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ePe%ir?ca?Bgnéihé( p%ds 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
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.

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 capiliary at an
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.

It is common to utilize a wire clamp to controi 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



length of wire relative to the capillary, or opened to allowwre 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 cl anp
is further comonly used to facilitate |logping of a |ength of bonding wire
between electrical bonding points on the dire and/or substrate, and/or to
pull and break wres frombonds after the bonds have been made. The wire
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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 reiative 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.



clanp 104 are driven to turn along a turning arc 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 turned away fromthe spool of

bonding wire. The wire clanp 104 may further be opened and the bondhead 100
turned towards the spool in order to posifi‘on the wire clanp 104 to clanp
and draw nore bonding wire 110. -3- During a bonding cycle and before
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15  open after the bonding wire 110 has been welded at a second hond 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.



repeatability of ball formation and the ball size forned. 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 nolten ball with respect to
the capillary tip. This is to ensure accuracy of placenent of the bonded
ball at the first bond. After EFO sparki‘n‘b,‘ the fornmed ball is pulled up by
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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



bonded connection and al so avoids sone of the di sadvantages associated wth
prior art bondheads. According to a first aspect of the invention, there is
provi ded a bondhead 25 conprising: a bondhead body for hol ding a bonding
tool; a bondhead actuator coupled to the bondhead body for noving the
bonding tool with respect to a bonding sufface; a wire cl anpi ng devi ce
which is novable relative to the bondhead body for feeding a bonding wire
to the bondin I C [ t he
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with a wire clanmpirom thewicgeh@anrtd rel easing a length of wire between the wire
bond and the bonding tool; then noving the cl anping device and the bondi ng
tool away ffomthe wre bond while clanping the wire to separate the bondi ng
wire fromthe wcﬁud)g@doon5erhuénwbmaher RPOVRAbE ke REAtORTT BFeatd dlasicri be
the invention in greater detail by reference to the acconpany |&§] dr awi ngs
whi ch i | | ust r ab¥rejaEensatio dieaeromeanyingedramnestwiien "Wﬁ@atﬁamei ernbegiment of the
drawi ngs and t rsedi ng
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by the clai ns. n@rtbdfe Duterstopd iasrsupérsetimgDhengenessiipaiitipe beadfidentification

enbodi nent n h the 15 invention wll now be
descri bed \?\?th r?e% %ﬁgénkgd?ﬁﬁeod’&m%pa%ng drawi ngs, in which: Figure 1
is a side view of a prlor art bondhead; 20 Figure 2 is a side view of a

bOfndhead accor gne eSCTIDtIOH ofsttt‘leFBrg\];vﬁ'\rqrsed

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;



enbodi nent of the invention; Figure 3 is a side view of a bondhead according
to a second preferred enbodinent of the invention; 25 Figure 4 is a side

vi ew of a bondhead according to a third preferred enbodinment of the
invention; Figure 5 is a side view of a bondhead according to a fourth
preferred 30 enbodi nent of the i nvent i on” OFi gure 6 is a side view of a
typical wire | oop forrred when el ectrically connecting two bond pads at

di fferent bondi | ; F d b i onal
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S Frgure 8 shokenamyBRdnesRus, GEfeuSh IR E Monfheds SebPUBE R EZHRG F gur e
9 shows a bondleﬁg)o@&ﬂemn@fethamwegum kezpdttiet)y; according to a preferred

enbodi nment gf the invention. 10 Detailed Description of the Preferred

Enbodi nentsYFigure 2 is a side view of a bondhead 10 according to a first
preferred enbeslureatshelvstdoridi §l=§ (UeRce h&iRg RANEIGaF Héhdhea®rdries a bondhead
body 15 11, to which is nounte ondi ng ?ool preferably an ultrasonic
transducer 13, with a capillary 15 attached to one end of the transducer 13.
The bondhead n pi,Vv p tely near a
center of gravit of t@“@gﬁdh@éﬁgssqﬁgwggﬁg haﬁé%%a?hgé%g%l Itgré 15 to
be novabl e towsefdaredethbadimgerftobtheaniemignng position in a generally up and
20 down rmt1i00n about the bondhead pivot 16 in a pivotal notion. The bondhead

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
15 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
movabie towards and away from a bonding position in a generally up and
20 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

25 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
30 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



body 11 is coupled to a bondhead actuator, such as a voice coil notor
conprising a coil bracket 18 di sposed between and novable relative to

per mmnent magnets 19 by way of el ectronagnetic interaction, for controlling
novenent of the transducer 13 and capillar¥ 15. The novenent of the 25
transducer 13 and capillary 15 is along a first turning arc 22. Al so nounted
on the bondhead pivot 16 is a wre clanping device, such as a wre clanp
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t he bondhead b dé 1erégnd wire clanmp holder 14 are driven by separate 15
actuators, theg W pabl e of independent novenent and are driven

i ndependently. Thus, the position of the wire clanmp 12 is not constrained by

the position of the bondhe in the prior art. Vertical notion of the
Wi T ep As the bondheacf‘go&y 1? and wire clamp holder 14 are driven 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 capiltary 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, namely 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.



clanp 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 enbodi nent of
the invention is that the bondhead body 11_and w re clanp hol der 14 pivot
about a common axis, nanely the bondhead b??ot 16 or pivot axis to which
both said conponents are nounted. This allows easier coordination of the
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itself, and thbommrbadlyamtual:dsr It would be nore convenient to | ocate the

wi re clanpi ng device actuator relative to the bondhead body actuator.

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 hoider
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



15 Figure 4 is a side view of a bondhead 10 according to a third preferred
enbodi nent of the invention. In this enbodi nent, the bondhead body 11 is
nount ed on a bondhead pivot 16, but the wire clanp holder 14 is nounted on

a separate wire clanp pivot 17 | ocated el sewhere on the bondhead body 11.
Agai n, the bondhead body 11 is driven by a”bondhead actuator conprising a 20
coil bracket 18 di sposed between permanent magnets 19 and novable with

respect theret fgbys Y8yarafe RbRACIHeNBHHMBEH Dolip18l a§he Aire &P héIBechaRP hol der
14 is driven by a wire clanping device actuator conprising a coil bracket 20
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oper ati onal _paraneters _ shqul Lfi accaordingly to take into account

t he m)difieﬁ tﬁWRPH'@"'eﬂég ﬂl?n‘%%en@ghﬁg%%a%%i@ogsi de view of a bondhead
10 according to a fourth preferred enbodinent of the invention. In this
enbodi nent, the wire clanp, holder 14 is npunted its mounting axis
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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
puliing 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



bond 32 is forned to conplete the electrical connection between the first
bond pad 31 and the second bond pad 33. A variety of programmed notions are
used by the capillary 15 when noving fromthe first bond pad 31 to the
second bond pad 33 to shape the wire loop 27. A ball bond woul d next be 15
formed by the capillary 15 at another bond*pad (not shown) at the next
bondi ng |l ocation. Figures 7(a) and 7(b) are cross-sectional side view
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Referring first to figure 7(a), which is a prior art design, an EFO device
36 produces an electrical spark to forma nolten ball 38 at the tail end of
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ball 38 is positioned._ at the uth of t apillary 108, as descriped with
Caspect to 11 gdbeS Bydytore whdEcorghped 3667 Y saistaliph of he banding 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 resulis 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 moiten 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 moiten 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 15 is 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



onto a first bond pad to forma ball bond 30. The capillary 108 is then
noved to a second bond pad to forma wedge bond 32. Thereafter, the
capillary 108 10 is lifted by a certain distance with the wire clanp open in
order to leave a tail end of the bonding ﬁre 110 hanging fromthe nouth of
the capillary 108, then the wre clanp 104 ¢l oses and the bonding wire 110
is pulled to break it from the wedge bond 32. The lifting of the transducer
106 and capi | | gy agglpl 32 4 %thdudefrt1§‘9n$Je9aW38 ffo rhom@h% é%n Tgp!
formation of the bon 110 i s necessar or the to orma
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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 contro! 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.



bonding wre 26 fromthe wedge bond 32. Wth the tail wre produced, the
EFO device then produces an electrical spark to formanother nolten ball 38
5 on the bonding wire 26, and the next ball bond 30 can be forned with the
nolten ball 38 as descri bed above. Instead of having to raise the whole
bondhead 10 with the wire clanp 12 open t¥ treate a tail of pr ot rudi ng
wire, and then closing the wire clanp 12 to break 10 the wire 26, tai

formation | S PaRERERokiblrbbe h}éﬁerr?isqu cEibe (8aR8ghns T RickirhichsABIRL N i S

assisted by the wire wre rough the capillary
15, so that th@d@bmﬁn@taar w@athsp saeg! rpalmscr"aﬁd and i fotorke understapd dhatAs a
result, a tai
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prior art. Boncﬂallngtrmythle@pintaadsempelmttnedumdiescrﬁptishoul d 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 nmanipul ation 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 wire 26 protruding from the capillary
tip. 25 Further, the preferred enbodi nents reduce vulnerability of the
nolten ball 38 to damage during ball centering caused by air tensioning
forces. Centering between the bonding wire 26 and the nolten ball 38 with
respect to the capillary tip, and thus the position of the ball bond 30,
can be nore accurate. Stoppages of the bonding systemdue to premature
breaki ng of the bonding 30 wire 26 or a mssing tail wire induced by notion
of the tail wire at high bonding speeds can also be reduced, so that
bondi ng system stability is increased. Moreover, overall bonding cycle tine
is reduced for faster operation. -12- The invention described hereinis
susceptible to variations, nodifications and/or



addi tions other than those specifically described and it is to be understood
that the invention includes all such variations, nodifications and/or
additions which fall within the spirit and scope of the above description.
-13- CLAIMS: 1. A bondhead conprising: a bonding tool; 5 a bondhead body for
mounting the bonding tool; a bondhead actuator coupled to the bondhead body
and operable for noving the bondhead body and correspondi ngly noving the
bonding tool with respect to a bonding,surface; a wire clanping device
operable to selectively clanp and rel eas®” 10 cl anping of bonding wire, the
wi re clanping device being so nmounted and arranged as to be novable relative
to the bondhepgigedy in directions towards and away from bondi ng tool and

t he bondi ng surface; and a wire clanping device actuator coupled to the wire
cl anpi ng device and being operative to nove the wire clanping device

relative to yhe 4509@%%5%%&@mp:towar ds the bonding tool for feeding

bonding wire to the ing 'tooF. 2. The bondhead as clainmed in claiml,
wherei n the w re abongimgtpolievi ce has a nounting axis passing through the

bondhead pody. Zoﬁﬁgn@%dbo%r&g?ﬁa}&%ﬁi\pﬁ'ﬂ?é B@rﬂiirﬁito |_ai m 2, wherein the wire

cl anpi ng devi ce espe tinhg axi dsi tioned and configured for
pi vot al novenent adbndlimadcéctustongoupded tethechanidhead body laad mpedibéatbrbody. 25 4.

The bondhead as. cl. ai inclaim3, erein the bong ead hody is.. also
con 1 gur ed 1 BEviseAe BBRaHsRa Rl R coHBeR e RBanE BRadi B oa "5 e ai med
in claimd4, véspeetito atbondidigrsarfabgnpi ng device and the bondhead body are
nounted on a sanme_axi s RS t he cPi vot i ng Xi s aqd .
a wire clamping device opetable to selectively ¢lamp and release
10 clamping of bonding wire, the wire clamping device being so mounted and
arranged as to be movable relative to the bondhead body in directions
towards and away from bonding tool and the honding surface; and
a wire cilamping device actuator coupled to the wire clamping device
and being operative to move the wire clamping device relative to the
15 bondhead body towards the bonding tool for feeding bonding wire to the
bonding tool.

2, The bondhead as claimed in claim 1, wherein the wire clamping device
has a mounting axis passing through the bondhead body.
20
3. The bondhead as claimed in claim 2, wherein the wire clamping device
- has a respective pivoting axis positioned and configured for pivotal movement
of the clamping device relative to the bondhead body.

25 4 The bondhead as claimed in claim 3, wherein the bondhead body is
also configured for pivotal movement on a turning axis.

5. The bondhead as claimed in claim 4, wherein the wire clamping device
and the bondhead body are mounted on a same axis as the pivoting axis and
30 the tumning axis.

6. The bondhead as claimed in claim 3, wherein the bondhead body is
configured for pivotal movement and the wire clamping device pivoting axis is
a different axis from the turping axis of the bondhead body.



30 the turning axis. 6. The bondhead as clainmed in claim3, wherein the
bondhead body is configured for pivotal novenent and the wire cl anping
device pivoting axis is a different axis fromthe turning axis of the
bondhead body. -14- 7. The bondhead as clained in any one of the preceding
clainms, wherein the wire clanping device has a nounting axis that does not
pass through the bondhead body. 5 8. The bondhead as clained in claim?7,
wherein the wire clanping device is configured for pivotal novenent at the
nmounting axis relative to the bondhead1$ody. 10 9. The bondhead as cl ai ned
in any one of the preceding clains, wherein the wre danping device actuator
conprises a voice coil notor. 10. The bondhead as clained in any one of the
precedi ng clains, wherein the wire clanping device actuator conprises a
nmot or sel ectgd f ridwe bhdnehgad ap clalrfed imainsvng gf thie pretadingaclaims, svherein
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transducer. Béhdhadad bbdy.oondhead as cl ained in any one of the preceding
cl ai s, erein the wre clanping device actuator is positioned at a higher
position Than the bondhead actuator. 13. The bondhead as clained in any one

of the precedi ng THebdheddnas eidimed in &lhien W wikerginatieiwig ckaviping deviceat or is
positioned at a | ower position than the bondhead actuyator

. 14, t hod of
bondi ng a wi BeCoRiaNrashfeli Ryolal mayament ik the MmpUNtieg s3xis, fefgtive to otp'/gn' ng a wire
bond at the pgfifHead padyface with a bonding tool; 30 noving the bonding tool
away fromthe wre bond while clanping the wire with a wire clanpi ng devi ce
so as to release a predeternm ned | ength of

10 8. The bondhead as claimed in any one of the preceding claims, wherein
the wire clamping device actuator comprises a voice coil motor.

10. The bondhead as claimed in any one of the preceding claims, wherein
the wire clamping device actuator comprises a motor selected from the group

15  consisting of a linear motor, a piezoelectric motor and a pneurnatic motor.

11.  The bondhead as claimed in any one of the preceding claims, wherein
the bonding tool Is an ultrasonic transducer.

20 12. 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. -

13. The bondhead as claimed in any one of the preceding claims, wherein
25 the wire clamping device actuator is positioned at a lower position than the
bondhead actuator.

14.  Method of bonding a wire to a bonding surface comprising the steps of:
forming a wire bond at the bonding surface with a bonding tool;

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

wire with a wire clamping device so as to release a predetermined length of

wire between the wire bond and the bonding tool without separating the

bonding wire from the wire bond; and thereafter



W re between the wire bond and the bonding tool wthout separating the
bonding wire fromthe wire bond; and thereafter 15- clanping the wire with
the wire clanpi ng device, and then noving the danpi ng device and the bondi ng
tool away fromthe wire bond while clanping the wire to separate the bonding
wre fromthe wire bond. 5 15. The nethod as clained in claim 14, further
including the step of noving the clanping device to pull the wire in the
direction of the bonding tool while the bonding tool is releasing the |length
of wire, whereby to increase the length15%f wire rel eased between the wire
bond and the bonding tool. 10 16. The nethod as clainmed in claim14 or claim
15, including producing an electric %gark to forma | ten ball on the

length of wire, tIRAMATG M5 wie wWiB theiresamaing deyiceotRGenMeving e ng t ool by
using the cl aymhpeg d8ViEE Bnd theChdHilihg BBCawPay frorh It Wird Bohd wirildlclafpirgon away
fromthe bonding tool. 15 17. The method as clainmed in claim216, including
maki ng a bal Ithewira to sepasatedhe §ondiag wiret@m thgwirebPndie bondi ng surface. 18.
The bondhead as clained in any one of clains 4 to 13, wherein the wre

cl anpi ng devi ce and the bondhead body share the pivoting axis of the 20 wre
danpi ng dévi c®. andhemsethed as agimed ia agimt He fusthed includingdbe step of moving

the clamping device to pull the wire in the direction of the bonding tool while
the bonding tool is releasing the length of wire, whereby to increase the length
of wire released between the wire bond and the bonding tool.

10 16. The method as claimed in claim 14 or claim 15, including producing an
electric spark to form a molten ball on the length of wire, then bringing the
molten ball to contact the bonding tool by using the clahping device to clamp
and pull the wire in a direction away from the bonding tool.

15 17. The method as claimed in claim 16, including making a ball bond
comprising the moilten ball on the bonding surface.

18. The bondhead as claimed in any one of claims 4 to 13, wherein the
wire clamping device and the bondhead body share the pivoting axis of the
20 wire clamping device and the turning axis of the bondhead body.





