-1- BONDHEAD FOR W RE BONDI NG APPARATUS Field of the Invention 5 The
invention relates to a wire bonding apparatus for making electrical wre
connections on sem conductor devices, and in particular to a bondhead of
such a wire bondi ng apparatus. Background and Prior Art 10 In a wire

bondi ng process, electrically conductivelwires are bonded between

el ectrical bonding pads found on sem conduct or devices, such as between a
sem conduct or di e and . ate. o0t0 WD) Ex Gk Bl tached. The
substrate is usually ' C catH 1T-at 8 E ical connection 15
coul d al so be nade between bondi ng pads found on separate sem conduct or

di ce. The bo i,s.formed by a bonding tool which may be in the formof a
capillary at t—éﬂﬂ@&t—r@dﬂéﬂ@\ﬁt rasoni ¢ transducer for generating ultrasonic
energy to the capillary tip. 20 In nodern day wire bonders for making
so-cal l ed "bal |l -bonds", a bondhead which carries the bonding tool is

desi gned Bo ebheciventionrrslatentp AoviroROREBY EPPArats p&bﬁ%"l‘%é@?%@abi"’vm. For

ul trasonic boadhlsionkih BOMoRGABCeYiEedhnd in pATEALE 1d BATES] dount ed
onto the bondhead, the ultrasonic transducer conprising a piezoelectric
driver stack stoplvéte bendinchapparatasnd a capillary at an 25 end of the horn.
Bonding wire, which is typically nade of gold, alum numor copper, is fed
froma spool of bonding wire through a hole in the capillary to the tip of
t he capi | | ar \BacRgrodhd@and PrideAe by wel ding the wire at the tip of the
capillary to the bonding pad through the application of ultrasonic energy to
t he capi1IOI ary tip. 30 It is common to utilize a wire clanp to control

feedi ng of bapdi Wie Woh8ink Prodesss, electrically conductive wires are bonded between

electrical bonding pads found on semiconductor devices, such as between a

semiconductor die and a substrate onto which the die is attached. The
substrate is usually a semiconductor leadframe. The electrical connection
15  could also be made between bonding pads found on separate semiconductor
dice. The bond is formed by a bonding tool which may be in the form of a
capillary attached to an ultrasonic transducer for generating ultrasonic energy

to the capillary tip.

20 In modern day wire bonders for making so-called “ball-bonds”, a bondhead
which carries the bonding tool is designed to execute a rocking motion about
a suitably located pivot. For ultrasonic bonding, the bonding tool is an
ultrasonic transducer mounted onto the bondhead, the ultrasonic transducer
comprising a piezoelectric driver stack coupled to a horn, and a capillary at an

25 end of the horn. Bonding wire, which is typically made of gold, aluminum or
copper, is fed from a spool of bonding wire through a hole in the capillary to
the tip of the capillary. Bonding is done by welding the wire at the tip of the
capillary to the bonding pad through the application of ultrasonic energy to the
capillary tip.

30
It is common to utilize a wire clamp to control feeding of bonding wire to the
capillary tip. For example, the clamp may be closed to hold onto and fix a
length of wire relative to the capillary, or opened to allow wire to slide through

the capillary. The wire clamp is also closed to hold the wire in position during



capillary tip. For exanple, the clanp may be closed to hold onto and fix a
|l ength of wire relative to the capillary, or opened to allowwire to slide
through the capillary. The wire clanp is also closed to hold the wire in
position during -2 the making of wire bonds on the bonding pads. The clanmp
is further comonly used to facilitate-l200oping of a length of bonding wire
between el ectrical bonding poi nts on the die and/or substrate, and/or to
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wire. 10 Figure 1 is an exa prior art bondhead 100. The bondhead
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capillary 1Gingitlamped evithbatngaridling theamranged al ong the pat h of the bonding
wire so as 20 to control feeding of the wire to the capillary 108, in
particul aro to the capillary tip. The bondhead body 102 is pivoted at a

pi vot point Idbigurkof i$ BhNeBEnABLIfON pridNdrt thHd'thGl 100V eMRBtbRighe&E 1bondhead
body 102 about the pivot point 112 is 25 actuated by a bondhead actuator

114. The bon&@&&?”ﬁ@@ﬂﬁ’f‘é?s QP@”ﬁWchﬁﬁdﬂ%aé{V'W'@édeﬁIf'X%ECbWelt?%jIYudl ng a
coil that is {gvaly £irbfdRickY $0d MoBnted to the bondhead 100. The transducer 106

has a capillary 108 attached to one end of the transducer, and is generally

15 movable in tandem with the movement of the bondhead 100.

Bonding wire 110 is fed from a spool of wire (not shown), and is relayed past
the jaws of the wire clamp 104 and threaded through a hole in the capillary
108. The wire clamp 104 is arranged along the path of the bonding wire so as

20 to control feeding of the wire to the capillary 108, in particular, to the capillary

tip.

The bondhead body 102 is pivoted at a pivot point 112 for turning motion, and
turning movement of the bondhead body 102 about the pivot point 112 is
25 actuated by a bondhead actuator 114. The bondhead actuator 114 may
comprise a voice coil motor including a coil that is movable relative to a
magnet by way of electromagnetic interaction when current flows through the
coil. When actuated by the bondhead actuator 114, the body 102 and wire
clamp 104 are driven to turn along a turning arc 116. Bonding wire 110 is
30 drawn from the spool of wire towards a bonding location when the wire clamp
104 is closed, and the bondhead 100 is turned away from the spool of
bonding wire. The wire clamp 104 may further be opened and the bondhead
100 turned towards the spool in order to position the wire clamp 104 to clamp

and draw more bonding wire 110.



magnet by way of el ectromagnetic interaction when current flows through the
coil. When actuated by the bondhead actuator 114, the body 102 and wire
clanp 104 are driven to turn along a turning are 116. Bonding wire 110 is 30
drawn fromthe spool of wire towards a bonding | ocation when the wire clanp
104 is closed, and the bondhead 100 is t¥mned away from the spool of

bonding wire. The wire clanp 104 may further be opened and the bondhead 100
turned towards the spool in order to position the wire clanp 104 to clanp
and draw nore bonding wire 110. -3- During a bonding cycle and before
starting to virthgtaboriding tyd®and baeforobtaetingttalweld tresfirsicbdne, &onoteed bl a t ai l

end of the bagndin tre 11 t rudi ut of the apillary ti The nolten
ball is Iat eﬁ‘qsot\ﬂg?ee DR %ﬁmdngf‘ﬁa%%gmsowm A@F’F?tﬂfé’?f‘%aﬁ SBRd. The
nol ten bal |l igapfiafy®sl athethsit@nbalpls latdrsoneidr silb ROboIMY Pad tovifden 410 by
melting the wire through electro-sparking, so a sufficient length of wre

must be avai Ifi8liRallfondhd heaneltesrallgs fermedias ds aRd @f this rretuding donding An

el ectroni c flgpey indrfrid thedfitd FfoUheb &R-ashrRh§ C4d b SaficieRlehginst mel ts
the wre to v?‘_or mPcE E)é rmlrgeneba?@l. f(?hTo Iea\g}ﬂehra. ?’ai | of Igondieng wre 110
protrudi ng frwre st begivallablg at ithe teiltend ofcibapiaadingnwisg 140 o sle, sa.hénbondhead
100 has to fq L ededy/u mP | ! Liically,
during ball -b(%é] %%r?gc %%%g’ifs géot)h%e%ﬂ%ongﬁ%gggﬁ 1%'8%'8@3%{ a?%%ﬁg\?{ééltspﬁg short

di stance w t hwitdtd form ¢heehattpn b8 15 open after the bonding wire 110 has been
wel ded at%g second bond location to conplete a wire connection. Then, the
bondhead O stops and the wire <clanp 104 is closed to clanp the bonding

wire 110. AftRy Iddvata thinef ondingadire 10Q prvu@EiNgPfromr theecadilary tibi giterr
p- and by okerF PR SEoBnAoBbNIG GRaTeRs 109 8 Gociel ity HI (He start
of the first Qegénfhed RfotiBRX! Mbrespeefibgift ideRng BAllbonding processes, the
bondhead 100 needs to move up a short distance with the wire clamp 104
15 open after the bonding wire 110 has been welded at a second bond location
to complete a wire connection. Then, the bondhead 100 stops and the wire
clamp 104 is closed to clamp the bonding wire 110. After that, the bondhead
100 moves up further to a higher position. During this further upward motion,
the bonding wire 110 is pulled up and broken at the second bond location,
20 and gets ready for the start of the first bond of the next wire connection. This
is called tail formation, to ensure that a predetermined length of bonding wire
protrudes from the capillary tip after each wire connection is established. The
consistency of the length and linearity of the protruding wire determines the
repeatability of ball formation and the ball size formed.
25
Another feature of the prior art bondhead 100 is that it uses an air tensioner to
ensure the centering of the bonding wire 110 and the molten ball with respect
to the capillary tip. This is to ensure accuracy of placement of the bonded ball
at the first bond. After EFO sparking, the formed ball is pulled up by the air
30 tensioner to sit in a central position under the capillary 108. The consistency
of ball centering relies on the stability of the pulling force exerted by the air
tensioner. Therefore, periodic checking and cleaning of the air tensioner is

required to ensure consistency of ball centering.



is called tail formation, to ensure that a predeterm ned | ength of bonding
wire protrudes fromthe capillary tip after each wire connection is
established. The consistency of the length and linearity of the protruding
wire determnes the repeatability of ball formation and the ball size
formed. 25 Another feature of the prior -4t bondhead 100 is that it uses an
air tensioner to ensure the centering of the bonding wwre 110 and the
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bondhead 100, so that bond cycle tine is increased for each bonded

bondhead 100, so that bond cycle time is increased for each bonded

15  connection.

Summary of the Invention

It is an object of the invention to seek to provide an improved bondhead for a
20 wire bonding apparatus that helps to reduce cycle time for making each
bonded connection and also avoids some of the disadvantages associated

with prior art bondheads.

According to a first aspect of the invention, there is provided a bondhead
25 comprising: a bondhead body for holding a bonding tool; a bondhead actuator

coupled to the bondhead body for moving the bonding tool with respect to a

bonding surface; a wire clamping device which is movable relative to the

bondhead body for feeding a bonding wire to the bonding tool; and a wire

clamping device actuator for moving the wire clamping device relative to the
30 bondhead body.

According to a second aspect of the invention, there is provided a method of
bonding a wire comprising the steps of: forming a wire bond with a bonding

tool; moving the bonding tool away from the wire bond while clamping the wire



15 connection. Summary of the Invention It is an object of the invention to
seek to provide an inproved bondhead for a 20 wire bonding apparatus that
hel ps to reduce cycle tine for naking each bonded connection and al so

avoi ds some of the disadvantages associated w th prior art bondheads.
According to a first aspect of the inventi-on, there is provided a bondhead
25 conprising: a bondhead body for hol ding a bonding tool; a bondhead
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tool; and a wire clanping deyic ctuator. for npving the wire clanmpin

devi ce rel at i'9¥ ac"@ytfﬁgﬁ ”ﬁthssxe&ﬁ a@"'s&ﬁmp'%&@&wﬁ& ?%oao{a?\gbﬁﬁﬁng@ggct gof
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evice and r : \g@,ﬁ;@ - he bondin
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of the bridad 4 RENYEMOKASHEINeE BYANG HEMSHventi on as defined by the cl ai ns.
Brief Description of the Draw ngs

Brief Description of the Drawings

Examples of various embodiments of bondheads in accordance with the
15 invention will now be described with reference to the accompanying drawings,

in which:

Figure 1 is a side view of a prior art bondhead;

20 Figure 2 is a side view of a bondhead according to a first preferred

embodiment of the invention;

Figure 3 is a side view of a bondhead according to a second preferred
embodiment of the invention;

25
Figure 4 is a side view of a bondhead according to a third preferred

embodiment of the invention;

Figure 5 is a side view of a bondhead according to a fourth preferred

30 embodiment of the invention;

Figure 6 is a side view of a typical wire loop formed when electrically

connecting two bond pads at different bonding locations;



Exanpl es of various enbodi nents of bondheads in accordance with the
|1 now be described with reference to the acconpanyi ng draw ngs,
in which: Figure 1 is a side view of a prior art bondhead; 20 Figure 2 is a
a bondhead according to a first preferred enbodi nent of the
invention; Figure 3 is a side view of a-ondhead according to a second

i nventi on w

si de vi ew of

preferred enbodi nent of the invention;

bondhead acc
5 is a side

i nve

0887 @ Aot abhalh Elrahio B 5 RN ibrpast i Olahe

15

25 Figure 4 is a side view of a
tjon;

Fi gure

enbodi ment ofpuiling amy e;ritedmy ofFaguolercbals afiersSEF© wsirgyvanfaiatehyipherlandi re | oop
electrically connecting two bond pads at different_ bonding

PO gBebe ane JRaaHoh) Vs a B esBat act o 6 A Teieaen
represent ati aiib&fimehe of ielihiertionnskpeetiedy;i ng of a nolten ball after EFO
tensi oner, and perform ng the sane operation using a bondhead

f or med when
| ocations; -

using an air

accordingXo a preferred

enbodi nent of the invention respectively; 5 Figure

8 shows 2 bondliie SERNRNEBobiThied b cBTispi (6 bribRbsAfeatnah T oure © shows

a bondi ng sequ
t he i nvention.

is a side vi

10

15

20

25

30

nce using a bon accor to a preferre

sSes bo
preferred embodiment of the invention.

Detailed Description of the Preferred Embodiments

Figure 2 is a side view of a bondhead 10 according to a first preferred
embodiment of the invention. The bondhead 10 comprises a bondhead body
11, to which is mounted a bonding tool, preferably an ultrasonic transducer
13, with a capillary 15 attached to one end of the transducer 13. The
bondhead body 11 is mounted on a bondhead pivot 16 approximately near a
center of gravity of the bondhead assembly. This allows the capillary 15 to be
movable towards and away from a bonding position in a generally up and
down motion about the bondhead pivot 16 in a pivotal motion. The bondhead
body 11 is coupled to a bondhead actuator, such as a voice coil motor
comprising a coil bracket 18 disposed between and movable relative to
permanent magnets 19 by way of electromagnetic interaction, for controlling
movement of the transducer 13 and capillary 15. The movement of the

transducer 13 and capillary 15 is along a first turning arc 22.

Also mounted on the bondhead pivot 16 is a wire clamping device, such as a
wire clamp holder 14 comprising a wire clamp 12 at one end located along a
path of a length of bonding wire 26 to clamp it. The wire clamp holder 14 is
mounted such that its mounting axis passes through the bondhead body 11
and is movable about the bondhead pivot 16 relative to the bondhead body
11. In this embodiment, the mounting axis thus corresponds to a pivoting axis
at the bondhead pivot 16. Its pivotal movement is controlled by a wire

clamping device actuator, which may also be in the form of a voice coil motor

enbodi nent of
10 Detail ed Description of the Preferred Enbodi nents Figure 2
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15 11, to which is nmounted a bonding tool, preferably an ultrasonic
transducer 13, with a capillary 15 attached to one end of the transducer 13.
The bondhead body 11 is nmounted on a bondhead pivot 16 approxi nately near a
center of gravity of the bondhead assenb%y This allows the capillary 15 to
be novable towards and away from a bondi‘mg position in a generally up and
20 down notion about the bondhead pivot 16 in a pivotal notion. The bondhead
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hol der 14 corrpr|5| ng a wre clanp 12 at one end located along a path of a
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i s novabl e about the bondhead pivot 16 relative to the bondhead body 11. In
this enbodi ment, the nounting axis thus corresponds to a pivoting axis at
e pondhead fhe fovbfent ' (b “GhE o (P dlcho® BTLABDeito ek 56
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pi ezoel ectri givant axis «fr mngtmanec arodifierent gothtsigd itledtbtheirt atotibnplareenti ng a
5 bondhead ac rdl ng to the invention. Moreover, other driving nmechani sm
such as DC s Ts and | ead screw nmechani snms may be used. The novenent
of the wire clarrp 12 is along a second turning arc 24 Al t hough the wire

cl anp hol der 14 and the bondhead body 11 share the s
As the bondhead body 11 and wire clamp holder 14 are drlven by separate

15 actuators, they are capable of independent movement and are driven
independently. Thus, the position of the wire clamp 12 is not constrained by
the position of the bondhead 10 as in the prior art. Vertical motion of the wire
clamp 12 with respect to the transducer 13 can feed bonding wire 26 upwards
or downwards through the capillary 15 on the transducer 13 independently of

20 the bondhead body 11. An advantage of this first preferred embodiment of
the invention is that the bondhead body 11 and wire clamp holder 14 pivot
about a common axis, hamely the bondhead pivot 16 or pivot axis to which
both said components are mounted. This allows easier coordination of the
relative movements of the bondhead body 11 including the transducer 13 and

25 capillary 15 on the one hand, and the wire clamping device including the wire
clamp holder 14 and the wire clamp 12 on the other.

The motion control of the wire clamp 12 can be either designed on an open
loop system without feedback sensing, or on a closed-loop feedback system.
30 Although the bondhead bodies and wire clamping devices are configured to
move in pivotal motions in the described embodiment, it should be
appreciated that the bondhead body and wire clamping devices respectively

may be configured and actuated to move in linear motions instead.



10 turning axis about the bondhead pivot 16, they are preferably nounted on
a pivot axis of the pivot 16 at different points so that their notions are
decoupl ed. As the bondhead body 11 and wire clanp hol der 14 are driven by
separate 15 actuators, they are capable of independent novenent and are
driven independently. Thus, the positi o of the wire clanp 12 is not
constrained by the position of the bondhead 10 as in the prior art.
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15 Figure 4 is a side view of a bondhead 10 according to a third preferred
embodiment of the invention. in this embodiment, the bondhead body 11 is
mounted on a bondhead pivot 16, but the wire clamp holder 14 is mounted on
a separate wire clamp pivot 17 located elsewhere on the bondhead body 11.
Again, the bondhead body 11 is driven by a bondhead actuator comprising a
20 coil bracket 18 disposed between permanent magnets 19 and movable with
respect thereto by way of electromagnetic interaction. The wire clamp holder
14 is driven by a wire clamping device actuator comprising a coil bracket 20
disposed between permanent magnets 21 and movable with respect thereto.
Both actuators are capable of independent movement. However, the turning
25 axes of the bondhead body 11 and wire clamp holder 14 are different because
they are fixed at separate locations on the bondhead body 11. The
operational parameters should be modified accordingly to take into account
the modified turning arcs 22, 24.

30 Figure 5 is a side view of a bondhead 10 according to a fourth preferred
embodiment of the invention. In this embodiment, the wire clamp holder 14 is
mounted such that its mounting axis (which is the same as its pivoting axis)
does not pass through the bondhead body 11. The mounting axis passes

through a wire clamp pivot 17 at a location that comprises a pivoting structure



magnets 21, is positioned higher than the bondhead body actuator, whereas

t he bondhead body actuator is positioned higher than the wire clanping
device actuator in the first enbodi ment. As the second enbodi nent functions
in a substantially simlar nmanner to the first enbodinment, it wll not be
further 10 el aborated upon. The choice of ‘enbodi ment to adopt woul d depend
on the configuration of the wire bonder itself, and the manner in which it

woul d be none.c ' e W cl i | tsyat.or
it ve to (falBRERBIAL 1o BBheheddCodl £ THEDMOS b EEIRF HAEDT
bondhead 10 aonfigeieddot piwtalhnodepee! ealatye toethsotiondhaadobodyhd 1i ndbati on. I n

thi s, enbodi aghynd hgsbondiend Bathddeh P HBLRL A e dRaacag et 16,

but the wire ¢cl'a hol daer noun a separate W re clanp pivot 17
| ocat ed el sewbspexrtgnthiehdesigndarahdvdrkidy principlégadra, sitrlilar honttibepdvioady 11 is

driven by a bondhead actuator coppri sSi a. 20 coil bracket 18 disposed
bet ween pér d"ﬁﬁ@tr?é{dsw"@oh%%‘féﬁ{;go(ﬂt?cﬂ"p?’bspect thereto by way of

el ectromagnetic interaction. The wire clanp holder 14 is driven by a wire
cl anpi ng devi ce act uator, conprisin? a coil bracket 20 disposed between
per manent nadiedrs &is ansidepiem af utyrical dyigelopt Bedeimed wheb ieledtticallyor s are

capabl e of | NAFREANRN AFRBEAERad HHOMEY ShconBorkiidd 39 aPBRIGR bBhaih

e
bondhead body 11 and wre clanp 14 are rent because tﬁey are
fixed at sepdeeations.oddiirsbbendis made poiheHesidbdnddiadidl uging a lalldvend 3hal

par aneters s LS rﬁ‘@ﬁs r i §r|§|e | nodi fi ed
t ur ni ng a@csh@g&!(’dafﬂ%rgggl—élgﬁﬂe | stgatﬂ(g%%ér@i %W o?éd;é%’o%méﬂag r’&hggcor di ng
to a fourth praade2iedormedidodomplete tife ¢lberical\conbedion betwedn thedindiddndent , t he
wire clanmp hold 14 i,s _nounted suc hat 1t unting axis (which is the
oane as 1Ts e A e sTRRAER Rl 33 2 vanel Sh PR AHmRl ettty 13 The
nount i ng axi susedsieshe tchpilagh18 wigre molvingpfromvite flrét doné garic 31 itonthkhat
conprises a psle\égﬁulj %%n tpragCBtBUtroesﬁa%e the wire loop 27. A ball bond would next be

15 formed by the capillary 15 at another bond pad (not shown) at the next

bonding location.

Figures 7(a) and 7(b) are cross-sectional side view representations of the
pulling and centering of a molten ball after EFO using an air tensioner, and
20 performing the same operation using a bondhead according to a preferred
embodiment of the invention respectively. Referring first to figure 7(a), which
is a prior art design, an EFO device 36 produces an electrical spark to form a
molten ball 38 at the tail end of a length of bonding wire 110 controlled by a
wire clamp 104 and threaded through a transducer 106 and capillary 108.
25  After the molten ball 38 is formed, the molten ball 38 has to be located at the
mouth of the capillary 108, and this can be done by using air tensioning to pull

the wire up. The wire clamp 104 is open during said air tensioning.

Referring now to figure 7(b), the EFO device 36 produces an electrical spark
30 to form a molten ball 38 at the tail end of a length of bonding wire 26. The
bonding wire 26 is controlled by a wire clamp 12 and threaded through a
transducer 13 and capillary 15. To position the molten ball 38 at the mouth of
the capillary 15, the wire clamp 12 is closed and the bonding wire 26 is pulled
up by the wire clamp 12. Pulling the bonding wire 26 using the wire clamp 12



that is separate fromthe bondhead body 11. The wire clanp holder 14 is
configured for pivotal novenent relative to the bondhead body 11. The
turning arcs 22, 24 are again different fromthe other enbodi nents. In other
respects, the design and working principles are simlar to the previous 5
enbodi ment and will not be further el abof@ted upon. Figure 6 is a side view
of a typical wire loop 27 forned when electrically connecting a first bond

pad 31 to a s t. di. t b LN I | A first bond
e e at -t T SpoSR A, oad e e tler RO R 8384 Mfah bl 7y 18

I s then novedhée bohdiing sdre@tdorboolterpzadl 383, at which a wedge bond 32 is forned
to conplete the electrical connection between the first bond pad 31 and the

second bond pad 33. A variety of programred notions are used by the

capillary 15 mfes gvendwafooatinghrqliencd uhieg theppibrskt bendHead 198c omrerbond pad
33 to shape the wire |loop 27. A ball bond woul d next be 15 formed by the
capi | | ary 915 fatmaliontdidpe npad 3nBe Ransing wise 118és pdled urysigs RY aMocat i on.
Figures 7(a) t@Hgorﬁ&Q)som t6& Roes BAl Bgﬁ@?oéﬂi&%dvdt% FRRIESRAE Rbpitas of the
pulling and centerihg of a nolten ball after EFO using an air tensioner, and
20 per f or mi nglG8hes sieserigsewih iregpegt tonfigure dald hErel medien ball 13§ isdowensdef er r ed
enbodi nent of ' i ti. el ef-el.r ' & i 7(a),
which is a porrlhgr% f@%ﬁ@@ﬁgﬁ”@ﬁ@ﬁ@"?@ﬁ??@ SQ{epé%gﬁyeié%'r? @Fé&?&r{{egal spar k
to forma nuobtaesecbhad boB8 pad t¢ feemt aiMedgationd 3. Mbrrrafiteqfthd oapillary 18re 110

capi 11 ar yiorots ety BB RN 45 e st S BT BT 35 has
to be | ocat eceratoftthe bonditd ﬁir@fﬂ}l})hﬁr@&@i fkdrﬁltbehfcﬁﬁth @fﬁdcla t:b;i)iBar(yam)Sbmedonedby
using air tensioning to the wire up. The wre cla 04 is,open during
Sai dair t enalBAGETRrOhqoRsSaR b Srigas aii F1 Rl trekitEoRs
produces an ehgGiddgeaborf@8pk THDIiftifg foPthe &afBiURR 108! And38aiarl st @i | end of
a length of bonding wire 26. The bondi n% wire 26 is controlled by a wire
clanp 12 and danedaqifiing M%M@ﬁleabondhead 100. Tail formation of the bonding wire

15 110 is necessary for the EFO to form a molten ball 38 to create a ball bond at

the next bonding location. The additional step of raising the capillary 108 with

the wire clamp 12 open for tail formation results in increased cycle time.

Figure 9 shows a bonding sequence using a bondhead 10 according to a
20 preferred embodiment of the invention. After formation of the molten ball 38,
the bonding wire 26 is pulled upwards by the wire clamp 12 in a direction
away from the transducer 13 so that the molten ball 38 is positioned at the
mouth of the capillary 15, as described with respect to figure 7(b). The molten
ball 38 is lowered onto a first bond pad to form a ball bond 30. The capillary
25 15is then moved to a second bond pad to form a wedge bond 32. Thereafter,
the transducer 13 and capillary 15 are lifted by the bondhead body 11 away
from the wedge bond 32 while the wire clamp 12 is closed and clamping the
bonding wire 26, thereby releasing a length of bonding wire 26 between the
wedge bond 32 and the capillary 15 to form the tail wire. At the same time,
30 the closed wire clamp 12 preferably moves down in the direction of the
transducer 13 whereby to increase the length of bonding wire 26 released
between the wedge bond 32 and the capillary 15 that is hanging out at the
mouth of the capillary 15. The total traveling distance of the wire clamp 12

and capillary 15 can be made equal to the tail length desired. Thereafter, the



transducer 13 and capillary 15. To position the nolten ball 38 at the nouth
of the capillary 15, the wire clanp 12 is closed and the bonding wire 26 is
pulled up by the wire clanmp 12. Pulling the bonding wire 26 using the wire
clanp 12 -10- is nore precise than using an air tensioner, and avoids

causi ng damage to the bonding wire 26 oflnolten ball 38. Figure 8 shows a
bondi ng sequence using the pri or art bondhead 100. After 5 formation of the

nolten ball 38, the bandin r 110 uIIed upwar by air i oning so
That “t he- ol vitp 51EP 38 pBY gTsBisien® SoBi, e iRy G % fecBR el €3 Tog” ac
descri bed wi ttbgéteepabiie tcmnﬁprggrmae Bbadrng'l\'rhﬁa goldseto bebk @ sepdratecthed onto a
first bond pad to form 108 is then noved to a

bond 30. The capill ar
second bond PRG Ve A Tj?%d e Wro9g bend e?’@g’f fr'@ré"t"ﬂée Pducedyr €108 10 i s

lifted by a @@%‘e%c@'tﬁérﬁﬁ&ﬂu&eé aneﬁ&tr’r’t!a! §p£fk6tm?or9rp§ﬁoth8r ﬁh'bﬂ@rﬁ bh@ 3geave a
tail end of the bonding wire 110 hang |n%taHromt e nouth of the capillary

108, thendS t M tmerleoraﬁlwl@% aAngsbe rmd bahdopdndfl agn Berfermed with thel | ed to
break it fro M% lifting of the transducer 106 and
capillary 10 |s ebone y@ﬁ&?h@% %_Qag whol e bondhead 100. Tail formation of
t he bonding wire 15 110 is necessary for the EFOto forma nolten ball 38 to
create a ball,_bon t.. bondi n catr e additional step of

ai i ng the. CRERT 8 peeB A g RSl Pen Ay BB RGP E R qeBhree Fon
results in inoressed tayof erotrudrmg wifd, @nd ¢héh slbsing tize Wdedlangp $2gbrReak Using a
bondhead 0 cor.di

. t referred nment of th vent i After
P ormt orfths Mgt P8 T sarfatish i€ pEHE HehMAdNaI e S8mPeT2GRRER JRlar do by
the wire cl angirel Zormintion dkr £ssidtéd byaﬂﬂfey“ﬁréoﬂhﬁrbe12rrﬁm&@u§@rﬁdr wife tgat the
nolten ball 38 is positioned at th nmouth of the capillary 15, as descri bed

with respect thughgheecapiligry 113hé0ntbrratéfrﬁ bsaﬂmeastsbpeyﬁdmmaédtrw domaf i r st
bond pad to fﬁgﬁ}egd@érrlce opd §Qe%uTth§ f%fr\p\lvi{ %Bforfn%dl%th (L 880 dHRVERpt 0 2

second bond m a wedge erea e transducgr 13 and

capillary 15 raof@rrsmftﬂeedb@wdhelaé THcantheramningoayd QQSIagvaf/the wire clamp 12, as

15 in the prior art. Bonding cycle time can be reduced.

It should be appreciated that the wire clamp 12 according to the preferred
embodiments of the invention is movable relative to the transducer 13
mounted on the bondhead 10, so that less bondhead manipulation is
20 necessary to control a length of bonding wire 26 fed to the capillary tip. The
bonding wire 26 is assisted directly by the wire clamp 12 to be fed through the
capillary 15 for better control of the tail end of bonding wire 26 protruding from

the capillary tip.

25 Further, the preferred embodiments reduce vulnerability of the molten ball 38
to damage during ball centering caused by air tensioning forces. Centering
between the bonding wire 26 and the molten ball 38 with respect to the
capillary tip, and thus the position of the ball bond 30, can be more accurate.
Stoppages of the bonding system due to premature breaking of the bonding

30 wire 26 or a missing tail wire induced by motion of the tail wire at high bonding
speeds can also be reduced, so that bonding system stability is increased.

Moreover, overall bonding cycle time is reduced for faster operation.



fromthe wedge bond 32 while the wire clanp 12 is closed and cl anping the
bonding wire 26, thereby releasing a | ength of bonding wire 26 between the
wedge bond 32 and the capillary 15 to formthe tail wire. At the sane tineg,
30 the closed wire clanp 12 preferably noves down in the direction of the
transducer 13 whereby to increase the lehdth of bonding wire 26 rel eased
between the wedge bond 32 and the capillary 15 that is hanging out at the

nout h of the pill total traveli tanc wire clamp 12
and capil | ar yﬁﬁ }ge[{ﬁloﬁgeﬁg@g dEV %JﬁCﬁ%t%éeaﬁ%qﬂg "‘&)éﬁlcfat aﬂﬁj«ré? Teaf t er,
the -11- W r exdelit@n® ofér &ith those spkteallyl destvibed amw |§ fobe hh@er\wﬁbﬁ&hélond 32
together while clanping the bonding wire so as to break and separate the

bondi ng wi r e 9% IRvVeEgHR Wéluﬁéﬂég SHB'P](Ya@aZ'O"W‘E‘Hd'f'%'of‘élapd(ﬁir REAHPRYWEIE, t he
EFO devi ce thsmwﬁﬁ.ﬁ%gﬁm%d%ksaé6ﬂtﬁébbméscﬁa.ofnorm anot her nol ten bal | 38
5 on the bonding wre and the next ball bond 30 can be fornmed with the
nolten ball 38 as descri bed above. Instead of having to raise the whol e
bondhead 10 with the wire clanp 12 open to create a tail of protruding
wire, and then closing the wire clanp 12 to break 10 the wire 26, tai
formation is perforned with the wire clanp 12 closed. Tail wire formation is
assisted by the wire clanp 12 pulling bonding wire 26 through the capillary
15, so that the bondhead body 11 nay travel for a shorter distance. As a
result, atail wire is formed without start and stop notions of the
bondhead 10 and opening and closing of the wire clanp 12, as 15 in the
prior art. Bonding cycle tinme can be reduced. It should be appreciated that
the wire clanp 12 according to the preferred enbodinents of the invention
is novable relative to the transducer 13 nounted on the bondhead 10, so
that | ess bondhead manipulation is 20 necessary to control a |ength of
bonding wire 26 fed to the capillary tip. The bonding wire 26 is assisted
directly by the wire clanp 12 to be fed through the



capillary 15 for better control of the tail end of bonding wre 26
protruding from the capillary tip. 25 Further, the preferred enbodi nents
reduce vul nerability of the nolten ball 38 to damage during ball centering
caused by air tensioning forces. CEnterigg bet ween the bonding wire 26 and
the nolten ball 38 with respect to the “c¢capillary tip, and thus the position
of the ball bond 30, can be nore accurate. Stoppages of the bonding system
due to prematAr ~eaking of the bonding 30 wire 26 or a missing tail wre
i nduced by né##gﬁﬁ%f the tail wire at high bonding speeds can also be
reduced, so that bonding systemstability is increased. Moreover, overal
bondi ng cycle, ti is reduced f.ar faster operation. -12- The invention
"Pbagbea

descri bed her1ei n FPOPESPY vari at i ons, nodifications and/ or

addi tions ot her t kaoridhesé b6@gforhokiing & beeding tdagd and it is to be understood
that the invention includes all such variations gipa)ig(%ati ons and/ or

addi ti ons Swhi ch  aPPndhiean 3rtvefer spuRied tadbe ?@88@3%1? ApBPEINgeLEr i pti on.

-13- CLAIMS: ghndigeaahiendssedtig bYoRdingdukggsihead body for hol di ng a bondi ng
tool; 5 a bondheag actuat or coupled to the bondhead body for noving the

bondi ng tool with &wispelamping deviesuhing ismeyakie relativg todhe banghaag kesi ce whi ch
i s novabl e r%%g&ﬁugtaooc}ﬁaﬁ]wiwﬁﬁﬂg b%ﬂgl’ﬁg tf)&,rarﬁdaedi ng a bonding wire to the
an c

bondi ng t ool ; a~wre anpi ng device~actuator for noving the wire
cl anpi ng devi ce XOwirelcampiag tdevicheadiuatarhtoa dndxinty the2wird redarbpind liexideas

claimed ip claj rei jre clanping device has nounting axis
passi ng t@rngt?WY%teO%%&ﬁgﬁ%édggo . 15 3. The bondhead as clainmed in claim2,
wherein the wire clanping device

2. The bondhead as claimed in claim 1, wherein the wire clamping device

has mounting axis passing through the bondhead body.

15 3. The bondhead as claimed in claim 2, wherein the wire clamping device

is configured for pivotal movement relative to the bondhead body.

4, The bondhead as claimed in claim 3, wherein the bondhead body is
configured for pivotal movement and the wire clamping device and bondhead

20 body share the same turning axis.

5. The bondhead as claimed in claim 4, wherein the wire clamping device

and the bondhead body are mounted on the same pivoting axis.

25 6. The bondhead as claimed in any one of claims 3 to 5, wherein the
bondhead body is configured for pivotal movement and the wire clamping
device has a different turning axis from the turning axis of the bondhead body.

7. The bondhead as claimed in any one of the preceding claims, wherein
30 the wire clamping device has a mounting axis that does not pass through the
bondhead body.

8. The bondhead as claimed in claim 7, wherein the wire clamping device

is configured for pivotal movement relative to the bondhead body.



is configured for pivotal novenent relative to the bondhead body. 4. The
bondhead as clained in claim3, wherein the bondhead body is configured for
pi votal novenent and the wire clanpi ng device and bondhead 20 body share
the sane turning axis. 5. The bondhead as clainmed in claim4, wherein the
wire clanping device and the bondhead bddly are nounted on the sane pivoting
axis. 25 6. The bondhead as clained in any one of clains 3 to 5, wherein the
bondhead body is configured for pivotal novenment and the w re clanping
device has a different turning axis fromthe turning axis of the bondhead
body. 7. The9.bondiressbraihead aismaimed imagy one obthe precediag ethimg, whereims,

wh in 30 th i I i ng. devi h , ti ig that d t
through the  BEAHFCHAMBBESVise SHAGIGRIIISES ASOLFAMERRN ol aim 7, wherein

the wire clanping device is configured for pivotal novenent relative to the
bondhead body. -14- 9. The bondhead as cl ainmed in any one of the preceding
claims, wherel® tlhe kgndbead éﬁrﬁ'ﬁﬂ'@'eeé’?/?ﬁléoa%tolﬁﬁieopreéﬁﬁ’fﬁg iC?HES’QWWPE‘e. coi |
motor. 5 10. {HayiROAdRPRHY Rsvicd AtiREr Eomprises moldr delttdd f?&ﬁC{hé‘gr&Jpa' s,

wherein the wire clanping device actuator conprises a notor selected from
the group coedisitinggf afinganmelearpieasemctriqynetosane neumatimpmetorand pneunati ¢
notor. 11. The bondhead as clainmed in any one of the preceding clains,
wherein 10 the bonding tool is an ultrasonic transducer. 12. The bondhead
as cl ai med i n1any Treebaidhehe aprotamed gy aoy anewf thehpreeeding tchadmsy wigerelnanpi ng

act uator . 145 s BopB83aS AR L e Reiagiedn any one of the preced: ng
clainms, wherein the wire clanping device actuator is positioned at a | ower
position t hané.he The bondhead as claimed in any one of the preceding claims, wherein
the wire clamping device actuator is positioned at a higher position than the
bondhead actuator.
15
13. The bondhead as claimed in any one of the preceding claims, wherein
the wire clamping device actuator is positioned at a lower position than the

bondhead actuator.

20 14. Method of bonding a wire comprising the steps of:
forming a wire bond with a bonding tool,
moving the bonding tool away from the wire bond while clamping the
wire with a wire clamping device and releasing a length of wire between the
wire bond and the bonding tool; then
25 moving the clamping device and the bonding tool away from the wire
bond while clamping the wire to separate the bonding wire from the wire bond.

15. Method as claimed in claim 14, including the step of using the clamping
device to pull the wire in the direction of the bonding tool while the bonding
30 tool is releasing the length of wire whereby to increase the length of wire

released between the wire bond and the bonding tool.

16. Method as claimed in claim 14 or claim 15, including producing an

electric spark to form a moiten ball on the length of wire, then bringing the



bondhead actuator. 20 14. Method of bonding a wire conprising the steps of:
formng a wwre bond with a bonding tool; noving the bonding tool away from
the wire bond while clanping the wre with a wire cl anpi ng devi ce and
releasing a length of wire between the wre bond and the bonding tool; then
25 nmoving the clanpi ng device and the bemfling tool away fromthe wire bond
while clanping the wire to separate the bonding wire fromthe w re bond.

15. Method as clained in claim 14, including the step of using the clanping
devi ce to pulMmolienebal toecontact the bpnding foghby #sinadheyelaaping deyice thela@pt he
bondi ng 30 t ol dufl the Wrath BirkBforl K08 foRlthdbbRdiMg DY to increase the

| ength of wire 'released between the wre bond and the bonding tool. 16.
Met hod as clainmed in claim14 or claim 15, including producing an electric

spark to for bal | he_ | o t a(fr[)n e -15-
nol ten bal | It'qgacg‘rﬂl}{%@&t%e %%ﬁ‘&?’ng‘ t(g%ﬁ1t rt?ye’(')u"551:9'45’(%11ﬁ{ghenb%{']n é|ngélrd1g°v°|tni€:!e to
clanp and puomprismgvthe enaltendatli recti on away fromthe bonding tool. 17.
Met hod as clainmed in claim16, including making a ball bond 5 conprising

the nolten ball.





