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| NSULATED W RE AND METHOD OF USING SAME 5 FI ELD OF THE | NVENTI ON Thi s

i nvent i orwpeBay334 generally to the field of bondi ng w resPca/Couiaeces and
nore particularly this invention relates to mcro bonding wires of the
type used for exanple in mcroel ectroni cq-on bond pads, chip packages,
circuit boards and the |ike. 10 BACKGROUND OF THE | NVENTION M ni aturi zation
is a feature of nodern el ect roni c devices. Mdst mniaturization occurs in

chi ps, which may, for exanple, ared on_silicon wafers through

Car Pous 1t echniaties A WRE BRMAER FOR Ek b BONBING INSISLATERIISE ANBoni ¢
circuits. However snall or densely packed with
circuits need to bé\ﬁgtﬁ?&?&d iﬁg’t%@ﬁ devices to make a conplete

el ectroni c-based device. For exanple, chips may need to be connected to
other chips, either directly or through a circuit board, or to other
eIectronié3coﬁﬂﬁhﬁh@ﬁ.&ﬂiﬂﬂﬁEBLﬂﬁﬂiIy or indirectly. Thus, ChIpS arg t
typically 20 provi p 0 e 0 as
LypLeal 1y 20 Prov i h{diP KaEco At 30k e o RBkg SRR 0.7,

meke a functisarfabgs dﬁd intere particwadly this inbeniidh Reatesao ﬁﬂc@@dddlrﬁg"l\ﬂlrééagl le
that it is too difficult to manipulate themdirectly during a

manuf act ur i ng 9rifeeype R dpoexample i apicresieciranierifoac bandrradsavehipade use
of substrates rally take the formof a planar
substrate ont g(% é@%@ﬁ%ﬁ@%g&;ﬁ&ﬁ% ed. The substrate includes a
nunber oftond pads (sorretl mes referred to as bond fingers) which are.
electrically » pads by nmeans of bonding wires.
These bond fi RS B, #M0 around the outside edge of the
substrate in a nonm.ﬁ[agaﬁ}rém l’éﬂgr}@é\‘bu?é %f MbgYRNbIcBltBhE GLViG. ! Rt The
bond fingers-are route ong the substrate to

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 densely

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 circuit board, or to other

electronic components either directly or indirectly. Thus, chips are typically

20  provided with input and output 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



| eads (typically metal or solder ball connections), which may then be WO
03/ 043774 PCT/ CA02/ 01770 -2 electrically connected to other conponents as
needed t owoaspkiste€ the electrical device. A chip nount edPCa/@ogbgor at e
and having bond wires extending between the chip bond pads and the | eads
is referred to as a "packaged" chip. 5 @Qirrently, the fabrication of an
el ectrical connection between the |eads and the bond pads is acconplished
by a m cro borséecigically eobnectefd.tg Eﬁhgurcemr?wieubm daa meeﬁiedgto ngb:{meithemhi ﬁh
uni nsul ated mcro w 10 is t hrough a ndi ng ,.Which is in the
formof a wi reéiﬁ%hﬂaﬁﬁgewa%-i A gﬁgp meuntefio %@«s@ﬁkat%aaﬁ?iaymnb@%ww whi ch
can be | owere A ' Lsed
above the sur %@25@26 %W%gﬁﬁr%:bgﬁﬁe)b%ﬁ%%g %oag]%r%eelg? agﬁsr Zgﬁéﬁégﬁghéﬁahe
capillary, w r'packagad”Xhip.s used. Either the surface 14 can be noved or

t he bondi head b d . 1t _th bandj head to ,contact a
it feront Boint on CHESElf DeceDIRRIOTAf a0 FlediiFat GonRCiondEivEN dPet h
bonded at fi ; i

onded a 'r%a@é‘ﬁpﬂ%é‘boﬁ ®aae%amm§@§g§ggfh§éro§b@gh@pw§B@ﬁaﬁgow .

conpl ete a needed el ectrical "connecti on. capillTary
be nount ed on Fgurd i ishowsi a typical 2Bvicatin abhialp piniresilated onigho wirbrid isofedand

to bqnd th ire 10 to, th ur, f 14. In th i bondi t hod
ol T od bal | - waBHeBCABPRENT st WNRL TS B (oLl 1HE JOULS GaR IR a2 o
formed at the BpohdihgBetti€an @idnéntiHieh BAK B@if&uerhe%(bn@afsﬁﬁﬁbéhﬂteond

ball 22 a section of the wire 10 is extended past the capillary 12 or bond
head in tHé dimake aorirepondansiihtacaised abova the serfene 141.To fasiditatedhadj acent

to the bond h s ' for_ rel.easing arc 25 of
el ectrical engS 3’3‘?"@9 q{?r@g}@@aémﬁ%%a@@g&hﬁw P%”i‘b.1§ ISR r%ﬂﬁ tﬁ?
grounded separsairfaicg T4 can bedhgvett ortthy boddingenaRNeANBY eidwerl tdpemitithbary at
26. The arc, released fromthe wand 24 therefore junps to the free end 11

of the wire 10onding haash{e tdantagt @ dReresbiraint eigkhe seirigeeundhuseanTo

ensure el ectri ] I\ & L . | S
bent around t hﬁﬁg?%%%gge‘gghg%\%ﬂﬁpﬁ%% g%‘\aa;f Zlf’%cﬂﬁl@cré?gﬂggﬁenﬁ%ﬁgﬁeq
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 called ball-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 at26. 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



| 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 suwbasme4i7ension, it naturally forns a drop shape @cCThaok/0P20 The
ball 22 can then be pressed and bonded onto the WD 03/043774 -PCT/ CA0O2/ 01770
-3 surface to forma good el ectrical congection. Having the ball 22 means
that nore conductive material is present and that the bond is forned

across a | ar geffagé esRrFeLoeelecticdfcainddiion WHaQRLthé dedl 22andansithet f ace,
i mproving both the quality of the electrical connectjon and the nechanical

strength of t eOrs GANdEICctYR ﬂb?é@”@dﬁ(ﬂ’reﬁﬂttaﬁérthaﬂh@ Qﬁ%@rf@@“@f’ agrYnded bal |
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t he bondi ng head to Y, n_a direction to faciljtate the second bond on
t he subst rgte"ﬁ%wfi@efb?f@f{e FU'TKWS %%WP@@&%W lhe gpables dhe

characteristi Ccaﬁ flah'$2R8'de @Egg'erﬁgug suﬁ%ﬁ%ﬁhqgﬁ}rﬁﬁh%géh%\a@!@g

t hr oughput advant ages over uni Irectio

net hod. The mavomlivg diesciusoedadtiwitihthe surfaeecf4. Furthebahei utilizatien oha balll at ed
The chi p packa ndi.ng ,pad al |l.ow the i ppuyts d out r the
chip to be seﬁg 8@&’%? h%ﬂb%b&rn&e%#&aé\mt %]IIFM’S&H cﬁ'igegeﬂﬁ?(t?o Wi res
can be used wihf\lin HFre drftd fa%nli%é%é's@eon Bﬁa%{wthbhﬁxtiéﬁ% dé)EP

uni nsul ated wires nea atively | arge gaps tween wres an aces
constrai rtGs upinget. hﬁnbmrdnwilre;:tlpaaf bondmg maohalras:terrstlccafrthmbalkboﬁeg

t f h | { t aturizati | ds 20
innocessar i |y Moo ranieo HEbiRich thigREut ReepEeiraRUSE AN chBncy  of

the assembl eqyidensra- W&g@%d@etg@{d@{g)ﬁ@tndd has been proposed t hat
insulated wres be used.” However, Insulated wires cannot be bonded in the

usual way. More sﬂ'élel miQEaIWllseSolmw tnhibisviyne ofiwich dogding ae mmesuyytedﬁt o the
femte 25 or ounh St PAPkadihb 4pbl bandRE Pl o008 b Tupbbarid olipk 16788 ¢ b ough
t he 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 sui’[able 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 overcome is the very restricted space

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



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 nethod of
bondi ng awo oaoyndi ng device which is suitable for use w PaTiC(ebet7ed m cro
wire and which preserves the quality of the insulation of the wire renote
from 30 the bond locations. A difficulty-4-0 overcone is the very restricted
space available at the bond head to deal with the ground issue. WO

03/ 043774 PCT/ SHAMARY’OF TUE SNVEARYON- THE | NVENTI ON What is desired
according to the present invention is a bonding- apparatus and nethod for
ef fectivel y bondi ngMhasé is glestiedi acgording tehedeesenhinyentiords roboadingge t he

wre renote fr b | T ' o hqd, . ul.d

conpatible wt eaklg@ts [ én)@jg%%g%%rt g'@%cqgéfyﬁgorbdéﬁ@grgﬁtﬁg W'ﬁ%]gcb?astu%%lcﬁt o]

exi sting equi paigioh.does ridlidam@ye theewiee rémot fieedtheWordl psigPTies dkyiceew
bondi ng device, but nerely an upgrade kit of conponents. Such an apparatus

woul d t her2f oradhd@ethad shQyild Recampaiibie with axiﬁt}@mngquipméﬁﬁs@@ begasyoduce

t | d ' ' f Q e ' F her the
ol uti on must DuniEEat FiOEPE, FHivent B i WATEECE 9 bed T K head
of a mcro w reonhoetidy neWherefing device dyudinmeretyoam npg esieekit ofdonigenante s ent
I nvention therg i,.s provi de{-d wre b nde{ fggr bondi ng.an insulated wire to a
surface, said R an,Ghyera ESnPYId; ﬁ‘&re PEE . %%Yh%@§tﬁ&ﬂ%_r§!%ﬁﬁWi ng
position ad) aGaskodfiveld 5ikLiee fydiNfoul PrdVide | RRAFAIIAMIRPTEIIRN giPaced

apart fromsaid surface; a wire holder on sai ead, said wre hol der
bei ng si zHY ariasulstespwiret oF wiher theasdivtion endt olvermimk itms véstticddvépaest o

tend f t i wh id bond head is in th d t
bostt1on 50 avalhbBatife BRbaMA bt PP Wi Bobdot head: “on el ecrr cal
di scharge wand posiTharafste adicardig td@néais,g‘ie&%”f%é pesentifertidhdhdrend head

is in the spaced apart position for directing sufficient electricity at
sai d ext endi ngPrpyidedamice bendes oribesdingtastingileted wiredora surfaced 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 said 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 sized
and positioned 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 present invention 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;



ball on said free end; and 25 a ground associated wth said insulated wre,
said ground being sized and positioned to conduct electrical energy away
from sai dwb®aai43r4 e to prevent said insulation on said bead/caoe1r7enot e
fromsaid free end from being damaged. According to anot her aspect of the
present invention there is provided 30 -&-nmethod of bonding insulated wre,
said nethod conprising the steps of: feeding an insulated wire through a
bondi ng head until didehargingl i adt ofwelectricity girsaidifre€ endetotform atead dll;a free

end; WD 03/043774 PCT/ CA02/ 01770 -5 di sch ing,ap arc.of electricity at
caid free end to fSFRHACPASAICAFHIated i AIANET SHF o SHAWMIGLRATUPESEE oi t her
end of said wgd i A I (el | to

gr ound anymhercrelgcgfaggga %‘gcgft‘?lﬁ@gtdgjﬁ g\ﬁ’%ﬁgg% re' B%ag%hg;%éﬁgﬁ%?@;gdand 5
advanci ng sai dvikmapattdiadn ahsaidersls; fade to attach said bond ball and said

insulated wire to a surface. .According to a further aspect of the invention
!thelrje is p#m ovi ded é‘cﬁﬁaﬂcmo%@'@mfi'mfﬁfgﬂaﬁwﬁ%ﬁggﬂaﬁ%‘%&@@%@ﬁa@?n% an
insulating w rs%iobi‘?\%gga’ted Siieto KEdrf rising: 10 a replacenent bond head

for bonding insulated wre sized and shaped to replace a bond head
sui tabl e for uni nsudcoedingito & fugther agpdod ofltire mysooratreste g provitkedda kit

repl acement bqnd head..f or ermtting insulated wire to extend, prouydg of

sai d bond hea oraqorg/emr&a%Hggnsﬂktaq Wﬁﬁ@c’ﬁg‘éé{%ﬂ %U%tWHéMreewd@r,%aA d

i nsul ated W r &t cdahskighg@und 15 sized and shaped to cause electricity
directed at said free end of said insulated wire to go to said ground

wi thout g¥l ng to greoleRiagemest daind heads derabeadingr iasblatek avire sizédeand. BRI EF

exarpl 0. only, 3053 & SHVEEE s GLrRERHI o ARG, 7 e ot ence to
the follow ng drawiangdrg molder 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
bonder;

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



which: Figure 1 shows a schenatic view of a conventional prior art wire
bonder; 25 Figure 2 shows a schematic view of a wire bonder according to
the preswotosiomrention; Figure 3 shows a close up of a w PeThloder770r
capillary for insulated wre' according to the present invention; Figure 4
shows in a cross section along lines 5-56-n figure 4; 30 Figure 5 shows and
el ectrical discharge arc according to the present invention; and WO

03/ 043774 PCT/ CAO2/Fduré® shdwd-a bomebdll fehmed aachaird toahé pfesentidveiimr .di ng to
the present invention. DETAILED DESCRI PTION OF THE PREFERRED EMBODI MENTS
Figure 2 shows the elenments of the present invention. The insulated 5 bond

100 ihees end 104,
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advant ageous conbi nati on of strength, conductivity, and ease _
manuf act ure, #®resenjdneentism B Qslmduaimlel drangtal sapijapf ‘d)ﬁrlecalsoﬁshuwreha\lnagp 108

i | 0 ich th
whre 100 1St o G ARRROr el &t fhrbdh At R e 0B SR ThecanlE oW | 1
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the capillary or wire Al so shown is an ultrasonic trans arm
114 whi ch1tbenérlmlghsmaﬂydv|@eﬁ ijmateﬂeéma;cbamedcfnpﬂ‘@samﬁarymtg;yano bond

ol ar ged vi ow Al | FEARAIR e et SbLEialy. aePiceade e
present i nventmam;faifmepéﬁirﬁjst@dcérard@ éﬁpiﬂ%ﬂ?hé‘ pRI¥Td@6 s a
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 ultra-sonic and compressive
energy to bond a bali 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 106 is a
metal capillary which is grounded, for example to a conductive element,
such as the ulirasonic 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 to 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  the capillary 106. Most preferably the ground provided by the metal capillary



metal capillary which is grounded, for exanple to a conductive el enment,
such as the ultrasonic transducer 114, which is then itself grounded to the
el ectri cawogsouwtas of the EFO (Electronic Flame Ot) G rcuipCr/@@28ioon in
Figure 2. The nmetal capillary 106 has a tube 107 which includes a tapered
25 section 109 which closely tapers to tHe dianeter of the insulated wire
100, nost preferably adjacent to an exit fromthe capillary 106. Accordi ng

to the presentlosalyesirr@undshtheoipenlatal ivve dhtherpodt ithat the ingDiatddiirel 06 i s
nost preferably closely sized to the diameter of the wire 100, but not so
close as to clgg¥es ff}%t%eriaoﬁoo to bind or otherw se beconme not free
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al so shown with an electrical connection to ground at 124. ‘
appr eci at ed t haRprepiaten dbshithe myesarntoinveotipr coemptehends vasioti® rioahs obf

' | Lo | . St t , h as a ceramjc capillary
Whioh 1a coataRttiCel SofdRe BREAYSEREHEES sth g5 aterSmiradloty ibien
coating. The 18 owate maaidélgcﬂm_ﬁmwhﬂgbﬁiéiayeﬁ,%ha%é‘ﬁi&éﬁ’lﬁﬁﬁhg."qr@ore’ or
may ner el extend al gng a portion of the core, or, as noted abOve, the

capillar y¥Qray hetal goaEng inasbrempletaly cavgrea nancenductive aose,a0r. may aterely

ired is a ' ' I ¢l ent rr way t0 a ground an
o charge as Saorarido 2 BBHER il 6, gt RV (RS BephiFnftaty 28
conf i gur at i onsa ebliccephductive materidsuebngy e debhatls WGt dis & QIHMICtST
provi ded and asg_ﬁgﬁi.at e& with the insulated wire. Such a ground is referred

to herein as aVPiChds SHHGRM to criry awaydosharpsing an arsrehasge as explainaschin

W be under Srend Cora PEfou” AP, AFBIS ot pRRBNE S e e 1 e
systens fth auwtanpehendedein 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 allow the wire to extend through the tube
107 of the capillary 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 126 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 is required 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



20 bonders, such as K&S 8028, for exanple. The first step is to have the
wire clanp on the insulated wire and to allow the wire to extend through
t he tube wo03/0ef774 he capillary 106 until the free end of Plha&/CMoRe1750ands
proud of the capillary. The next step is for the wand 112 to rel ease a
charge or arc of electrical energy 126 & the wire which is shown
schematical ly. This energy 25 126 then junps to the wire 100 and even
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03/ 043774 PCT/ CAO2/ Bb6A0resufts PRYEINedP deRicvBiBghaieethe vekayecdt whids a
preserving the insulation on the wre internmediate the ends thereof from
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where the voltage at which_a breakdown of the insulation occurs js nuch
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for insulation mgqreéﬂi\%tﬁtq@é%? 160&{% n‘\zﬂ/ 5@%&&&@@%@%% 0 to 200 volts, the

preferred di sc¥|ar tage 15 greater t han "volts. Thus, the
preferred ratio of Hicanhawke appteaigtet avhy thaktdpanof thelcapdlary tibet 10285t 10,
and may be even 50 or

capi 11 ary  t ubed IGTRhTaAS fHFehae seodfEistratiark of MlessineRtpe”
2bi 11ty of tho! e cher LAy o e T e FERARA®.t T he
narrow t hitbat . witecte raashathe gmendyati the narewdbwaindOncantie woc Emerdy é& end
of the wire t hreelieé]sseucj gﬁ& j%rrhpss% i ﬂgcia 8dd to'f' fhe 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 close enough to the cépillary 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



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 woa3/owd7rd |ikely be in contact with the capil | arpcatCaoner7poi nt
around the 20 circunference, or if not in contact be close enough to- the
capillary to permt the electrical arc €®aergy to further junp to the
ground at the throat. The energy, once renoved fromthe wre, can do no
further damageydpredifiedwhatinsatationeor thieuving, tnmweerrm freé eowh whereftheearend. |t
wi || be understood by those skilled in the art 'Htﬁ’gg n t he tube 25

107 through t lRnegapiUmarty the wirg, pngradiaegntde the AESENY &Y ween
the ground an (o] ;1\ sent

i nventi on, jH'Lngg tyot;hgl %&Jﬁﬁewwﬁﬂfg %@uﬁﬁﬁ%ﬁo@a@?ﬁgﬁsﬁmﬁg%p[trj]gt t hese
are less pr ef|ﬁ$ulaﬁbn blasaherefdrbwemw to haveihesthreatdoc¢ated doaedorv@@rad o)
slightly harder to rk with. Provi howeyer, that the gro nd'sin

cl ose prox? mi ttize@@"ﬂ%?qrﬁ@\&ﬁéhwwﬂp %grc&mgl Wi aéﬁ%ﬁw&i%ﬁ {‘l’n‘@ 8uate
results can b, A0%Ghed- In%ﬂcﬁ Qé:%séetﬁ}%n%r%ﬁﬁsélﬁﬁémﬁhbﬁWB@@n%\&‘éﬁoenOUgh
that the excess arc energ awn off fromthe wire to the ground. It

wi || now be \A@hewa@%amamectﬁéﬁsbzfmwarcwi@ &speritalytvwhptindesiratdelsioi on on
the wire, bet\aeen a free e

h d
adi acent "t o HENE HikoSR TREBNE e CSRHOB B P e 18 T b3l dBREIGR )
conprom sed. Tge 'deranﬁrEPn|§@Tﬁ§@|att|6nté3@ends”t%tthétldéﬂrthe'Bet!e? thRrseigend

preferred to have the throat |ocated close to where the ball is forned,
so the juh® t aregulisinavebeen abtemasdayhavingihe thrahlosated waerathpwireseXitsr med.
In such a casef ntg rrg @m sed insulation will begin close to the ball,

reduci ng the rfQR Bf CCRUAY circuits. Essentially what is desirable is to

limt the damage topFlihdrmaspedt bRetPederitaticpion DRt tite eletrival bnertye
cl oser the unconprom sed insulation extends to the ball the better. Thus,

good 10 resul twilllengeunigs Sop1R EsiRanes as dnasges Huouah e gramskaidhaiesde t he
wre exits @Jqﬁehggﬁﬁgwe@;eh Vr\wn‘\b?%r’rér R 1085 BrREhd Chotk N BERENoF PN | O

Is that the el encounte SOe Fasi st ance passes
through the grgsHetates hdut. eBsme 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 aspéct 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



of the capillary which nmeans that the ground acts |like a resistor and 15
generates heat. Sone of this heat is also transferred to the wire to help
make t he waloB/oixram f or ball bonding. Figure 2 shows an al PPerr@atoe/opao h of
the electrical arc energy according to a further aspect of the present
invention. In this enbodinent the energy0junps into the free end, along
the wire and then into a second 20 ground 130 | ocated at the spool end of
the wire 100. wifeRangties okidi registance offl 001006rohmsp epprafimatisg 2083mnit Wasvent i on

a ground 130 may be pl aced at the pool end of the wire 100,  renmote from
the bal | bondiVesy edifficiiiato gEm a 'b@fdﬂﬁ@ugéﬁcﬁeéslﬁge#ﬁﬁ Ryvelr Bf ﬁﬁ%f?rcany
addi tional chay ' iMeREs thie iilaryvdd6F thesidnabrguativiee 100,
in spite of tﬁ%%ﬁ?%ﬁ%r@uﬂ%%?%@%g%ﬁ%g t he ZSargrc di scharge. I n sone
cases, for shaypel engths of insulated wire it is possible to forma ball

Pl ustrat o o the FOmMwtiRecssootal thandeft PRl iafEi g6 hefdtpe of
. 001 inch di anpkpiARse. FEdPLERE tHRrddithe REisthacs e, R tHe sBhé arowrergfound to

be 48 ohns. A variable resistor was attached to the end of the wire 30 and
gradual | y i ncribasstpltes adiathis fareegh detwall, aertiealPobit was-ebsenyedior agiverohns,

which correlates t . WL re_qf-_ap ' Y. 3+ ' nor e
difficult to f%ereﬁe@% f?‘g'g%BFﬁ@C\sA%'{?eS%%ﬁs@@ ?‘ﬁ%rg%??g’ ﬁﬁg]v@b%%ﬁu% ed WO
03/ 043774 PCT/ (A4 03/ €0 largd Bhatti the akeogins beAhade tefimp dnthe wire. LTAUS00

ohnms, approximating 2083m it was very difficult to fotéma, bal | w t hout -
i ncr easi nd0t hefop @reatesengtbs of wire; ite SNBUIEaNE 7C IHAPSHOSBeXIFR MAEHAL t he
capillary was >ond LV, ; " | mal |
change in bal |8|{1]elrégg§ Egrw‘@%ra' iblﬁtgrgégnsde Y)Hﬁ%lggsv{’:'gE%gﬁﬁgésrﬂﬁrf\sa%ﬁb,ﬂem@ﬁsar ger
t he resi st anceof wirefgpoolsher pame aac energegyout nohérdongérewira spabl lengttisor med.
As well, a critical point was,K observed fg:r axgi v?n arc e ergg/ or specific
arc setting onURIgEs theprc QReIgies disaser: & X exappie rgasenaye rgsyis WA ¢ he
arc cannot be gpeeyE@ withBmbfitbd Gintl16gthd B Betwidbr] P/000'TERF R00 ®MIER, Of
wire, to ensuré the arc junps to the wre, nore arc

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 spobl is used up and
becomes shorter.

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

precaution fhe wire path for the insulated wire from the spool to the capillary

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

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

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

132 on a pulley 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 elements present in.or defining the wire path

through the bonder, particularly accounting for manual and automated wire



energy is required. Thus, end grounding will be sufficient for shorter

| engths of wire spools or |ower arc energies, but not for |longer wre
spool | engDh8/04371M ess the arc energies are rai sed. For exaaepl@o2nedsonabl e
results were achieved with sinulated wire |Iengths of between 1,000 ft to
2000 ft, which, 15 for exanple, may corr-ddpond to nedi umto hi gh vol une
productlon spool sizes. One aspect of the present invention therefore is
t hat provided laeonders medais bad |m1dm|cdemam1fmturers@fsh@1 iredosdarsef Thuss itwi r e,

he ball h f |
of wi e | enat hall e BRgntesstond dretiBe asSind 281ERR B vERTotdfiondd bond
at a surface u(’?]rgljérr{ﬁhlt&ﬂhdro€1l‘=?ds?—fh<—:3c Qﬁlf’@@lat@v{/ﬁe RYSMb&MemoUsd B8 coberetpool

end second gro ere IS no need to adjust the arc energy as the
wire on the spwithai mghbledswlptmsmmateﬂatMeavghbatce&nergv figim seeking Bequnsk

appreci ated t hat ng a second ound,, as.a e path
for the indul a@%%?'@ %ﬁ?f‘ﬁ@'@d%‘i’ {'%n PR WE; I%%?%I Ogﬁ%{ﬁ%%%{ kept
insulated fr Oﬁﬂh%w.r@%ﬁmrbm thars%aﬁénd @f hiesyiea to tHa/feed efld akindthd flopugh t he
i nsulation renbte fromeither end of the wire. Figure 2 shows additional

i nsul ati on 130tr@dmulwtr@edrt@ bel lneulat%dﬁp REYENt ALY PG EBArgYfEIMJAMRINgUI | ey

134, and |nsul $ﬁﬁ¥%én®’§ﬁ§ﬁ8le]7?‘%he lr]isSLYI\#lAn be understood that the

wre pathlll ematic form30 only, and

that in pr actlce @Qﬂﬁéarsmnom@balmoafotmau a@oarfdmrtroathecpremttmentmme
bonder there ma% be other elenents present in.or _defining the wire &a
=) W re

t hr ough t h@é bohBeeapiart 1%!3§rhpwnaﬁﬂ§idbﬁtm%atl'%"r1 %ﬁ@éﬁe‘ﬁfﬁﬂygﬁﬁg%@@
WO 03/ 043774 {ﬁ-gdrgﬁ% %égov? W@P%Eﬁdﬁ%@ggg i€ o"BhbivnRi |E25an%9\; urers

of such wire bon now erstood that t ground 26
used in a COHVBetappmmpdlﬂmtL@Dhthémmlng\,brmegm\tmﬂmmmcembmdlmd wre

arc enorgy T ofe SuEkPHgogRseeRorn Ulraschis Vel ofhe s PebveR) thehn on
e 7" s Pl sy A e
t o preventibanyand ¢the iresuigtetirwine jruapviregpreparation 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 into 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. In the
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.



t hrough and thus burning a hole in the insulation. Figure 6 shows a bal
200 forned according to the present invention. 10 The capillary 106 is
shown andwOhg/0i313ul ati on122 is essentially destroyed in toa/casgiooro202
above the ball. A surface 206 is also shown and it can now be appreciated
t hat upon the ball being pressed onto thd2surface a bond can be form by
conpression, ultrasonic welding or the |like between the ball and the
surface. Figure 6 iThusthegiresenthievantiod prevides asoptionéelepsuringtheaplalifyary 15
and the insul at

dwreinawr reparat.ion posiit.ion. In this posifion,
the bond head® @Sﬁ%ﬁl&’agpr@%wﬁgdéﬁff%@ Qﬁd‘sfaﬂén&%%rhc%rd% P\R%ﬁ%r" y be
brought into cl@s@ndifed tht ENd$ therB8f. WHeEpre8ehBhf&RRNIAIBWR £cA@RIribnallhi S
rai sed position above the surface is referred to as the wire preparation

posi tion. Whenbohdehdmdoeheagily sdnyadeddiné® arhdéngidaiedbwire bendercby the 20

e L olgh ot RS R T B R peA o
engagenent W t §izbhsdoRRAdidie dtt Afthridedasapabiisies M e s8pscttaiehfomsediead

into and out of engagenment with the surface. In summary the present
i nvention conptehenoseds tpwvits a ggewishadiagenterthe figerenchehiierigswatad ne f or

i nsul ated bond wire. In ogli A1 TSk gr ) J .adj acent
to a free end, W@W'EW%E%F% &8%&9%%“6{%%?%&&@@%{6@ cr%bﬁlyérg%@\e@gnd

ground is provisigduatied. SRMtioRNstthedre path thidughrtaé bohbepisgirefdreedander is
insulated at all wire contacting points. In the nost preferred formof the

i nvent i on10bot RreMenét arh ctewc eRaTd dinmasarmieg Joraby itredingkladpinak @&hd, and
by oo 2l HLdiB Bl P RNRE ) ndiRELEGRor b thalid Rl i 01

grounds to mn an 1nsu on burn out alon engt h of

the wire. WO 034843&t6nBGIdPR0R D3pod) endd thdwiretahe farsde of thierinsulatesh
provides a solution tg ensurjing t i i nsul ation on an insul ated

mcrowire as udd@ RANFopdREreS §n€géggﬁ?l 5 ,ate;%r];l,@ MTRRAALR PERYENE RIS ither eof .
T o el SHEPL D PRLONS RO GRS g R heabtat e o
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 numbegr 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  bothends of the wire while preserving the integrity of wire insulation between
the ends.



5 replacenment of certain parts with other parts having essentially the sanme
size and function, but with added capabilities. In one aspect all that
needs towbe3detesis to provide a ground adjacent to the fPCeacrndid t he
insulated mcrowire by replacing a dielectric capillarywith a conducting
capil larywhich is grounded. Insulation-dB-the wire path through the bonder
is preferred to 10 prevent any stray energy fromarcing through the

i nsul ati on at WE CGLAIM:nedi ate | ocation on the wire. In another aspect all
that is required is to add a second ground at a spool end of the wire at a
far side of the insulated wre path fromthe free end and to insulate the

wire path to pyevent epl\ﬁﬁébbﬁde%FESH&hghnnﬁsﬁﬁét@amﬁﬂeﬁa&ﬁ#‘fate%éiav&iré)m
t her of VWi |l e

going to the ground, except at el 5 end said wire path. i

ref erence t51as bedrondedeompadsiagt o vari ous preferred enbodi nents of the

i nvention, these are provi ded by way of exanple.only. and the e of the
invention is to be det%p?ﬁ(ﬂﬁﬁa‘gquﬁ%?rbpﬁéfntgoootsmapn %ql?%%ﬂga S@fdag"ﬁgcerhus,
various alterati oy @Me‘ﬁéhéﬁdti@ﬁ?pd%ﬁtidn%do@d%iptamfbrﬂrs%id?Quﬁ@d&@,r ehended as
being within the scope of the clains, some of which are discussed above,

and ot hers of whi ch widWirgbolgesansaid kendlaeard saidiirehelder beingisized and hose

skilled in the art._ Fqr ] t f r.ound
that may be provi%bacﬁ’?aé‘?(ﬁ%@ﬁéfrefeﬁg‘%@éghﬁﬂg‘“g@?’ﬁée@’p%{%&@ﬁ%i?’%\%ﬁ\"g forns
wi | I bot h4provi dehdl@sr wihen s&iathtid indacisde 3ise 8pscerl@pary pasitione or 25 both
ends of the wire while preserving the integrity of wire insulation between

the ends. WO 03/ 043774 setvcesd inssiated wineﬂys | .@_'N headi, A wire bonder for
bonding an insul ated wif g {0 HEhAR dmﬁa?]'dd?eﬁtilricﬁwedf’aaﬁ@gﬁ( tocggﬂr%éﬁd‘g.i a
jacen ace cand a wire

bond head, having a bondrng position 0 sai d'sur n

preparation posi thext whewe edidaipaid héadis inahd spacddapart position fooditectirn sai d
bond head, said wire holder being sjzed and _shaped to permt a free end of
sai d insul at ed wi $Wfigigntslectrigity ,agﬁﬂdr@(tqmqhgg free end of said insulated wire to

15 form a bond ball on said free end; and
a ground associated with said insulated wire, said ground being
sized and positioned 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.
20
2. A wire bonder as claimed in claim 1 wherein said ground includes
a first ground in the form of an electrically conductive wire holder

adjacent to a free end of said wire.

25 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

30 material.

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

comprised of tungsten carbide.



10 hol der when said bond head is in the spaced apart position; a source of
insulated wire for said bond head; an electrical discharge wand positioned
adj acent wo saixf7bond head when said bond head is in theprPspacedospart
position for directing sufficient electricity at said extending free end
of said insulated wire to 15 forma bond4ball on said free end; and a
ground associated with said insulated wre, said ground being sized and
positioned to épnduct Alirethdndat asclmimedanane br oore af dabosd to i wlkenein
prevent said insulation on _sai a bond. wi re.r.em()te ffrom S‘fﬁ“ d.free end from
bei ng damaged. 205ad caPlpYdNEYARS A VUL FeCaiving tyhe formprhiaei@er ei n sai d
ground includes a first ground in the formof an electrically conductive
wire holder adjacent to a free end of said wire. 25 3. A wire bonder as
clained in cla7m 2 whek aiine Isaridérelsedaimeshin glainc® mhereinveaidwvire fecetving i s a

conpr i sed Bn par (UBF I8 GRePGE I Rdicph B MuOR PRy syt S St Ie 30"
material. 5. A Wi6l8$é??§ﬁ'ﬁ%uncﬁ§ai@|iﬁém§l@divﬂré|vﬂriil@s'ﬁll AhRiify SAdAviksIpd ary is
conpri sed of tungsten carbide. WO 03/ 043774 PCT/ CA02/ 017 -14 6. Awre
bonder as cl ai medréarumingihrouglesaifl toragtns 2 to 5 wherein said capillary

includes a wire receiving tube forned therein. 7. A wire bonder as clained
in claim6 wherein said wire receiving 5 tube is tapered to forma throat,

sai d throat beigng si zeql vard boRdee @st Blaité®se ! Yaifl7 NOHSEIS Jaitl ighsuhdisd
wire, while still permtting said wwre to be free running through said
throat. 810A wi reaﬁamrtoaglddhma’fed inclaim?7 wherein said ground is 10
adj acent to said throat.

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.

15 10. A wire bonder as claimed in claim 1 wherein said ground
surrounds said insulated wire and is closely adjacent thereto at the point

the insulated wire extends from the wire holder.

11. A wire bonder as claimed in claim 1 wherein said ground includes
20 a second ground in the form of an electrical connection to ground at a

spool end of said wire.

12. A wire bonder as claimed in any of claims 1 to 10, wherein said
wire bonder includes a wire path extending between a free end of said
25 insulated wire and a spool end of said insulated wire and said wire path

is insulated from ground.

13. A method of bonding insulated wire, said method comprising the
steps of:
30 feeding an insulated wire through a bonding head until the insulated
wire is proud of the bond head at a free end;
discharging an arc of electricity‘at said free end to form a bond ball;



9. Awire holder as clainmed in claim8 wherein said throat is adjacent to
an end of said capillary fromwhich a free end of said wire projects. 15
10. A wi rwOloner4 as clainmed in claim1 wherein said groumrdTawoeourids sai d
insulated wire and is closely adjacent thereto at the point the insulated
wire extends fromthe wire holder. 11. AMrre bonder as claimed in claim1
wherein said ground includes 20 a second ground in the formof an

el ectrical connecti gfundingrsaithinstlated wirp abeithaiendof saidavivg togredent saidu r e

bonder as cl ai med,.| ny, of, _gl.ai 1 tg 10, .wherein i wi re bonde
includes a wire &\ (ﬁ]a@%dened?ﬁﬂg%’gﬁ n88'_n8r é% @ﬂﬁn%fgrgsév?f&erezgf}qq%&a ed
wire and a spool igsdatet Wik SpafiFrontbedaidigrRisagfdsai d wire path is

i nsul ated fromground. 13. A nethod of bonding insulated wire, said nmethod

conprising the st epdvaicingsgrid bead hgad anfarsyriacedo aitaeh saiddane kallshedi ng
head until zt he ingk | ' of the bond head at a free end,

di schar gi ng an a%%%()?\%@%é%%r%tb% %@és%'d free end to forma bond ball; WO
03/ 043774 PCT/ CA02/ 01770 -15 grounding said insulated wire at either end

of said wire to prevent said discharged electricity from goi n%dt o ground
anywher e al ong14ai d iMEgthadef kandingipavieting wireas clmeddn gaimdedudbaeianci ng

sai d bond head o ; J |, an S al
insulated wire tghglug'ﬂ@# @%g@ﬁfﬁﬂqs@%@@%@ﬁ%g aﬁ‘%\"’%‘gh Fnsg)llf?%? ?ﬁ@%%’ as
clai med in cl ai miiBe tind shigrbondhiaéadli ng the step of insulating a wire path

between a source of insulated wre and said bond head. 10 15. A nethod of
bondi ng i Qul ating wire as clained in claim13 wherein said step of

R R e
wherein said step of grounding said insulating wire comprises the step of
grounding said free end of said insulated wire by forming said bond head out
of a conductive material.

15
16. A method of bonding insulating wire as claimed in claim 15
wherein said step of grounding said insulating wire further comprises the
step of closely surrounding said insulated wire with said conductive bond
head at a point where said insulated wire extends from said conductive bond

20 head.

17. 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

25 shaped to replace a bond head suitable for uninsulated wire;

a wire holder associated with said replacement bond head for
permitting insulated wire to extend proud of said bond head at a free
end; and

a ground located at one or both ends of said insulated wire, said

30 ground 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.



of a conductive material. 15 16. A nethod of bonding insulating wre as
claimed in claim15 wherein said step of grounding said insulating wre
further cwopsioss4the step of closely surrounding said i rsaiGtoedimdre with
sai d conductive bond head at a point where said insulated wire extends
from said conductive bond 20 head. 17. ABkit for converti ng an uni nsul at ed
w re bonder to an insulating wre bonder, said kit conprising: a

repl acement bof8. head wr@rkimnwimrwﬁusmeamwdmiesslamaf@masulamwdaw@j to
repl ace a bond head, suyitabl e i_nsul ed Lre:. . L der associ at ed
with said repl acehaltt H%W?&”H"e 'EE?BB SefRY ?W%Sﬁﬁéﬁﬁlﬁ%ﬂ&g‘ \@\npﬁl"e to extend
proud of said bond head at a free end; and a ground | ocated at one or both
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