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 bondi ng apparatus and a bondi ng nmet hod enpl oyed by
such a wire bondi ng apparatus. BACKGROUND ART [0002] 15In an assenbling
process of a sem conductor such as an IC, a wire bonding apparatus that

typically EQBRAFiangIdRh &f th IRRITHAABANCABDIGAIO ub il | ead of a | ead

frame using wre Is used. According to the wire bondi ng appar at us,
bonding to the pad is perfornmed using a capillary by causing a wire to

DESCRIPTION

5 TITLE OF THRE INVENTION: WIRE BONDING APPARATUS AND WIRE BONDING
METHCD
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

[0002]

13 Tn an assembling process of a semiconductor such as an
IC, a wire bonding apparatus that ftypically 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 caplllary 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 a 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



20 extend froma tip end of the capillary and form ng the extended wire
into an initial ball 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
performed 25 using the capillary. Upon conpletion of the bonding the wire
to the lead, the capillary is noved upward while feeding the wire fromthe

tip end of wt he ¢api bkhanyteandnédere e agpertésdint@sedn Thenpiphendcapi | lary
and the clanper are noved further upward, and whereby the wire is cut in a
state in whfchha dagilllagyr e Diogepreadetver MAetRPEhRTY i°$ BrVeddiag from t he

tip end of the capil . Subsequentl.y, the_capill.ary is noved.tq a
posi tion o?o?h511$é§{$§§i8§?f ﬁ%n%ﬁfﬁl eeo%:fﬁli'lgh r%?%%ﬂﬂlgeuﬁog%?éﬂén

initial bakhioand ffenonding the whee Bendihey next wi:bi tstrbonding poi nt
is perforned. Pads and | eads are sequentially connected by repeating
bondi ngs i nfihés pemiiery c00G3Jis performed. Pads and leads are

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 cendition, 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

often not syEiigéenttysisamid pdependi ng,DpotBen bpndisng teongdist boski1dm such a
case, holding the wire with the clanmper and noving the wire upward cannot
cut the w tkatabvd yedimnenthe iviese airs bupuehf yinfe eord 4 g th0 eeehisi | e
force is agE%ied to the wire. This causes the wire to flip up due to a
reaction f 8 of the large tensile force applied to the wire when cutting,
and causes phgsyire and the tail wire under the clanper to bend in an S

shape. The bend in the tail wire often results in defective ball formation
t hat 5 Thus, there are proposed various metheds including a

method of cutting a wire by holding the wire with & 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 tall wire upward (see Patent literature 1, for
example), and a method of moving a capillary 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 resonating the tail wire and
cut the wire, thereby cutting the tail wire by the vibration
{see Palent literature 3, for example), and a method of causing
20 acaplllary toperforma scrubbing operation when bonding while
pressing the wire against a bonding surface using the capillary
(see Patent literature 4, for example).
[GOD6]
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 clampexr
to close and a wire-cutting clamper to open, moving the

wire—cutting clamper upward along with the capillary to a



25 is carried out by such as electric discharges. Even if a ball is forned
in a good condition, the wire in the capillary or between the capillary and
the clanper still includes the bend. Accordingly, perform ng the bonding
usi ng such a bent wire adversely causes the wire connecting the pad and the
|l ead to include an S-shaped portion, and possibly results in a problem
that two adjacent wires are brought into contact wth each other. [0005]
5Thus, thepssaf £PNARESed cvahi ods wetdodsidne udiasigea , mehbedpof cutting a
wre by holding the wire with a clanper and noving the wire upward after a
capi | | ary ameertthierclthrpeirariatroree erahslerselspesfighethatitecdmical axi s
of vertlca# verrent f the capillary and the clanper is aligned wiwth an 10
end portio lbo(?‘i\iﬁ“}?g ®defore holding the wire with the clanper and pul | i ng
the tail vvire upward (see Patent literature 1, for exanple), and a nethod
of nmoving a capillary in a transverse direction at the sane tine as an
application of ultrasonic vi bPRIGRPART ENMENTS(see Patent literature 2,

for exanple). 15 There are al so proposed a net hod of opening a clanper to
extend a tail wire, causing the capillary to vibrate at a natural frequency
of the tail wire, and resonati pgokhe batinddfe and cut the wire, thereby
cutting the tail wire by the vibration (see Patent literature 3, for

exanpl e), amelb?a net hod of causing 20 a capillary to performa scrubbing
operation when bonding while pressing the wre agai @&%ﬁondl ng surface

usi ng the Raptnt a]rlyte(r%é‘rpatlent F?P@P%?ﬁr%aﬁen?& e

10 Patent literature 2: Japanese Patent No. 3128718
Patent literature 3: Japanese Patent No. 2969953
Patent lilterature 4: Japanese Patent No. 2530224
Patent literature 5: Japanese Examined Patent Application

Publication No. H01-35500

15
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 pertions of the wire,
If 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 fromthe capillary, resulting in the fall-out

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



[ 0006] Dependi ng on the bonding condition, the wire is possibly 25 cut
during the bonding and falls out fromthe capillary (fall-out of the wire).
There is proposed a nethod of, when the fall-out of the wire occurs,
causing a wire-holding clanper 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 wire-holding clanper, thereby inserting the wire

nto the cgpii]any (geg. & LLtEEAL UL B rbOEp@XATRI; @h. 2 RRRILR ART
DOCUMENTS %ﬁ %&iﬁ%ﬁ%ﬁf%&%%%b7] Pat ent Ii?éraﬁare 1:iapd%§§e Pat ent No.
2723277 10sPatefth ldveer at uk et JapanesdePat entd Now P312871Bi Ratamnire

literature 3:Japanese Patent No, 2969953 Patent literature 4:Japanese
Pat ent No. 1 Z5302par Patent |31 EREard SV I5p etV xSt hEG TPAPERI 5! i cati on

an S shape. Moreover, according to the conventional methods
§ described in Patent literature 2 and Patent literature 4, the
probliem of the fall-out of the wire may occur as the wire can
be cut as in the case of the conventional technigues 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
iiterature 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 technigues 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.
[00G9)
An object of the present invention i1s 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



Publication No. 1101-35500 15 SUMMARY OF THE | NVENTI ON PROBLEMS TO BE
SOLVED BY THE | NVENTI ON [ 0008] 20However, according to the conventi onal
bondi ng nmet hods described in Patent literature 1 and Patent |iterature 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 snmaller than that of other

portions of;4iee Midodsibh:rbhe Pressl 0y Joareacel ohhei gapill @é%iiﬁaﬁ;ﬁp | ar ge,
the wire is cut at the sanme time as the wire is bonded to the | ead and the
wire fall saacscoidonl athee e apisiblogry, in dsukt Vhigh ithet Aerfaldizgpercilete wire.

I f the pressing force of. the capill is top small, .it IS necessary to
move t he V\f‘?ee}gﬁ%cgjd“% 1 _%df)élaf)gr %‘%r‘éﬁ@? hlréﬁleeﬁ?ﬁ t%ﬁ%@?‘n%?’ﬁod descri bed
in Patent LitefBisfe hook Lhheraie 3nragdrbhuss tdieivan@ Lscadversel y
defornmed into an shape. Moreover, according to the conventional methods 5

descri bed fhrfatemmdeirt endt tre Fcnd Phteper| ivtheratior shé, conerprioht em of
the fall-out of the wire may occur as the wire can be cut_as in the case of

the convent?PohdietechniidifeS GiSBPoBRY i FPPat BT i*CeFREUFBS 10T MY erat ur e
3, unless ag ystament, 'm@%i&qgr RREVEDD: § er Wi 46 TR BeiigCyhwhen the

capillary noves 10 In a transverse direction. In other words, the

convent i onakpt etdmy questidesersbed dnpRatpward ivhdrat une £l rtse Podrerdr
literature 4 pose a problemthat the occurrence of the fall-out of the wire
and the beh#naing ke OfFfé athapel SuppEB8LLA9 aMly G ¥ MeePreset R4 or ce of

range T n S ERg, TR BRI SRy Yebdnartee HelErPRaY o Bty '

l'i teratureudwd &g Patrentcheint @bat HEet e peses. anot keya pheblerst hatathere is a
case in which a bonding strength between the wire and the | ead cannot be
ensur ed asuPWerprigssi g foleewhsch &46i felst ¢ IFEDed hE Anfeed and the

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 accerding 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 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

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 ¢f the capillary by moving the capillary upward, and

then moving the capillary and the first clamper upward in a



20 within a certain range. [0009] An object of the present invention
is to suppress a fall-out and a bend in a wre in a further effective
manner. 25MEANS FOR SOLVI NG THE PROBLEMS [ 0010] A wre 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

capi |l | ary; s@as€cond;cl-anpee disposedaipetine Wdded hadf ichst sekbagper al ong
an extending direction of the wire inserted through the capillary; and a
cont r ol | erctomfdgased asedbpednaniticlioge fhelspipfsraklamyert and ithse second
cl anper, wherein the controller includes: a wire cuttin nit configured to
Sut the' wi FEE By HOdItG ERe iPeCtET hGe thel BARTIAT y CaRaCRER Foving t he

capillary and g J igpet2¢lianPeheHPYWBAE: MR 416 the-dirst cl anper remains
closed; and a wire extending unit configured to extend 10 the wire froma
tip end of the capillary by noving the capillary upward, and then noving

the capillary and the first clanmper upward in tate in which the first
cl anper is opened and the@%ﬁ%?a?@&“ﬁ SIWE%%%&% In addition, it is
preferabl e;ghat, the wire cutting unit causes the capillary to performa 15

scrubbi ng operati on when bonding the wire. [0011] A wire bondi ng net hod
accordi ng to theher esentnt nemehioion provides an advantageous effect

of suppressing a fall-out and a bend in a wire in a further

i0 effective manner.

BRIEF DESCRIPTION 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 inventiocn.

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



includes: a step of preparing a wire bondi ng apparatus including a
capillary configured to bond a wire inserted 20 through the capillary to a
bondi ng target, a first clanper configured to nove in conjunction with the
capillary, and a second cl anper disposed in line with the first cl anper

al ong an extending direction of the wire inserted through the capillary; a
wWre cutting step of cutting the wire by bonding 25 the wire using the

capil lary and 1hen, mving the.Caphhl gY=adedle: fddcslhr ahameer cpvard while

the first %Ii)arrper remai ns cl ose nd”a w re extending step of extending
the wire feemaiddi: & tofe pheseapi bhaeytbyn noving the capillary upward,

and then noving the capillary and the first clanper upward in a state in
whi ch the first BiGanpér iFsaBperetd ANt Thel 'SEGHd I ampértiB9cid8ed. In

addition, it is pref | e Lhat, LA:Lhe, wie ting,.stier, cbhepgapillary is
caused to %%‘?Jf%t%%ma ng::?:t%bebiw%ggoggbgf%lgna ena%%%\dal ng tﬁe%wi re. 5 ADVANTAGES
OF THE 4 NVENTONd 0012 the presenthenpessest. i nvention provides an

advant ageous effect of suppressing a fall-out and a bend in a wire in a

further 10 ef f edtlitee 2GnAfern BRPEM DESCR B ONTOR IHIE CORAWNIGE £ 0013]
oo s SR, AE R PRUA PR EL Ul Rkt bondi o
embodiment of the present invention. :

FIG. 2H is an explanatory diagram illustrating the

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

FIG. 2I 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 to 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.

PTG, 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 apparatusaccording1x>theembodimentcﬂfthepresentinvention.

FTG. 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 2A is an explanatory diagramillustrating an operation of the wre
bondi ng apparatus according to the enbodi nent of the present invention.
20FIG 2B is an explanatory diagramillustrating the operation of the wire
bondi ng apparatus according to the enbodi nent of the present invention.
FIG 2Cis an explanatory diagramillustrating the operation of the wire
bondi ng apparatus according to the 25 enbodi nent of the present invention.
FIG 2D is gp-gxplanat oryhdiadam: Lhysheabhng 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 wre
bondi ng apparatus according to the enbodi ment of the pr nt invention.
FIG 2F is an expl &HaPOF3FES r%gﬁ%anﬂuﬁgT?ﬁezﬁﬁg’Fﬁf&%n of the wire
bondi ng appgpahyis accor ding to the 5 enbodi ment of the present invention.
FIG 2Gis an explanatory diagramillustrating the operation of the wire
bondi ngs appar at UBhactandiwigigt detheilkaboai pentenfed kebpdésent tAveme i on.
FIG 2H is an explanatory diagramillustrati n% the 10 operation of the wire
bondi ng apPaFAEDS HEEDIHidy Wi-oht hef effreh fenitDEf AFRe P eseht TPhved i on.
FIG 21 is_an.explanat.o i.agr il rat i I t wre
bondi ng apsggé ﬁss%rc%%trJ |en%ft% ‘ﬁ%é gjr?g‘? |H%E%ng¥gﬁ%|§pgjr %tgg%?d?% eg('?i on.
15FI G 2J kfecaBmBi@ladat o5y Hagramenkt! usteatiog thedescribed with

reference to FIG. 1. In FIG. 1, a signal line is shown by an
10 alternate long and short dash line. Referring to FIG. 1, the
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 % 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 19 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, ¥, and 2 directions. On a side of the tip end of the



operation of the wire bondi ng apparatus according to the enbodi nent of the

present invention. FIG 2K is an explanatory diagramillustrating
t he operation of the wire bondi ng apparatus according to the 20 enbodi nent
of the present invention. FIG 3 is atine chart show ng states of

open-cl ose operations of a first clanper and a second cl anper, the height
of a capillary, on and off of an ultrasonic vibrator, and a scrubbing

operation ,0f, 48 GARITIY BF Y rieNx  RELMrR) bandird s@%@ﬁaté&:mﬁ%@l ng to
the embodiment of the preseﬁt i nventi on. %0 4 is atime chart

show ng stiat esuofi copemdclfaseaopendt fose of3 tie Hriaviidec.anper and t he second
cl anper, the height of the capillary, and on and off of the ultrasonic
vibrator i Phd wire bonding apparatus according to another enbodi ment of

the present i nvantl on.; ENBCDUNENTS, GR CABRYLING,QUT, LA BMENIL QN 0014]

5The foll ow ng cri es a preferre nbodi ment of the present invention
w t h ref ergnesilca it bep dravpRgs ioki ratd camfentiree smmmdiharteaowlzae Ui2r e

bondi ng apparatus 10 according to the enbodi nent of the present invention
i s descri beariaiath speheren gd! EREE @aﬂlkhe mréerfedatgff@ﬁah i d9€ shown by

bondi ng apar AT 16 Fo Bant DU Sch ot Pt 2 bondl o éad" T 2 i Spo

bondi ng aﬂ% I's con suc at a head 19 i's di sposed

on an X' iahlsesdfp1add tre ledid]glmq:adavhmac‘sapbawiMEﬂbmﬁhn@ Heerdi ng arm
13. The bonding arm 13 is driven about a rotational center with a Z notor,
and confi gl® ed T1% bG@ﬁlm%a@malﬁliﬁ%Wﬁsép sHeP by nti g s&rhc18"#B¥e<C i n an

o e AT PR SR L A ST ponduckes Silp 2L o
i.e., a vegtd Q@ired'fzeqtds%&teantbbguzgthmtda@ﬂ‘lltan@ pad agerbhaeernd the
sem conductor chip 21 or
bonding surface, i.e., the pad surface of the semiconductor
chip 21 or & 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.
[10016)
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 ¥, Y, or Z direction in conjunction
with the bonding arm 13. The second clamper 17b moves in the
¥ oor Y direction in conjunction with the bonding arm 13, but
25 its height in the Z direction is fixed. The clampers l7a and
17b are respectively provided with a first clamper cpen-close
mechanism 27a and a second clamper open-close mechanism 27b,

and each of the clampers 17a and 17b is configured to driven

to open and close by an operation of the corresponding

10



20 a surface of the lead frame 23. The tip end of the bonding arm13 is
provided with a capillary 16 as a bonding tool. The XY table 20 and the
bondi ng head 19 configure a novenent mechani sm 18 capabl e of freely noving
t he bonding head 19 to any position within a plane al ong the bondi ng
surface (wwthin 25 an XY plane) using the Xi table 20, and thus driving the
bondi ng arm 13 provided for the bonding head 19 with the Z notor allows the

tip end of opdre-bondi ng=mild and thezvapillary 16 provided for the tip end
of the bonding arm 13 to nove freely in any of X, Y, and Z directions. On a
side of thé&l®l'pl end of the bonding arn113 of the XY table 20, a bonding
stage 14 configg{ed t.o s on and fix d fr rovi ded. [0015]

The capillary 16 3% wér€|E8UPéP c%?%%%a%aV| %ﬁgrlﬁﬁd 25°8ont tal tip end

portion, apgheonitauned suehit Bapoai i die a]r?d r&mr@fj SHCHp@sa @i Golsk Wi re can
be inserted t hrough the hole provided in a central portion of the capillary

16. Thes wi eecliz:m@osapplweeﬁdlg‘ aocmratxgpldcﬁr 39 Tm\@mgdédf%moaadtwrtﬁmm ng head

19. The bo dln arm 13 serv t uItr ni c 10 t he

S 1y B BT ta R e i Do SR Vg RO SO nd Sttt

i nserted Hﬂﬁougﬁetia@ CARId barys ;ﬁéo@geleasmrh@nb;@@gioggt%%f@&@ecﬂ;_rfg the
pad surface of the sem conductor chip 21 or of the lead franme 23, to

bond t he wnmft]ébnﬁlqdnedbmnddagesUréa@@slﬁ&ﬂuImﬂ'thenbbhelvgcm@adyubf a
position 15 of the t&g end of the capillary there is provided an

el ect roni c1? | dife HfANDE C4REFGHPBA- toﬁ“%tertfhéhw P@nék’t“énﬁ‘?%ﬁ ¥$ o the tip
d of.th 6 t | T head 19
end of 4 eg?ﬁﬂ%é%%#?as : c%pg%%‘r@”n/é{‘%ﬁ& %ie é'thn 16} g P&PP@%!&HJ ea

is prOV|de 0 an a se ond cl anper each

confi gur edtd aidwlat and Helgasert tiee Wikeedd dMsbet edpt hraugh ¢ he wapi | | ary
16. The first clanper 17a noves in the X Y, or Z direction in conjunction
with the bérdfiiRfidan p3. dyhecsiromn erarBert 15 afo\Rss ofnthRL O Hrnoy

direction Lo, oD dnetd gL A he bondingear midd, ot 128 (s el ght 0 e

Z direction1s 1Tixe e clanpérs Tia and 17b are espec ive provi ded

with a fi raét@&@fmfrurgﬁewIc@&eb@:eabam@mczaat@nﬂllaec&qqo@@t@lcarrpaé
open-cl ose nechani sm 27b, and each of the clanpers 17a and 17b is

confi gif edpe®t trdverf tt@eopen and < dde byndangpeyatiowrothehtie@iespondi ng
of the capillary 16, instead of the angle of rotation. In

addition, the capililary height detecting unit 29 can be of a
noncontact manner or of a contact manner.
[ooig]

20 The bonding head 19 is provided with a camera 28 as an
imaging unit configured to acquire an image cof 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 ¥ and Y directions based on the image taken with the

25  camera Z28. 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
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open-cl ose mechani sm 27a or 27b. [0017] The wire bondi ng appar at us
10 as descri bed above is configured to detect a position and control an
operation of 5 each conponent using a controller 30 having a CPU, and
connect the sem conductor chip 21 with the lead frane 23 using the wire 12.
The XI table 20 is provided with an XI position detecting unit configured
to detect a position of the bonding head 19 in the X and Y directions.

Further, thg,;bondi.ngqdead & i29o1@ RrOVidetddbeht @ wapicbhakyihek gt
detecting unit 29 configured to detect the height of the tip end of the

capi |l ary tBrongh heidd adbnedlicn byadetldetryriv iam tadwt @ctoforr brbe i brcdf t he
bondi ng arm 13 about the rotat 'bjonal center. (‘Jl'he cagihl | ar height detecting
unit 29 caf?b& CottR YUt  to° diPFectty et th_guf posit1ohH° F¢he tip end
of the bongipg, Al m 1 %ggkfﬂﬁu%a &0ch afnd he capib!ag nlfeninsteathef the

n

angl e of rotation. addition, the capillary height detecting unit 29 can
be of asnoneesati@Gt thariestosnofiha sentad clmprercrdroGl8]s<20Fheabosdi ng head

19 is provided with a canera 28 as_ an | nmagi ng qagit conLi gured to acquire an
i mge of tRé2serd coltrudtsr UeRiEpS9LiCt KREPFRERF franmd ™83 FNand  §GERo 1he

bondi ng _head. 19 |8, contd,Quied Locdat epmine ddie pasidi ap ehrbhignCapi!lary 16

in the X an rections based on the 1mage taken with the 25 canera 28.
The caner ag28acahs b ceifiegitied)] vf ofa exanptaneni e clrniisagingedéyéee and a
lens without a throttle mechanismor a shutter, as |ong as an i nmage signal
can be acqd#r et C1pBDEY] MBSt EHASEN 181 §RARS® forlonP i Hel tC@RA & V3 RER bRt

deteCtHQQ interface 43, and a ball forming unit interface 45. Each

component is configured to operate based on a command from the
controller 30 having the CPU.
[0020]
Toc 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



unit 29 as described above are connected to the controller 30 through a
data bus 32 via a capillary height detection interface 42, and inputted
into the controller 30. Further, the novenent mechanism 18 configured with
the XY table 20 and the bonding 5 head 19, the first and the second cl anper
open-cl ose mechani sm 27a and 27b, the ultrasonic vibrator 15, and the
electronic flane off 26 are connected to the controller 30 through the data

bus 32 respggtimelly c¥haral pvsRM, FRehapbgiuknter faee 144, cde Gl amper
open-cl ose interface 41, an ultrasonic vibrator 10 interface 43, and a ball

form ng untie |pmbsmﬁao‘®m5xtﬁra@m@:®hpmvem pydddre pgute@l tietoperatssl based on
a command fromthe contrgller 30 havi ngagye CPU. To the data bus 32,

a storage 32 4P¢ Tomidt &4.09hEC £ SP6F %”’é’tré’res L&) $01 2at ¥ ecessary

for a pos'11‘1%GdebﬁCtérQ'lant‘?;%@%aPPdo‘zalgof'éfrﬁ%ld GeNMPRAM: QURUt L NG operati on
performed with the controller 30, and is configured to output the control

dat a t o t heagontaol Nér. 3 basedsbate hecleomiesd ¢Toampdihd 7eons rold=srd 30 and
store signal data inputted to the_storage 20 34. The controller 30, the
data bus 3239 tHe st Gk c3a™PERd T Rel P ntBFHetes 41-45 configure a computer
60 as a whp}e,,and the storage 34 stores, in addition to the control data,

a control Erogramfor controlling a bondi ng operation as a whole, a program
for cutting the ad groas iam WiGce Yt thageam tql land 38 A& pregeamdremdext endi ng
the wire as a wire extending unit. f00211 The bondi ng operation of
the wire boRAPHG BpatREDS CFOtPRGSPESARF Yureto PP ITVE IP8s BP9 § o

refereqe 10.F1G 28 Uhr QUoD £l G206 B0 £ G dy 1T Sy paiyol | er 30

r eads e r'ol “program ro ram cuttln he wi're, the

progr am f of o @ndin @@ ny EE@maﬂﬂetnhﬁvé&t@Htr alecdahasat Qﬂae@lrfasbé her st orage
34 out to an internal nmenory. Further, as shown in FIG 2A an initial ball
52 is fornks @nartfm,itttie}d endtiod Ahaableagll | ary e Antehls 3¢ atwea he first

cl anper 17t e%o éﬁng he g EQQx§%%%Q 18£a g”capgizaryoggnlmmedlately

above the pad 22.

i5 [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 19 is outputted 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 22 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 17a.

i3



[ 0022] As shown in FIG 2A the controller 30 outputs a command to
nove the tip end of the capillary 16 to a position imediately 10 above a
pad 22 of the sem conductor chip 21. Based on this conmand, a conmand from
t he novenent nechanisminterface 44 is transmtted to the XY table 20, and
the XY table 20 noves the bonding head 19 to position the capillary 16

i mredi ately above the pad 22. 15[ 0023] As shown in FIG 2B, upon
conpl etionjphzthe positioning, the controller 30 outputs a comand to nove
the capillary 16 down to the pad 22. Based on this command, a signal for
driving the Z nokorsheknt he %diizﬁg fAthdr 19d giget pattedondes thetimvenent

20 nmechani sm,i nt erf acg Thi s naI cause the nDto to r t he
capillary E%dtggnﬁ ﬁhﬁﬁ}1ertﬁ8 3%92§9CQW1 iqﬂ %&PPE§| %28?% ﬁ@”pressed

agai nst thgrpaghd? drrker, %aem&&%glq&o@@eeubght 53.comtdnaheselyyd he wire

12 is bonded to the pad 22. At the same tine as the capillary 16 noves
down, 2% thhemﬂwldlalrewleoim{ﬂrpiuthoaLC@th opEradie ohi pposiamper 17a.

Based on this co a sjagn f or ening the first cla er 17a.is

e Lad Proma T P! ORGP b e P Tt e sl S D iRt Ses ¢ he
first cl aﬁgeglgq%qnzskmmc‘ghéﬂé SMhéf8r tx PRend:0e: f zd hehaCl ABE o a-

[ 0024] showmn in FI'G 20, after the wire 1Z is bonded to the pad

22 and thethernsatpna}rﬂmrtyh%swnmﬁ thhe glainperl I'oa dntviavd tareXbotdblopened,

the controller 30 outputs a conmand to nove 5 the capillary 16 upward,
hori zont al 9 tuonP%SJd‘H%FP%r?l@p%‘&%PtféfTer pAPal{eag 1oen arﬁ:}dteh‘éﬁ’lp(fiﬂf‘%%er

upward“JBa§§gﬁophéfﬂ§5&i Q% o%t h9@é§6%96md£ﬁy'ﬁ@kéﬂgifzggﬁkgor t he

bondi ng head 19 to ane capi | ary upward and a signa riving
t he XY tablet20ri©= pasi tTl@élsé hﬁgtnlanseadmé ﬂ}h;e zeapt bt aryy thé odndisd de
opposite 10 fromthe |lead 24 are outputted fromthe novenent nechani sm
interface Ba2d Thesandilgitals deive £He ZemBeokivtlthe boidistg théad 19 and

A s RS P By d s
| ead 24, apdathen idd ther thescomwardbposite 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
20 a command to close the first clamper 17a. Based on cone 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 72 motor of the bonding head 19 and the XY table 20,
regspectively, to cause the capillary 16 to move down toward
the lead 24 in the looping operation., Further, based on the

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

14



[ 0025] Subsequently, as shown in FIG 2D, the controller 30 outputs
a command to nove the capillary 16 toward the | ead 24 while noving the
capillary 16 down in a | ooping operation and 20 a conmmand to cl ose the
first clanper 17a. Based on one of the conmands, 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 notor of the

bondi ng head 19 to, ye the capiddany-46ctynt bes dovwnver dyane Quiseut ted 25

fromthe novenent nmechanisminterface 44. These signals drive the Z notor
of the bondhngrhead 2419 and:$ ke gXhltehlse20he fegpactlamisy cpencauseet he
capillary 16 to nove down toward the |ead 24 in the_ | ooping operation.
Further, bBgEH2BASE W' dtlerc itk ﬁﬁ6ﬁ?tﬁéa%%ﬁfr§7?er 30, a signal for

cl osi ng thi OE%LSt clanper 17a is outputted fromthe cl anper open-close
interface 9. is signal causes the first clanper open-close nmechani sm 27a
to close the firsierc] anpehobtain [0026]2E5Then, cast shibwr 30 BuGpulE, at he
controller 30 outputs a conmand to nove the capillary 16 further downward
to perfor nebomaRAgt @ ehovise theadeRil Wieh & VEEPRT | W R ¢ 5iveBCRhBTR t he

| ead 24. Based.on this c n i I . LVi r t he
bondi ng he&d" én?ot?mr\?‘ee ?‘%gl%cg%i gallrl 3&%6C%%\%\A}ﬁg{igylggo%{%u%taggbgr%ﬁ’%t he
MoVenent meghanksm inHed age thds Fhinsasignalsiraesdherdyingt oheof the

bondi ng head 19, and causes the capillary 16 to nove further down toward
the | ead 2#&iptbhechite bRnpdnpehgrdddetiodiaindtre REPHeadr 24 ACCHt he tip end

of the capillary 16, _and ereby the wire 12 _is.bonded to,the lead 15 24.
During 4 tPHépﬁgFng£¥Y%n§ he" SR of " CHEN Sgpﬁﬁggggg?%I?%h dh??l t he
capillary %@EHQUQH%Q%@ ROmb 0ot her l1erd n2dai hBendad sty claauperudda remains

cl osed and the second cl anper 17b remains opened. [0027] 20FIG 3 is a
gr aphi cal ¢har tashbiv ng ltthecopers dugsbest dews toward the lead 24, the
wire 12 to be pressed against the lead 24 with the tip end of
the capillary 16, and whereby the wire 12 is bonded to the lead
15 24. During a time period from the start of the looping
operation until the capillary 16 performs bonding to the lead
24, the first clamper 17a remains closed and the second clamper
17b remains opened.
[0027]
20 FIG. 3 is a graphical chart showing the cpen-close states
of the clampers 17a and 17b, the height ¢f 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



of the clanpers 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. In the
figure, aline "a" indicates 25 the open-close state of the first cianper
17a, a line "b" indicates the open-close state of the second cl anper 17b, a
line "z" indicates the height of the tip end of the capillary 16, a line

"c" indic e 0N- st.at.e10f .t hegul trasonic vibrator 15, and a line
gﬁﬁgkéﬁy%n %fOEEefL?EQLQLME €6 |

c
"d" indicates the state o e scrubbing operation of the capillary 16.

[ 0028] 1o02Referring to FIG 3, when the capillary 16 starts noving down

at atime to, the first clanper 17a is switched.to th close state from
the open state. RPREAFiPHSTAPE | 3 YREE Fie® 6?8&8&?%&%528#36‘%0%% t he

|l ead 24 at_.a ti 11, and t ' r h 8 ELG -2E pers foras

bondi ng tod?%% ﬁéld Lﬂl.% (\Eiﬁ’r %&ﬁ%éﬁ d&éa%?)g% ??%m ?he tinetltoatine to,
the cond rotl e Ik BRUTESHE heet bpesndtatet h&heapi Lhar yapbllaorbel priessed
against 10 the lead 24 and turns the ultrasonjc vibrator 15 on ,tq bond the
wWire 12 t oorteghieadtzy congrcheritiubhgl et 44 At Felitdd Fromthd S me t1 to

the time to in which the wr [ g st ot he drgad.24 M th the
capillary ‘i%pg]sl%r%\%ﬁ %}hovl\% é% %l%—G tszhmgﬁgg?f??%%ll er 30 perforns the scrubbing
operation birwkd eh ke poei &Y ri-ahlthe20ims tf eci prorattgd tihe démtectlilens of the
pad 22 and the lead 24. The scrubbing operation of the capillary 16

produces f Bheasrsaskshddtiweend ® fpbhe iGPidf arliel WitPeLq PLessert 2% Y'Hiough t he

capillary 16 d onded . porti to,the | ead ) facilitat he
cutting® of t}t“?lgf%ﬁ“fezbqlf.ndTﬁngécigg?O%Jatfjfansgor?% nvlz’)@erﬁgr%? ﬁ% {)Jﬁe&gcr ubbi ng
operation {gonet d i1y t8d:18 1dgy digecriiopsedf dihe padn22iand pheidead 24,

and can be performed in any directions within a horizontal plane, or can be
such that fhemcam thaeyt:18oitshamdved tnia ehidultde wiredr LA RFCEIY] ptical

oo e Tl S S0 LA R85 TRl BRo TRyt et 1Y i 2
fﬂg‘“‘;a:m”l ﬂéﬁe/ 5 n%%ﬁtlgeozgtsﬁg%ﬁt%m%{%sOtlwug@r@okﬁm@@rb@wnvgntm(m p end of
15 the XY table 20 is reciprocated in directions of 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 ts; shown in FIG. 3, the controller 30 outputs

a command to move the tip end of the capillary 16 up to a height
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H, as shown in FIG 2G Based on this command, a signal for driving the Z
not or of the bonding head 19 is outputted fromthe novenent nechani sm
interface 44, and this signal drives the Z notor to cause the capillary 16
to nove upward. At this 5 tine, the first clanper 17a remai ns cl osed, and
starts nmoving upward along with the capillary 16 while holding the wire 12.
As the wire 12 is bonded to the | ead 24, the upward novenent of the first
cl anper 17a appl keswan.upwar d2tensidse:d oncehi® ddignand,ealighar ther, as a
nearby portion of the wire 12 in 10 the vicinity of a portion of the wre
12 bonded ¢®ithes |t@§d22mot@rcq%§r$@db@9dbaﬁdw@da}r9dla erbRel s tivial area

of this ne b ort| n_is,smaller of th h t of t he
wire 12, n%cruﬁgﬁ%srgpjerrla |on of hean((:ia I Fa%{i/gﬁ%i pérlg Uces the

fine cr ack§h@ej m@@grtmﬁc\%é@ e 2R¢itherponsded ﬂ15v@Qf1:h~laQi&1 .tonthailsead 24,
the wire 12 is cut at the nearby portion in the vicinity of the portion
bonded % 0 theel dag 24rpy qh@@pteern%i?aeran@rlé@ chPeedcutnd ﬁ§a§ttép90vwg this

time, in order to . further cilita t|n t he re.12, the
control eru%‘ba’E%Pr}§n9h‘§lWt&fsé?ﬁ?&ﬁf‘ Eito 18€0H° :{dm EI\?% YHheStip end 20
of the cappflafy 18t 02Vi Oniidiniongna 1b4® neripd LHEAYE ddvEndd to a
time tb shown in FIG 3. [0030] According to this enbodi nent, while

the capillaf ytHs6 Mmiowes cipnerd afs ezpp heehamdivpyatrd theslkeadiedcd ta he wire

cutting 25 step, the first clanper 17a remains closed as shown in FIG 3.
Ther ef or e, }é“r’/é’h“iq ‘the W i35 uPeaGrY P T HePbSHdi ES Vbr"tah]eé I'"dad 24,

the wye 12, &z\gu;ar ltff' le Qu%ofr£93?1t@§ Gapi |r%r>ﬁ21@on!3|9&§’e¥§rth@ tdid wire 51

does not exte omthe tip end of the capillary 16 as the wre is cut
before thezqgaid dmuseledS&:yebbeﬂﬂngaizmﬁnd herdssp-serd iohat hereapst |@ris 16.
[ 0031] shown in FIG_3, the controller 30 obtains a signal

i ndi cat i ngn%alh@( G TNt hg %fﬂﬁ)uéﬁﬁ toen hBaEapt | 15t prE6TaRGEF 2P B Hni t h the
cap i1 or) (8 AL Steel Bt S8 R UGN el gL SR o8
Then, whenighe-daeicghttiod tihe &r@cw%e&mebhetmmﬂﬂeaw st epenespads to the
hei ght Hl a signal for sopping the Z notor is outputted fromthe novenent
portion to the lead 24, the wire 12 is cut at the nearby portion
in the vicinity 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 ty shown in FIG. 3.
[0030]
According to this embodiment, while the capiliary 16
moves upward after the bonding to the lead 24 in the wire cutting
25 step, the first clamper l17a remains closed as shown in FIG.
3. Therefore, even if the wire 12 is cut during the honding
to the lead 24, the wire 12 can not fall out from the capiilary

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
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10 nmechanisminterface 44, and whereby the upward novenent of the capillary
16 i s stopped. [0032] As shown in FIG 2H, when the height of the tip
end of the capillary 16 corresponds to the height HL at a tine t6 shown 15

in FIG 3, the controller 30 outputs a command to cl ose the second cl anper

17b. Based on this command, a signal for closing operation is outputted to

t he second cl anper open-cl ose nechanism 27b fromthe cl anper open-cl ose

interface gé}Fg?%ﬁ?%;gP%L19%y%%‘ Qﬂﬁi%ﬁpQ@Qd%&E@P§5r9p?@?C|Ose mechani sm

27b to 20 cl'osing operation, an ereby the second cl anmper 17b
is closed apdzhel ds the wire 12. Then, upon conpletion of the closing

operation of the second clanper 17b at a tinme t7 shown in FIG .3 ihe
control |l er 30 oubputiow donfafid 2o Hﬁ%r?otf‘ﬁé”oflilre§t3&‘¥;\g:’€e]rnslfa.5l§8§ d on

this commuand,, .a signal, for. 25 [ rad | 154 t it-hg first

cl anper opéH?&F8§égﬁé%HS%?E%%&?QQEFQ%%?ﬁg‘?%%ﬁ%é?ﬁﬁgg%??|%ﬁgcﬁﬁterface 41.
Thi's si gnal,;f@r - Q& Ia 10R6r BE i Gt CRItSRS itleudii t X9 eianper capediekgse
mechani sm 27a to performthe opening operation, and whereby the first

cl anper 17adighoperedchhon riotteasfarea HE wreen 12 FRat hadBe&REFESwith the

first clanper 17a. [0033 . th a r J kpe 12 is
swi t ched fF%HﬁtH@19LF§f”%Tiﬁﬁepei?g@ﬁg”thghéétgﬁlF%nggggg%#€q§¥%g time t8
5 shown in FLG.3 Sehengonipoliery 30 auhpspoadeorBrnbet beigive Hiheatip end
of the capfﬁlary 16 up to a height H2 fromthe hekght H . Based on this

command, the.ghamotor ofpiite bbadi myptreads 1Ot dbd EROBNEN ¢ MOVCABIT ary 16
ol ds- (e VIALEAT0 T2 71 A A6tI I BT REY Al ONE S A RETSRE 8 Tho wire
move. upwar & HPa e e anE LRL TS the hol Uht Ho. A Shown in FIG 21, this
causes the taijamire 51 to extend fromthe tip end of the capillary 16.
Further, as Showgsbghgwglgflﬂﬁilg%, when the height of the tip end of
the capillary 16 corresponds to the height Hy at a cime tg shown
15 in FIG. 3, the controller 30 outputs a command to ciose the
second clamper 17b. Based on this command, a signal for closing
operaticn is outputted to the second clamper open-close
mechanism 27b from the clamper open-close interface 41. This
signal causes the second clanper open~close mechanism 27b to
20 perform the closing operation, and whereby the second clamper
17p is closed and holds the wire 12. Then, upon completion
of the closing operation of the second clamper 17b at a time
t; shown in FIG. 3, the controller 30 outputs 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 open-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
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15 fromthe tine t8 to a tine t9 showmn in FIG 3, the controller 30 noves
the capillary 16 upward and turns the ultrasonic vibrator 15 on to cause
the tip end of the capillary 16 to vibrate, so that the wire 12 is snoothly
inserted through the hole 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

hei ght 112120@@@%@&&@%@@&Qleho\@héh@mﬂwﬂam&em@m of the capillary
16 to the novenent 25 nechanisminterface 44. Based on this command, a

signal fori{@gdpping the Z notor is outputted fromthe novenent mechani sm
interface 44. This signal .sto Z motor, .and u ment of the
capillary 16 st dfer §nctlﬁ’§p§ %%ﬂﬂ 18 %t9pS, 1 %hést T”rt%% IT}extends
fromthe tip end Of ctlaepeepmaw oS s@éoaa ampypt - of 712 G Lf ergBece, L

bet ween the hei ght Hl and the height H2 shown in FIG 3 (wre extending

unit). § 0085¢witJpion FaonpBet ilon whtirded lext éhswmpldis taheotnalahdvxtm el 5 the
controller 30 outputs a command_to close the f gt cIa 17a at a tine

t 10 shown Fhe EL& e@ oAt lehGRR1 T ha EY &° 4B tobaaél&}g h Honfs I?:(‘?Hﬁd?’fﬁlgha{: si gnal
for closin th@a%é&%m EhATPErediy | QUL R AT oL OB Wi GlanReL g open- ¢l ose

interface this sign causes the rst clanper open-close nechani sm
27a to 10 ¢4 ahe vdmeahdrigie (da@lmerarﬂﬂhs sthen,s mbebng hewadrdsst Btarmper 17a is
closed at a tine t11 showm in FIG 3, the controller 30 out uts a conmmand
to open th’el@éecoﬁfdt@ﬁaﬁﬁ@?“@?@“@%’e&@nlﬁh‘FJso%‘%ﬁnﬁi’r‘i’dhoéd& Palv ¥ opening

the segpnd, gl.anper. 470 43 QLA Led ff OLhe, ELAIMEY RRSNGI 99¢,dd) er Face

41, and thi’s “si gn causes &cohd cl anp open-cl ose ani sm 27b

to open thgosesith! ameebnl ghehd hesps yﬁmtﬂma&ecena eimeéla:ln?;khﬂ s opened
at atime t12 shown in FIG 3 and the cl anpor holdlng the wire 12 is

swi t ched fidmmdve serond ianpée 19buk Phh’eOfﬁhésbeérJ frpar 1% shy

troll t t, nech 18 20t |lary 16
[0 a posi tHont S0 vl 9 PARCEAI ChaI oS Tirned 58 ERBGRCi b # Ghok And

forms the {n)hdlobahk G iNALFUDSEqUERtnELT & DEREGIRDY £QQ§1@]per10d
15 from the time tg to a time t¢ shown in FIG. 3, the controllierx
30 moves the capillary 16 upward and turns the ultrasonic
vibrator 15 on to cause the tipend of thecapillary 16 to vibrate,
so that the wire 12 is smoothly inserted through the hole in
the capillary 16.
20 (00347
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 2 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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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 commuand, 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 babl £9 ddsu-halds LoaNEpgramid 1 Meerbaeerds. nBaged Ynabhi sngomand,
the electronic flame off 26 is driven, and the tail wire 51 extending from
the tip enteofht hid: cdpivinl any F5G163i §wheatexktertinolnstup into the initial
bal I 52. Uegg ggnpletion of the formation of the initial ball 52, the
controller ves the capillary 16 above the next pad 22 to perform

subsequent bondi n[%E]et%%cewQh@ge}%ﬁgu%rﬁrmo%%e@gl@eﬁf@b§ﬂ above,
as the bonding to the | ead 24 is performed in the state in which the first

cl anper s 17akescwitosadert e ovtpetsa cammaod taldloset the dmnstiectappet ary 16

even if the wire 12 is cut durln t he bgndlng, and jt is p855|ble o]
ef fect i vel y’&uppredd™Enkros aWW% GfGppg- As shown in FIG. bas

on this command, a signal for closing the first clamper 17a
is cutputted from the clamper open-close interface 41, and this
signal causes the first clamper open-close mechanism 27a to
10 close the first clamper 17a. Then, when the first clamper 17a
is closed at a time t.; shown in FIG, 3, the controllier 30 cutputs
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 1o move
20 thecapillary 16 toapositionat whichaninitialball is formed
as shown in FIG. 2K, and forms the initial ball 52 for subseguent
wire bonding.
[0036]
As shown in FIG. 2K, the controller 30 ocutputs a command
25  to move 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 capillary 16 reaches a
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15 wire. Further, the adjustnment of the pressing force of the capillary 16
is sufficient at a degree at which the wire can be cut by the bonding. As

t he nearby portion of the wire 12 bonded to the | ead 24 can be crushed to a
| arge 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
possi bl e to provi de advant ageous effects of reducing a repul sive force of

the wire 12 wheR.cHiféfgdhe Wil e 2 apde ot ecef feclivgehy SUPBRRSSENG the
bend in the wire 12 as conpared to the conventional techni ques. Moreover,

accordi ng to fdums a25iehbiod meitl, te heechpil Ll Erynil® gitauged ftagepébformt he
scrubbi ng operation when the wire 12 is pressed a aiu%t %ﬁe | ead 24 using
the capil | 8fyet6or & hgtodtRRar e HishE1EFEERR D °fhef Wirte912VERd t he

bonded pOf%%rﬁéﬁegiife&&ew‘;ewegdlﬁggﬁ%nb@h@@p: Y&l fvenpifikhe wire 12

is cut during this scrubbing operati the fall-out of the wire ctcan be
ef fectiyel yostipprhessed @sd the Wi g Li2tics thel dnniihltibelfiFst Cpbanper 17a,
wi thout requiring fine adjustnment of the scrubbing operation. Furthernore,

as it is pes¥PbRrEien QUfFhTikntafiser Pér Mhehénstt tboriy oper dtfion, 5 the
bondi ng st rengt M&%M@ghm ec%?idﬁg@ﬁ,t he %ﬁaﬂe %ﬁeclfz@xp%gd\%eeéed-
odi nment, t p y

[ 0038] ccording to I's e e capillar IS caused to

perform t hgesebuhbings opasad ikyhdshid.e the capillary 16 10 presses the wire
agai nst the |ead 24. However, as shown in FIG 4, it is possible to perform
t he bondi ndO@B¥hout the scrubbing operation with the capillary 16. [0039]

According to the enbodi nent scri bed.above, the.wre 12 i.s t after
t he boﬂ@ing to t%ﬁ??%gﬁmﬁ%P %%ﬁe?ggfgﬁﬁgnpr%%%%$l$%%éﬁ%ﬁgﬁ @gntéﬁso be
applied to,anRedhNg, RHRCESSHI Ju W el rFBenkai id alnebatht82id srhendedet o the

| ead 24 and then'the wire 12 is cut after the bonding to the pad 22.
first clamper 17a is closed, the wire 12 can not fall out from
the capillary 16 even 1f 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
conventional technigues. 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 the wire 12 is cut during this scrubbing cperation,
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[ 0040] 20It should be appreciated that the present invention is not

to the enbodi nent described above,
be made without departing fromthe spirit and the technical
i nvention as defined in the appended cl ai ns.
[ 0041] 10w re bondi ng apparatus 1llspool

pr esent

stage 15ultrasonic vibrator

10

15

20

25

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 operaticn,
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
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
12 is cut after the bonding to the lead 24. However, the present
invention can also be applied to a beding process 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]

It should be appreciated that the present invention is
not limited to the embodiment described above, and any
variations andmodifications can be made without departing from
the spirit and the technical scope of the present invention

as defined in the appended claims.

REFERENCE NUMERALS

[0041]
10 wire bonding apparatus
11 spool

22

limted

and any variations and nodifications can
scope of the

25 REFERENCE NUMERALS
12wi re 13bondi ng arm 14bondi ng



5 16capillary 17afirst clanper 17bsecond cl anper 18novenent mechani sm
19bondi ng head 10 20XY tabl e 2l1sem conductor chip 22pad 23l ead frane 24l ead
15 26el ectronic flame off 27afirst clanper open-close mechani sm 27bsecond
cl anper open-cl ose nechani sm

12 wire
13 bonding arm
14 bonding stage
15 ultrasonic vibrator
5 16 capillary
17a first clamper
17b second clamper
18 movement mechanism
19 bonding head
10 20 XY table
21 semiconductor chip
22 pad
23 lead frame
24 lead
15 26 electronic flame ocif
27a first clamper open-close mechanism
27b second clamper open-close mechanisn
28 camera
29 capillary height detecting unit
20 30 controller
32 data bus
34 storage
41 clamper open~close interface
42 capillary helght detection interface
25 43 ultrasonic vibrator interface
44 movement mechanism interface
45 pall forming unit interface
51 tail wire
52 initial ball

23



28canera 29capillary height detecting unit 20 30controller 32data bus
34storage 41cl anper open-close interface 42capillary height detection
interface 25 43ultrasonic vibrator interface 44novenent nechani sminterface

45ball formng unit interface 51tail wire 52initial bal

53 pressure-bonded ball

60 computer
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53pressure-bonded ball 60conputer CLAIMS 1. A wire bondi ng appar at us,
conpri si ng: a capillary configured to bond a wire inserted through
the capillary to a bonding target; a first danper configured to nove in
conjunction with the capillary; a second cl anper disposed in |ine
with the first clanper along an extending direction of the wire inserted

t hrough the capillary; and aCtbMdut er configured to open and cl ose
the first danper and the second danper, wherein the conputer includes:

a wire cutting W&WEr@@ﬁﬂﬂwwarat%pomlswge by bonding the wire using

t he caplllarylnastateln first c |s Iosed and_ t he
second cl arrperal@pdﬂ%)ﬁé‘ﬂ” '%W(?dttﬁekho'?fg@l‘?‘i'QGt’W'%gg fhroughy '?;ﬁ’\&af”rqénﬂor &t

cl anper Bg\ﬁﬁ while the first clanper renains closed and t he second
cl anper Ngdefifdned: and a wire extending neans

contaured L0 Bt ah PR IR RSl uRls RN bafaly 0wt o t e
o 11,5 = gL AoV b (PTRE AT, RSB, B BTECT,
Wher ei N oytending direction of the wire inserted through the capillary; and
a computer configured to open and close the first clamper and the
second clamper, wherein
the computer includes:

a wire cutting means configured to cut the wire by bonding the
wire using the capillary in a state in which the first clamper is closed and the
second clamper is opened, and then moving the capillary and the first clamper
upward while the first clamper remains closed and the second clamper remains
opened; and

a wire extending means 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 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

when bonding the wire, the wire cutting means presses the tip end of the
capillary against the bonding target and causes the tip end of the capillary to
vibrate by turning an ultrasonic fransducer on while causing the capillary to

perform a scrubbing operation.

3. The wire bonding apparatus according to claim 1, wherein
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when bonding the wire, the wire cutting neans presses the tip end of the
capill ary agai nst the bonding target and causes the tip end of the
capillary to vibrate by turning an ultrasonic transducer on whil e causing
the capillary to performa scrubbing operation. 3. The w re bonding
apparatus according to claiml, wherein when bonding the wire, the
wire cutting n’é@ﬁé‘g%}%%%&@cw{i@tﬁhﬁ iRl cettingHeeaapPrressey thgairmnd efBebondi ng
target and causes the ti% egd of the capillary to. vibrate by turning an

ul t r asonFePYRRh8ARIRE} thh Pordingh@rget NG GRYSRY BB P SPECTIBEFARIRIYHE cl ai m
1, wherein the wire cutting neans noves the capillary and the first
danper uﬁmﬁ?@’Wh““@mgéﬂbFﬁESPH@tﬁgﬁqgﬁarBF'the capillary to vibrate by
turning an ultrasonic transducer on so that the wire is conpletely cut. 5.
The wire bondi ng apparatus according to claim1l1, wherein the wire

ext endi ng. meany e, RoRaR YR BRI K LARTPSuByRr d whi | e

causing the tip en e capilflfary 1o Vi y turning ‘an ul trasonic

‘;;g{‘lsldgrcsr on &g hielcutlfy Meahs motd® M bapil Ay &irethe AsCoBniidr&idwhrline
while causing the tip end of the capillary to vibrate by turning an ultrasonic

transducer on so that the wire is completely cut.

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

the wire extending means moves the capillary and the first clamper
upward while causing the tip end of the capillary to vibrate by turning an
ultrasonic transducer on so that the wire is smoothly inserted into a hole in the

capiliary.
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