a ball
is formed in a good condition, the wire in the capillary or
between the capillary and the clamper still includes the bend.

Accordingly, performing the bonding using such a bent wire

adversely causes the wire connecting the pad and the lead to



The wire can be cut by holding the wre with the cl anper and noving the
wire upward after bonding to the | ead, because 10 the wire can be easily
cut at an end portion of the wire bonded to the lead as this portion is
crushed with the capillary when bonded and therefore the cross-sectional
area is smaller than in other portions of the wire. [0004] 15However, the
cross-sectional area of the end portion of the wire bonded to the lead is
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case, hol’difig’ wre ‘mpéer war d” cannot

cut the wiyh 6aad |aaAchi hva‘u‘!\éé €ats Eyéugﬂtylaﬁbe&oath@ﬁ;galga Leasi | e
force is applied to the wre. This causes the wire to flip up due to a

reacti on Jtexe. of the large tensile force applied to the wire when cutting,
and causes the wire and the tail wire under the clanmper to bend in an S
shape. ThEP®End in the tail wire often results in defective ball formation

t hat 25 is carrjed out by such as electric dischar Even.if .a baII
Thus, there are proposed various me ods including

method of cutting a wire by holding the wire with a clamper
and moving the wire upward after a capillary and the clamper
are moved transversely such that a central axis of vertical
movement of the capillary and the clamper is aligned with an
10 end portion of bonding before holding the wire with the clamper
and pulling the tail wire upward (see Patent literature 1, for
example), and a method of moving a capiliary in a transverse
direction at the same time as an application of ultrasonic
vibration in bonding (see Patent literature 2, for example).
15 There are also proposed a method of opening a clamper to extend
a tail wire, causing the capillary to vibrate at a natural
frequency of the tail wire, and rescnating the tail wire and
cut the wire, thereby cutting the tail wire by the vibration
(see Patent literature 3, for example), and a method of causing
20 acapillary toperforma scrubbing operation when bonding while
pressing the wire against a bonding surface using the capillary
(see Patent literature 4, for example)}.
{0006]
Depending on the bonding condition, the wire is possibly
25 cut during the bonding and falls out from the capillary
(fall-out of the wire). There is proposed a method of, when
the fall-out of the wire occurs, causing a wire-holding clamper
to close and a wire-cutting clamper to open, moving the

wire-cutting clamper upward along with the capillary to a



is formed in a good condition, the wire in the capillary or between the
capillary and the clanper still includes the bend. Accordingly, performng
t he bondi ng using such a bent wire adversely causes the wire connecting the
pad and the lead to include an S-shaped portion, and possibly results in a
problemthat two adjacent wires are brought into contact wth each other.

[ 0005] 5Thus, there are proposed vari ous nethods including a net hod of
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upwar d afCer a cap anper are ansverse such that a
central %'s%&m\(gerthkecahr@vﬁﬁsnﬁh@fc 1 Lk I!s?éé/ rdttkrithe idlaamerrd s
aligned with an I0 end portion of bonding before holding the wire with the
cl anper &nd fpud lasagndlles tail wire upward (see Patent literature 1, for
exanple), and a nethod of noving a capillary in a transverse direction at
the sane time as an application of ultrasonic vibration in bonding (see
Patent literature 2, for exanple). al so proposed a net hod of
openi ng a cl anper to extend gg?g%ﬁpéﬁ}gﬁﬁﬁgﬁ@ﬁﬁﬁ the capillary to vibrate
at a natural frequency of the tail wire, and resonating the tail wire and
cut the wire, thereby cutting the tail wire by the vibration (see Patent
literature 3, for exanple), anpatenetbodumEnTsusing 20 a capillary to
perform a scrubbi ng operati on when bondi ng while pressing the wire agai nst
a bondi ngfurflace using the capillary (see Patent literature 4, for

exanpl e). [0006] Dependi ng on t he bondi ng_condi tion, 2the2v\/|re is possibly

nt literature 1: Japanese Patent No. 77

10 Patent literature 2: Japanese Patent No. 3128718

Patent literature 3: Japanese Patent No. 2969953

Patent literature 4: Japanese Patent No. 2530224
Patent literature 5: Japanese Examined Patent Application

Publication No. H01-35500
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SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0008]
20 However, according to the conventional bonding methods

described in Patent literature 1 and Patent literature 3, when
bonding the wire to the lead, it is required to adjust such
as a pressing force of the capillary such that the
cross—-sectional area of the end portion of the wire bonded to
25 the lead is smaller than that of other portions of the wire.
1f the pressing force of the capillary is too large, the wire
is cut at the same time as the wire is bonded to the lead and
the wire falls out £from the capillary, resulting in the fall-out

of the wire. If the pressing force of the capillary is too



25 cut during the bonding and falls out fromthe capillary (fall-out of the
wire). There is proposed a method of, when the fall-out of the wire occurs,
causing a wire-holding clanmper to close and a wire-cutting clanper to open,
noving the wire-cutting clanper upward along with the capillary to a
position higher than the w re-holding clanper, thereby inserting the wire
into the capillary (see Patent literature 5, for exanple) 5PRI OR ART
DOCUMENTS PATENT DOCUNMENTS [ 0007] Patent literature anese P%;ent No.
2723277 t0ePdvert 1FtRFERITRTD: APUEsd "Bat’ent RBWa312 ’?%&bé’trerﬂ

i teratuie 3 Janancss RALANG, N0y 2969905 EALSDL 1 tEralir @ stclapanese

Pat ent at ent era ure 5: Japanese Exam ned Patent Application

Publ i Cat '10c5'r NO; ¢ bk 320 80 éﬁdWBMe%ﬂ_@Eé AMENTEONY deformed into

an S shape. Moreover, according to the conventional methods
5 described in Patent literature 2 and Patent literature 4, the
probiem of the fall-out of the wire may occur as the wire can
be cut as in the case of the conventional techniques disclosed
in Patent literature 1 or literature 3, unless adjustment is
made to prevent the wire frombeing cut when the capillary moves
10 in a transverse direction. In other words, the conventional
techniques described in Patent literature 1 to Patent
literature 4 pose a problem that the occurrence of the fall-out
of the wire and the bend in the wire can be suppressed only
when the pressing force of the capillary and such are constantly
15 adjusted to be within a certain range. In addition, the
conventional techniques described in Patent literature 1 to
Patent literature 4 poses another problem that there is a case
in which a bonding strength between the wire and the lead cannot
be ensured as the pressing force is required to be maintained
20 within a certain range.
[0009]
An object of the present invention is to suppress a

fall-out and a bend in a wire in a further effective manner.

25 MEANS FOR SOLVING THE PROBLEMS
[0010]
A wire bonding apparatus according to the present
invention is provided with: a capillary configured to bond a

wire inserted through the capillary to a bonding target; a first



PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0008] 20However, according to the
conventional bondi ng net hods described in Patent |iterature 1 and Patent
literature 3, when bonding the wire to the lead, it is required to adjust
such as a pressing force of the capillary such that the cross-sectional
area of the end portion of the wire bonded to 25 the lead is smaller than
that of other portions of the wire. If the pressing force of the capillary
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of the Wi gechhatdeampesding Ju£e ol i hbes cawitHakY rks ¢DOnpsFRllongt is
necessary to nove the wire upward with a greater strength even with the
met hod descrdshethdimdPatierdcdidreraf urlee wore | iteeatedetBroagd thas the wire
is adversely deformed into an S shape. Mreover, according to the
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di recti oporldi R} Refe WRINAS , ud ey CloAw endp ONBhr{ e5NAI gHES fesehigbedei n Pat ent
literature 1 to Patent literature 4 pose a problemthat the occurrence of
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when the pressing force of the capillary and such are constantly 15
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further effective manner. 25MEANS FOR SOLVI NG THE PROBLEMS
second clamper is closed. In addition, it is preferable that
the wire cutting unit causes the capillary to perform a
15 scrubbing operation when bonding the wire.
[0011]

A wire bonding method according to the present invention
includes: a step of preparing a wire bonding apparatus
including a capillary configured to bond a wire inserted

20 through the capillary to a bonding target, a first clamper
configured to move in conjunction with the cepillary, and a
second clamper disposed in line with the first clamper along
an extending direction of the wire inserted through the
capillary; a wire cutting step of cutting the wire by bonding

25 the wire using the capillary and then moving the capillary and
the first clamper upward while the first clamper remains
closed; and a wire extending step of extending the wire from
a tip end of the capillary by moving the capillary upward, and

then moving the capillary and the first clamper upward in a



[ 0010] A wire bonding apparatus according to the present invention
is provided with: a capillary configured to bond a wire inserted through
the capillary to a bonding target; a first clanper configured to nove in
conjunction with the capillary; a second clanper disposed in line with the
first clanmper along an extending direction of the wire inserted through the
capillary; and a controller configured to open and close the 5 first
cl anper and.the secan I j he_ c I i u . wre
Ut ng SR SOGHT RGUTa T Gt The i Pecby! borrne- e w s E8°8 % he
capi | | ary.1apghd:hen apyidg. t he, gapiildiadny, andd he-didsioid anper, upward while
the first clanper renmains closed; and a wre extending unit configured to
extend 1Gvitrke ot g arep t ithentef 1 1dey chapi thasydbyonpekAgrinhe capill ary
upward, and then noving the capillary and the first clanper upward in a
stat e i nsshiudpie doamatidmngen ikenperedtindiihe- second cl anper is
closed. In addition, it is preferable that the wire cutting unit causes the
capi | Pary to performa 15 scrubbing operation when bonding the wire. [0011]
Aw re bondi ng met hod acc%5¢ﬂﬁ&1dﬁ§t5%;¥€?u¥ﬁvgﬁ§@g§ion i ncludes: a step of
preparing a wire bondi ng apparéﬁus including a capillary configured to bond
a wire inggyntgd 20 through the capillary to a bonding target, a first
cl anper configured to nove in conjunction with the capillary, and a second
cl anper di sposéathel preisea twitiveinttd dn netowdldampem s dorag e et e relff gt
direction of the wire inserted through the capillary, a wire cutting step
of cuttimf thersesesiByg Forfdng 25 tand v reend iy & el pit 1arf &Pt hen
noving the capillary and the first clanper upward while the first clanper
remai'As & 1nhd"H Wire extending step of extending the wire froma tip
end of the capillary by noving the capillary upward, and then noving the
capillary and the first clanper upward in a

BRIEF DESCRIPTICN OF THE DRAWINGS

[0013]

FIG. 1 is a system diagram illustrating a sturcture of

15 a wire bonding apparatus according to an embodiment of the
present invention.

FIG. 2A is an explanatory diagram illustrating an
operation of the wire bonding apparatus according to the
embodiment of the present inventicn.

20 FIG. 2B is an explanatory diagram illustrating the
operation of the wire bonding apparatus according to the
embodiment of the present invention.

FIG. 2C is an explanatory diagram illustrating the
operation of the wire bonding apparatus according to the

25 embodiment of the present invention.

FIG. 2D is an explanatory diagram illustrating the
operation of the wire bonding apparatus according to the
embodiment of the present invention.

FIG. 2E is an explanatory diagram illustrating the



state in which the first clanper is opened and the second cl anper is
closed. In addition, it is preferable that, in the wire cutting step, the
capillary is caused to perform a scrubbing operati on when bonding the wire.
5 ADVANTAGES OF THE | NVENTI ON [ 0012] The present invention

provides an advantageous effect of suppressing a fall-out and a bend in a
wre in a further 10 effective manner. BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0013] CFIG_1.is a systemdi i | ing.
e bon R s ADShECore Nt g sabotr hine o PHafar By mvention

bondi ng STEAFATE Gebording Lo Che Sbatk cont Jof 't he-present | nventi on.
20FI G 2B is anpexplanatory, dadramidtpsdiadiag iheuopeaaihgntné the wire
bondi ng apparatus according to the enbodi ment of the present invention.
FIG 20 igpamtexpl anatary wi agriaondihgsepreragushacepedanioficothehe wire
bondi ng apparatus according to the 25 enbodi ment of the present invention.

5 embodiment of the present inventlon.

FIG. 2G is an explanatory diagram illustrating the
operation of the wire bonding apparatus according to the
embodiment of the present invention.

FIG. 2H is an explanatory diagram illustrating the

10 operation of the wire bonding apparatus according to the
embodiment of the present invention.

FIG. 2T is an explanatory diagram illustrating the
operation of the wire bonding apparatus according to the
embodiment of the present invention.

15 FIG. 2J is an explanatory diagram illustrating the
operation of the wire bonding apparatus according teo the
embodiment of the present invention.

FIG. 2K is an explanatory diagram illustrating the
operation of the wire bonding apparatus according to the

20 embodiment of the present invention.

FIG. 3 is a time chart showing states of open-close
operations of a first clamper and a second clamper, the height
of a capillary, on and off of an ultrasonic vibrator, and a
scrubbing operation of the capillary in the wire bonding

25 apparatusaccordingtxJtheembodimentcﬁfthepresentinvention.

FIG. 4 is a time chart showing states of open-close
operations of the first clamper and the second clamper, the

height of the capillary, and on and off of the ultrasonic

vibrator in the wire bonding apparatus according to another



FIG 2D is an explanatory diagramillustrating the operation of the wire
bondi ng apparatus according to the enbodi nent of the present invention.

FIG 2E is an explanatory diagramillustrating the operation of the wire
bondi ng apparatus according to the enbodi nent of the present invention.

FIG 2F is an explanatory diagramillustrating the operation of the wire
bondi ng apparatus according to the 5 enbodi nent of the present invention.
FIG 2G | anat ory dia ra us%%hng the operation of the wire

is.an, ex il
bondi ng &L Act rtd%/%gp¥ the &nWbodrment of the present invention.

FIG 21-i is an explanatory diagramillustrating the 10 operation of the
W re bondi ng apparatus according to the enbodi nent of the present

i nventi on. EMBEDIRENTS FORCSKARRYING WU AWEAMNVENTIONL i ng t he
operation of the wire bonding apparatus according to the enbodi nent of the
present i[/&EM]on. 15FIG 2J is an explanatory diagramillustrating the

operation of the wi re bondi ng apparatus accordi ng,to the., enbodi t of the
presefdt inventildig following qﬁl@“ﬁ?@??ﬁ%ﬁ(ﬂ%ﬁ%t%ﬁ%%ﬁﬁ%ﬁ?ﬁ&ﬁ%trati ng

(he, operation, of LogL18, Sl 1. ANAAIG) 5 35E0E0LAT,LR P20, enboct men

on. atinec show ng’ st ates of

open- cl O.Sﬁ@iofé ali Qns. ofe & f i §tire BoReMndndppasacord1ol aaperdihhesbei ght
of a capillary, on and off of an ultrasonic vibrator, and a scrubbing

. operationif dhisocapthtasy thetheewene hordnngo2s iappasattideacedrtdi ng to

t he enbodi nent of the present invention. ' FIG 4 is atime chart
showi ng stefesente dperld ose oper BiFens, of g} rlsitne igmF8OWENBYt B second

Clamer . A el oft She e, cogtLl auy, podon eng oLf, of, Ll bt 2pgai
wire bonding apparatus 10 is configured such that a bonding
head 19 is disposed on an XY table 20, and the bonding head
19 is provided with a bonding arm 13. The bonding arm 13 is
driven about a rotational center with a Z motor, and configured

15 such that a tip end of the bonding arm 13 moves, in an arc,
closer to and away from a pad surface of a semiconductor chip
21 as a bonding surface. The tip end of the bonding arm 13
moves in a 7% direction, i.e., a vertical direction, in the
vicinity of the pad surface of the semiconductor chip 21 or

20 a surface of the lead frame 23. The tip end of the bonding
arm 13 is provided with a capillary 16 as a bonding tool. The
XY table 20 and the bonding head 19 configure a movement
mechanism 18 capable of freely moving the bonding head 12 to
any position within a plane along the bonding surface {(within

25 an XY plane) using the XY table 20, and thus driving the bonding
arm 13 provided for the bonding head 19 with the Z motor allows
the tip end of the bonding arm 13 and the capillary 16 provided
for the tip end of the bonding arm 13 to move freely in any

of X, Y, and 7 directions. On a side of the tip end of the



enbodi nent of the present invention. EVMBODI MENTS FOR CARRYI NG QUT THE

| NVENTI ON [ 0014] 5The foll owi ng descri bes a preferred enbodi nent of the
present invention with reference to the drawings. First, an entire
structure of a wire bonding apparatus 10 according to the enbodi ment of the
present invention is described with reference to FIG 1. In FIG 1, a
signal line is shown by an 10 alternate | ong and short dash line. Referring

to FIG 1, the wire ndi p 0_is. confi t ondi ng
head 19 PSTE*E%02EE 1%’?10gn{}%%?aﬁkgi%%,&aﬁf%%agl%%g%ﬁg ﬁgaggm %l’lsf%ﬁfovi ded
with a bendisng+aryR kda & koNding AFdmd 3 i sidrpveniabgut a rotati onal
center wwth a Z notor, and configured 15 such that a tip end of the bonding
arm 13 mgweg,5]in an arc, closer to and away froma pad surface of a

sen conductor chip 21 as a bonding surface. The tip end of the bonding arm
13 noves in a Zheieepildaryile.is @ gépaudalr gPlesn BAVing aHls ity of

the pad surfage of the sem conductor ¢chip 21 or 20 a.surface of t | ead
franme®232 FRBIFPPp BHH %]?gtgfértb]o?{d'i rf’d-‘cgrcr(ﬁ ey 8\‘71F]dleg£ﬁngt?u “él%%&e% lary 16

as a bondi_ng t ol h e t ] J h@@% hgure a
novenent mr?ed%hg(r%iog%c&ggg%a ?g&o‘?gg?&g y %vﬁéﬁtﬂ% bon |%§nﬁ§g%%eteo any
posi tionpwidhidea il anecakenq phethendbrgrauréasel {wkiyhi g, 25ran witel ane)
using the XY table 20, and thus driving the bonding arm 13 provided for the
bondi ng heads18umwi hed Herdfn moBppodl 1 bwsr drhisddd pbeve dhetlhendomaibegdr m 13
and the capillary 16 provided for the tip end_ of the bonding arm 13 to nove
freely i A%nyThe bondingmrir ki seatiegnd© EHPRLY| et BRSPRLECIFPEEMY 3t the

bondi ng arm 13 aof the XY tahle 20, bondi ng st.age .14 figured to suction
and fPx 5}1%&@%’?@3’2?@ élsplr”(ﬂ/iad’edﬁt[r(fosﬁﬁ]l H’ela}%raapﬁcfﬁ ;fi} fgwl{ P reul ar

col um h%ﬂé“%f%é“¥fang£rted through the capillary 16 against the
bonding surface, i.e., the pad surface ¢f the semiconductor
chip 21 or a lead of the lead frame 23, to bond the wire 12
to the bonding surface. Further, in the vicinity of a position
15 of the tip end of the capillary 16, there is provided an
electronic flame off 26 configured to heat the wire extending
from the tip end of the capillary 16 to form an initial ball.
[0016]
The bonding head 19 is provided with a first clamper 17a
20 and a second clamper 17b each configured to hold and release
the wire 12 inserted through the capillary 16. The first
clamper 17a moves in the X, Y, or Z direction in conjunction
with the bonding arm 13. The second clamper 17b moves in the
X or Y direction in conjunction with the bonding arm 13, but
25 its height in the Z direction is fixed. The clampers 17a and
17b are respectively provided with a first clamper open-close
mechanism 27a and a second clamper open-close mechanism Z7b,
and each of the clampers 17a and 17b is configured to driven

to open and close by an operation of the corresponding

10



5 a conical tip end portion, and configured such that a wire 12 nmade of
such as a gold wire can be inserted through the hole provided in a central
portion of the capillary 16. The wire 12 is supplied froma spool 11

provi ded above the bonding head 19. The bonding arm 13 serves to supply
ultrasonic energy to 10 the capillary 16 using an ultrasonic vibrator 15,
and press the wire 12 inserted through the capillary 16 agai nst the bondi ng

surface, Oi 'e%'—’clté%ee ?%dcbhzaﬁ{d{ﬁezﬂ 5][39?2—?@m conductor chip 21 or a | ead of

the | ead Trane : e wre 12 to the bonding surface. Further, in
the viciniggrof a position 15 of the tip end of the capillary 16, there is
provi ded an electronic flanme off 26 configured to heat the wire extending
fromthe tip emtheofvitriee boapiilrgraprkt-ators drinan deder dbedakbove 0046] The
bondi ng head 19 is provided with a first clanper 17a 20 and a second

cl anper Tmsfdapir «brifd getartt ¢ meisd Eih radle &8 il it ©PEX 3 st tfd
through the capillary 16..The first cla 17a. moves_tn the X, Y, or Z

di recti oF AW EBWPBHE‘%‘FO%SWWF tcﬁélstﬁ(?ﬁrdie%ggr%‘i?g'thpgéc%]ﬁ(g CHREEr 170
noves in . the [ t [ ' [ ' ' rm. 3, but
25 15 haToneTRerRasar etk ot et e e e Meper o S and S are
respectively phevidedwid f20aikipsévciaapertopenxel psei vechasdnt2itey and a
second cl anper opep-cl ose mechani sm 27b, and each of the clanpers 17a and
17b i s confitgureed it mhd ven detespers g idl iose & e dperatiometd the
correspondin open-cl ose nmechani sm 27a or 27b. [Q017], The wire
bondi ng a}@péi%ﬁ AP g HeRGE PP abovk e pordfig i dwiaEttl A osition

and cqQntrol an, oper.ation of.5 each conponent using a.controller 30 having a
cPU, 18nd RESHrHet twﬁgths%rﬁ%%:'h %?%?wclhqp %ftﬁct{hlqﬁgnﬁgaggfcroann% eucgi ng the
wre 12. tyae%gctta%@ R0: e REOVIAed s W Lhaads X% POgilinan et 8Ctinghdini t
configured to detect a poSition of the bonding head 19 in"the X and Y

di recti ons difwddien byhacherdiing headni@ei sflbopadvbtedt witid lsomdind | ary

hei ght detecting unit 29 configured to detect the height of the tip end of
t he capi ldmr yl 3 Gahout Hehe whratidonl byedeeret i e arernglarnfhedylati on of

t he bonding arm 13 about the rotational center. The caBi Il.ary hei

det ect i gAY HK-he? THAR fOF PRBLAPFEEL F) defBEE the%cﬂio§?‘g} on of

(he, G40 SPLTLhe ol 19, SIS op LR bl Sk Lo

det ecti ng nife 29 cam be, of s 2 NOHcORLast FRANSHGOE 8F 2oeantiaat neAner.
addition, the capillary height detecting unit 29 can be of a
noncontact manner or of a contact manner.
[0018]

20 The bonding head 19 is provided with a camera 28 as an
imaging unit configured to acquire an image of the
semiconductor chip 21, the lead frame 23, and such. The bonding
head 19 is configured to determine the position of the capillary
16 in the X and Y directions based on the image taken with the

25 camera 28. The camera 28 can be configured, for example, with
an imaging device and a lens without a throttle mechanism or
a shutter, as long as an image signal can be acquired.

[0019]

Detection signals from the capillary height detecting

11



[ 0018] 20The bonding head 19 is provided wwth a canera 28 as an i magi ng
unit configured to acquire an inmage of the sem conductor chip 21, the | ead
frame 23, and such. The bonding head 19 is configured to determ ne the
position of the capillary 16 in the X and Y directions based on the inmge
taken with the 25 canera 28. The canera 28 can be configured, for exanple,
with an inmaging device and a lens without a throttle nmechanismor a

h , | i i | i d 0 i
. ;tn;le; it %@gagsdg%%g@gge%cg{‘@ £ eg%a%%e%%%la 18 Bhgs%l%ré?f getion

the Capi cting unit 2 escribed above are

connect eq 1,Q,id1ea U Bhi ey 305 thesgahl ardales Jhisdd2evtdoa Gapitfady hei ght
detection interface 42, and inputted into the controller 30. Further, the

movenent 4arechadiisipuf: ebhhicgurted cuintlrotlie rXX¥0 t a2 Bnttheheobameing 5
head 19, the first and the second cl angg open-cl ose nechani sm 27a and 27D,
the ul trasorianidmrld eonfsguaed tidheltder Kdntabiradl o Blee hendoithect ed

to the controller 30 through the data bus. 32 respectively via a nbyvement
rechani SIS &% AEB° AAL S AArnSF St FOSBRrT BrPRcE age e Tt Heon ¢
vibrator 2, ipierface 43 AL A bald farmng kil enface 45 rbach

conponent™ i's confi'gured to operate based on a conmand fromthe controller

30 havi ngrithe G4 1HQ2QY ckndde dates buse 3nter St 0s2g80 3hisugentiest ed.
The 15 storage 34 stores control data necessary for a position detection

process afutaa MontIDlresqravdnidr ol putd | agnopsratti ore gerdbsmethwethathe
controller 30, and is configured to output the control data to the

control | €4,3¢ BAseECEPRR-ebpRand 1¢ o ¢he looaty Bl FERSIDIENTREBF R si gnal
data inputted oth4e st or 4. The controlle bus 32, the

ctordo. LGP Tni T4 atce H K UORF: G b S EGRRECE 180 ak>awhol e,
and the sigrage 34 ;8laLE%: oLReAddl QN 11Q 1he coBhDledffAa 2repninel
program for “controlling a gongl ng operation as a whole, a programfor
cutting tdehtMdsELES 30 Widel syt thagcenit, and a
[C020]
To the data bus 32, a storage 34 is connected. The
15 storage 34 stores control data necessary for a position
detection process and a control command outputting operation
performed with the controller 30, and is configured to output
the control data to the controller 30 based on the command from
the controller 30 and store signal data inputted to the storage
20 34. The controller 30, the data bus 32, the storage 34, and
the interfaces 41-45 configure a computer 60 as a whole, and
the storage 34 stores, in addition to the control data, a
control program for controlling a bonding operation as a whole,
a program for cutting the wire as a wire cutting unit, and a
25 program for extending the wire as a wire extending unit.
[0021]
The bonding operation of the wire bonding apparatus 10

thus configured is now described with reference to FIG. 2A

through FIG. 2K, and FIG. 3. First, the controller 30 reads

12



25 programfor extending the wire as a wire extending unit. [0021]

The bondi ng operation of the wire bondi ng apparatus 10 thus configured is
now described with reference to FIG 2A through FIG 2K, and FIG 3. First,
the controller 30 reads the total control program the programfor cutting
the wire, the programfor extending the wire, and the control data stored
in the storage 34 out to an internal nenory. Further, as shown in FIG 2A,

on 00 S A 92 e LB AL LLPERrgh OE Syeepiliany dee In (1S

t
state, t FSclose € second c¢la

opened. [tgl%ﬁ%%gg%ﬁm £4¥ e3RQWA 1R £46i2A, Bhe €oniellen 30 aWiuias a

command t e tip end of the capillary 16 to a position imredi ately
10 above ia ppd 2200fgd Ba sediwoaduth & rehi pedior Bas @dirahethi sscomvand, a
command fromthe novenent nmechanisminterface 44 is transmtted to the XY
tabl e 20,irafdCt.h@AXYam aigl i 20l fapdds SEhésboptired dedd el §ipoepdsefitdie t he
capillary 16 i nmedi_at el f¥Haboye thetré)ad 22._.15[ 00 shown in FIG

. 3 As
2B, upon EEHPI&N A fof tRetpbitid nd P He TE Fi@h’@rr 382 otf ftT Y conmmand
to nove the illar 6.do e; pa Based on this command, a
si gnal f&ndd&f}gel nsge?%ne&ffrao o?}8%$$h%gb%% %3 head 19 i's outputted from the
movenent Zpawechanisminterface 44. This signal causes the Z notor to
rotate, the capillary 16 to nove down to the pad 22, the initial ball 52 to
be pressed agaimrsthbhe pad22 Lo, fohecopressiee-Hondegubal & SFymand
whereby the wire 12 is bonded to the pad 22. At the sane tine as the
capi | | ar ycalBomevds Homenst tihe @@mnilgﬁlréfrl@Gocﬂjpﬁﬁﬁ*élancléﬁﬁlf%ﬁﬂaa’%%lbpen t he

cl amBr PREAS OHBTL o 1OIR (9 GT DL opertLh oge- | FERTThaD 410 i o
o gnal RS 7 el PRI QRN T RARAP AN & 2 Qo PRES he T 7St

is transmitted to the XY table 20, and the XY table 20 moves

the bonding head 19 to position the capillary 16 immediately

above the pad 22.

15  [0023]
As shown in FIG. 2B, upon completion of the positioning,

the controller 30 outputs a command to move the capillary 16

down to the pad 22. Based on this command, a signal for driving

the Z motor of the bonding head 12 is cutputted from the movement

20 mechanism interface 44. This signal causes the Z motor to
rotate, the capillary 16 to move down to the pad 22, the initial
ball 52 to be pressed against the pad 2Z to form a
pressure-bonded ball 53, and whereby the wire 12 is bonded to
the pad 22. At the same time as the capillary 16 moves down,

25 the controller 30 outputs a command to open the first clamper
17a. Based on this command, a signal for opening the first
clamper 17a is outputted from the clamper open-close interface
41. This signal causes the first clamper open-close mechanism

27a to open the first clamper 1l7a.

i3



As shown in FIG 20, after the wire 12 is bonded to the pad 22 and the
first and the second the clanper 17a and 17b are both opened, the
controller 30 outputs a command to nove 5 the capillary 16 upward,

hori zontally in a direction opposite froma |lead 24, and then further
upward. Based on this command, a signal for driving the Z notor of the
bondi ng head 19 to nove the capillary 16 upward and a signal for driving
the Xl t @p to position the tip end of the capillary 16 on a side
opposite romthe lead 24 are outputted fromthe novenent mechani sm

interface 44. Thes@owngnal s1driye, the: & MHORiafe tive iBopdhagaheadcH® and
the XI table 20, respectively, to cause the capillary 16 to nove vertically

upwar d atpddedosid itdre dfi tde gpatl @R secdihd the ectampeopposidrdfIdm t he
| ead 24, and then 15 further upward. [0025] Subsequently, as shown
in FIG 2Be techcomansdrethgocontpoldes SoneReULS AoV RABACEPITPERY 16

t d the | ead 24 whi i the capill 16 _d ip.al '

oper ati ort P d SRy 1 AEShartb B 1 G LT 11 1LY 21 Anfer =0 BB B one of
th nnqgQﬁi ' I i Vi I is i OBk ti d
ofetﬁg capi 3?§§(gagfE%%%Sg%k¥%%9%%$§élpS%anSngeFﬁgP?§%§|24 a%@dhlgigzal

for drividgilhe1Zraetdri ©fnd edbanddbgr iemehtSbbadimyendde 10apolhevy 16
further downward are outputted 25 fromthe novenent nechani sminterface 44.
These si grited sagriiMertyhé 6Zupwhod ahdtdes hpradl fpthelad vigigahdet K€ débiabl e 20,
respectivel¥, to cause the capillary 16 to nove down toward the |lead 24 in
the | oopidtytegeratt b thertherenchatddoraPhélathel® eprmmaadSreRpP e

tr.all 30, j I I i h fi I 1 i t.putted
oo Eidihate LR 74 ke S, SR PEE LG, Lo gl BTRRBRERE S petpnium L0
cl anper Oiﬂgt{;b'ffé)é@ mch@gi%%@ gZang@sCIiQ?%@etﬂ?efzi sl o BFPERe W Ena{0926]

5Then, as own I n Fl , the“controller 30 outputs a command to nove
the capi IHedy 116 4 tties downsard 2o, peekpeachoadiyngtboctheel ead 24 when

the capillary 16 cones above the |l ead 24. Based on this command, a signal
for driviempthleaZy rict 6o vbveheebbhde hyyhermda 19 ato thsyposhé leapPkl Bhy 16
down 1s pad 22, in the direction opposite from the lead 24, and then
- 15 further upward.
[0025]
Subsequently, as shown in FIG. 2D, the controller 30
outputs a command to move the capillary 16 toward the lead 24
while moving the capillary 16 down in a looping operation and
200 a command to close the first clamper 17a. Based on one of the
commands, a signal for driving the XY table 20 to position the
tip end of the capillary 16 at a position corresponding to the
lead 24 and a signal for driving the Z motor of the bonding
head 19 to move the capillary 16 further downward are outputted
25 from the movement mechanism interface 44. These signals drive
the Z motor of the bonding head 19 and the XY table 20,
respectively, to cause the capillary 16 to move down toward

the lead 24 in the looping operation. Further, based on the

other command from the contreller 30, a signal for closing the

14



10 outputted fromthe novenent nmechanisminterface 44. This signal drives
the Z notor of the bonding head 19, and causes the capillary 16 to nove
further down toward the lead 24, the wire 12 to be pressed agai nst the |ead
24 with the tip end of the capillary 16, and whereby the wire 12 i s bonded
to the lead 15 24. During a tinme period fromthe start of the | ooping
operation until the capillary 16 perforns bonding to the lead 24, the first

| 1 i | d d t i d.
Fooon) 20kt Fi et o hih 60 obhE P EeRonr R PR chaReEroBERhr SRERES: (e
cl anpers i%?@e%%gﬁal thgibel ghia olalihest i Re and-of cliBRpeapipd@ryidde an

on-of f state trasoni c” vibrator 15, and a state of a scrubbing

oper at i onm&fhdhesicapi | 85 yc16sei bhthéibendchgmpert h&al.ead 24. In the
figure, aline "a" indicates 25 the open-close state of the first clamper
17a, a |ip&02®!' indicates the open-cl ose state of the second clanper 17b, a
line "z" indicates the height of the 5ip egd of %he ﬁa?ib ar¥t16 a_line
"c" i fdi cates tHETon- A6 SISMR dof Iihe 26t FASoRPETYPHI&Eor Y188 BRESa% I i ne
"d" indicates the state qf t I j i e i 16.
[0028] SOt e & 6 Gep hidn 1n 2B SR APy Ra et EP TRt g down

at a timg,i04ithed il 1Idamer whéa it%e_swage_lle_@rtyO_ﬂsh@oﬁe@I apevstahe from
the open state.” Then, the capillary 16 is brought into contact with the

| ead 24 atezadit24e tHaseahdbi hehicapidrimaaryd 162 shoymal nf&E Glr2Eiper tbeng
bonding to the lead 24. During a tinme period fromthe tinme ti to a tine t3,
the cont rbter @0 tdeubendtimg hepdehd B ndee ddpt 192@ 1B % d DECPPesSed

against 10 the lead_24 and turns the ult asonic.vibr%tor %% on éo bond t he
wire 2 trEpat Feddtpam Fﬂ?tﬂ@??maﬂFiWﬁcbﬁglﬁpnénﬁgfi5§efroﬁ1tﬁ *Tine tl to

the time {300 RLED LNGMJ &%) & PIESedrR0dkale ol eafla28autLl L he

capillarysﬁ%nas shown in e contro 30 pertornms the scrubbing

oper ati onchg W € 45, tihe L¥Ymbabkl en26nks A66hPeeat@dtrid 1diaeeti, ookeof the
pad 22 and the 1ead Z24. The scrubbing operation of the capillary 16

produces #ine I ackdebetrweardaaparihisentbt lhadw 4 evi1h itisertigd erldr ofigh t he
capillary 16 and a bonded portion to the lead 24, and facilitates the
cutting ofhermwiillemp 1 6Thend ethgrdeatiegv 20 mb difeRPHRd He 1& 46BFng
operation_is not limted to the, directio of .th d,_22 and _the | ead 24,
and chn b%4pe¢9Qﬁ%Rﬁiqu%W@gQﬁ?%%?igﬁ%mmﬁgﬁiﬁtgrﬁoggzgﬁfaﬁog %ﬁ , or can be
such t hat ogé‘?a%{;ﬁ'& ¥1 46,d 2 00ved 413 ,géfz@akag 18654 O it aheehbbpt i cal
arc. Alternatively, the capillary 16 can be sinply

24, the first clamper 17a remains closed and the second clamper

17b remains opened.
[0027]

20 FIG. 3 is a graphical chart showing the open-close states
of the clampers 17a and 17b, the height of the tip end of the
capillary 16, an on-off state of the ultrasonic vibrator 15,
and a state of a scrubbing operation of the capillary 16, in
the bonding to the lead 24. 1In the figure, a line “a” indicates

25 the open-close state of the first clamper 17a, a line “b”
indicates the open-close state of the second clamper 17b, a
line “z” indicates the height of the tip end of the capillary
16, a line “c” indicates the on-off state of the ultrasonic

vibrator 15, and a line “d” indicates the state of the scrubbing

15



25 noved laterally in a direction fromthe pad 22 toward the | ead 24.

[ 0029] At the time t3 shown in FIG 3, the controller 30 outputs a
command to nove the tip end of the capillary 16 up to a height Hl, as
shown in FIG 2G Based on this conmand, a signal for driving the Z notor
of the bonding head 19 is outputted fromthe novenment nmechanisminterface
44, and this signal drives the Z notor to cause the capillary 16 to nove
upward. At this 5 tine, thea fiilrlsat )flf\érper 17a remai ns cl osed, and starts
movi ng upRErE SHhG Wit (HE capiiY ary’ 16 while holding the wire 12. As the
wire 12 igpended to the lead 24, the upward nmovenent of the first clanper
17a applies an upward tensile force to the wire 12. Further, as a nearhby
portion of thereifeerig bolilrd he,vivhenitlye efapd ldanty @6 sfathe rwiviegl2
bonded to the lead 24 is crushed by bonding and a cross-sectional area of
thi s neardwwrpertt izortiime dmal cbe Chastt kdameen He otifersvpdrdieshS ofththe wire

12, and as the scrubbi ng operation of the i@pi |1 %Ir%enm r duce;ﬂé he fine
crack§ béthasen S ey TrO™ S PR Dotided 15 For th theti%ead 24 the

wre 12 iis cut .at. the ne .1 i i Clni t he i bonded
to the | @&?Uﬁg}tbylr}tﬁ)e %Oenﬁtgalb(%lteg'?%éllégﬁl%/wnlr%%u%%i%g %?%%‘e 12’ Paﬁjlﬁs 15t%inem::, in

order to furthes f ael khbaheid e Cubki parebribemd end 2o the Teadrmi ) er 30
turns the ultrasonic vibrator 15 on to cause the tip end 20 of the

capi | | ar ypulB ricpa i dhieap e r dodi figora thienei ipe th ¢ 4 rrdmeat 1, fbetebritoral kdme t5
shown in FIG 3. [0030] Accor di r]g to this enbodi nent, while the
capi | | ar 3016amsesstupver eatt ef tlife cheAdiLAG Yt 55t PPeBBe 2 P IT S r e

cutting 25 step, the first clanper 17a remai ns_cl osed sho in G 3.
Ther dfor &heviéifd 124 & 'tr%r?@%e C iRy t‘ﬁjgb%%%%??l];t%nt %kfoea% 24,

the wire 42 cannat, fal Lyaut Lrosyt hepgaphllaryydfnq HOMEVE me GodAidq Wi re 51
does not ©xtend Trémthe ti p end of t'fjue capi [lary 1% as the wire is cut
bef ore t he d@idhaM Efe Bl textBRASihE M i Rewhiph etttk afi tche2capipteasyeds6.
against the lead 24 with the capillary 16 as shown in FIG. 2F,
the controller 30 performs the scrubbing operation in which
15 the XY table 20 is reciprocated in directions ¢f the pad 22
and the lead 24. The scrubbing operation of the capillary 16
produces fine cracks between a portion of the wire 12 inserted
through the capillary 16 and a bonded portion to the lead 24,
and facilitates the cutting of the wire 12. The reciprocating
20 movement in the scrubbing operation is not limited to the
directions of the pad 22 and the lead 24, and can be performed
in any directions within a horizontal plane, or can be such
that the capillary 16 is moved in a circular arc or in an
elliptical arc. Alternatively, the capillary 16 can be simply
25 moved laterally in a direction from the pad 22 toward the lead
24.
[0029]
At the time t; shown in FIG. 3, the controller 30 outputs

a command to move the tip end of the capililary 16 up to & height
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[ 0031] As shown in FIG 3, the controller 30 obtains a signal
indicating a height of the tip end of the capillary 16 acquired 5 wth the
capillary height detecting unit 29 via the capillary height detection
interface 42 shown in FIG 1, and conpares this height with the height H.
Then, when the height of the tip end of the capillary 16 corresponds to the
hei ght Hl, a signal for sopping the Z notor is outputted fromthe novenent

10 mechany s 5%%@]% %G.a@%s.m%%% Bhetpé@w&mmgmtsﬁnélhef&api Ilary

16 i s stopped. shown in Fl 2H, when the height of the

tip end efrithecapid Fanytde e6rtrepootdihe hbedhed ghd dtltmitteed ifmort 6 shown
15in FIG 3, the controller 30 outputs a command to cl ose the second

cl anper EHe mBasgwndn medbsrciemmend e sigr, faord dlost g opel atiiored s
outputted to the second cl anper open-cl ose nechani sm 27b fromthe cl anper
open- cl 0§&'9 At BPFAE AL URR §h§iﬁﬁBFléﬁﬁge%6ﬁﬁb“§@@bHHWéF§npe$tdﬁﬁﬁﬁcIose

rechay! Sgih \9e20peL ol ate oviag cRetation, and abeebydfis pecon

cl anp cl"osed™ an he Wi re 12. upon” conp f the

closing Qpgratd QR ofly Lhenseconthed anpey 117 hindtl cAnbl BB nly7caBOMY-E N FI G 3,
the controller 30 outputs a conmand to open the first Clanper 17a. Based on

this commndheawsirgnab fterbdhdepgenonghepesad i Db, itshouipud tddudwenidre: first

cl anper open-cl ose nechani sm 27a fromthe cl anper open-close interface 41.
This sigmdl ther Gpeti vg aoparatliion araulsiess tde YAwastd dsimplere dipeiee|iose
mechani sm 27a to p%rforn1t e openi ng ogg#ation , and ¥hereb ,the first

cl anper 17% i"d6pdred GHATPEFeas8s®t RESWPY PO 51 PRAPT hERS bEENE Hef d- i th t he

L A M L, g N U S g IR

sSwWtc st™ cl anper e second anper at atime t8

5 shown ixy E'&cr%sﬂé&?kﬁp@dr@ﬂr@{]%@ﬂcm&%ﬂsé@@mﬁf@lt&é@v&f theidip end
of the capillary 16 up to a height H2 fromthe height HL. Based on this
comand, ridwerbd matran cof itshembdndirnghbeattha® 0§ Unéeverhendodteiaapidf ary 16
starts nmoving upward. At this tine, as the second clanper 17b is cl osed and
hol ds t h&hgi mdre 12, and as the scrubbing operation of the capillary
16 produces the fine cracks between the wire 12 and the bonded
15 portion to the lead 24, the wire 12 is cut at the nearby portion
in the wvicinity of the portion bonded to the lead 24 by the
tensile force (wire cutting step). At this time, in order to
further facilitate the cutting of the wire 12, the controller
30 turns the ultrasonic vibrator 15 on to cause the tip end
20 of the capillary 16 to vibrate during a time period from a time
ty to a time ts shown in FIG. 3.
[0030]
According to this embodiment, while the capillary 16
moves upward after the bonding to the lead 24 in the wire cutting
25 step, the first clamper 17a remains closed as shown in FIG.
3. Therefore, even if the wire 12 is cut during the bonding
to the lead 24, the wire 12 can ncot fall out from the capillary

16. However, a tail wire 51 does not extend from the tip end

of the capillary 16 as the wire is cut before the tail wire

17



10 12 in a direction of the height, the height of the wire 12 does not
change, and only the capillary 16 and the first clanper 17a nove upward
fromthe height HL to the height H2. As shown in FIG 21, this causes the
tail wire 51 to extend fromthe tip end of the capillary 16. Further, as
shown by a tine period 15 fromthe time t8 to a tine t8 shown in FIG 3,
the controller 30 noves the capillary 16 upward and turns the ultrasonic

vi brator dp doscapse the.tip,end 0frt hg-Ccaphlihary,16¢ 0 vibrate, so that
the wire 12 éi)}gtsrmothly inseertie)%l t hrough tﬁe hgl e in’the capillary 16.

20[ 0034] (003131 The controller 30 detects the height of the tip end of the
capillary 16 using the capillary height detecting unit 29, and, when the
hei ght reaches Ashehweirghiin HZG.out pths govtmmandrt d0stbpaihe apwagda hovenent

of the capillary 16 to the novenent 25 nmechanjisminterface 44. Based on
this commeltfticatigRaleishtRhoppengiP i odotlae GaPidutdsut LELFABHT ERe

novenent nechani sminterface 44,  Thi Lgnal st no t he
upvva;né no ?%E%theofcatpﬁr%%gé:gi ﬁﬁéﬁ}tl%ég %Egﬁgv%rgﬁgf%e%té%plg??a%%leGfgg%ps, t he
tail wireSlgextendsc{ 1O et Pcengh obndhe capritary, 16nqabyompapapunt of
a difference L between the height Hl and the height H2 shown in FIG 3

(W re extwgnd ngeigtd widHO@3%] hdpahtcanpl atticon efearhehexhenghanoofthde tail
wire 51, 5 the controller 30 outputs a command to close the first clanper
17a at a tipeendeshown ¢epHl ZBry. 1AscehsaAPrPndFl &0 2be badeltoHit his

command, a signal for cl osi ng the first, cl anper 1%3: IS ouhgutted fromthe
cl anper OPEHE I PRPEATPCERE12 BPT His Rt ehdEeR the FPYSTeRt anper

open- ¢l ose. flechaly SMATA LA, 10 CLesG e (AL GhAUPE M ihe gD,  yben the

first clanper i's closed at "a tine t1 hown ol l er
30 out putsy B COMPRNGG t Os 0peHpbBg. second cl anper 17b. Based on this command,
a signal for opening the second clanper 17b is outputted fromthe clanper
open-clospO32erface 41, and this signal causes 15 the second cl amper
open-cl ose nmechani sm 27b to open the second cl anper 17b. Then, when the
second cl anper Z7ishayrogéndd Gat 28 -t Wient heshew@hitnof| Ehe3tardenrfecEl anper
hol ding t

ol 09 e, WS 02 Ly miLt e Lo e sacond, e\ prper, A7 Lo the {11t
oo PP A0 ST B By L Bkl 43, Lokt Show
[ 0036] second clamper 17b. Basedon this command, a signal for closing
operation 1ls outputted to the second clamper open-clcse
mechanism 27b from the clamper open-close interface 41. This
signal causes the second clamper open-close mechanism 27b to
20 perform the closing operation, and whereby the second clamper
17t is closed and holds the wire 12. Then, upon completion
of the closing operation of the second clamper 17b at a time
t7 shown in FIG. 3, the controller 30 cutputs a command to open
the first clamper 17a. Based on this command, a signal for
25 opening operation is outputted to the first clamper open-close
mechanism 27a from the clamper copen-close interface 41. This
signal for opening operation causes the first clamper
open-close mechanism 27a to perform the opening operation, and

whereby the first clamper 17a is opened and releases the wire

18



As shown in FIG 2K, the controller 30 outputs a command 25 to nove the tip
end of the capillary 16 to the position at which an initial ball is forned
to the novenment mechanisminterface 44. Based on this command, the XY table
20 is driven, and the tip end of the capillary 16 is noved to the position
at which an initial ball is formed. Wen the capillary 16 reaches a
predeterm ned position, the controller 30 outputs a command to form an

initial l,.t.a the f.or+m, ng. if.@in ce. 4 a on this conmand,
t he el ecg?zlorﬁhca Ilplra}jrrset?%!fe!fn Z%é]iraér"glrwe%hé a%%%ﬁeg%%ﬂ; e\% ?2Q51 extending from

the tip engh2f) the capillary 5 16 is heated and rolls up into the initial
ball 52. Upon conpletion of the formation of the initial ball 52, the
controller 30 mbees thke cdapiddramp 1HE rapate tWhiecenet ipadswix dloegefrfar m
subsequent bondi ng. [0037] 10According to the enbodi nent descri bed above,
as the bdldi ig asd Henpssd L4 ite péef eread glempest /e p§ dhbéhethe first

clanper 17a is closed, the wire 12 nn fal:l ut fromthe capillary 16
cven Bt SHOWG i@ T35+ JeuthRuPPREZEReSBoRdi FGEPARE 7o TEN RS DI TS
effectiv . t fall- t 5_ W Is rt jyust ment
of the p?ééges?%gpérﬁ%g ‘g]?e tcﬂaélclg:)%ﬁfg?y&ﬁig%i %msetrj 1}{%% t%ggleégﬁﬁeléat

whi ch theyw rg;s88 &e Giits Byrkhedyordeng. ndsot her Rear bynpehti Rea@f1d he wire

12 bonded to the |l ead 24 can be crushed to a | arge extent and the
Cross- secid admdlvear eadofthéhisphkbaby Pporttiaort s siodeqieapedrévenit this
time, as the second clamper 17b is closed and holds the wire
10 12 in a direction of the height, the height of the wire 12 does
not change, and only the capillary 16 and the first clamper
17a move upward from the height H; to the height H,. As shown
in FIG. 2I, this causes the tailil wire 51 to extend from the
tip end of the capillary 16. Further, as shown by a time period
15 from the time tg te a2 time ts shown in FIG. 3, the controller
30 moves the capillary 16 upward and turns the ultrasonic
vibrator 15 on to cause the tipend of the capillary 16 to vibrate,
so that the wire 12 is smoothly inserted through the hele in
the capillary 16.
20 [0034]
The controller 30 detects the height of the tip end of
the capillary 16 using the capillary height detecting unit 29,
and, when the height reaches the height H;, outputs a command
to stop the upward movement of the capillary 16 to the movement
25 mechanism interface 44. Based on this command, a signal for
stopping the % motor is outputted from the movement mechanism
interface 44. This signal stops the Z motor, and the upward
movement of the capillary 16 stops. When the capillary 16 stops,

the tail wire 51 extends from the tip end of the capillary 16
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20 if the wire 12 cannot be cut in the bonding, it is possible to provide
advant ageous effects of reducing a repulsive force of the wire 12 when
cutting the wire 12 and nore effectively suppressing the bend in the wire
12 as conpared to the conventional techniques. Mreover, according to this
25 enbodi nent, the capillary 16 is caused to performthe scrubbing
operation when the wire 12 is pressed against the |ead 24 using the

capi 11 aryy 16,4 0. prodUGE Lhe, liAe Arks dhelueen (e e e 18, aidy the, bonded

portion s Wre can be easily cut. Evenifthewirel2 1s cut
during this: gor ubbish@weperatien, 3 tfiei faldxtosidDigtheiw re can be
effectively suppressed as the wire 12 is held with the first clanper 17a,
wi t hout rEdsling fine adjustment of the scrubbing operation. Furthernore,
as it is possible to sufficjentL% perform the scrubbing operation, 5 the

bondi ng st r engtP BetGEH SHE W Gle B ek ekl PR ff S e be YHE? 2%1%ed.
0038 Al i t hi nbodi t,. th ikl 16 i dt

(005 o el 80 LS e enl e capiSEy 10 U eaueeo o

agai nst the, |.gad %émef‘ewegﬁbwgfgasfﬁw 40 B Gsibur tini $1R0S8kbI8,805per form

t he bonding wthout the 'scrub operation with the capillary 16. [0039]
Accor di ngyit a:Hihe eirhediden desedi besk abbyeing heha ferdS dPampsegut7af ter
the bonding to the | ead 24. However, the present invention can also be

appl i ed tis aubpdithgdpf veesds alahpeh adwidiadalinbgkifas? 45, bondeldiso t he

| ead 24 and then the wire 12 is cut after the bonding to the pad 22. [0040]
201t shoutiPTHel appieRs difedl Thatt therRes erReT AvEREE oReFianism 27a to

10 close the first clamper 17a. Then, when the first clamper 17a
is closed at a time ti; shown in FIG. 3, the controller 30 outputs
a command to open the second clamper 17b. Based on this command,
a signal for opening the second clamper 17b is outputted from
the clamper open-close interface 41, and this signal causes
15 the second clamper open-close mechanism 27b to open the second
clamper 17b. Then, when the second clamper 17b is opened at
a time t;; shown in FIG. 3 and the clamper holding the wire 12
is switched from the second clamper 17b to the first clamper
17a, the controller 30 causes the movement mechanism 18 to move
20 thecapillary 16 to apositionat whichaninitialball is formed
as shown in FIG. 2K, and forms the initial kall 52 for subsequent
wire bonding.
[0C36]
As shown in FIG. 2K, the controller 30 cutputs a command
25 tomove the tip end of the capillary 16 to the position at which
an initial ball is formed to the movement mechanism interface
44, Based on this command, the XY table 20 is driven, and the
tip end of the capillary 16 is moved to the position at which

an initial ball is formed. When the capiliary 16 reaches a

20



not limted to the enbodi nent descri bed above, and any variations and
nodi fi cati ons can be nade w thout departing fromthe spirit and the
techni cal scope of the present invention as defined in the appended cl ai ns.
25 REFERENCE NUMERALS [0041] 10w re bondi ng apparatus 1llspool 12wire
13bondi ng arm 14bondi ng stage 15ultrasonic vibrator 5 16capillary 17afirst
cl anper 17bsecond cl anper

predetermined position, the controller 30 outputs a command
to form an initial ball to the ball forming unit interface 45.
Based on this command, the electronic flame off 26 is driven,
and the tail wire 51 extending from the tip end of the capillary

5 16 is heated and rolls up into the initial ball 52. Upon
completion of the formation of the initial ball 52, the
controller 30 moves the capillary 16 above the next pad 22 to
perform subsequent bonding.
10037]

i0 According to the embodiment described above, as the
bonding to the lead 24 is performed in the state in which the
first clamper 17a is closed, the wire 12 can not fall out from
the capillary 16 even if the wire 12 is cut during the bonding,
and it is possible to effectively suppress the fall-out of the

15 wire. Further, the adjustment of the pressing force of the
capillary 16 is sufficient at a degree at which the wire can
be cut by the bonding. As the nearby portion of the wire 12
bonded to the lead 24 can be crushed to a large extent and the
cross-sectional area of this nearby portion is decreased even

20 if the wire 12 cannot be cut in the bonding, it is possible
to provide advantageous effects of reducing a repulsive force
of the wire 12 when cutting the wire 12 and more effectively
suppressing the bend in the wire 12 as compared to the
conventiocnal techniques. Moreover, according to this

25 embodiment, the capillary 16 is caused to perform the scrubbing
operation when the wire 12 is pressed against the lead 24 using
the capillary 16 to produce the fine cracks between the wire
12 and the bonded portion such that the wire 12 can be easily

cut. Evenif thewire 12 is cut during this scrubbing operation,
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18nmovenent mechani sm 19bondi ng head 10 20XY tabl e 21sem conductor chip
22pad 23l ead frane 24l ead 15 26el ectronic flame off 27afirst clanper
open-cl ose mechani sm 27bsecond cl anper open-cl ose nmechani sm 28caner a
29capil l ary height detecting unit 20 30controller 32data bus

the fall-out of the wire can be effectively suppressed as the
wire 12 is held with the first clamper 17a, without requiring
fine adjustment of the scrubbing operation. Furthermore, as
it is possible to sufficiently performthe scrubbing operation,

5 the bonding strength between the wire 12 and the lead 24 can

be increased.
[0038]
According to this embodiment, the capillary 16 is caused
to perform the scrubbing operation while the capillary 16

10 presses the wire against the lead 24. However, as shown in
FIG. 4, it is possible to perform the bonding without the
scrubbing operation with the capillary 16.

[0039]
According to the embodiment described above, the wire

15 12 is cut after the bonding to the lead 24. However, the present
invention can also be applied to a boding preoccess in which the
initial ball 52 is bonded to the lead 24 and then the wire 12
is cut after the bonding to the pad 22.

[0040]

20 It should be appreciated that the present invention is
not limited to the embodiment described above, and any
variations and modifications canbe made without departing from
the spirit and the technical scope of the present invention
as defined in the appended claims.

25

REFERENCE NUMERALS

[0041]
10 wire bonding apparatus
11 spool
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34st orage 41cl anper open-close interface 42capillary height detection

interface 25 43ultrasonic vibrator

45bal |

bal |

60conput er
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15
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25
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CLAIMS 1. A wire bondi ng appar at us,

interface 51tail wire 52initial bal

wire

bonding arm

bonding stage

ultrasonic vibrator

capillary

first clamper

second clamper

movement mechanism

bonding head

XY table

semiconductor chip

pad

lead frame

lead

electronic flame off

first clamper open-close mechanism
second clamper open-—close mechanism
camera

capillary height detecting unit
controller

data bus

storage

clamper open-close interface
capillary height detection interface
ultrasonic vibrator interface
movement mechanism interface

ball forming unit interface

tail wire

initial ball
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i nterface 44novenment mechani sminterface

53pressur e- bonded

conpri si ng:



a capillary configured to bond a wire inserted through the capillary to a
bondi ng target; 5a first clanper configured to nove in conjunction with the
capill ary; a second cl anper disposed in line with the first clanper

al ong an extending direction of the wire inserted through the capillary;
and 10a controller configured to open and close the first clanper and the
second cl anper, wherein the controller includes: awre
cutting upt configured to cut, LheMJe by bonding the wire using the
capillary and then ving the 15 capifﬁary and the first clanper upward
whil e thesdirst clampemgierai ns cl osed; and a wre extending
unit configured to extend the wire froma tip end of the capillary by
noving the capillary upward, and then noving the capillary and the first

cl anper upward in 20 a state in which the first clanper is opened and the
second cl anper is closed. 2. The wire bondi ng apparatus according to
claim1, wherein 25the wire cutting unit causes the capillary to performa
scrubbi ng operati on when bonding the wire.
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3. Awre bonding nethod, conprising: a step of preparing a wire bonding
apparatus including a capillary configured to bond a wire inserted through
the capillary to a bonding target, a first clanper configured to nove in
conjunction with the capillary, and a second cl anper disposed in line with
the first clanper along an extending 5 direction of the wre inserted

t hrough the capillary; a wre cutting step of cutting the wire by
bondi ng the wire using the capillar¥Li?ﬁSthen noving the capillary and the
first clanmper upward while the first clanper remains closed; and 10a wire

ext endi ng St @p 9f-LXLeRAdiRY A Mthes [ ramg-tdingnd of the capillary by
novi ng the capillary upward, and then noving the capillary and the first
cl anper upward & Rapistiatreg condhigtlreicheof boatl alahperinse opedethamit he
second cl anper is closed. 15 4. The wi re bondi ng nethod according to
claim3, tilerapiiiethetava doendintagtar@pt the capillary is caused to

erforma scrubbi ng operati on when . bonding the wire. . . )
P 5 a fi%stpclamper conglgured %o move 1n conjunction with

the capillary:

a second clamper disposed in line with the first clamper
along an extending direction of the wire inserted through the
capillary; and

10 a controller configured to open and close the first
clamper and the second clamper, wherein

the controller includes:

a wire cutting unit configured to cut the wire by
bonding the wire using the capillary and then moving the
15 capillary and the first clamper upward while the first clamper
remains closed; and
awire extending unit configured to extend the wire
from a tip end of the capillary by moving the capillary upward,
and then moving the capillary and the first clamper upward in
20 a state in which the first clamper is opened and the second

clamper is closed.

2. The wire bonding apparatus according to claim 1,
wherein
25 the wire cutting unit causes the capillary to perform

a scrubbing operation when bonding the wire.

3. A wire bonding method, comprising:

a step of preparing a wire bonding apparatus including

25
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15

a capillary configured to bond a wire inserted through the
capillary to a bonding target, a first clamper configured to
move in conjunction with the capillary, and a second clamper
disposed in line with the first clamper along an extending
direction of the wire inserted through the capillary:

a wire cutting step of cutting the wire by bonding the
wire using the capillary and then moving the capillary and the
first clamper upward while the first clamper remains closed;
and

a wire extending step of extending the wire from a tip
end of the capillary by moving the capillary upward, and then
moving the capillary and the first clamper upward in a state
in which the first clamper is opened and the second clamper

is closed.

4. The wire bonding method according to claim 3, wherein

in the wire cutting step, the capillary is caused to

perform a scrubbing operation when bonding the wire.
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