19 May 2006 -1 Title: A WRE BONDER FOR BALL BONDI NG | NSULATED W RE AND
METHOD OF USI NG SAME 5 FI ELD OF THE | NVENTION This invention rel ates
generally to the field of bonding wires to surfaces and nore particularly
this invention relates to mcro bonding wires of the type used for exanple
in mcroelectronics on bond pads, chip packages, circuit boarg angogge

i ke. 10 BACKGROUND OF THE I NVENTION M ni aturization is a feaﬂ % dern
el ectronic devices. Mdst mniaturizatiom.occurs in chips, which may, for
exanpl e, be prepared on silicon wafers through various techniques. Chips
generally contain densely 15 packed electronic circuits. However, chips, no
matter how snal| or denselﬁ packed with circuits need to be connected to

ot her devices t ditlaik& WIRE RER FOR BALLBONDINGINSULATED WIREANR) ¢
chi ps may need to be Egﬁ{tﬂﬁ AN chips, either directly or through
a circuit board, or Itmo 0 esﬁegﬁie'g?%m c conponents either directly or
i ndirectly. Thus, chips are typically 20 provided with input and out put
ports, co |y f Eng_gg ing pads, to allowfor wires to be
connected o boﬁ@hﬁgﬁ i tﬁ@@g make a functioning device. Typically,
t he chips are so snaThisanderftiongreiztes nerdlyite thedfiedd fdfi ondingt wiresretai pul at e
themdirectly during a nuf act yuri.ng process. Therefor | e ni c
manuf act urers hﬁ%a‘%&f@rgadggmoqa %@'ﬂ’r‘ﬁ'ﬁ*&"e&fmﬁ‘ é%%‘eﬂ%@%’?%aﬂ%%wggem |y
take the form obf theltgpaussd fsi exbmplenihomidroeiacttdrics bnpisormt padsiociiped. The
substrate incl udeé(a nunber. of bond aﬁjg ,(sonetinmes referred to as bond
fingers) which BREKagescHrqUith ""t:?”‘ihtgﬁ ¥ to the chip bond pads by nmeans

of bonding qg res. These bond fingers are typically | ocated 30 around the

out si de edge of the substrate in _a non-contacting rmanner (to
BACKGROUND OF THE INVEN

_ Miniaturization is a feature of modern electronic devices. Most
miniaturization occurs in chips, which may, for example, be prepared on
silicon wafers through various techniques. Chips generally contain densely

15  packed electronic circuits. However, chips, no matter how small or denssly
packed with circuits need to be connected to other devices to make a
complete electronic-based device. For example, chips may need to be
connected to other chips, either directly or through a circult board, or fo other
electronic components elther directly or indirectly. Thus, chips are typically

20  provided with inputand 6utput ports, commonly referred to as bonding pads,
to allow for wires to be connected or bonded to the ports to make a
functioning device.

Typically, the chips are so small and fra'gile that it is too difficult to
manipulate them directly during a manufacturing process. Therefore

25  electronic manufacturers have made use of substrates or lead frames, which
generally take the form of a planar substrate onto which the chips are
mounted. The substrate includes a number of bond pads (sometimes
referred to as bond fingers) which are electrically connected to the chip bond
pads by means of bonding wires. These bond fingers are typically located

30  around the outside edge of the substrate in a non-contacting manner (to
prevent short circuiting). The bond fingers are routed along the substrate to
leads (typically metal or solder ball connections), which may then be



prevent short circuiting). The bond fingers are routed along the substrate
to leads (typically nmetal or solder ball connections), which nay then be
19 May 2006 -2 electrically connected to other conponents as needed to
conplete the electrical device. A chip nounted to a substrate and havi ng
bond wires extending between the chip bond pads and the Ieadi é@ rg@@@red
to as a "packaged" chip. 5 Currently, the fabrication of an P May
connection between the |eads and the bondppads is acconplished by a micro
bonding wire bonder. Figure 1 shows a typical device in which uninsul ated
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the wire 10 for this purpose. form the bond a sect]jon of the

wire 10 is ext endEp pensting h@%'&[ﬁnlqiﬂl‘@tml%cﬁﬂéﬁdo“@%ﬁﬂi Q"W) asurfage #el0 on of
the surface 34 t Omﬁké 5%r§9&1@%nd tHeﬁcfﬁE@t@IaﬁtSU@ﬁ%@urfa%tme RPAdiIHaRAthe S an

arc di scharge wand 24, for easli ng an arc el ectrical energ%;q at the
free end 11 of trﬂ:qmlmeoimre thnwgmthe capillary, yrr@mlﬁr@l 18dp atsad e (Hjther

andjust beyond t hewReaqanduld By&PotABbbhaRY ngad Bén pdWovditg gbtRARS 11 oM

the wand 24 therefore junps free en e wmre runs al ong
the wire and out handingyheatietogcontact a different point on the surface. Thus an

uninsulated wire can be stitch bonded at first one point and then another
15  point on the surface to complete a needed electrical connection. Typically -
the capillary 12 will be mounted on an ultrasonic arm 20, which applies
enough vibration and pressure to bond the wire 10 to the surface 14.
In the wire bonding method cailed bali-wedge bonding, a bond ball 22
(shown in ghost outline) is formed at the end of the wire 10 for this purpose.
20 To form the bond ball 22 a section of the wire 10 is extended past the
capillary 12 or bond head in the direction of the surface 14 to a free end 11.
Located adjacent to the bond head is an arc discharge wand 24, for
releasing an arc 25 of electrical energy at the free end 11 of the wire 10.
The wire 10 is grounded separately from and just beyond the nonconductive
25  capillary at 26. The arc, released from the wand 24 therefore jumps to the
free end 11 of the wire 10, runs along the wire and out through the ground
26. To ensure electrical contact with the conductive ground 26, the wire 10
is bent around the ground 26 as shown. Alternately, the ground may be
located at the clamps 18 as shown by 26'.
30 The arc 25 has sufficient energy to cause the free end 11 of the wire
10 to melt, and as a liquid, due to surface tension, it naturally forms a drop -
shape or ball 22. The ball 22 can then be pressed and bonded onto the



26. To ensure electrical contact with the conductive ground 26, the wire 10
I's bent around the ground 26 as shown. Alternately, the ground nay be

| ocated at the clanps 18 as shown by 26'. 30 The arc 25 has sufficient
energy to cause the free end 11 of the wire 10 to nelt, and as a liquid,

due to surface tension, it naturally forns a drop shape or b%bl 22 ége
ball 22 can then be pressed and bonded onto the 19 May 2006 - Mﬁ“fgg to
forma good el ectrical connection. Having.i.he ball 22 nmeans that nore
conductive material is present and that the bond Is formed across a | arger

cross-sectional ufaceto foiEAigoed sltcirRabconPsttion Havingdhe ballRR meang tiett h  the
quality of the electrical connectiaon and the mecﬁagi C trength of the 5
wi re/ surface bondlorggepRstive paterialis prresnbandthgt B OWUE%%{B?%@ t he

capillary 12 to hagélpe-S5ta0a4) afdh At Wird/biitfRe bAnd MtdrRid®, imjroliRgBoth Whi | e
avoiding direct contact wmth the surface 14. Further, the utilization of a

bal |  connecti on tagqualily of therelestrieal sannestiop eng tiwmechanisakstrangtheitheng head
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pad al | ow t he i npotsetiod asuhp dirst Hond drhthe chip pand, mlibwsitbe bepdingtheadidly a gap

| ar ge enough t hat e _uni nsul at e ' | I es be used w thqut short
circuits occurri ﬁ@é‘}él—'ﬂ\ﬁ@\y r,ecﬁ(%{égchggﬁ e%ﬁeﬁgﬁtﬁﬁf’@g %‘S‘E%é%a‘ﬁétbf’eaat ively
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m i at ur 2t | on SNoAcprbliog felEcane throldhatl adveRiages JeRsB D
reducet he speed giectRinhl' WeRhEYwetigelBhRdingThéAdH.ed device. Recently therefore
it has been proposed that insulated wres be used. However, insul ated

Wi res cannot be bonde#ihg migneawvies used in this type of wire bonding are uninsulated.
The chip packaging and bonding pad allow the inputs and outputs for the

15  chip to be separated by a gap large enough that the uninsulated micro wires
can be used without short circuits occurring. However, the use of
uninsulated wires means relatively large gaps between wires and places
constraints upon the bond wire pattern to avoid short circuits. The
requirement for such large gaps frustrates miniaturization and yields

20  unnecessarily long circuit paths which reduce the speed and efficiency of the
assembled device. Recently therefore it has been proposed that insulated -
wires be used. However, insulated wires cannot be bonded in the usual
way. More specifically once the wand discharges its energy into the wire,
the excess electricity will pass along the wire until it reaches the remote

25 ground 26. At that point the excess electricity will jump through the

* insulation to the ground 26 burning a hole in the insulation. This leads to
damaged wire which cannot be used. Thus, what is needed is a method of
bonding and a bonding device which is suitable for use with insulated micro
wire and which preserves the quality of the insulation of the wire remote from

30 the bond locations. A difficulty to overcoms is the very restricted space

available at the bond head to deal with the ground issue.



way. More specifically once the wand di scharges its energy into the wre,
the excess electricity will pass along the wire until it reaches the renote
25 ground 26. At that point the excess electricity will junp through the
insulation to the ground 26 burning a hole in the insulation. This |leads to
damaged wire which cannot be used. Thus, what is needed is a n§ hod ﬁ(t)
bondi ng and a bondi ng device which is suitable for use with i @h cro
wire and which preserves the quality of theginsulation of the w re renot e
from 30 the bond locations. Adifficulty to overcone is the very restricted
space avail able wmmgmamgﬂm!m with the ground issue. 19 My
2006 -4- SUWARY OF T HT ON, What | s desired according to the present

i nvention is a bonding pired éﬁ%PrH’EQHB&ﬁ?(ﬂ’eﬁﬂté’é‘ﬁ'\;@Fysl?oh?fl"‘ﬂ‘@ﬁ

insulated wire thppérustaam mékHdi fofl effsctive B&Hﬁ@n&tﬁ]ﬁtéﬂ‘ﬁlﬁe \CHRURRaéd OM the
bond point. The de}{lﬁzge 5 and net hod shoul d be conpatible wth existing

equi pment so as t WNiGY dogsynot damagedie wire remete from the bendpeinb ntha deviee ¢ hi s
way there is mo naﬁainfemo@shdwmé oAb OIS cfﬂﬁm&ﬁ sotslt g@&ﬁé an

upgrade kit of copponents. ~Such an apparatus wou refore eas
instal | and rel at {9/ Bt8gratenisiq existing equipmestiu b this waydbete isray need !rm:&lr e

bondi ng results fQéméﬁtéiylﬂﬁ?\h@oﬁgmp"de%me':wth#@élyhea %ﬂkl%‘f dBdon@ufer cone

the restricted space aval t he bon a mcro 'wre bonder.
Ther ef ore accor di #gch @rbn@pe@p&wwld ﬂfhﬁreﬂgreasbeneasm\tennstaﬂ ante relatively

Donder “conpt st nar OB v S BN St Sy Loy 1
sai d surface 18nd inaulwl:edewweepFa.lr&HMe puigiidri mostpasresia the redtrictd spack
haped 1o per it eanie ™ tiBbenaRR fent Bl niEh S SR8 e end from tho wi re
hol der when sai d bond Freaefore aceortiing ts pae aspeup af thepsreséntdivention there is

provided wire bonder for bondmg an insulated wire to a surface, said wire

bonder comprising:

15 a bond head, having a bonding position adjacent to said surface and

a wire preparation position spaced apart from said surface;

a wire holder on said bond head, said wire holder being sized and
shaped to permit a free end of said insulated wire to extend from the wire
holder when said bond head is in the spaced apart position;

20 a source of insulated wire for said bond head;

an electrical discharge wand positioned adjacent to said bond head
when said bond head is in the spaced apart position for directing sufficient
electricity at sald extending free end of said insulated wire to form a bond
ball on said free end: and

25 a ground associated with said insulated wire, said ground being sizéd
and posiﬁoned to conduct electrical energy away from said bond wire to
prevent said insulation on said bond wire remote from said free end from
being damaged.

According to another aspect of the presentinvention there is provided

30 a method of bonding insulated wire, said method comprising the steps of:

feeding an insulated wire through a bonding head until the insulated
wire is proud of the bond head at a free end;



20 a source of insulated wire for said bond head; an electrical discharge
wand positioned adjacent to said bond head when said bond head is in the
spaced apart position for directing sufficient electricity at said
extending free end of said insulated wire to forma bond ball on said free
end; and 25 a ground associated with said insulated wre, saig %@gugﬁggei ng
sized and positioned to conduct electrical energy away from 2iMeY, Wre
to prevent said insulation on said bond wgre renote fromsaid free end
from being damaged. According to another aspect of the present invention
there is provided 30 disciatdirian brdusfrebonikity at said fred andrte forema dontbaihd

conprising the steps of: feedin n insulated wire_throu a_bondi ng head
until the insul ated \ﬁr‘?‘@“{"'!g ﬁwq)ﬂa&etedmrgagglﬁzprﬁggef%ﬁld\glrg&ege ,53@9 May
2006 -5= dischar gdiéwua?gbcﬁéiéctﬁfsigﬁr@ﬁtgoﬁr@' tb)gr@incﬁéﬁgdvﬁe?@mog@%aicpinélﬂéﬁﬂa bond

ball; grounding said insulated wre at eitherend of said wire to prevent
sai d di scharged evieapartfrom atsaid edishand o ground anywhere al ong sai d

nsulated i e apart Ak sdidbind Ak onti s RNGARAAI LB Shd A AN ead

onto a surface to attach saif Insulated wre to a
surface. Accor di rigid ipsulatedrwineto asydane. of the invention there is provided a

kit for converting a | ] : | | LI
bonder, said Kkit corr%‘r""lgglil ng. o%ﬁ’gthrmeé%ae?ggnﬂﬁé 'rh%r'}g&h{eﬂaézéjig gérbﬁgﬁ%\%rlfg
i nsul at ed wi re siferssnyedingsinainsulaied wipe bomder than thshisdidg sinettonter, Said
uni nsul ated w re it mﬁrng hol der associated with said replacenent bond head
for permtting i Nsd B re to extend proud of said bond head at a free
end; a groutd | ocated rdplagsentent bomd kdadsfor chonaing miselitetl wire sized apdound 15
si zed and shaped g g, CaHS aphlo ™ bord head biEEiL 55t dHimsifheda Wisf end of sl d
a wire holder associated with said replacement bond head for
permitting insulated wire to extend proud of said bond head at a free end;
a ground located at either end of said insulated wire, said ground
15 sized and shaped to cause electricity directed at said free end of said
insulated wire to go to said ground without going to ground along said

insulated wire between said ends.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Reference will now be made, by way of example only, to preferred
embodiments of the invention by reference to the following drawings in
which:

Figure 1 shows a schematic view of a conventional prior art wire
bondef; ‘

25 Figure 2 shows a schematic view of a wire bonder according to the

present invention;
Figure 3 shows a close up of a wire holder or capillary for insulated
wire according to the present invention; _
Figure 4 shows in a cross section along lines 5-5 in figure 4;
30 Figure 5 shows and electrical discharge arc according to the present
invention; and



insulated wire to go to said ground wi thout going to ground al ong said

I nsul ated w re between said ends. BRI EF DESCRI PTI ON OF THE DRAW NGS 20

Ref erence wi Il now be nade, by way of exanple.only, to preferred

enbodi nents of the invention by reference to the follow ng drawings in

whi ch: Figure 1 shows a schematic view of a conventional prior_art 6
bonder; 25 Figure 2 shows a schematic view of a wire bonder aégz\ﬂ ﬁﬂa go

t he present i nvention; Fi gure 3 shows a cggose up of a wire hol der or
capillary for insulat ed wire' accordi ng to the present invention; Figure 4

shows in a cross sect Imguele@hewbabaﬁdEalﬁomda@urcﬁng%otﬁ’é)pﬂése\urweﬁuamOms and
el ectrical discharge arc according to the present 1nvention; and 19 May

2006 -6 Figure 6 shows a bond ball forned according to the present

nvent{ on. DETA Ly RESERDRHCRIPFION U TIEFREFERGHEMBBITIFENTSOU! © 2
shows the el enents 0 resent I nventr on. I nsul a ond wire 100
i s shown extending frcﬁﬁ‘a'egpﬁfl@wsihmelﬁ@#ﬁls@ffhﬁﬂfﬁ%ﬁﬁtﬂ@@ﬂm Thegasulated spool
acts as a sougce dﬁHndei?é“!@é & %xfe‘ﬁpulng*ﬁ%n?ggﬂéél 19 rénﬂ@ﬁf%’?ﬁ?r% end _

i nvention. A conductive or rreta capli 'S a avi ng
central bore or tlfde Ibssponlraq!ﬁgnsmama n%mamlatsdmme for thedlondeleofcthlpl I lary

106 acts as a Wi r Q@ﬂtﬁen%{nwgorfﬁ%u\;eo rmétbﬂ%pﬁ @\Ualé cﬁrhpﬁfllﬂa Em ndi ng.

10 Alt hough many ype e use capl to an
advant ageous conia certirab borf ordtibes hQT, Ithrougtmdhmlthe wire 18045 feds é‘hebaplllary

e ocat ed_ above (AR e MG R gl he fimRlSh 8t pa Son el SoifTTn ¢ ne
wire 100 is #0 beAltwugadnakyntypbe of riatetal AHayBeug! for the capillary due to an
advantageous combination of strength, conductivity, and ease of
manufacture, a fungsten carbide capillary is preferred.
A wire clamp 108 is located above the capillary 106 distal from a
surface 110 to which the wire 100 is to be bonded. An electrical discharge
15 torch 112 is shown in position adjacent to the free end 104 of the wire 100,
and generally below the capillary or wire holder. Also shown is an ultrasonic
transducer arm 114 which generates sufficient ulfra-sonic and compressive
energy to bond a ball formed at the free end of the wire to a surface.
Figure 3 is an enlarged view of the capillary 106 according to one
20  aspect of the present invention. The preferred form of capillary 108 is a
metal capillary which is grounded, for example to a conductive element,
such as the ultrasonic transducer 114, which is then itself grounded to the
electrical ground of the EFQ (Electronic Flame Off) Circuit, as shown in
Figure 2. The metal capillary 106 has a tube 107 which includes a tapered
25  section 109 which closely tapers to the diameter of the insulated wire 100,
most preferably adjacenf fo an exit from the capillary 106. According to the
present invention the opening for the wire in the capillary 106 is most
preferably closely sized to the diameter of the wire 100, but not so close as
to cause the wire 100 to bind or otherwise become not free running through
30  thecapillary 106. Most preferably the ground provided by the metal capillary '



15 torch 112 is shown in position adjacent to the free end 104 of the wire
100, and generally below the capillary or wire holder. Al so shown is an

ultrasonic transducer arm 114 which generates sufficient ultra-sonic and
conpressive energy to bond a ball fornmed at the free end of the wire to a

surface. Figure 3 is an enlarged view of the capillary 106 acgfgrl\gi ng é@ one
20 aspect of the present invention. The preferred form of capi'¥FI"a#¥ q S
a netal capillary which is grounded, for gxanple to a conductive el enent,
such as the ultrasonic transducer 114, which is then itself grounded to the

el ectrical groundcpkelygurdurds the HsuRidd wirkadth& doint ChaiCthelinsidste@oive | N
Figure 2. The netal capillary 106 has a tube 107 which includes a tapered

25 section 109 whigavegthssebe 404pers to the dianeter of the insulated wire

100, nost preferably pdfgaRN thétedskiin af dro88 s&iohaRidubRtile &8 of As& 0 di ng
to the present invention the opening for the wire in the capillary 106 is
nost preferably EpRjiary 108 gt Figuse t3e Thednatlatedowire HEOSrshowmohaying a0t so
close as to @aus A, I Malah i A

Funni ng-t hr ougn 300ThctRe cBre' 40 bl leBirRliaBbi 22 Theip@Banilay 108 oo
by the netal capi flsarshove nih @ ectrizak conrciion te rgrawats at H@4i nBuwvilt kel wire

at the point that i liatse ] I t . Laure:4
there is shown a g@%@gﬂa@%ﬂétﬂ?%(nﬁ’\{a \kﬁlé%g%rﬁ @ﬂ%&gjﬁd%bﬁgn&%&:ﬁ#%a%%gf of

Fi gure 3. The i nselegtricaliydordutti® dapillatystmctucas, sgchras dceramitwoapillary whicke 120
and outer insulatijo . |, capillary 106 i.s_ also,showy with an
el ectrical conneclsldcg)r"il 0 gagﬁﬁﬁkﬁahcf . uﬂvaeve%y i B"éCh %%W@&%Q-h@ﬂet he
present i nverl0i onmetahooatiey thay\camiptetely tovers naricondletiverdoee dr mayormersty | ve
capillary structurﬁé 43 ch as%rﬁ cefrgrric capi | 1 a{ﬂ%a\ggi c% IS (foated w th an
el ectrical conducPrvl PE&'P&E‘,’J ihotite GorRe Pl ps pRted;ahgvethe carfliapk ay B at i ng
may conpl etely cossolidctriieavs ieitdriabsihrss metal, "WhatRr8hdiredds h @BAJEHENY 2
portion of the cor s, not ed above, the ca lary may be a solid

conductive materi¥ icgg%ﬁuﬁgieﬁﬁoega;ry\m@y toagra ‘Ii"ééfq chasgeanexpiaiped in

more detail below. Thus many different configurations of capillary are

15 comprehended in which a ground is provided and associated with the
insulated wire. Such a ground is referred to herein as a first ground.

Figure 5 shows one form:of the present invention in operation for a

bench-top, manually operated wirebonder. it will be understood that the

present invention applies equally to wire feed systems for automatic wire

20  bonders, such as K&S 8028, for example. The first step is to have the wire

clamp on the insulated wire and to aliow the wire to extend through the tube

107 of the capiliary 106 until the free end of the wire stands proud of the

capilléry. The next step is for the wand 112 to release a charge or arc of

electrical energy 126 at the wire which is shown schematically. This energy

25 126 then jumps to the wire 100 and even though the wire is insulated the

energy 128 exceeds the electrical breakdown potential of the insulation and

breaks through the insulation 127 to the ground, in this case the electrically

conductive capillary at 128. In the process the free end of the wire 100 is

melted, the insulation destroyed and a suitable ball formed. Essentially what

30  isrequired is to manage the arc energy so that it strikes the free end of the

wire, and so that is does not damage the insulation on the wire remote from

the free end. Thus, providing a ground in the capillary causes the extra arc



which is sufficient to carry away to a ground an arc charge as explained in
nore detail below Thus many different configurations of capillary are 15
conprehended in which a ground is provided and associated with the
insulated wire. Such a ground is referred to herein as a first ground.
Figure 5 shows one formof the present invention in operation for a
bench-top, manual |y operated w rebonder. It will be understooa93ﬁ%M29Q%
present invention applies equally to wire fgeed systens for automatic wire
20 bonders,. such as K&S 8028, for exanple. The first step is to have the
wire clanp on theehagyyl t@tbyilmmécﬂatanydémvedilms praseniingethecinsnlatiordon theough
the tube 107 of the .ca e free end o e, Wre st nds

proud of the capW "PAP?P'“?W {eﬁ@?"gﬁ @\S"?@'PH} beifig, damAgec: | WhALS refue

charge or arc of jshaahbldigbuffEigni@ondddiviy pﬁebéanrtI@e ground, tb sagseothe arc
schematically. This energ 25 126 then re 100 and e¥

though the wire i ¥ |'%d!4%i‘Pef@ ﬂ‘ﬁeffeeeﬁ@q' t'l‘?@’"@x@%ﬁ?”t ebEnthrough, the
br eakdown pot gnti ﬁisu%ohh@réd&ﬁ Srid e?jﬁ@&tt@[r%ﬁlfbﬁﬁw&htﬁd\mré nsul at i on

127 to the ground, 1n this cas ectrically conductive capillary at
128. In the process th@opddesulischaye bepn arhievecbwher theeveltage athwhichsai ati on

manage the are enbloRdn e e odeaRRhEn st ligh P vooRpIEr | o
that is does not Upteegdischeege wand.aiorrspecifically, farinsulation whidhrhreaks dawn r ee
Sho6 1o Sheloo"t i bernfiRLes 200 SpfoR bRIIRISRE oy 8 bt 1)
the wre intlér nethanta®00velte erIms.tthepEaﬁérrédmtm bﬁils@acgﬁmjtagetqmaakdmun
(eSS e bl s 1 S P Ao oS, L0 e O e
burn through the 5 i ni¢tchanowbetappreviated whqu@tapedpﬁhemhplllarytthbe hWe¥ito f or med
on the wire. Good_results hay beena eve oltaeat which a
br eakdown of the. PRETPHPIHR Bdetiieed B e chnusds cralay G PrsPpEentii i cd
by the discharge TRathpelMbftie &@;ﬂrrar{( eﬁﬁ’éric)és tHedbilitpetth@arceferdyireleabé®imks down
15  wire to reach the ground at the narrow throat. Once the arc energy is
released and jumps to the free end of the wire the insulation surrounding the
wire will begin to break down. As it does so, providing the throat opening in
the capillary is closely enough sized to match the wire, the now exposed wire
will likely be in contact with the capillary at some point around the
20  circumference, or if not in contact be clase enough to the cépil!ary to permit
the electrical arc energy to further jump to the ground at the throat. The
energy, once removed from the wire, can do no further damage to the wire
or the insulation remote from the free end.
. it will be understood by those skilled in the art that tapering the tube
25 107 through the capillary is only one way of promoting closeness between
the ground and the wire. Other ways are also comprehended by the present
invention, such as forcing the wire around a contact or the like, but these are
less preferred, because they make the wire less free running and so slightly
harder to work with. Provided, however, that the ground is in close proximity
30  to the wire when the arc is discharged, then adequate results can be
obtained. In this sense close proximity means close enough that the excess
arc energy is drawn off from the wire to the ground. It will now be



in the range of 40 to 200 volts, the preferred discharge voltage is greater
10 than 2000 volts. Thus, the preferred ratio of discharge voltage to
breakdown voltage is at |east 10, and may be even 50 or nore. It can now
be appreciated why the taper of the capillary tube 107 to a narrom1throat
I's favoured in the conductive capillary of present invention. é@g r of
the capillary enhances the ability of the arc energy rel eased!?

to reach the ground at the narrow throat. gnce the arc energy is released
and junps to the free end of the wire the insulation surrounding the wre

wi |l begin to breﬁb@&%{@dﬂ?ﬁlhéulﬂmrﬁme vﬁfeouemem 4 fee ehd witereffenang i n
the capillary is osely enough sized to mat ch t e now _exposed

wire wll |ikel yensgy jnap i e Wi, tqrndt%’@c@ﬁb?qmﬁrt?m\% WEBWE{P‘ﬁcﬂrﬁtenﬁ und the
20 circunf erence, juﬂfgs 'th tHtherblﬁ\uFQrﬂf BStcomi‘Jrthigét? %Ohkﬂﬂ th@ daftageatdl {hbaf y to

permt the el ect further nP 8roun a‘t:l
throat. The enerlggulatmn;dls memfer@ nre@fredmehwertbe f&'ﬁ"ﬁ ‘E@tﬂ cloge ihW er&amage

to the wire f

under st ood by th tgg beﬂ?sﬁogrh %({@e ar?fkm %‘gmgérl?cﬁo@&ﬁcldsbt&"\ﬂﬂer@ﬂle ,

t hr ough the capi IbarlyfcrmednlrySLMI@ casg, mfcompmmseﬁysulabgléwdlsl@m'%i@ t he
ground and the w

i nvention, such a Paﬁéﬁﬁﬁc'?%ﬁ}e\ﬁkg’fgﬁ%ﬁﬂﬁaa'c%gggﬁgﬁﬁi%%,ségut t hese
are |ess preferrggit theednage totby ||1imlmohheawégienlcme chaeballm'Hnmgloaﬁrd o)
slightly harder to wor k wi th. Prouded Vel t I n
dose proxinity 30thedincamppraised nsy 'HB e&Fe&%m§°ﬁ1 s%’ﬂhﬁa 5}}&%{ gﬁHgfo%c??ate
results can Rp ORisahdIRse Deoniobtsnsdse ngﬁ@tlwathda’téowmmewireemtsenough
that the excess arc energﬁ I S dravvn of f omthe wire to the ground. It

will now be 19 Mefforpdoscapliafypr eci ated that insulation on the wire, between
a free end where the ql{ﬁnth%?ﬁéﬁ%tb%p‘r@sénhﬁvéﬁtfcﬁ is B2 tisléleetinal énergyhe

throat where the arc energy junps to the ground will be conpro se
linmt the damage Wil enceuntensemaresisiance as it passesdhrongh thegroupd gt ¢ ?Pébe the

throat [ocated clgsgd Oa iy Suhich means that the ground acts like a resistor and
16  generates heat. Some of this heat is also transferred to the wire to help
make the ball form for ball bonding.

Figure 2 shows an alternate path of the electrical arc energy
according to a further aspect of the present invention. In this embodiment
the energy jumps into the free end, along the wire and then into a second

20  ground 130 located at the spool end of the wire 100. Thus, according to a
further asbect of the present invention a ground 130 may be plaéed at the
spool end of the wire 100, remote from the ball bonding end 104. Such a
ground 130 is useful to drain off any additional charges that might otherwise
travel up the insulated wire 100, in spite of the first ground 124, during the
25 arc discharge. In some cases, for short lengths of insulated wire it is
possible to form a ball on the free end of the wire using only such a second
ground 130 as illustrated in the following example. A test of insulated gold
wire of .001 inch diameter was performed and the resistance of 1 metre was
found to be 48 ohms. A variable resistor was attached to the end of the wire
30 and gradually increased to simulate greater lengths of wire. At 15,000
ohms, which correlates to a length of wire of approximately 312m it became
more difficult to form a ball at the same EFO settings as at lower simulated



5 the ball is fornmed, so the junp to ground will also occur close to where

the ball is formed. In such a case, unconprom sed insulation wll begin
close to the ball, reducing the risk of short circuits. Essentially what
is desirable is to |imt the damage to the insulation to a region close to

the ball. The closer the unconprom sed insulation extends to b?\ﬁ@bgbb t he
better. Thus, good 10 results have been obtai ned by having t hd %4pUB

| ocated where the wire exits fromthe capig-lary. A further aspect of the
present invention is that the electrical energy wll encounter sone

resistance as it wpsRAgtHshAeH edsistascept000,00Gwhrns approkimafing 26830w iwasar y

whi ch means that the ground acts li a.fesistor and, 15 r gt at .
Sone of this heatVerg Cgf@ﬂ“ttPa 'fnel"'réal mh?ﬁé'qﬂ%'%t%lp%%ﬁﬁcaeﬁhé al |
formfor ball bongymsicaritlydUn ehebeSdiparimantsahé eapitdre wea of thé noheondletiver i cal
arc' energy according to"a further aspect of the present invention. In this

enbodi nent the etMB‘P-gy junps into the free end, along the wire and then

into a seconds20 grount{#3p harAbastsd sthilEctihige!in dall ddmétee foringredddd Thus,
according to a further aspect of the present, invent'oB a ground 130 may be

pl aced at the sp@sistance. Essenfialythelagsstheresiglapce Sy e BB EYng end
104. Such ' ' | AH t hat
uch a gr OU@QS of % b?ifli%fféﬁné&? gxt@g%\l.'h &fti‘cagicl)sfnt%ﬁy dbisBR@b feraaass t ha

m ght ot herw se rave e Ins wre 1 in spite of the first
ground 124, duri ngct @rergy tr cspgcifichaicgeetiing, ogothe EES)s Whigh reprssants éhgt hs
of insulated wire Jt..l ' vired Thlst he

W re using only sﬁghtéa@e%g%@eqégtoﬁﬁ(?Féi%{(g?ngtsﬁ?ﬁa&g? ?jidt?g%&i“ﬁét he fol Isovm' ng
exanmpl e. A td$t oforignsatenteagthgodfdvireyite ensifre tios arajsimnsi tertbe avirenmore &F¢ or ned

and the resistanc f 1 tr : ' si st or
was attached to t%@é}gxgrﬁuﬁ%%&%@%@nﬁyé%ﬁ?@@e r?éfééégé%é?éo@gﬁﬁul ate
greater |engths obfwire epodis of fowsiGarc ehergiesybitaiot dor loagert wise spoal iéngties h of
wi re of approxi nmat
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achieved with simulated wire lengths of between 1,000 ft fo 2000 ft, which,

15  for example, may correspond to medium to high volume production spool

sizes. One aspect of the present invention therefore is that provided an arc

can be induced to jump to the free end of the wire, the ball size changes,

across a range of resistance values (i.e. a range of wire lengths) are not so

much as to affect the ability to form a bond at a surface with the ball so

20 formed. Thus, even when using the spool end second ground only there is

no need to adjust the arc energy as the wire on the spodl is used up and
becomes shorter.

It will further be appreciated that when using a second ground, as a

precaution {he wire path for the insulated wire from the spool to the capillary

25 should be kept insulated from any potential grounds to prevent unwanted

arcing through the insulation remote from sither end of the wire. Figure 2

shows additional insulation 130 added onto the wire clamp 108, insulation

132 on a bu!ley 134, and insulation 136 on the spool 102, It will be

understood that the wire path illustrated in the drawings is in schematic form

30 only, and that in practice, depending upon the actual configuration of the

wire bonder there may be other slements present in.or defining the wire path

through the bonder, particularly accounting for manual and automated wire



wire lengths. At a resistance of 100,000 ohns, approximating 2083m it was
very difficult to forma ball w thout- increasing the power of the arc
significantly. In these experinents the capillary was of the nonconductive
type. 5 Further, there exists a small change in ball dianmeter for increased
resi stance. Essentially, the larger the resistance is, for th iﬁ 86&
energy, the smaller a ball is fornmed. As well, a critical p0|% P4g
observed for a given arc energy (or speciff.c arc setting on the EFO,

whi ch represents a resistance so |large that the arc cannot be nade to junp

to the wire. Thuspgpdrd ﬁ{odars%aeﬁurﬁ;ﬂ@mahafa@iurmroesumweesundershahascu j unps
to the wire, nore arc ener e%‘w red. Thus, end groun

sufficient for shwﬂltr@w b@ﬁgg¢r§t006¥th the 9Equpd 28 Usied| D, geonye '08%@?"51’@5, but
not for |onger w Hﬁf&h@the“lﬁﬂlﬁsiﬁatwgvn%rlﬁum gg.,ﬁ@ve@r@- dovefld. For

exanpl e, reasonab e res FeIvere leved wth sinulated wire | engths of
bet ween 1, 000 ft with abdghly insulatingmatetiel toqrevsnd A energy fromgeeking areund,
mediumto hig geent
Mvent i on t hoPef P RA A C eRhoRBiReuattniine W, FRRGE) afbrkPpakt 6o0
free end of the viheaviret frath e theispeolenarafdise wirato thedrae endheydending ﬁgmstance

I : f t.h
2B 11ty o iorm BgARIlY Geed Bk uSlRRH o Rt anlHiOn el ol LEfind "C. ..,
when usi ng thet?]pmct_bugara:hcstiaaglbdanmhdemmth;lnMaMH Sb no need to adj uist t he
are ener as the wire.on 0 sed u 0 rer
will fur?%er be appre%%‘t’& %‘?X‘{‘%Mﬁﬁeg ormpdAceat Sﬁ%ﬁﬁ%eﬁtgﬁvég?on
precaution thg W Tie éé}illharf/ 06 imomsynﬂm@msumfmmdﬂesmuawstmed re
capillary 25 should be i nsul

d f t ent ds t
prevent unwant ed @Pdﬁﬁﬁ"@ﬁgﬁyﬁﬁﬁm &l ﬁﬁg a%éﬁ%‘?@* #B&#E’@?‘ n@ﬁ’d of
the wire. Figure B’eaﬁd“re&aate%ﬁﬂattupeﬁ&ie Hdﬂ%'éir@%é&ke@%ﬁtﬁ%@%drféﬁ@béﬁm re

clanp 108, insulation 132 on a pulley 134, and insul ation t he spool
102. It will be l@mmdqvmunmﬁaﬁlowgraﬁpﬂ@wﬁﬂlm orthgdike B?'wenmh 3w ngs

is in schematic f@p ?@c@”ﬁbur@@‘ﬂlu&f?ﬂks e BSRF head coffiRas b'the apilane
actual confi gurat | on o
15  and the insulated wire in a wire preparation position. In this position, the
bond head is spaced above the surface and the discharge wand may be
brought into close proximity to the wire to release the arc energy. This
raised position above the surface is referred to as the wire preparation
position. When the bond head is lowered so the bond ball contacts the
20  surface this is referred to as a bonding position. The present invention
applies equally to devices which move the surface info and out of
engagement with the bond head as well as those which move the bond head
into and out of engagement with the surface.
In summary the present invention comprehends providing a ground
25  for a wire bonding machine for insulated bond wire. In one embodiment a
first ground is provided adjacent to a free end, when the ball is formed. In
another embodiment a second ground is provided at a spool end, and the
wire path through the bonder is insulated at all wire contacting points. Inthe
most preferred form of the invention, both first and second grounds are
30  provided at either end, and a fully insulated wire path is provided in between
the first and second grounds to minimize the risk of an insulation burn out
along the length of the wire.



wi re bonder there may be other elenents present in.or defining the wire
path through the bonder, particularly accounting for manual and aut omated
wire 19 May 2006 -11 bonders nodels and nultiple manufacturers of such wire
bonders. Thus, it wll now be understood that the ground 26 used in a
conventional prior art bonder which grounds the uninsul ated i%gﬁ nzaé
renoved or covered with a highly insulating nateriel to prev 2 %ergy
from seeking ground 5 at that point and dampgi ng insulation on the wire.
Further, all other parts of the wire path fromthe spool end of the wire

to the free end ext endimgs hsprasshiiavertion pravigestsailion thensurisgtise qualiy
prevent any arc energy fromju t hr ou and thus burnin h in the
i nsul ati on. Fi gur &F BISYIS4AR °F %gﬁﬁuq%@é "F'B‘?C\’fg'@ aéc‘&?lddf' r?gbqrﬁpa{ Il%p%lsgmgﬁt

i nvention. 10 Th ﬁ'utén%&dlété"cbe ridfd théredf) e prasent hﬁemtlmlﬂllomtal‘cohvéﬂloml
essentially destroyed in the region 202 above thﬁ ea A'i’ tgg %Yet206 S
al so shown™ and |tb@aﬁern&ﬁ/vbebéaﬁlﬁp?@&eﬁﬁﬁd"’é"nﬁf‘ P ated wirg Jpgndss B8 essed
onto the surfap 9%51?@% 3Eﬁauﬁgj’ t?;Mthcetl’iaif I"?éiunglééde'#ﬁﬁw mevﬁm!e ng or

su

the |ike between t rface. 6 |IIustrates th bond

head, conprised oBizeranddupstionabuyt with mdtcﬁéablﬁﬁl éﬂ enp agpact al the
U Face and the dfSERgPe Kiebiiid bighbind sfscete Rt e ¥E o %ﬂﬁ&‘*ﬁ'ﬁ&? > the
wire to rel ease t MCmm'eduyeepggcmgrmdmlectmgplﬂaqwtfta aondugiingcapilie ithce is
| over ed so the b ed oRBURd 1B e st tnrelif{ink BBnBEE chAfre fo |
bondi ng posi tion. plféw@nprargestray rensngy drom aaminbeﬂ'lreugkalthq msuld’mn' atsamhi ch
Those. whi ch move HETMSHEeHEton PRfts WHk Banober et ah Rt siparefists |
surface. |n sunmmBagdaRcBi®§@0Ad | Iaﬂ:!.( Qﬁédl efid optiewileen d farfyidy oftha ihsalagedund
25 for a wire bonding’ rrachlnef i nsul at e i.ment a
first ground is pMiFeRAR frae tB%ffﬁ? epd agd {Q @éug%tﬂemermﬂhg’ B’QP’P"‘:@B&B‘? med.
I'n arc energy passing along said wire from going to the ground, except at either
15  end of said wire path.
While reference has been made above to various preferred
embodiments of the invention, these are provided by way of example only,
and the scope of the invention is to be determined by referring to the
attached claims. Thus, various alterations and variations of the invention are
20  comprehended as being within the scope of the claims, some of which are
discussed above, and others of which will be apparent as being within the
claims to those skilled in the art. For example, there are a number of forms
of ground that may be provided, either at the free end or the spool end,
which forms will both provide for the removal of excess arc energy at one or
25  both ends of the wire while preserving the integrity of wire insulation between
the ends.



anot her enbodi nent a second ground is provided at a spool end, and the
wire path through the bonder is insulated at all wire contacting points. In
the nost preferred formof the invention, both first and second grounds
are 30 provided at either end, and a fully insulated wire path is provided
in between the first and second grounds to mnimze'the ri 4R Mdy 206

i nsul ati on bumout along the length of3-the wire. 19 May 2006 -12 Thus the
present ip«eskign provides a solution to ensuring the quality of
insulation on an insulated mcrowire as used in a bonder is preserved,
internedi ate the ends thereof. The present invention allows a conventi onal

bonder to be eﬂsgrﬁaﬁﬁﬁ%ﬁr oq'daia{fcﬁllﬂgt n |H§1515 £hid {& LDASEe! ?élafd"t ® e

repl acenent of ¢ er par haV|ng essentia
size and bofdér cumpislagwi th added capabilities. In one aspect aII t hat
needs to be done is to provide a ground adjacent to the free end of the

i nsul at ed@ hang bﬁﬁ@lehﬁylnge%lb&@idﬁw Qoﬁ'tlgﬂeﬁﬁ]?‘i:@tctﬁpﬁ“ﬂaﬂﬁ%et Ana &¥8uct i ng
capi | | arywhi Chgréi%rgtré}\’@gﬁﬂon 'sBﬁ?é@tabQH ﬂqjmtsPﬁj Wksegpat h through the bonder

is preferred t rev ray' ener romarcmgthroughthe
i nsul at i oa waite mldsrrmesae!dbmob hleadasardmmme hdlrdaembezag direchwotinshapesiplect al |

that is required is t add a_second n o of . t re at a
far side 019 th@ef"ﬂélﬂ %P@(P”Q/\PF éa'ﬂa'f‘ﬁ”%w#]“{'rﬁe %@?@ Ho@n@'et%"r?nlqi‘}‘m%e t he
wire path to PLAKARLICLBAY Hetd I8 NFiHRNGIBLRASS Bosifbang. said wire from

going to the groun except at eit 15 end of said wire path. Wile
referenceahaasrrdmehmsaﬂ&chbu&e‘otsamldmmﬂm;eqﬁ‘eferred enbodi nents of the

i nvention, these rovi ded exanpl e onl nd_the_ s of the
i nvent i on2) £/¢ ”E% ‘ﬁ@‘ta@ Cgéo\?,\ggﬁ ﬂ’i@aﬁt ?%éa'déP?%@lﬁgadcwg?qrgg%Thus
various al terappRashaad ¥2in alth'eo%ﬁa@édtbﬁaﬂt n;r@arub@nfoar girg&tiip reutRdlended as
being within the scope of the clains, sone o are discussed above,

and ot hers of aleicbicityi 8 said amadmt frae end 10§ said insulaies wineatarform a hose

skilled in thebgﬁcti baF%rn sea)fg?%leeénc} re are a nunber of forns

a first ground attached to said insulated wire, and positioned closely adjacent
thereto at a point where the insulated wire extends from the wire holder
to conduct electrical energy away from said bond wire to prevent said
insulation on said bond wire remote from said free end from being

damaged.

2. A wire bonder as claimed in claim 1 wherein said first ground is in the

form of an electrically conductive wire holder adjacent to a free end of said wire.

3. A wire bonder as claimed in claim 2 wherein said electrically conductive

wire holder is a capillary.

4. A wire bonder as claimed in claim 3 wherein said capillary is comprised

in part of a dielectric material and in part by a conductive material.

5. A wire bonder as claimed in claim 3 wherein said capillary is comprised

of tungsten carbide.



of ground that may be provided, either at the free end or the spool end,
which forns will both provide for the renoval of excess arc energy at one
or 25 both ends of the wire while preserving the integrity of wire

i nsul ati on between the ends. 19 May 2006 -13 W claim 1. A wire bonder
for bonding an insulated wire to a surface, said wire bondd®Mangil6si ng: a
bond head, having a bondi ng position atf-acent to said surface and a wire
preparation position spaced apart fromsaid surface; a wire holder on said

bond head, gai A Wirbedideds 'éﬁilrﬂﬁdslhzégln@@m@?élﬁdsél@ capftiaiy tindlufiésa end of
sai d |nsul ated wire to extend fromthe wire holder when sald bond head is

in the spédeccgpang tyssiorined;thareidur ce of insulated wire for said bond
head; an el ectrical discharge wand positioned adjacent to said bond head
when said bond head is in the spaced apart position for directing

sufficient 7el Ackiré GondeflassaaithaXireoldim® wheeeirdidvikatedeivivey bibiceis Wi re
to forma bond ball on said free end; and a first ground attached to said

i nsul at edeRgred, todam sotreato sald Breaidising gjzedand sharadiaciapely BT daher e
the i nsul.aj el A& Wi’@ fsﬁlﬁ?eﬁ'ltﬁﬂtlﬁ‘%%lmfrg?é be%%&ﬁf?‘?ﬂﬁ}tl‘ﬁ%@@i%ﬁ%on q

energy away from sai véent said insu

wre remmat.rom said free end from being damaged. 2. A wire bonder as
claimed in claiml1l wherein said first ground is in the formof an
electrically conductive wire holder adjacent to a free end of said wire. 3.

Awire bondgr Asyfk BofREr b cRliMkliA HIEY Piyherantad ARdroahd Js saaguat i ve

wire holder is a capi ary W re bonder as c In C a|m3 wher ei n
sai d capitd baidythreatconpri sed in part of a dielectric material and in part
by a conductive material .

9. A wire holder as claimed in claim 8 wherein said throat is adjacent to an

end of said capillary from which a free end of said wire projects.

10. A wire bonder as claimed in claim 1 further including a second ground in

the form of an electrical connection to ground at a spool end of said wire.

11. A wire bonder as claimed in claim 1 wherein said wire bonder includes a
wire path extending between a free end of said insulated wire and a spool end

of said insulated wire and said wire path is insulated from ground.

12. A method of bonding insulated wire, said method comprising the steps of:

feeding an insulated wire from a spool end through a bonding head until the
insulated wire extends from the bond head at a free end;

discharging an arc of electricity at said free end to form a bond ball;
grounding said insulated wire in a manner such that said ground is positioned
closely adjacent thereto at a point where the insulated wire extends from said
conductive bond head to prevent said discharged electricity from going to
ground anywhere along said insulated wire apart from at said ends; and

advancing said bond head onto a surface to attach said bond ball and said

insulated wire to a surface.




5. Awire bonder as clainmed in claim3 wherein said capillary is conprised
of tungsten carbide. -14 19 May 2006 6. A wire bonder as clained in claim3
wherein said capillary includes a wre receiving tube fornmed therein. 7. A
wire bonder as clainmed in claim6 wherein said wire receiving tube is
tapered to forma throat, said throat being sized and shapedStMayx?2d¥e| y
surround said insulated wire, while stbl| permtting said wre to be free
runni ng through said throat. 8. A wre bonder as clainmed in claim?7
wherein said first ground is adjacent to said throat. 9. A wire hol der as
claimed in claim8 wherein said throat is adjacent to an end of said

capi |l lary fi3nmAwmeathod ofr bending wsulading wireeaprdpiseeds in 1¢gaim 14 ferth@der as

ol act 1 cito g b il g 5 e hAR TRt B, of REubRENYRG 72

bonder asnel sidedntdmealdai m 1 wherein said wire bonder includes a wre path
extendi ng between a free end of said insulated wire and a spool end of
said insulated wire and said wire path is insulated fromground. 12. A

et hod of boRdigolSe Sttt S WIB AL F AP Sl o \inSidinSaRl

feeding an insu a spo ugh a bonding head until the
i nsul at ectep bEgeUnelivn shidonstlatingavice bemgriats thd step enghouddnghsaidifreg an arc

of electricity at said free.end to forma, pond ball; roundi ng .sai d

i nsul at e®Nfi PE SaiF dnsHiaiesy Witgc RY W'%isé":g%&ﬁ‘ﬁ'dﬁfeédp‘?)gi PF&&HH"E&&Y&W

adj acent rﬁg‘t‘%ﬁgfo at a point where the insulated wire extends from said
ve

conducti ond head to prevent said discharged electricity fromgoing to

ground anywhere along said insulated wire apart fromat said ends; and

advanct N0 oo Aot B bSaliRg A Sarb s b LR YA WR8lin 30k s ¢
step of grounding said insulating wire further comprises the step of forming an

electrical connection to ground at said spool end of wire.

16. A kit for converting an uninsulated wire bonder to an insulating wire
bonder, said kit comprising: a replacement bond head for bonding insulated wire
sized and shaped to replace a bond head suitable for uninsulated wire, said
insulated wire having a spool end for initiating said insulated wire; a wire holder
associated with said replacement bond head for permitting insulated wire to
extend from said bond head at a free end; and a first ground attached to said
insulated wire and located closely adjacent thereto at a point where the
insulated wire extends from said bond head to cause electricity directed at said
free end of said insulated wire to go to said first ground without going to ground

along said insulated wire between said ends.

17. The kit of claim 16 further including insuiators for insulating a wire path

between a first and second send of said insulated wire.

18. The kit of claim 16 wherein said first ground is comprised of an

electrically conductive replacement bond head.



19 May 2006 13. A nethod of bonding insulating wire as clained in claim 12
further including the step of insulating a wire path between a source of
insulated wire and said bond head. 14. A nethod of bonding insulating wire
as claimed in claim 12 wherein said step of grounding said insulating wire
conprises the step of grounding said free end of said insullthay 280d6e by
formng said bond head out of a conduetd-ve nmaterial. 15. A nethod of
bonding insulating wire as clained in claim14 wherein said step of

groundi ng S@ngheSH{%tf'd‘rsmv'1rsefdrtﬂérhm&|u@¢rf§0@ §§@oﬁd1grémp c@miriying g an

el ectrical connection to ground at said wre . Akit for
conver t i miecricalronsectiortb graunddonated at@mspwlﬂr@tﬁrﬂ?lwwiat%ﬂﬂ@-, sai d
kit conprising: a replacenment bond head for bonding insulated wire sized
and shaped to replace a bond head suitable for uninsulated wire, said
insulated wire having a spool end for initiating said insulated wre; a
wire holder associated with said replacenent bond head for permtting
insulated wire to extend fromsaid bond head at a free end; and a first
ground attached to said insulated wire and | ocated cl osely adjacent
thereto at a point where the insulated wire extends fromsaid bond head to
cause electricity directed at said free end of said insulated wre to go
to said first ground without going to ground along said insulated wire

bet ween said ends. 17. The kit of claim 16 further including insulators for
insulating a wire path between a first and second send of said insulated
wire. 18. The kit of claim 16 wherein said first ground is conprised of an
el ectrically conductive replacenment bond head. -16 19 May 2006 19. The kit
of claim 16 further including a second ground conprising an electrical
connection to ground | ocated at said spool end of said insulated wre.



