- 1 - VACUUM W RE TENSI ONER FOR W RE BONDER Field of the Invention 5
The invention relates to a wire bonding apparatus for naking wire
connections between el ectronic devices, and in particular, to a wire
tensioner for controlling the feeding g?f wire in such wire bonding
apparatus. 10 Background and Prior Art 'I'n a wire bondi ng process,
electrically conductive wires are bonded between el ectrical bonding
pads found on sem conduct or devices, such as between a sem conductor
die and a substrate onto which the die is attached. The substrate 15
is usually a senm condaCtbiM WIRE TENSIONER EDBWIRE BONDBERect i on coul d
al so be made between bondi ng pads found on separate sem conduct or
dice. The bond is fornmed by a bonding tool which nmay be in the form
of a capi Flied wf &t lagdgttbnt o an ul trasoni ¢ transducer for generating
ultrasonic energy to the capillary tip. 20 Wre is continually fed to
t he ca%i llary in order to nake wire connections. The wire feeding
system ma t t %%gy e
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in a revegse.direction. . The, need pull the wire in a reverse
directi on%rf%g?%(q@?uéfﬁ?eolp Sluﬁgt\’@ﬁec%‘,gﬁddﬁélgpp [%NBTten 25free-air ball is
formed at a tail end of the wire after sparking with an electronic

fl ame- of f EFOI) nd,, and when formng wire | oops thereafter. The
ire hond L bnly uses a wire tensioner actuated by air
to ensure the centering of the bonding wire and the nolten ball wth

respect to the
In a wire bonding process, 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
16 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.

20  Wire is continually fed to the capillary in order to make wire connections. The
wire feeding system may comprise a clamp that is operative to secure the wire
relative to the bonding tool in order to pull and feed a length of wire to the
capillary, as well as a wire tensioner to pull the wire in a reverse direction. The
need to pull the wire in a reverse direction may occur, for instance, after a molten

25 free-air ball is formed at a tail end of the wire after sparking with an electronic

flame-off (EFO) wand, and when forming wire loops thereafter.

The wire bonding apparatus commonly uses a wire tensioner actuated by air fo
ensure the centering of the bonding wire and the molten ball with respect to the
30 capillary tip before ball bonding is performed. This is to ensure accuracy of

placement of the bonded ball at the first bond. After EFO sparking, the formed



30capillary tip before ball bonding is perforned. This is to ensure
accuracy of placenent of the bonded ball at the first bond. After EFO
sparking, the forned - 2 - ball is pulled up by the wire tensioner
to sit in a central position under the,capillary. The consistency of
ball centering relies on the stability“of the pulling force exerted
by the wire tensioner. Furthernore, consistency of the W re tensi on
force is B§I¢¢§§ﬁﬂl¥dt\ﬂ) %Ofﬁét rjred tfeﬁs*oﬂgp't EiCHNS osﬁ%nt Uﬁ%
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2006/ 0091181A1 entitled "Wre Tensioner for a Wre Bonder”. The wre
t ensi oner censistenay ablall ¢anderingmanciobibeywiss ienstoning faede ni ng a passage
for receiving a wre, the passage 15 including an inlet opening and
an outl et opening through which the wire is configured to extend. The
wi re t ensConeentiomallgrihemist isded ﬁhrbhgbtmgbmwfdfdhe pliresisusibaed ahduhd wise
receiyed into,the w,re te sioner a an exhaust port throu
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conprises a wire in I nner tube wire outlet 106 having
a central bore 108 extendi ng t hrough t he respectl ve wire inlet 102,

inner ub 0 n re di wre 11 such as
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undesirable wire vibration and spinning that may impose torque and whipping

25  disturbances to the wire being fed through the wire tensioner. Furthermore, the

prior art design generates compressed air directly into the passage where the

wire is located, which further aggravates the problems of wire vibration and

spinning when compressed air is injected directly onto the wire.

30  Another approach for generating the necessary wire tensioning force in a wire

tensioner is by the use of vacuum suction force. FIG. 1 is a schematic cross-



10 Near a md-point of the wire tensioner housing 112, a vacuum port
114 is located to generate a vacuum suction force at the base of the
I nner tube 104. This vacuum suction force is operative to pull the
bonding wire 110 located in the wire ogtlet 106 upwards. In order to
suppl ement the vacuum suction force fromthe 15 vacuum port 114, a
conpressed air inlet 116 is |located at the top of the inner tube 104
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usage,~the inner 30 conponents of the wire tensioner nmay becone
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vacuum suction force is operative to pull the bonding wire 110 located in the wire
outlet 106 upwards. In order to supplement the vacuum suction force from the
15  vacuum port 114, a compressed air inlet 116 is located at the fop of the inner
tube 104 to generate a force to push the bonding wire 110 upwards. To ensure
that a minimum of air passes through the inner tube 104 and in order to facilitate
the creation of the above air flows through the wire inlet 102 and wire outlet 106,
the central bore 108 in the inner tube 104 is formed with a smaller cross-
20 sectional area than the central bores 108 of the wire inlet 102 and the wire outlet
106. The combination of forces from the vacuum port 114 and compressed air
inlet 116 generate a sufficient force to reliably pull the wire without causing any
significant wire vibration and spinning encountered by using compressed air
alone.
25
However, a problem with the conventional design illustrated in FIG. 1 is that
ambient air 118 containing contaminants generated from the surrounding during
wire bonding are sucked into the central bore 108 of the wire tensioner 100
through the mouth of the wire outlet 106. After a period of usage, the inner
30 components of the wire tensioner may become clogged with contaminants, and

this results in the necessity for frequent cleaning of the wire tensioner 100.



51t is thus an object of the invention to seek to achieve the
benefits of using a vacuumw re tensioner while at the sane tine
reduci ng the introduction of contamnants into the wire tensioner and
avoi ding the need for frequent cleaning of the wire tensioner. 10
According to a first aspect of the invéntion, there is provided a
wire tensioner for a wire bonder, conprising: a tubular body having a
bore thropghy sht eiéahmgq'sn@cdmeﬁ.ehﬁtd&ree YERlR Hadeddd e %@Htﬁﬁ Alnedn
end of the tubular y from which onding wire 1Is exten P

t owar ds awbem@naotaaratischanber formed next to the bore outlet 15
that substantially encloses the bore outlet; an air inlet connected
to the chanber that is operative to introduce clean air into the
chanber; &8nchnearvadthenineetii@t connected to a side of the tubul ar body
and which is in fluid comunication with the chanber via the bore,
the vacuum outl et being operative to draw air fromthe bore outl et
through t heshpie anhesjekyoft t‘ReHHbénﬂdﬁetd"'ké& t? Qciiego e %néﬁtsaofs@ém%}%
aspect of the invention, there is provid a w re bondi ng appar at
conpri si NYACUIND oG rtgnf’eI@mr vhiei @tu?ft&j Stamer dowi vedusinglithe iniredudtion of
bondi ng; I, I

pondi ng ws aaHE rhERE RAEcARGAG anEat ok Beeh L HERLT RirBhing

t ubul ar boﬁtylehamm@smnbnre t hrough 25 which bonding wire is

recei ﬁ:bl e and a bore outlet at an end of the tubular body from which
the bonding wire i s extendabl e towards the bonding tool; a chanber
formed nextcdrBinghe MEEasptck 6f tHehaterfidns tiné rsabﬂomd%eoal ms%edshﬁxepﬂfr%
outlet; an air inlet connected to the chanb is operative to
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to a side; I TR S

with the g:ﬁ%%ﬂ?ol%:égb'ta hé) r%@?%’?taa?%g%gc%&gﬁ%@g] Ilafrk) H}E?gfrﬁ'g‘ opergtl vedﬁ@
draw ai r Wwireis extendaietowrtiee bohdiogdbolt hehdaber foteed bgxitto theubdretdudet
W re. < woul d be convyenient hereinafter to describe the
ventd ontiah subuARtaY cBIERRESGE PBRE plfitc o a1 Rlet cBoBRghIR Tae Bamieigs
whi ch i || thet i@topepitiol ebrigfo@ioeodieBR IS iMb th&&hamRAt bed-a TE&uum outlet

particularity of the draw ng{s and the rel ated descrl ption is
conriected to a side of thetubular body and which is in fluid communication with the

chamber via the bore, the vacuum outlet being operative to draw air from the bore
outlet through the bore whereby to pull the wire.
20
According to a second aspect of the invention, there is provided a wire bonding
apparatus comprising: a bonding tool configured to receive bonding wire for
bonding; and a wire tensioner operative to control the feeding of bonding wire to the
bonding tool, the wire tensioner comprising: a tubular body having a bore through
25 which bonding wire is receivable and a bore outlet at an end of the tubular body
from which the bonding wire is extendable towards the bonding tool: a chamber
formed next to the bore outlet that substantially encloses the bore outlet; an air inlet
connected to the chamber that is operative to introduce clean air into the chamber;
and a vacuum outlet connected to a side of the tubular body and which is in fluid
30  communication with the chamber via the bore, the vacuum outlet being operative to

draw air from the bore outlet through the bore whereby to pull the wire.



5not to be understood as superseding the generality of the broad
identification of the invention as defined by the clains. Brief
Description of the Drawi ngs 10 An exanple of a preferred enbodi nent
of a vacuumwire tensioner in accordance with the invention will now
be described with reference to the acconpanying draw ngs, in which:
FIG 1 is a schematic cross-sectional view of a conventional vacuum
wire 1btensioner that is available in the prior art; and FIG 2 is a

schematic cross-sectional view of a vacuumw re tensioner according

to the préfveeyledecppyoginiantthessinafier tordeseriberihe 2opetian lie grexiec diteilion
of the Pr r ' : : elgh j S i
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conpri ses bul ar, body, t hr ough which bonding wire is receiyvable,
Che t ubur B0t 190 U fieRT G DabaSeing haBnmat ohie et SRt ot o
out | et 16iheliRgehtttidPdeRebVRE chig@nt ral bore 18 extendi ng t hrough
the respective wire inlet 1Z, inner tube 14 and wire outlet 16.

Bonding wire 20, such as gold wire, is led through the central bore
18 fromt ggew' Egcriiﬂiloﬁtof%l‘?e ?%‘%Inggw re outlet 16. The bonding wire 20
is extend | ocated at an end of the wire
outlet 16 portion of the tubular body 30towards a capillary (not
shown) . of ,a bondi tool. The wire .inlet 12, inner tube 14 and wire
out | oo 7648, BXafRl i iaa|ﬂ"§f%5ﬁ¥?’1 IRyl (v 8 YarmongirenRIsong 28
accordance with the invention will now be described with reference to the

accompanying drawings, in which:

FIG. 1 is a schematic cross-sectional view of a conventional vacuum wire

15 tensioner that is available in the prior art; and

FIG. 2 is a schematic cross-sectional view of a vacuum wire tensioner according

to the preferred embodiment of the invention.

20  Detailed Description of the Preferred Embodiment of the Invention

FIG. 2 is a schematic cross-sectional view of a vacuum wire tensioner according
to the preferred embodiment of the invention. The wire tensioner 10 comprises a
tubular body through which bonding wire is receivable, the tubular body including
25 awire inlet 12, inner tube 14 and wire outlet 16. The tubular body has a central
bore 18 extending through the respective wire inlet 12, inner tube 14 and wire
outlet 16. Bonding wire 20, such as gold wire, is led through the central bore 18
from the wire inlet 12 to the wire outlet 16. The bonding wire 20 is extended from
a bore outlet 21 located at an end of the wire outlet 16 portion of the tubular body
30 towards a capillary (not shown) of a bonding tool. The wire inlet 12, inner tube

14 and wire outlet 16 are substantially enclosed by a wire tensioner housing 22,



- 6 - which also serves as a neans to secure the wire tensioner 10 to
a W re bondi ng apparatus by securing the housing 22. Near a m d-point
of the wire tensioner housing 22, a vacuumoutlet, which may 5 be in
the formof a vacuumport 24, is connegted to a side of the tubular
body and is |located at the base of the inner tube 14 to generate a
vacuum suction force. As the vacuumport 24 is in fluid communi cation

with the bpich 86 lsetvedlad AR thhRcorMHeakir® msididr 10MoSa WAEWHRdIN

suction force is operative to pull the bonding wire 20 |ocated in the
wi re out | 8PPABIUS LY eI ECithy hausiag@dm air-flow in the wire 10 outl et
16. In order to supplenent the vacuum suction force fromthe vacuum
port 24, a conpressed air inlet 26 is located at the top of the inner
t ube 14 t dlegemeniat-poiat bbtheewira téimonarrieisiige?2?2,12 vaouypn stutieh eviiomanang

wire 20 upwards.. However, the | i.ng force, is geperate rinmarjl y
the vaBuuRE oI BN S8 e Pophed.da apraEiar ' AeBpe cubipTRIc ane:
26 need n@fobgtedsatdthediasasofl the ¥n&ralBe M @NGnFLIEPA §EE@HM Auctivh Fdrce.
tensioners. To ensure that a mninmum of air passes through the inner

tube 14 i Asdhagrcyemingst P4 iaireflyidcopmauniraliprowith Hee bty eutlet 21 through
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is forned wt cross-sectional area t ntral
18 of t hewiver2f lochied ib2hawdre betleti 16ebygehatting a @@uum air-dew ihdhe ediece

the iptrodugt, of __gont am nat ed ient air intpo the central bore 18
vhroudh ¢ ARG Rear e e e VEaiurd SLrtdh BréBo e herud®

to the bopg, autdrepreddefait hfletWBeisOChRld A6 tifdos WIsthanhhat tvbe 14 to

encl oses the bore outlet 21. Preferabl the chanmber 28 is forned by

modi f yi ng9eR¥ElR fefarendp dh@rW%H@GEiqﬁgde?U% thachensing wis! ROvkRwares.
t hat surr j t : [ mr i
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t he chanbpassi® hhoughdther iaher albey14d atder to facilitate the creation of the above
force-generating air flows, the central bore 18 in the inner tube 14 is formed with
a smaller cross-sectional area than the central bores 18 of the wire inlet 12 and
the wire outlet 16.

20
in order to reduce the introduction of contaminated ambient air into the central
bore 18 through the mouth of the wire outlet 16, a chamber 28 is formed next to
the bore outlet 21 of the wire outlet 16 and substantially encloses the bore outlet
21. Preferably, the chamber 28 is formed by modifying the wire tensioner

25 housing 22 to include a holiow space that surrounds the base of the wire outlet
16.

Furthermore, an air inlet port 30 is preferably connected to a side of the chamber
28 in order to introduce a supply of clean air into the chamber 28 to envelope the
30  wire outlet 16 with clean air. Such clean air may be in the form of compressed

air. The rate of clean air introduced into the chamber 28 should preferably be at



- 7 - least the same as or greater than the rate of evacuation of air
at the vacuum port 24. Since the vacuumport 24 is in fluid

comuni cation with the chanber 28, this helps to ensure that a supply
of clean air enveloping the wire outlef 16 can be nmaintained to

i npede the flow of contam nated air fromthe anbi ent atnosphere 5
into the chanber 28 and the central bore 18. The chanber 28 further
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cl ean o the ch er re i t he centr al
bor e 1 oftd HE RareSel it ane fispet Rt O, ThhreGarther Shriuithey Gavensss.
Thi s prevarhanidee opb&ag 32i thrcfdghmuﬁmmégoﬁdmg Rardp Mg dtefdle FBni he
15 central bore 18 through the force of the clean air flow, which may

| ead to vivBe&Utlghl®to thedopding teol.when the air flowrate is high. This
further avoids the problemof vibration of the bonding wire 20 that
is experienced in the prior art as nentioned above, especially for
conpr esselfloa¢avan iteshoeits beneoted thaPtlef eiraibley, pctrhéOsszIecaﬁedtﬁteadﬁglnﬁrer

28 shgoul d be | th t .
pr e:sﬁ¢le B‘E‘T(’)'hﬂ"' ﬁ}ﬁﬂe%%&@é%%fl ett%ﬁngwgﬁ@é?\é%&b@(t ﬁ%ﬁ{:‘%’r Bgltaisrdﬂ eg\f!’vo'éﬁgan
air. Al sojs dihetedanheexrpedidigiade diredigs ke Wae cutidt chNmi:h Hepdced

5mm 251t shoul d be appreciated that the vacuum wi re tensioner

accor di ngfre® theergse audlet 2 versolmiasting cisian #ie inta e chambee R8s insteash @i d
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bore of the wre tensioner rng operat|on urt hernot e e, Slnce
cl ean ai rwiratzbddbisdpiaveotst the oear arehismnoswaying thethogdingraire®0 in the
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suscepti bl e OPE r; atjons di ficatjons and/or additions other than
those speBl &m0 y'ba%wr@fﬂel dingwire 2P shaydis rperepestinthapriphart as

mentioned above, especially for compressed air wire tensioners.

20  Preferably, the size of the chamber 28 should not be less than 0.6 cm?, to avoid
excessive air flow pressure being introduced in the chamber 28 by the injection
of clean air. Also, the chamber opening 32 preferably has a width of 2mm to
5mm.

25 It should be appreciated that the vacuum wire tensioner according to the
preferred embodiment of the invention helps to avoid the problem of
contaminated ambient air being sucked into the central bore of the wire tensioner
during operation. Furthermore, since the clean air introduced into the wire
tensioner is not generated directly onto the bonding wire, the bonding wire is not

30 swayed by the injected air. The problem of wire vibration can also be avoided as
no turbulence is created.



i nvention includes all such variations, nodifications and/or
additions which fall 5within the spirit and scope of the above
description. -9- CLAIMS: 1. Awre tensioner for a wire bonder,
conpri si ng: a tubul ar body hﬂg[ng a bore through which
bonding wire is receivable and a 5bore outlet at an end of the
tubul ar body from which the bonding wire is extendabl e towards a
bondi ng tool; a chanber fornmed next to the bore outlet that
substantially encl oses the bore outlet; an air inlet
connect edThe yadlien Hdaseribach hereirs is gescaptivle toovariations umedificatiomsaand/a0

into the : t i f
the t ubul S0 o8 fan those srtalREy BT arBINBRE e LR ol s
vi a t he bmwentidrhincimiesuall guth etaribtorey rapeifiedtione aral/oir addidons fwhidh flle
bore tlet, through the bore ereb 0 pull the wire. 152. The wire

t ensi erwgglngm%§ﬁghaqcﬁsqu§i%w% at?q}krétci?éf;ﬁ%t&ﬂ?pri sing a housing that
houses at |east a portion of the tubular body, wherein the chanber
conprises a hollow space formed wi thin the housing. 3. The wire
tensioner as clained in claim2, wherein the housing is secured to 20
a wre bonding apparatus. 4. The wire tensioner as clained in any

one of the preceding clains, wherein the clean air conprises
conpressed air.

(



255. The wire tensioner as clainmed in any one of the preceding clains,
wherein the rate of introduction of clean air into the chanber is
configured to be at |east the sane as or greater than the rate of
evacuation of air at the vacuumoutletyg_6.The wire tensioner as
clainmed in any one of the preceding clains, wherein 30the air inlet
IS operative to direct clean air at a side of the tubular body that

I s spacedCingst he bore outlet. -10- 7. The wire tensioner as
claimed in any one of the preceding clains, wherein the size of the
chanber is less than 0.6cnB. 5 8.The wire tensioner as clainmed in any

one of the preﬁ%ﬂ%é“l%n&bﬁ%%ha iretﬂ(}ﬁﬁe{;%ﬁﬁf i§ihg9 a chamber opening in
ch the

t he chanber through whi I ng W r I s“ext endabl e fromthe
bore outl et todduiddarbesyhanitigrayberedhrough whictghorming wire & teeeisilia@ndas

betwoch 2RRiEREL At 0R 8 ey UL R Ry s dhaia il et

bondi ng t txlard®aflogdingdodlp recei ve bonding wire for bondi ng; and
a wre tensioner rative to control the feeding bonding wire to

0
t he 15bondi ng ?(ﬁﬂa,ﬁ‘ dOTe% NeXhiY EﬁePo@o‘PﬂiWéhfﬁgSUbSta”t'a"y encloses the

bore outlet;
an air inlet connected to the chamber that is operative to introduce clean air
10 into the chamber; and
a vacuum outlet connected to a side of the tubular body and which is in fluid
communication with the chamber via the bore, the vacuum outlet being operative to
draw air from the bore outlet through the bore whereby to pull the wire.

15 2 The wire tensioner as claimed in claim 1, further comprising a housing that
houses at least a portion of the tubular body, wherein the chamber comprises a

hollow space formed within the housing.

3. The wire tensioner as claimed in claim 2, wherein the housing is secured to

20  a wire bonding apparatus.

( 4, The wire tensioner as claimed in any one of the preceding claims, wherein

the clean air comprises compressed air.

25 5 The wire tensioner as claimed in any one of the preceding claims, wherein
the rate of infroduction of clean air into the chamber is configured to be at least the

same as or greater than the rate of evacuation of air at the vacuum outlet.

6. The wire tensioner as claimed in any one of the preceding claims, wherein
30  the air inlet is operative to direct clean air at a side of the tubular body that is

spaced from the bore outlet.



a tubul ar body having a bore through which bonding wire is receivable
and a bore outlet at an end of the tubular body from which the
bonding wire is extendable towards the bondi ng tool; a
chanber fornmed next to the bore outlet,that substantially encloses

t he 20bore outlet; an air inlet connected to the chanber that
is operative to introduce clean air into the chanber; and a
vacuum outl et connected to a side of the tubular body and which is in
fluid comuni cation with the chanber via the bore, the vacuum outl et
bei ng operat i véhe airzsignsianei as tlegned ieamoeee ofitficeprecediog girimhewherin

wher eby tﬁ.beoéf%é Oﬁﬂg chﬁqﬁer szféss tﬁQﬁo"écW bondi ng apparatus as cl ai ned

inclaim urt a housi ng that houses at |east a
portion of the tubul ar body, vvherel n the chanber conprises a hol | ow
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the wire bengiisiag %Oé}ﬂin%éisopent ing in 1n3tﬁe cﬁamb\é& BRobg UG ARAIHESWRS is
clainmed in any one of clains 5 wherein the clean air

conpr i sese¥ighpaiis fivm diehore Qutletwfﬂﬁﬁ@ beftngitpohppar at us as cl ai nmed
in any one of clains 10 to 13, wherein the rate of introduction of
clean air into the chanber is configured to be at |east the sane as
or greateB.t haﬂihe hérertabgondr ssvelaioetd io lairh Baiwheaéinﬁ}hechmbmmmﬁgehas
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10. A wire bonding apparatus comprising:
a bonding tool configured to receive bonding wire for bonding; and
a wire tensioner operative to control the feeding of bonding wire to the
15 bonding tool, the wire tensioner comprising:
~atubular body having a bore through which bonding wire is receivable and a
bore outlet at an end of the tubular body from which the bonding wire is extendable
towards the bonding tool;
a chamber formed next to the bore outlet that substantially encloses the
20  bore outlet;
an air inlet connected to the chamber that is operative to introduce clean air
into the chamber; and
a vacuum outlet connected to a side of the tubular body and which is in fluid
communication with the chamber via the bore, the vacuum outlet being operative to

25  draw air from the bore outlet through the bore whereby to pull the wire.

11.  The wire bonding apparatus as claimed in claim 10, further comprising a
housing that houses at least a portion of the tubular body, wherein the chamber
comprises a hollow space formed within the housing.

30



wherein the air inlet is operative to direct clean air at a side of
the tubul ar body that is spaced fromthe bore outlet. 1516. The wire
bondi ng apparatus as claimed in any one of claims 10 to 15, wherein
the size of the chanber is | ess than Q..6cnB. 17. The wi re bondi ng
apparatus as claimed in any one of clalns 10 to 16, further
conprising a chanber opening in the chamber through which the bonding

wire is 2Qextengdahlie fﬁdr@'ﬂg} Bepdrafie fudlhigted |ﬁV{@élﬁ|§1’F Wﬂwé?@iﬂ%@%ohgﬁb is

18. The wire bondi ng apparatus as clainmed in claim17, wherein
chanber opefiTRd thHe V“AW RdindaPREAiNSen 2mm and 5mm

13.  The wire bonding apparatus as claimed in any one of claims 10 to 12,
5 wherein the clean air comprises compressed air.

14.  The wire bonding apparatus as claimed in any one of claims 10 to 13,

wherein the rate of introduction of clean air into the chamber is configured to be at

least the same as or greater than the rate of evacuation of air at the vacuum outlet.
10

15.  The wire bonding apparatus as claimed in any one of claims 10 to 14,

wherein the air inlet is operative to direct clean air at a side of the tubular body that

is spaced from the bore outlet.

15 16. The wire bonding apparatus as claimed in any one of claims 10 to 15,
wherein the size of the chamber is less than 0.6cm®.

17.  The wire bonding apparatus as claimed in any one of claims 10 to 16, further
comprising a chamber opening in the chamber through which the bonding wire is
20 extendable from the bore outlet fowards the bonding tool.

18.  The wire bonding apparatus as claimed in claim 17, wherein the chamber
opening has a width of between 2mm and 5mm.



