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WIRE BONDING CAPILLARY TOOL HAVING MULTIPLE OUTER
STEPS TECHNICAL FIELD 5 [0001] The present invention relates to the
field of wire bonding capillary tools for bonding a fine wire to a substrate,
and more specifically, to a wire bonding capillary tool having a high

impedance values and being optimized for ultrasonic energy transfer
SRR BONDING EABIRLARY TR HAVING MU TIRLEOWER] STEPS

commonly used in the manufacture of digital devices, automated testing
equipment (ATE) and in a range of general_electronic equipment. Each
PCB has a variety of eIectrorﬁ%%’fﬁ%@ﬁn@%nted 15 thereon.
Examples of such components include semiconductor chips, integrated
circuits (IC), resistors, transistors and capacitors. The electrical

[00Q3h ki bresRih e RYRA REIRRIPCARISHE A aiiROPERI FRRIARAIPOIS for
boRtAPRreliesrasite /s a JINSAR, iIasenmpslsikandaibe rarkoiike bonding

semi-conductor packaging process and is of paramount importance. An

capiigrsgePbPaYifg aidititArRs anfe KSR RGMI Hetimézgpd for ultrasonic

enSRJPRENRIEABEHdH{eR. is likely to result in the functional failure of the
device or equipment in which the faulty connection occurs. [0003]

Amongst the above-mentioned components that are commonly mounted
onto a PCB, the IC may be coipARGROUND e of the most important. In
25 mounting the IC onto the PCB, manufacturers have typically relied on
three techniques, namely, wire bonding, tape automated bonding (TAB)

[0062F Fihidup ciisintbic tash[RER)Y . e @agstribelyh (R EChNIRBemahufacture of
. maunting an IC, wire bagnding is the most co ly used method. In wire
digighdlRy e PRI HES109 RAYRBERLIN bFb R A2 denera
elettesaandg@grragicrained G patieinvariey Gf kiwbi rle Gosa derdss imounted
typically mounted ip the center of the predetermined pattern of handin
thogHAd A AR AL RO TIRARERE AR L E PRSIt PR, ifarated
cir@lastrig@)conssisitrgs heinsistotbe dachnckivechérs. anestablishes byonnection
betooh Bach Hoad 2ombehant 5 the BER LRSS 2i%o be referred to
as a substrate), is commonly taken to be part of the semi-conductor packaging
process and is of paramount importance. An improper or faulty electrical
connection between the electrical component and the PCB is likely to result in the

functional failure of the device or equipment in which the faulty connection occurs.

[0003] Amongst the above-mentioned components that are commonly mounted
onto a PCB, the IC may be considered to be one of the most important. In
mounting the IC onto the PCB, manufacturers have typically relied on three
techniques, namely, wire bonding, tape automated bonding (TAB) and flip-chip
mounting technology. Amongst the three techniques of mounting an IC, wire
bonding is the most commonly used method. In wire bonding, the PCB (or
substrate) has a plurality of bonding pads situated thereon in a predetermined
pattern. The IC, having electrical leads, is typically mounted in the center of the
predetermined pattern of bonding pads and its electrical leads are then connected
to the bonding pads. The electrical connections between the IC and the PCB are

established by using either copper, gold or aluminum wires having diameters
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typically between the range of about 10 - about 200 microns, depending
upon the requirements of the circuit and bond pad size. The wires are
usually attached with one end to the electrical lead of the mounted IC,
then drawn towards the respective bonding pad, and are finally attached
to the appropriate bonding pad 5 thereby establishing an electrical

typiciRaBMasE R FARGSSbRAHE ARdTREIE! RIELAIEIGREESR0IY) upon the
reqUite REARIishmentiRfiheRte skl sanRedionHeeMiRaNIRe UBAEINeSched with

and its respective substrate, as described above, is carried out by a

ongoRbfhdlodnerifleditierntfag t9b! fppHEdinwitBehEailojewards the
resp8h0d kapimgsadll erdite treinptEgatnsanaesidhapleprisal 1IBafging pad

of the IC to the bond pads of the substrate. The bonding tool comprises a

thesgBi 5 aRbYRIvARIIREIRR! \PE RS GlPBaRelMERBU e PHETERIRaRRY the IC

modigdypisallygnade from a ceramic material such as aluminum oxide,
tungsten carbide and aluminum toughened zircon, for 15 example. An
example of such a conventional wire bonding tool is described in U.S.

[0064FeTHS SAEHERTdNS &t thPalgittioasebhae AibRENIdER thavisLAted IC and

cylindrical axial passage coupled to a working tip_having an inner annular

Its ERspReve s PsHAlRyhdrTer PR 29MRIRAHAIRES MGIBYRPRRANY tool. The

bolrimgi iouhishppseentiallyige wireaids shapivgstaenhelhbanchewingshsall bonding
nding process. 20(5 005] The process of wire bonding involves havinge of the

b
to t?l?g%yi eSS 0gnaIRE i Qieliin{f4 PedEn PORth O
susaeNTHEnaSRAYooRaap S d Ao tie morin wiro s
ti capliia |Ste_n that OrmS_t a or pa onding, wnicn i1s
R B oo 0 AR S R BRI A T8 Ao aiaial such

as\gﬁlaﬁﬁmmed,dlkéwbéﬂ?p@?gé?hn@adrbafegb Qildd)aﬁrllbﬁndmﬁf Eﬁmmmaﬂc:] beesh, for
onding, a go IS first forme melting the end of the wire at the .

R AR S RN U Os PRGBS glsesfged in U.S.
Patenesically 6H20Whigsla SePisradetypibally &h ad aditigmetsriangig afigpindrical

g R FOUATONGY By NRCKERO B M it e ARGl The

aniiiacehtanfavitiathe beadaaaronhdoesdisteatd tice length, which essentially go
towards shaping the ball bond during the bonding process.

[0005] The process of wire bonding involves having the wire threaded through the
capillary and leaving a free end of the wire at the working tip of the capillary. The
free end of the wire at the working tip of the capillary is the end that forms the ball
for ball bonding, which is a form of wire bonding. As an exemplary illustration,
when a gold fine wire is used, the process is known as gold ball bonding. During
gold bond bonding, a gold ball is first formed by melting the end of the wire at the
capillary tip through electronic flame-off (EFO). This gold ball, which is generically
known as a free-air ball, typically has a diameter ranging from 1.5 to 2.5 times that
of the wire diameter. The free-air ball size consistency is controlled by the EFO.
The free-air ball is then brought into contact with the bond pad of the substrate or
the electrical lead of the mounted IC. When the free-air ball contacts the bond pad,
for example, adequate amounts of pressure, heat, and ultrasonic forces are then
applied to the ball bond for a specific amount of time, thus forming the initial
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the electrical lead of the mounted IC. When the free-air ball contacts the
bond pad, for example, adequate amounts of pressure, heat, and
ultrasonic forces are then applied to the ball bond for a specific amount of
time, thus forming the initial 2 metallurgical weld between the ball and the
bond pad, as well as deforming@the ball bond itself into its final shape.

meta{ligicalsWeish Pes AR BRlt ANdainec SRR JeRR P alE B0 RETosINg the
ballotRata gt adealiareinnllgRBpetREWiRg hondenadAng thseeloriisalal lead

lead. Pressure and ultrasonic forces are applied to the wire 5 to form the

corsesBARdiBadqithieheRd RAFL R el S agial BER Q) wWRRRhOaiRem:H1e bond
padeaddniesdsietarkNRIste PResROREinEC YR dORRObYYER traasdindhao the wire

application of ultrasonic energy, the effect of such energy cause

, sthe |
o fonRitgaodeaAshraclfr HAEWR &S WRAAGYORIEs lafditctip bond) with the
elebFRATIBAY indieR UG 2epE iR BoRBmigeyeighe bonding tool after

the ball bond is formed, the bonding tool, in effect, scrubs the ball bond
against the bond pad. This scrubbing action cleans the bond pad, which

[00CBYy PG ycaiait fhe HpaResroanel eMiERD it @harygUmineie eI UeR energy
example. This scrubbing action exposes a fresh surface of the bond pad

Cay3ehe NocROEMHIE HOfallltgRAMSHRA 08 WRldPetiteRAREHH Hongscillate.
Acéodithg\poneldrad g ddBhRr enBrRIICes Hofite teahBNbedddRglikioafelr the ball

ultrasonic energy, resulting in plastic deformation of the ball bond and
DO 5 PSS BCH B TORGE RS B Pl RRECLAGATS! the bond
padeftipalinnshitie aeatsceimeant goed puar-difiistion ofphcahplbhRadthum, of
and bond pad metal atoms also occurs, which further enhapces the ,
Qe AR BonGUS ASgRHEFIIUED RN fa Ry RRRIEed WarsHlblag action
exphdeicadiddbie hakiatenciarel Jae imase ¢ravess. rEasandedllurgical bond or
[nsufficient inter-diffusion is the presence of foreign materials or .
weld RENFRR 5 B < BHGe ST Bo PRl R e AR atb Mt the
coginsdsiippricsalw i estuirgsprocassoiegiduesuliineiaphristid deformation of the
importance of the application of sufficient ultrasonic energy to achieve a
oo REHE S5, B SRR Brbs B i TR kR B ECRaL S RSPIFR iRt and
defoachigieeodftieonistananisto each other, inter-diffusion of the ball bond and
bond pad metal atoms also occurs, which further enhances the metallurgical bond.
In general, bond reliability increases with the level of inter-diffusion that takes
place. The most common reason for insufficient inter-diffusion is the presence of
foreign materials or contaminants on the surface of the bond pad, such as oxides,
unetched glass, silicon saw dust, and process residues, for example. The
importance of the application of sufficient ultrasonic energy to achieve a reliable
bond is underscored by the need to also ensure that the bond pad is free of

contaminants.

[0007] Presently, there is a growing trend in the semiconductor industry to use
materials having sensitive metallization such as materials with low dielectric
constants (low K value), for example. Materials having a sensitive metallization
also include ultra-thin bond pads. Generally, materials with such sensitive
metallization have poor mechanical properties, low thermal conductivity and are

more susceptible to metal peel-off, cratering and oxide cracks during wire bonding.



[0007] Presently, there is a growing trend in the semiconductor industry to
use materials having sensitive metallization such as materials with low
dielectric 30 constants (low K value), for example. Materials having a
sensitive metallization also include ultra-thin bond pads. Generally,
materials with such sensitive metallization have poor mechanical
properties, low thermal conductivity and are more susceptible to metal

[OOOSP%tﬁ@t rf@@iﬁ@ldtl@ﬂ'@eil‘f?@%ﬁﬁﬁﬂﬂ?ﬂ/%@ﬁ@@gm_n@ HACS ’ﬁbﬁﬂ]ﬁb over
growing trend in the industry is the carrying out of 'bonding over active

actyRHFGUMTHis rHSirRoNIERSOR WIRDISoWIRy RAHCHRS dupEeRsyasResially since

‘boRAIMY Y OV GEREE\@GreiikHtr¥sesnaBliplMvBuRLED iefiming maigfddrngad with a
pad with a 5 metal layer thereon over circuitry in the semiconductor chip.

5 meightes SRBTRGRAYE! RiHeviHh D ARRBRMIFRAIMGHE iR chanical stress

from the applied ultrasonic energy, impedance and the impact force of

said bonding tool on the bond pad may result in serious damage
[oo%hﬁﬂﬂﬁ'wtFFé’lﬁaﬁ’&*]@é@stk}\‘ﬁtﬁ'I‘@%'éh%i@@'ﬁ%%ﬂzg{ﬁﬁhqfﬁ?ﬁae?ﬁﬁﬁ%,from the

applEd GrRragsieRRldighdiRthiinfeamePiieinabiR (edRIEdP @aMs KRIRINRY tool on

enough for carrying out 'bonding over active circuitry’. [0010] Typically,

the, ReR RBAVEHIbIEFHEN NG SY S HaMaot A EERLeiPidife PaRTeRalp with
10 sehsibv® At 62110:0 1RuisHéesatbie Continebanaitid fas Wesithte) abaldPWdy not be

15 value, the ultrasonic energy delivered at the working tip of conventional |
ablRdRT BRRSE TeLaRle SRHABARE CRE¥G B IDRRAR S RE G gHCToUtry

metallization. The working tip of the conventional capillary requires higher

r ultrasonic settings to bond suyfficiently with a bond pad of Jow K ,
100 )8l B G odh 73 AiREN AT OBUNGy O b SR St dSgeribed in the
afoteéasd agsrgv@ﬁ@mmd ,abgm-zéwm@@di rpmhimﬁattﬁ‘nmgm@t@lmﬁia@éfgf a low K
cratering and oxide cracks. 11] Ip response tq the above-mentione .
15 vl e RSO G ot R VERRAL Ao MOUITR 10,8 oBipional bonding
toofs 31 RS hestficientire biepidn bt dK thatrid garbieRughmeetafiteitoh. The
nsfer of ultrasonic energy,from.the ultrasonic source to the 25 worki

t A .
WORSHYG 2 @SN THURTUREH AARULE B AR LA s e ABAS A pettings
to pead theffasieiteingtact drpatitbadver kivg KalderHdwasenjdfenaighds ultrasonic

lied toit,. . .
engtp@ﬁllfas sSplp’Iled, it tends to further aggravate the above-mentioned problems of

20 metal peel-off, cratering and oxide cracks.

[0011] In response to the above-mentioned problem concerning materials having a
low-K value, U.S Patent 6,321,969 discloses a wire bonding tool that is capable of
a more efficient transfer of ultrasonic energy from the ultrasonic source to the
25 working tip of the tool. As mentioned above, apart from scrubbing oxide of a bond
pad, the oscillating action of the working tip, when ultrasonic energy is applied to it,
aids in the inter-diffusion of the bond and bond pad metal atoms thereby further
enhancing the metallurgical bond. Accordingly, U.S. Patent 6,321,969 discloses
that if a more efficient transfer of ultrasonic energy to the working tip takes place, a
30 lower amount of said ultrasonic energy may then be applied to oscillate the
working tip, thereby avoiding the aforesaid difficulties associated with bonding

materials having a low-K value.



aids in the inter-diffusion of the bond and bond pad metal atoms thereby
further enhancing the metallurgical bond. Accordingly, U.S. Patent
6,321,969 discloses that if a more efficient transfer of ultrasonic energy to
the working tip takes place, a 30 lower amount of said ultrasonic energy

may then be aplﬂgigd to oscillate the working tip, thereby avoiding the ]
[0034d Elne viiciinfes dssstlhdaneed bidhdmdVieatepaftinrr LrRRIlRTY that is

caﬁ%l@- ‘b{o%% H@W@éﬁéﬂéerWiFeStiB@ﬂ%ewﬁﬁ a M&ﬁaféﬁn%ﬁiﬁhg sensitive
caﬁ}lllar.y that is capable of forming reliable wire bonds with substrates
m

FRiQBnSifideah SRINFAGAYRRPRAIBArAYRY Bt SO RUR BN 88iGe!S also a
corfdigHERt - Tdwderty alwe dorRIieyteB! neesfasdBmbandinatas! inderriing wire

integrated into existing wire 5 bonding facilities and to be cost-effective as

5 bopging fegildiesspretiarefrsieiiertiyeias weldadn eprestainrisgdonding
todP e eedwhitinfaeeaniltEhediiogerobiYRdARY 216 KRS Hihenafese, in

one aspect, the present invention provides a bonding tool for bonding a
fine wire to a substrate. This bonding tool comprises an at least
substantially cylindrical portion hgiijiMARNcentric capillary therein
through which the fine wire runs; a working tip portion formed at an end of
the cylindrical portion being tapered towards the tip thereof. The working

10 [00¥B]PPHEPBIbAYING B8R ABPIRA Lheharasemnatthedfotheienidedereiorimhg tool for
centri¢ capillary opens into the annular, chamfer of the working tip; and

con | |
boUGAGA TIBMAELP o tHRS A oa o RN, caabComRSE AN, 3 least
sut&sr&maaiityh@mi@rﬁ@ae ;Hdﬂfdﬁ}'ﬁ&hzlgg? gmlﬁf@ﬁhi@fﬁhpnwvnﬁ@iéimmtmh which
t war St e working ti X Ortlon. n another a peC ,t e presen .
thel e R G BRRIG i B I LGB AL AR BT S IFREA! portion
beihbisdpurdnadaeldormsises the ot ashsubstrIMglly pyitidricabwagiemh annular

s el BB AR R R BRI R S 552

chiamferedf thwavdsrkegtifiphereaf wieiorkiegdinrpetierohanma pinariodlaportion
chamfer at the 25 tip thereof; wherein tge concentric czTgiII rx o;t)hen into
alo e length of the

de%%agﬁﬁqupgﬁgm% Igfqﬁ@ plurality of discrete interva g

cylindrical portion towards the working tip portion.

20 [0014] In another aspect, the present invention provides a bonding tool for bonding
a fine wire to a substrate. This bonding tool comprises an at least substantially
cylindrical portion having a concentric capillary therein through which the fine wire
runs; a working tip portion formed at an end of the cylindrical portion being tapered
towards the tip thereof. The working tip portion having an annular chamfer at the

25 tip thereof; wherein the concentric capillary opens into the annular chamfer of the
working tip; and wherein the diameter of the cylindrical portion decreases
consecutively at a first and second discrete interval along the length of the
cylindrical portion towards the working tip portion. The discrete intervals each
comprise a step, a tapering and any one combination thereof towards the

30 longitudinal central axis of rotation of the cylindrical portion.

[0015] In yet a further aspect, the present invention provides a bonding device for

forming a metallurgical bond between a fine wire and a bonding substrate. The



working tip; and wherein the diameter of the cylindrical portion decreases
consecutively at a first and second discrete interval along the length of the
cylindrical portion towards the working tip portion. The discrete intervals
each comprise a step, a tapering and any one combination thereof
towards the 30 longitudinal central axis of rotation of the cylindrical

bopgigifqueesompiiss uRRANEIBE doahdqsroaainganfiod peside fasubstrate.

ThROBERMIE Y KSniprstiadzh e By fantd AF epRAdRdaeoifoANRaving a
a bonding substrate. The 5 bonding device comprises a bonding tool for

CongRifif cRRlanitb eseinsiialiate WG H¥haNR) Y6t CHRT AN figortion
forftptantiall¥ylsrfeaypriRR Aoy E1ch BnsgEseraRilanalidRIeie tip thereof.

through which the fine wire runs; a waorking tip portion formed at an end of

5 ThenwelfiAGHRIRAHRM RRYINALaRe AR WRTF B THE Bt G . aTeet uiRsgin the
diathaerianHariim dican peldioshdeeienstthedis trerraliyvdieiginasty of discrete

diameter of the cylindrical &ortion decreases ,consecutivel)ﬁ at a plurality of

Inteféale RlIongiaILABNOHE e RYIRYITRERS NI BEHRJRGONRIBYHEP portion.

Thélolﬁéﬁéiﬁg Pestife E%b@ﬁmbﬂwi@ @@ﬁ&@ﬁmsﬁﬁ@wme'%ﬁéﬁgy source
ultrasonic energy source connected to said bonding tool such that said

CORRRFIRALR AAHBIO AL IARiRY Chot IRt SBMSEHETGy TotRRANR hdragwimitting

10 ultl830L Brrsg pitdtREBofRAlY @50Pf the invention will be better understood
in light of the following drawings and detailed description. 15 BRIEF

DESCRIPTION OF THE DRAWINGS [0017] Figure 1 shows a
[00seNvRsignahis hanaw tesl loRBifviantie 2 wiPbe Bditst embedimedtin light

f the bonding tool; 20 [0019] Fjgure 3 shows a second embodiment of
of {2 KHRGHIS Ssiotn e B OEIE F RSO cbocment of the
bonding tool; 25 [0021] Figure 5 shows a fourth embodiment of the

15  bonding tool; [0@BR]ERDES CRIPFION@FVEHEB RAWINGSNtS of a
diametric decrease at a discrete interval;

[0017] Figure 1 shows a conventional wire bonding tool;
[0018] Figure 2 shows a first embodiment of the bonding tool;
20
[0019] Figure 3 shows a second embodiment of the bonding tool;
[0020] Figure 4 shows a third embodiment of the bonding tool;

25 [0021] Figure 5 shows a fourth embodiment of the bonding tool;

[0022] Figures 6A — 6F show various embodiments of a diametric decrease at a

discrete interval;

30 [0023] Figure 7 shows a graph that illustrates the relationship between the input
power to a transducer impedance generated therefrom;



30 [0023] Figure 7 shows a graph that illustrates the relationship between

the input power to a transducer impedance generated therefrom; 6 [0024]

Figure 8 shows a comparative bar chart between the impedance

generated by various bonding tools; [0025] Figure 9 shows a bar chart

comparing the displacement of the conventional 5 bonding tool of Figure
[Oogﬂdgi%%&ﬁ'i}%é@‘ém&@féé"é‘? Sapchay ReiReA theaiRPeRaR ReBerated
by VEeBIH HPRRE] fewe 10 shows a comparison table for the amplitude

displacement ratio of a conventional bonding tool against bonding tools

(Figures 2, 3, and 4) having a 10 plurality of discrete intervals; [0027]

[0028] gLt Shseig BERSShEPCEORRIAARY Bidis 2050 &% RIogcesRéntional

a conventional bonding tool; 15 [0028] Figure 11 B shows the

5 boppiRg-teekiehdTigeiR of 283INsbRPadIBeRRIEABIgNrBERing BBChAViRGVing a
plubeRrylisEERiereie sy A& TAILED DESCRIPTION 20 [0029] In one aspect,
the bonding tool includes an at least substantially cylindrical portion
having a concentric capillary therein through which the fine wire runs. A

[0026Y IFigLiFe ROrERBs farcaeshatian e isbed toe widiastisialiserdaplasshi®ent ratio of
tapered towards jts ti&.éqghe working tip, portion alsg includes an annular

3 GHNARUICAHHROFFI MR JeURS iy Ehiepotople ERigHRGSopers BdGkhaving a

10 plusdlitpWidirgscasdnterothser 25 end is connected to the concentric capillary,
such that said capillary opens into the other end of the annular chamfer

within the working tip. The diameter of the cylindrical portion decreases

[0027NFaguirecin At shplwgaiiie ef siscseistivriaraswatangbtirdengtspibeuced by a
cyIindricgj ortion towards the working tip portion. 30 [0030] Generally, it

00??{39%%!1 l@qpfﬁﬁgt%ﬁe is no fixed upper limit for the number of discrete
intervals that may be present along the length of the bonding tool. In one

15 10088 L0 B AR SRS SILORLN ML & EFILRORein ficed by
bondimgeiesIdiaving two discrete intervals;

DETAILED DESCRIPTION

20 [0029] In one aspect, the bonding tool includes an at least substantially cylindrical
portion having a concentric capillary therein through which the fine wire runs. A
working tip portion is formed at an end of the cylindrical portion, and is tapered
towards its tip. The working tip portion also includes an annular chamfer at the tip
thereof where one end of the chamfer opens out to the surroundings and its other

25 end is connected to the concentric capillary, such that said capillary opens into the
other end of the annular chamfer within the working tip. The diameter of the
cylindrical portion decreases consecutively at a plurality of discrete intervals along
the length of the cylindrical portion towards the working tip portion.

30 [0030] Generally, it may be taken that there is no fixed upper limit for the number
of discrete intervals that may be present along the length of the bonding tool. In
one illustrative embodiment, the diameter of the cylindrical portion decreases

consecutively at two discrete intervals. In alternative embodiments, the diameter of



7 the cylindrical portion may decrease consecutively at three, four or five
discrete intervals. As there is no upper limit, it may also be possible to
have as many discrete intervals as one wishes to have. As such, ten,
twenty-five, fifty or even one hundred discrete intervals may be present,
provided the length of the bonding 5 tool supports that many discrete

theirRehRAdCRd R IP P peaNy dBE TR CANRROUINSI¥AE HUGRalHAtY¥aliKtoflisCrete

intépeaRUrAKNM L SlISCTRES iIBBEYalRIR, CRIHES! OtlsY N 8§ St Re Bhave as many
tapering, or any combination thereof. The step, tapenn)tf or otherwise, is

| | p WiSE
disgesterANPHHAStaq RRAMISTGS 16 RAKRUAH AULhHIE Y GG BY 1R6 even
onéyitnkier] BrRtiRNe Thisresslady Bef??’éé‘émfj cliriseteralereh issieiSonding

interval of the substantjally cylindrical portion over the length of the

5 toohSHARRY I AR YIARGGHEINEERSrking tip. [0032] In one embodiment

of the invention, the step may essentially be a ninety 15 degree step. In an
alternative embodiment, the step is formed out of a plurality of tapers.

[00Z L vrigadydhgis UIsapuivey SiameHecdrotsRsFadkRAEBn LB iPlurality of
distrsheinberartive eirhadingrsjswag sheraidhe ateaderiagned khiheombination

hape of an arc subtending from a point before the discrete interval

S
thefiger digmeter) tdappUiite Oh RBREYVISR: diScRRBGHEEN SHIaR towards the

10 londignaaiar cERe aramayRitheatercoicte pintaearpoMorera e results in a
diametric reduction is by Vé%{},()fata erigﬁ,gthe tapering angle m%}é/l e

be, . .
reOMEIRM AR RSS! P 1S AR UL BE6M rEBS MRl P hs e RifRytaRH-Y cylindrical

porRMIeVexih®lsataaT eHdhsondingieal, nertendivestasions il heoskargeaipc
reduction are described in greater detail later in this application with
references being made to accompanying Figures 6A - 6F. 25 [0033]

[0082Iker Alye eARDGWInEESSIE thigmrisistidecrerse @ieariyotsgemlunglinech ninety
discrete intervals is either subshaé\éif%g of bsolutel?/ éoncen ric to each litv of
15 OegiRe, SioRe 1AM ALFEPaIG A PREIS il SIRB AR AURGleR, Rraiiy o
tapetsahadisisiotie plarsitihef engshsofyibie sllyostedilial joadindita perieal axis. A
¢ rov[ﬂﬁ%the overall I?ﬁ&g of 30 the ondir\ﬁtool is.sufﬁiciené to he sh ¢
Ut A RGBS 2i80R MNR{EAfs 5P 1S formed in the shape of an
arc subtending from a point before the discrete interval (larger diameter) to a point
on or after the discrete interval (smaller diameter). The arc may either be concave
20 or convex. Where the diametric reduction is by way of a tapering, the tapering
angle may be, but is not limited to, up to about 10 degrees towards the longitudinal
central axis of rotation of the cylindrical portion. Variations in the diametric
reduction are described in greater detail later in this application with references
being made to accompanying Figures 6A — 6F.
25
[0033] Generally, each successive diametric decrease at each of the plurality of
discrete intervals is either substantially of absolutely concentric to each other. The
plurality of discrete intervals may either be proportionately or equally distributed
over the length of the substantially cylindrical portion provided the overall length of
30 the bonding tool is sufficient to accommodate the number of discrete intervals to
be included. The typical length of the bonding tool is, but is not limited to, about
11.10mm and in certain cases, may vary anywhere between about 9.0mm to

about 20.0mm in length. The length of the concentric capillary therein and annular



be included. The typical length of the bonding tool is, but is not limited to,
about 11.10mm and in certain cases, may vary anywhere between about
9.0mm to about 20.0mm in length. The length of the concentric capillary
therein and annular 8 chamfer is also between about 9.00mm to about
20.00mm. Typically, the concentric capillar%/%m% have a diameter less

n

ch3miorieqaiio RENREN0AROBU OfILHIE} t BuAAO BB sbypiRRlly, the

corﬁ@_@ﬁﬂ’]d%ﬁﬁifﬁr%ﬁ%&p'ﬁ@b@rﬁwgm@ Qéégetﬂw'@ﬂ%hhﬁvif& aW8ut 5.0mm but
discrete intervals, the first and second discrete intervals along the length

gre@ﬁ%é'@ﬁMrﬁﬁI%&tﬁﬁpﬂF@gi&W-from the working tip by about 7.10mm
and by about 2.65mm, respectively. In this context, the convention for
describing the various discrete intervals, which is adhered to throughout

5 [0034d fasoritin syeammiahoreReqaiee ochdhthersntirerdiavingriwasdiscrete

intéhed W hinb ifr&ardirpbEeomdhaivet thithand dishdasidisaate ditanatysindrical
that which is nearest to the Wor_kin% tip. [0035] Accordingly, in the first

Poitian ifneistaR diER e uerkiage i BRAM A JOmBtARE BY ARRM 2.65mm,
respd&iinanane ahaicdsemitzinserienticm edrcodeeiasingstHe (RlRsus discrete

. place cons_ecutiv%li?/gin the direction of the working tip, the diameter. prior to

intepnvafssvyichetle RIBREAD HFANCEE gL gicthyisr SReqfiration, assumes
10 thadigneetest Bldcfafeol:drd@nenhinereadieisAaeeisinalynit fied ansrkhag Hie and the

diameter, D2, prior to the second discrete interval is about 1.20mm and
SRR RIS hrahHiD BRRRGHIMACHRIKRIAAN ihis

embodiment, the diameter decreases in fixed 20 amounts at each discrete

interval. That is, at the first discrete, interval, the diameter decreases from
1008 X o ARG e TR o B BB eSS E oS Place at a
disfﬁ%@tlﬁfiréﬂ)ﬁ', {ltomwghoahajébnm te.ebmmgs?mm r’:ﬁé%lcﬂiiiiﬁ‘éﬁ:ij@ decreases
interyals create three distinct diameters gver the length of the bandin .
15 takgR R tReChRROEUNGNAR) ATRLORRAERR. S5 oI JR e SiempIaRPrior to

theefitbpdiggatavheeevihie Danding ool Ba7 thviee isliseectie intiesvatpesaidmeter, D2
(abtglrﬁeﬁi‘ %%:[l itrrllteerré/a for &tzgrb |rlljél)2/;6i?rpoq?év%tsat %ltjtthe diameter, D2, prior to
the second discrete interval is about 1.20mm and the diameter, D3, thereafter is
about 0.82mm. Therefore, in this embodiment, the diameter decreases in fixed

20 amounts at each discrete interval. That is, at the first discrete interval, the diameter
decreases from about 1.587mm to about 1.20mm and subsequently, at the second
discrete interval, from about 1.20mm to about 0.82mm. Two discrete intervals
create three distinct diameters over the length of the bonding tool of the first
exemplary embodiment.

25
[0036] In a second exemplary embodiment where the bonding tool has three
discrete intervals, said three discrete intervals are at about 2.65mm, at about
5.375mm and at about 8.10mm from the working tip. The diameter of the
substantially cylindrical portion is greatest at a distance of about 8.10mm from the

30 working tip and decreases at each subsequent discrete interval towards the
working tip. In this embodiment, the diameter is also initially at about 1.587mm (i.e.
just prior to the first discrete interval at about 8.10mm from the working tip). After
the first, second and third discrete intervals, the corresponding diameters are
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5.375mm and at about 8.10mm from the working tip. The diameter of the
substantially cylindrical portion is greatest at a distance of about 8.10mm
from the 30 working tip and decreases at each subsequent discrete
interval towards the working tip. In this embodiment, the diameter is also
initially at about 1.587mm (i.e. just prior to the first discrete interval at

abeout- 8AURIM fr8RPte WEAGRYMip RN eROR fiBBEBNd BPROEHINE!Y- In  this
emBSarRiBrN MAS 56 SR IRRRRAMNG SRS RIBF UREN & ARable?S3 B8P the length

about 1.076mm and about 0.82mm, respectively. In this embodiment,
of thedRradine foh A% s5eand BXF AR EMPALIEIRBver the length of

the bonding tool of the second exemplary embodiment. 5 [0037] In a third
exemplary embodiment where the bonding tool has four discrete

[0034L afs e rexr iRt e MRAGURER WISt RAIRg 488112 dahifliscrete
intéRaK, ereSuNMiMlaabartehRfiSrare erube: woskiRerikddie diaseiemn, about

of the substantially cylindrical portion is greatest at a distance of about

6.28 358 A bR wWBRARMP ali8e dheasterkinghclirsuddisy digmeter of the
sulshsgreiglni@Nad HOE PSS tlon 38 Wierkiastti: i dnisendelinestttBe9I8mm from

diameter is also initially at about 1.587mm (i.e. just prior to the first

thegerstRIreNnA S QssRREGBR ARG SHIRS TN g1 BRTe erEHem@ riawards the

woRgaeh . thirehangridodnsiser et iatenvater iR IBRROYEAGIBRMNEIEBY mm (i.e.
are about 1.395mm, about 1.2035mm, about 1.0118mm and about

jushRRRAR, thesistiieniel this BabRtRREHE FARIIE SeThiBR Werkiagin) . After
thefiviestlisingsrich dhamedats Retihadensth iptéheahondocinrdgishaingeanmeters

exemplary _embodiment. [0038] As mentioned earlier, the numper of
are alb i aoamy L T TG eo b, P-82mm,
respevtivelgiotn AR fambiifumisitoanddisymne2tmerwe ighee five distinet

. humpers o IScrete Intervals at ICh a dlametric reduction may take
AR et e, BBU ! (G PO e Tl et g exemplary

emevgd@iciite length of the bonding tool (or substantially circular portion) may
have to be. Another general guideline is that if 'n' numbers of discrete
intervals are present, then the bonding tool has (n+1) number of different

[o088Iatarscalimgstheteigthtbe number of discrete intervals along the length of
the substantially cylindrical portion may be more than four, i.e. five, six, and seven
or even higher numbers of discrete intervals at which a diametric reduction may
take place. As a general guideline, the more discrete intervals present, the longer
the length of the bonding tool (or substantially circular portion) may have to be.
Another general guideline is that if ‘n” numbers of discrete intervals are present,
then the bonding tool has (n+1) number of different diameters along the length of
the bonding tool towards the working tip. Accordingly, the number of diametric
reductions up to say about 0.82mm (which is the lower limit of the diameter of the
capillary within the substantially circular portion according to the agreed industrial
standard, but it is not limited as such by any technical requirement of the bonding
tool) may be predetermined and the required number of discrete intervals

calculated based on the aforesaid relationship.

[0039] With the reduction in diameter, the latitudinal cross-sectional area of the
bonding tool decreases as well. The latitudinal cross-sectional shape of the

10



25 the bonding tool towards the working tip. Accordingly, the number of
diametric reductions up to say about 0.82mm (which is the lower limit of
the diameter of the capillary within the substantially circular portion
according to the agreed industrial standard, but it is not limited as such by
any technical requirement of the bonding tool) may be predetermined and

boRsing defeNAUrREePoaRRAEIRUIFAR' StiRlfalia¥auastP Jatiinal cross-
sederRIaAZBERUNHRIR SHRRM N e etsian tAsliametesctipplitulase may

cross-sectional area of the bonding tool decreases as well. The latitudinal
be ¢ k- s AARINAMRD DIR/ENG 0 RIHAIR R0l &) FREp RGNl DI EPe Or

oct@kﬁ@ﬂﬁﬂn@h@ﬁ@ﬁ@r'@ﬂ&ﬂﬁﬂ]@! cross- sectional shape of the bonding tool
is polygonal, the cross-sectional shape may be, but is not limited to being,

pentagonal in shape, hexagonal in shape or octagonal in shape, for

[0083RMHENSHOSYEIABIe e aRsialiR tdbeiBapgipgikpakisdmBiE by clamﬁed) to a

attached (or clamped) to a nano-scale ultrasonic energy transducer. The
naReseaife St KAy ERFTBY URRSAMSsHt 3 enPartHCRInbRicRlItheClamps up to

ab&@lﬁglwﬁﬂobfVﬂﬁ@ﬂe&@iﬁatﬂdtﬁé%ﬁﬂﬁﬁbinglIrWﬁéﬁit%éWﬁmiq}@é\QfQMsducer
to the bonding tool. In this respect, the at least 10 substantially cylindrical

trapgiibh SHERRRIMNG BB dYe ' dPfePe8UEY0 198'anR HIGiHESiR Anthe at least

10 subdtasalig didmasealepbbandHi aserkhgnesoxris Haapredembtadh® be able to
un&%ﬂding toc‘I)I. 0041] During o%eration, the ratio of the displacement of the

H&ng"iN BERRIN G IEB B8 RS PlaNERR M B R BRI ARGTHE ISIaNsANHtRd to the
botiEndispEcement amplification ratio. The working tip of the bonding tool
according to the present invention is generally adapted to have a
displacement amplitude ratio of at least about three when undergoing

[00ait]adaritdisibaseorenhel Rgiolisasenidigisntnamensofibeverning tip portion to
bonding tool, includijng the at least substantially cylindrical portion and 20
15 e, AR A Ao A2F SUERRE Ry S SAIAR PGS RESEGh AP fication
ratighaPedhas ikingotipsaif tappboxiciate toeloadismaiegmentigpialieat ihwention is
samﬁ\ oglts where . . .
genera yp adapted to have a displacement amplitude ratio of at least about three
when undergoing ultrasonic displacement. The ultrasonic displacement of the
entire bonding tool, including the at least substantially cylindrical portion and
20 working tip, is at least substantially sinusoidal in shape. The sinusoidal shape has
its points of ‘approximate zero’ displacement typically at the same points where
the discrete intervals are located. The points at which approximately zero

displacement occurs are also referred to as node points.

25 [0042] The effects of the above-mentioned substantially sinusoidal displacement
are demonstrated during the actual bonding process. During said bonding
process, the bonding tool and the bond pad contact each other with the bonding
tool applying a static compressive force to the bond pad causing static pre-
deformation thereof. An ultrasonic generator then introduces a signal to a

30 piezoelectric element. The element drives the transducer at a resonant frequency
to maximize the displacement motion. The vibrations are amplified and transmitted
to the bonding tool, which is attached perpendicular to the axis of the transducer.
The vibrating bonding tool applies oscillatory forces parallel to the bond pad

11
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the discrete intervals are located. The points at which approximately zero
displacement occurs are also referred to as node points. 25 [0042] The
effects of the above-mentioned substantially sinusoidal displacement are
demonstrated during the actual bonding process. During said bonding
process, the bonding tool and the bond pad contact each other with the

i

SUiRERIAG Bt iRy hG 2SidabieermnEesiRe R NS RBMA PRty bond

padlatia BERodele TRt ie4eehid BRIt GRNRERINA@ANtroduces a
signal to a 30 piezoelectric element. The element drives the transducer at

a resonant frequency to maximize the displacement motion. The

[oo¥EY &ipnatarReT¥Nifligfb anb iarswitad ﬂ‘iétbﬁdﬁl%‘ﬁy%ﬁ@ﬂs\ﬁbﬁﬁ ¥bsorption of
attached perpendicular to the axis of the transducer. The vibratin

Theo%@ﬁafﬁ‘}o?aﬁﬁgbé§'a§éiﬂ>d¥§ry@Qﬁfeﬁ‘sal%%l%ﬂ@‘&% H}fds?dflg%ctﬁf%@es on
theThéhEEsHHSANPSEHERN S MesRs hehreast the edpidasidipTard i Some energy

pad and accounts_for the ultrasonic deformation of the hond pad. [0043]
alsg;anpligsdia\RGivation wnerarRatie e pp eI BRIWSSS fagAnetal of
theobbridepdtiaanaiciraerey asl Bavwsoarerdislgagdigaldngsaifome The use of

surface oxides on the bond 5ad and exposinggf%fresh surface of the bond
|

ultrasq M S DRF¥ oA By Ae8dUiopmlin: terrineh &MERIFR) g ditfusion
phéplomignaliffusion between the metal of the bond pad and that of the ball
bond during bond formation. The use of ultrasonic energy during the bond
formation therefore enhances the diffusion 10 phenomena. [0044] The

jooRapn s eorcsans piessonmevihs o isdome e omout i o

. liImite 0, metals, ceramics, or ceramic - me el) compasites, 10r

I ere R Gy A e St e o i S

Cervidtliic anmebnipositderalsdriihesneialssdstdoasanmindesionan axeigllic (met)
boride bide, or alumina. Generally, the metalljic elements used are ,

MRl AR G LUBRAAS AnBNGSSART ERaAHISEs PP des GAD AR plalumina.

Gebierallg, neidinmethliic axisle®stichuasdakumingdcketonianium mistyselohum, and

oo RS TR o PRI o o
alumina, zirconia, or a mixture of both. Further examples of ceramics also include,
but are not limited to, non-oxides such as carbides, nitrides and borides. Some
specific examples of non-oxide ceramic materials include, but are not limited to,
silicium carbide, silicium nitride and silicon carbide. Examples of CerMet
composites include, but are not limited to, cobalt bonded tungsten carbide,

titanium carbonitride and titanium nitride.

[0045] In a particular embodiment of the bonding tool according to the present
invention, said bonding tool includes an at least substantially cylindrical portion
having a concentric capillary therein through which the fine wire runs. At an end of
the at least substantially cylindrical portion, a working tip portion is formed, said
working tip portion being tapered towards its tip. The working tip portion has an
annular chamfer at the tip thereof with one end of the annular chamfer opening to
the environment. The concentric capillary opens into the other end of the annular
chamfer of the working tip. In this preferred embodiment, the diameter of the

cylindrical portion decreases consecutively at a first and second discrete interval

12



20 specific examples of non-oxide ceramic materials include, but are not
limited to, silicium carbide, silicium nitride and silicon carbide. Examples
of CerMet composites include, but are not limited to, cobalt bonded
tungsten carbide, titanium carbonitride and titanium nitride. 25 [0045] In a
particular embodiment of_the_bondin? tool according to the present

alopgdhgolenatiy B §xtiofiicalimestion Jowasds 1hsaMeri DS imdrrsion. Each

disBRSIOIBAYHNGrih FARERIME aCaRIpary iﬁ@é@iﬁd‘ﬁ;%ﬁﬁh r&ﬁ'é t@@rﬁﬁﬁﬁﬂ‘ﬂfﬁ‘l thereof
runs. At an end of the at least substantially cylindrical portion, a working

oW RIS SHANR SERTRAKIR PliFPIRIB P EIR L MINEHEAROEIAS its tip.
The working tip portion has an 30 annular chamfer at the tip thereof with
ne end of the annular chamfer opening to the environment. The

5 loogéhéanﬁfﬂié RaiieWas RIReR other Wil 8rthsarPRthdisrigifReinteirRls are
disyepiddandirato dniz. porfeH et rabedimestnine fsmeter RHIRMEYINdaspkctively.

At ortion decreases consecutively at a first and second discrete interval 12
ﬁl'@n

frstanshghrenthdisghinlaitirp@tb Mo WARESBRNHIBABHiRasS B Hiameter

is Eaph sbwnrcte. BReHah Maydpelude 26tam aRParHE aasoafy10P8mm to about
combination thereof towards the longitudinal central axis of rotation of the

0.8 mrieaRRsTieRlY s 626 inetkisand Rt meatimnatsarich O aidpg fyo discrete

10 intoseadidissiaie toteiradsdiiereigtansadiatabovhricypviaRtifythe length of
2.65mm from the working tip, respectively. At the first and second

the 90989V als the corresponding decrease in diameter is from about
1.587mm to about 1.20mm and from about 1.20mm to about 0.82mm,
nd as mentjoned earlier, haying two djscrete

tively. Accordingly, |
100472, BAHRG Tl ) 1hEcIRRS BN NERISE TN AR OB HZERG @ wire
botianigREcH the hevneing tastalRddichl berpbetgobditbeireseid a bonding

invention. may alsp be utilized in a wire bonding device that forms g, .
15 subSEle T BTG RS TR @ R i ot don B R e to 2
sulbstrgie gdavice inmiusted . bianrgdingitcoohtrghaulingadirmhediedad said bonding

oo il 13bl S A BilF <GNP pdESF B AP ORI to the

borgiegyos Essentially, the bonding tool utilized may be according to any one of
the above-mentioned embodiments. In this embodiment of the bonding device, the
20 bonding may be a bond pad or a leadframe, for example.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0048] Figure 1 illustrates a conventional bonding tool capillary 10 of the prior art.
25 The bonding tool 10 has a cylindrical portion 11, and a tapered working tip portion
12 coupled to the cylindrical portion 11. At the end of the working tip portion 12,
working tip 13 is formed. Working tip 13 typically has a chamfer (not shown) which
has one end in connection to the capillary 15 and its other end that opens to the
environment.
30
[0049] The bonding tool 100 is deficient use in bonding materials having a low-K
value due to the susceptibility of said materials to metal lifting, cratering, and metal
peel off. The ultrasonic energy delivered at the working tip 13 of conventional

13



bonding tool. Essentially, the bonding tool utilized may be according to
any one of the above-mentioned embodiments. In this embodiment of the
bonding device, the 20 bonding may be a bond pad or a leadframe, for
example. DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0048] Figure 1 illustrates a conventional bonding tool capillary 10 of the

boRRigEatROSS T RSHEIRARS e TEohLPHRARSRA MR Theahenaing of low-K

boﬁ@o?fﬁﬂ'swgﬂénﬁgpaﬂﬁrém Jt%@@d@!eqf_ fe t%ﬂﬁl{@dpﬂrﬁﬂwrﬂpr’[ﬁé- cﬁf)trW@ntional
end of the working tip portion 12, working tip 13 is formed. Working tip 13
CaFﬂJLﬂ&élWa@&@ﬁ%%%&%%@ﬂ%&ﬁﬁf%hﬁiha HAgRRTeRAWER Ee BRI totyPically

redlifeeaPHaieleangsitgothessowidhahorgnathibreeMEANAR MaBvels further
0049t] The bondigg tool 100 is deficient use in bonding materials having a

5 aggvRiefallle MR iHnguSERRIBIRy FAMPRhRGRI St RHRM Titin§ Urthermore,

theCl@sauBatiangl neglsliagebefidiHee WorIeuceneiay BRiMaEsdAt §ieh ultrasonic
working tip 13 of conventional 13 bonding tools is insufficient and not

engisihiBaiSo aMINIRRE Y IRIAR HMSRE BHitiGRYRtagR) PROYERIAcReformed

baltheyeed, TAraverkisenidnk3 phthe TRRRVaatrNak Garilaiytafie reavrige causes
ultrasonic energy at a higher power than what is typically required.

EXGESREGe Al MIRY MBI Uh SN SERigher BRin BRI APTEVRES Ritires Hond pad

10 mekaldpaviies the metal lifting, cratering, and metal peel off problems.
Furthermore, the conventional capillary bonding tool 100 cannot provide,
at such ultrasonic energy levels, a high level of reliable intermetallic

[0050Y FRfr &S tieasitRiani®rcoalfiransmaodimbandog ehthel Msdad®having

intermetallic coverage cz%uses excessive aluminum extrﬁsion between the

WO, ISHERIE 1EHARE Gnthe BiSRaTERAUG AR SobE I FIaRe 2/ thBown In
Figiidle Rieteba fitht @ o0 di0tent2 P widhadprensinneaainge tusatlierksit206, and

intervals, at which a reduction in diameter takes place. shown in Figure .
15 208 RS TR o 200 AL A By Gy Sl 2T0 i abe, Watkin ti
arel 3. 20fni ki digEBroes, oespainaigliahziecarssperidiabreliet 2aRneteieefined
at %O{F%Elgnd 210 are 1.587mm, 1.20mm and 0.82mm, respectively.

[0051] The entire length 202 of the capillary is about 11.10mm. However, as the
20 bonding tool is clamped into an ultrasonic source, only the length 202 is capable of
having discrete intervals defined thereon. The capillary 204 tapers at an angle 205
towards the working tip portion 209. In one embodiment, the bonding tool 200 is

formed from a unitary piece of material.

25 [0052] Figure 3 shows a second embodiment of the bonding tool 300 according to
the present invention having three discrete intervals 303, 306, 309 along the entire
length of the capillary 302. The diameter of the bonding tool 300 is initially
1.587mm at 301. After the first discrete interval at 303, the diameter of the bonding
tool 300 decreases to 1.331mm at 304. Subsequently, after the second discrete

30 interval at 306, the diameter of the bonding tool 300 decreases to 1.076mm at
305. Finally, after the third discrete interval 309, the diameter decreases again to
0.82mm at 307.
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are 7.10mm and 265mm, respectively. The corresponding outer diameters
defined at 201, 207, and 210 are 1.587mm, 1.20mm and 0.82mm,
respectively. [0051] The entire length 202 of the capillary is about
11.10mm. However, as the 20 bonding tool is clamped into an ultrasonic
source, only the length 202 is capable of having discrete intervals defined

[0053Eigurend Shinury2obi e S8R EIPAR ARG O5 thenRrading 10ehasarsling to

th@ﬁf@@@rﬁﬁﬂv@hﬁ@ﬁ. eTH@OSHHG tﬂﬁqbﬂb@%&"fﬂ@@i&r@é’ﬂ%ﬂ%ﬂ@ 403, 406,
unltaérly iece of material. 25 [0052] Figure 3 shows a second embodiment

408t3h AP RSHItRBOCRLEB ARG hdhsesapliRyefidn RAGHYImeter of the

boMREELIEINID aSiHaI P 3R 8RR RI0Rg 2R EALIED 1C NGy FhEErsEBIYaFYte interval
302. The diameter of the bonding tool 300 is initially 1.587mm at 301.

5 at 40R e ARTGK el doariiaiee A RERERESES the ARl B tosnapat 404-

SuBsetRrRIRR [0ak8B 1N S8 ibsrgeenilynalieathacecond dratriePf the
interval at 306, the diameter of the bonding tool 300 decreases to

bondiigiaal A080geriRaneSatte AU #H 7031 ddteritesibirdgiscrete
int6leee409 S thaaiaid cted Haorasd/ydid§9k3id-inure drahows 40thirHinally, after

embodiment 400 of the banding tool according to the present invention.
therRu it ARRERISINRY HALR N giiade iprdeciearss Widhamshigade 0-82mm

10 at #4@19g the entire length of the capillary 402. The diameter of the bonding
tool 400 is initially at about 1.587mm at 401. After the first discrete interval
5 at 403, the diameter of the bonding tool 400 decreases to about

1008138t Soussseave i opI<S00T (RCIAIENSRAASSing 0
the |ameter0 t_e nal too .decreases (0 a ut 1. mm at .
ey RS (REGIGT Ot e PRROAOIIG o ot &l dhSe BGRaMg tool is
deag@id 15y 150218men iahgfly sbadymalier upefauibdisgreisnséeinalelPrranged

. the di ter d for the last ti tQ O. 10 at 410. [0054] .
15 disEigR NS SD o o GBI Bob SO Bt dhh S dsRicts {tervals

501hadpriesest ivestiseutivetiimatebiddeensade tyngiyobthe tapeding toalrds the
Iongﬁg Eg&%gggl g(‘i% loep %tr]aﬁgrzl IO% rtﬂ%%eolrjl%i%fgatosgl\./qrﬁcla%ggg?i%tl’?/aeﬂés place in
the direction of the working tip portion 503 and the tapering angle may be up to ten
degrees towards the central axis.
20
[0055] Figures 6A — 6F show various embodiments of a diametric decrease over
two discrete intervals. Figure 6A shows a step-wise reduction in diameter. The
step is at a ninety degree angle to the horizontal at each discrete interval. Figure
6B shows the diametric decrease being carried out by two tapers at each discrete
25 interval. The angle of the tapers may be equal of vary according to the reduction in
diameter to be achieved. As mentioned previously, the tapering is in the direction

of the working tip portion (not shown) and towards the central axis.

[0056] Figure 6C and 6D shows the diametric reduction being achieved by a step
30 in the form of a convex and concave arc, respectively. Figure 6E is an
embodiment of the diametric reduction being achieved by a combination of a
taper, as in Figure 6B, followed by a step-wise reduction, as in Figure 6A. The
embodiment of Figure 6F achieves the diametric reduction by having a plurality of

15



15 discrete intervals 501 and a working tip portion 503. Each of the
discrete intervals 501 achieves its respective diametric decrease by way
of a tapering towards the longitudinal central axis of rotation of the
bonding tool. The tapering takes place in the direction of the working tip
portion 503 and the tapering angle may be up to ten degrees towards the

tap&shtriashs 0o B oBIST #iblres IBRErB FS 1RGNV Aot sHifEBRInAaLS Jryvards the

ceftRINSLH StapepsR@Hertdwo discrete intervals. Figure 6A shows a
step-wise reduction in diameter. The step is at a ninety degree angle to

the horizontal at each discrete interval. Figure 6B shows the diametric

[00SPTERARESNSHEM L Quidh A IRpSHaRicar) HREIGIRIAD INWESNTHR input

angle of the tapers may be equal of vary according to the reduction in

5 POW%{mt&eﬁté%@%!ﬁ%&[‘%s”ﬂﬁeﬂﬁ@?é’@%?@vi@%@ﬁ@?@té'B%'iﬁiEﬂE'-in'Ehél typical
bofdig Gprbtih WakingeiRioasirabaveshpsnbandiiyvasds tBedigrild to the

axis. [0056] Figure 6C and 6D shows the diametric reduction being

ultrgsqatekiasPdisiep Aban IRLTRSER: 2 STDERIANVRARIWeSIgnal analyzer is
carespetiivalycriareAiscatalsmhedimesbabi Riasealie reheionbeisgplied

achieved by a combingtion of a taper, as in Figure 6B, followed by a,
1o ferRRRAHGRI RS SR rRBRING LRSS RTENPERFEH0RS gu,mns, and the
10 impehiRRethredmamelicirederten by hindnBehaldgpltod! ThdanetsalERgPedance

of the plurality of tapers is each at a different angle towards the central
valyes e HB%M‘%@'@)@@WF?@QF@W% graph that illustrates the

relationship between the input 5 power to a transducer and the

' ance generated therefrom. |n a typical bonding operatjon, as
100 B el R 55 S50 o e LGOS B REVRRILIE ower and the
impenattEes . gdaaiyity) fRikpwa:calibration via a power signal analyzer is

carried out. The calibration establishes a relationship between the power
supplied to the transducer to oscillate the bonding tool between

[00p93dEdinRE Woiiaradslilrecd) (oneRnde Reh generatec iprelmer byriithg tool, via
bonding tool. The actual impedance vaI%es are recorded via saidgé)wer . .
theg gﬁngﬂglgzettr_ans ucer, Increases, the impedance generated, which is
dependent on the type of bonding tool used, also increases correspondingly. This
relationship is shown in graph of Figure 7.
20

[0060] Factors that may affect the impedance generated by the bonding tool, when
clamped into the ultrasonic transducer, include the design of the bonding tool. As
such, each bonding tool is capable of generating different levels of impedance.
This is better shown in the comparative bar chart of Figure 8, which is described

25 in detail below.

[0061] Figure 8 shows a comparative bar chart between the impedance generated
by various bonding tools. The conventional bonding tools generate slightly more
than 10 ohms and about 10 ohms at ultrasonic test frequencies of 120kHz and
30 138kHz, respectively. In contrast, bonding tools according to the various
embodiments of the present invention, which rely on the above-mentioned
relationship between the output power and impedance generation, give
significantly different results. These bonding tools, which have discrete intervals

16



[0058] From the calibration step, the relationship between the power and

the impedance is generally as follows: 15 [0059] As the power delivered

(under a constant current) to the bonding tool, via the ultrasonic

transducer, increases, the impedance generated, which is dependent on

the type of bonding tool used, also increases correspondingly. This ]
Pr%ﬂ"&@g%ﬁfp feenignath glasRisk MYMe. J0qt5060iveacitrs tRafmalpcrease in

imGéieshéae HBrerae aensitAmd by the beadingiRrinwbsNaslapeRqstiie to the

the ultrasonic transducer, include the design of the bonding tool. As such,
CORVRINIBRAHRRHIBOIotip BV Rty SIRRTRIRrENS TV RISels of impedance.

This is better shown in the comparative bar chart of Figure 8, which is
described 25 in detail below. [0061] Figure 8 shows a comparative bar

5 [006RLAeerntaa!Yndtinthetaia JeRkdiier ey WitidliSbeRRgtshE THaPedance

valgesveidipnal berdmsiten/s.asyatinsliebiymerandabafiegsornsuch as, for
about 10 ohms at ultrasonic test frequencies of 120kHz and 30 138kHz,

exaEplecIKAAKb HiraSiamsEg SR IRQIdRNR5dS the wasking tip portion as in
emPodipeimentsfotiiee present inveatnon Winsh sabhontke abeve-mentioned first,

relationship between the output power and impedance generation, give

secondsitrR R QUAN B3GR PRE SIBORRRNISON, iR RFPREDE I RERN typically
10 shovieaaighkd masedsfyerhricrgtitoffriccbonsiperians, @vesrise édmientional

increase in impedance generation at either of the test frequencies

de G BB KR SIRRALS SRR BAEHAIS R SR HiEE DRnding tool.

ir!tervalg. 5 [0062] Accordingly, it is shown that differ.ent (in this case,
0R R B a e R T aaec B Yoo e St oot o
Figarerdagametotkenentiniply tifiscrstin irearartiroentsiny toelereseiné embodiments
15 of ﬁﬂg&&%sn%@;ﬂ:g@?ﬁ@%ﬁ%ﬁﬁ%ﬁhai?r%gpr;fgg,trgIé?sgrnec%efoi%trtehrvals (not
shown). A laser interferometer is used to measure the displacement of the tip. The
table of Figure 10 shows the actual values of the displacement by comparison
between the aforesaid various bonding tools, which will be further discussed
below. Graphically, the displacement of the tip of the bonding tools according to
20 the present invention (Figures 2, 3, and 4) is significantly higher than that of the
conventional bonding tool. It should be noted that the higher displacement of the
tips is achieved while providing an input similar to that received by the
conventional bonding tool.

25 [0064] Figure 10 shows a table of the amplitude displacement reading of bonding
tools as tested in Figure 9. The table is a detailed result from the laser
interferometer test done in Figure 9 and clearly shows the amplitude displacement
at the tips of the bonding tools according to the present invention (Figures 2, 3,
and 4) at about a 600nm level of reading while the input from the transducer was

30 about the 200nm range, even for the conventional bonding tool. Generally, the
amplitude displacement ratio ranges between about 3.00 — 3.70 while that of the
conventional tool is about 2.22.
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10 show a higher impedance value as compared to bonding tools of
conventional design, i.e. those lacking discrete intervals along the length
of the bonding tool. [0063] Figure 9 shows a bar chart that compares the
conventional bonding tool of Figure 1 against the multiple discrete
intervals bonding tools of the embodiments 15 of Figure 2, 3 and 4 and a

[00GnlehsoamiiiicRlgnd dar iaisaistdatrerPiiMsinenBignglisplagement of tip by

theinéﬁé_fﬁHﬁ@ﬁf@ﬁﬂséisﬁﬁ’etc’t@ﬁé’é@é@ﬁhqﬁ§%¢§m@8fi@ﬁth‘ﬁtﬂfb Uﬂebbﬁ*ﬂmg tools
of Figure 10 shows the actual values of the displacement by comparison

aceRIRiiRRiOhRCREREEAL PUPFBIRLBIRIRIJeBBIARAMER AT E RAtREfNaN that of the
coriiarirrl dslamgGoaphisridhpairremasholisitiel dhrrdrmt at the

tools according to 20 the present invention (Figures 2, 3, and 4) is

5 tip SFERRCARLS AR ARRHT AR fﬁéloc@w@rm?APbmmﬁss|Pftteﬁm%9 tool
impiisdraptHbeiigbehdigdaee eariob e EapilmAchayastwble rIg s ithieve a

an input similar to that received by the conventional bondina tool. 25

tip [SRRARRRINFE Y GIHYRES AL AB AN iR IRIGS LR pRAMRRIPREA ARG ENg  tool.
HabprAnbvwerlslaadesiedipltianes§y TEvelaids in ardetatednienud: fremmhe bonds

laser _interferometer test done in Figure 9 and clearly shows the amplitude
for sepritieRar e Bpbizaiio B kGt b K i@lnsrgaistial feegsample.

10 invention (Figures 2, 3, and 4) at about a 600nm level of reading while the

input from the transducer was 30 about the 200nm range, even for the, .
[006 j&ﬁiéf%l'ﬂ%%?ﬁg%@?(%@ﬂé%ﬁﬁyﬁ%@ % ﬂtBB%SSI%pB\é%ﬂ%@Ht haying a high

arrfp&éﬁmzi@;;\ﬁ@? %I%(gg_ls_%ﬂqhﬂﬁ-liﬁawh%éhm@tt@&lgvvﬁtmg@mifr?] order to
about 2.22. 1 e amplification ratio is calculate ividing the
aCW%Wa@eH%ra'%é?ﬁﬁ%%eme Yé‘!:%'?ﬁéﬂt%t%é’ rSREYERLPrA\Ponding tools. In

othampliierticn dritsceinhondiguivglsnaesandineftedhedqTeseal bumiIHgNesss may
ast about a thir ter than that of the conventional bo %’lg tool.

tl d. d .
15 be T EYAR O MR, JERDIIR e R AR SE e DY BB g tonal
bokdirgnRIdicatianisationvalokoareatrsrssh threeroatbedio ndivia goowikplgaes, the

oA R RIS R A AE e
meiedbeel off and cratering.

20 [0067] Figure 11A shows the cross-sectional view of a ball bond with excessive
aluminum extrusion using the conventional bonding tool of Figure 1. The
photograph shows the cross-sectional view of the ball bonded using the
conventional capillary 100. It is observed that there is an excessive aluminum
extrusion around the periphery of the ball bond in the bond pad. This causes

25 internal voids that may result in lifted metal or metal peeling problems. The
excessive aluminum extrusion of the ball bond consumes the aluminum material
when subjected to baking for five hours at 175 degree Celsius, which simulates
the mold curing effect on the Au-Al intermetallic layer.

30 [0068] Figure 11B shows the cross-sectional view of a ball bond without excessive
aluminum extrusion using the bonding tool of Figures 2, 3 and 4. One advantage
of the bonding tool of Figures 2, 3, and 4 over the conventional bonding tool is
shown in Figure 11B, which shows the cross-sectional view of the ball-bonded
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Having a lower ultrasonic input energy level aids in the formation of
reliable bonds for sensitive bond pad metallization like the low-K value
material, for example. 10 [0066] The significance of the bonding tools of
the present invention having a high amplification ratio is essentially that
less input energy is needed in order to achieve a tip displacement

unigquiiaRiHt R BRI NABHAIBYRAIRYEBIRNN IitRedRBFHSEa Of excessive
aluFRRRCERBRISRSK MAbRMdaiBapeFipRBKEBIONR %Ildﬁlﬁw@%%%\/t#é h&all bond

achieved by inputting less energy than that require the conventional

roRYSHh it 851S 1 P IR ERYREE RPN WG rASIRSIRG rﬁ%‘téhﬁ!@ haiRubRgad lift-offs.

Agues Hpvdiligaiionniens ereran éhﬁrb%&%@lﬂéeéﬁ fUsqeRiRat 175
to metal liftin é;ﬁ metal peel off and craterl Iﬁﬂ 20 [0067] Figure 11A shows

degreecferlsivadeNWrMG Breapalfsiiasieseadie Adriniarextalisdayer
usmg the conventional bonding tool of Figure 1. The photograph shows
he cross-sectional view of the ball bonded using the conventional

[OOQQLITQEI RIBIRRoBEERIIRT Aal A RERMMRTEREILER I RHIRAFF e UK ration
an@'@gsethoRenpReRy Ok 8al kot ivhalane Rrdo TiiHatCRESas/8htion to the

internal voids that may result in lifted metal or metal peeling problems.

PrepiRe dRERLVRCLIGRAN ARG RIS tTABYIBORHIEBRSM&Nhevariations are

pogdiinimiigiatesaliwhenssidagstaddermagingrier Headrisg airhBodiR@eR were
Celsius, which simulates the mold curing effect on the Au-Al intermetallic

chozesy B SOrRRRE PIPHH JR BIDeTREs IcHim ANVRIISR £pgiTi Riactical

apWB&Q@h@@ﬂ’@éBy&iHﬁbWmmlﬁtﬂmuﬁmﬂ@@ﬂﬂ@@@égﬂgﬂiﬁ Hgurgsention in
2, 3 and 4. QOne advan é}ge of the bondl toal of F|%ures 2,3, ﬁind 4 over

VaWﬂH%&ﬁ%ﬂ ER R 'EHoY?é'%WR ERjRs1 3B RIEAdR.NRParticular

uselesaterpianal view fittheibalitbantrdsdgoendiwibantérmiexnigseivtined by the
aluminum extrysion. The absence of excessive aluminum extrusion

la AURSLARARE W&%?of the ball bond makes the ball bond robust in terms
of improved bonding adhesion reliability without bond lift-offs. Again, as
above, the ball bond had undergone an exposure of five hours at 175

19



5 degree Celsius to simulate the mold-curing effect on the Au-Al
intermetallic layer. [0069] The foregoing description has been presented
for purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form disclosed, and
obviously many modifications and variations are 10 possible in light of the
ing. The described embodiments were chosen in order to
best explain the principles of the invention and its practical application to
thereby enable others skilled in the art to best utilize the invention in

lard RN ARh{O RIS idiie mdERfitABRURSERSs Hed tBIAEIng tool

partigkipiisiag:contemplated. It is intended that the scope of the invention
be defined by the 15 claims appended hereto. 19 What is claimed is: 1. A

bonding to8ffoRbdRaklg sufstaniiali SYiskirde RATPRokEMGA concentric

compsisiingryaR evcipadisUgRtVMIaNf Y it igadoriHen having a concentric
capillary therein through which the fine wire runs; a WOI’% tip portion

formed at h'EPABHIR BAMARCQPIGH BRiRGAQbdReCndrisatmotiipn being
theregicsadd WIS the RYtR RJVINCLANABKIRY tRNPBHESRHEAAE an annular

thereof; wherein the concentric capillary opens into the annular chamfer of

the WA 7 BRI IR HEERthe diameter of the cylindrical portion

decreases \gas1eaeutiee borica miticalbpMaay |epeinavineiseretey iiaralshamfer of
along the Ieni%gh .of the cylindrical portion towards the working tip portion.

2. THERHAHIRY 21 @8€ording to claim 1, wherein the diameter of the
cylindrical pgi§esirfiecrRAseinaBscUbelfs tweytirietd infRIMRIA- 3decreases

The bonding, tool di laim 1, wherein the di ter of th
ey SUNN Hber UL YPGB SRR ARGt o PGT VR dlega e fongth

inteyalie cylindrical portion towards the working tip portion.

2. The bonding tool according to claim 1, wherein the diameter of the
cylindrical portion decreases consecutively at two discrete intervals.

3. The bonding tool according to claim 1, wherein the diameter of the
cylindrical portion decreases consecutively at three, four or five discrete

intervals.

4. The bonding tool according to claim 1, wherein the consecutive diametric
decrease at each of the plurality of discrete intervals comprises a step, a
tapering, and any combination thereof towards the longitudinal central axis

of rotation of the cylindrical portion.

5. The bonding tool according to claim 4, wherein the step is essentially a

ninety degree step, a plurality of tapers or an arc.

6. The bonding tool according to claim 4, wherein the tapering is angled up to
10 degrees towards the longitudinal central axis of rotation of the cylindrical

portion.
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4. The bonding tool according to claim 1, wherein the consecutive
diametric decrease at each of the plurality of discrete intervals comprises
a step, a tapering, and any combination thereof towards the longitudinal
central axis of rotation of the cylindrical portion. 5. The bonding tool
according to claim 4, wherein the step is essentially a ninety degree step,
a plurality of tapers or an arc. 6. The bonding tool according to claim 4,

whened HaadaReine| iacaeigh¢RdOciAthflegrap awmaids Esnsiitidinglametric
central axis of rotation of the cylindrical portion. 20 7. The bonding tool
accoraicgss ahinral whdharribeadibn b Qiceeifalnian@ladereasettdadn each
of thenplurality of discrete intervals is concentric to each other. 8. The

bonding tool according to claim 1, wherein the plurality of discrete

intervals are proportionately or equally distributed over the length of the

gylimeecapRIitign 1ol ThedeRaiMg oté @ aiss o1dinghigriaithé. Plb&éﬁi? e discrete
first and second discrete, intervals along the length of the cylindrical

portiB R4 PRSI REEPFRRAT IR ANRIMiRG GRURI LISt AnP Rl BiFalssigth of the
2.62nmdrieappettiehy. 10.The bonding tool according to claim 2, wherein

the diameter of the cylindrical portion decreases at the first and second
discrete intervals from about 1.587mm to about 1.20mm and from about

8. 2Gmandenaiey t SeB AautraiegRecileaty - 2L Wwhediotidéntrie el eesing Wiscrete

claim 1, wherein the at least %ubstantially cylindrical portion has a

latitR%R & RO cHh 1RAPIE sy Gsn QYIRS RoBIRicIF 19sta from the
borwiaiteplipespElootty. c@mmldnavberebbthelebieinae speaghagigtion

that is polygonal is pentagonal in shape, hexagonal in shape or octagonal

in shape.

10.The bonding tool according to claim 2, wherein the diameter of the
cylindrical portion decreases at the first and second discrete intervals from
about 1.587mm to about 1.20mm and from about 1.20mm to about 0.82mm,

respectively.

11.The bonding tool according to claim 1, wherein the at least substantially
cylindrical portion has a latitudinal cross-section that is polygonal, circular or

elliptical.

12.The bonding tool according to claim 11, wherein the latitudinal cross-section
that is polygonal is pentagonal in shape, hexagonal in shape or octagonal in

shape.

13.The bonding tool according to claim 1, wherein the at least substantially
cylindrical portion and working tip are adapted such as to be able to undergo
an ultrasonic displacement when ultrasonic energy is transmitted to the

bonding tool.
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13.The bonding tool according to claim 1, wherein the at least
substantially cylindrical portion and working tip are adapted such as to be
able to undergo an ultrasonic displacement when ultrasonic energy is
transmitted to the bonding tool. 21 14. The bonding tool according to
claim 13, wherein the working tip portion is_adapted such that it has a

lifs&ﬁ@e?@é}ﬁﬁ%mi'caﬁﬁﬁfpéﬂa & Sanst gbdmefﬁliget%é‘fp[}?iﬁgrﬂeitﬁ@rﬁon is
ultragapiedispacengnt-Has 2haRPAcngdeOhAaRIEN ROl Aa: least about

wherein the ultrasonic displacement of the at least substantially cylindrical
porifysaMR g aRIad iSOG BRIBSAY SRlLisoidal. 16. The
bonding tool of claim 1, wherein the length of the concentric capillary and
annular chamfer is between about 9.00mm to about 20.00mm. 17. The

%%n%%%ﬂm&elr@cﬁ?@&& p %&ﬂdﬁm@@éﬂ@eﬁtﬁéﬁaﬁwﬁ digplagement
diagretaebgtwegs: amst8RaaMARY ML D - Yoo MEHEIMRoAGNENEp is at least

bonding tool according to claim 1, wherein the concentric capillary is
mageRiANtiahasRs deRkted from the group consisting of a metal, a
ceramic and/or a ceramic - metallic (CerMet) composite. 19. The bonding
tool according to claim 18, wherein the metal is selected from the grou

P
LBnEhgikyB methP{it%Fnﬁlﬂh%éryW@&H%,@ﬁd%’&%t?ﬁéﬁ%@%@ﬁ%& capillary
toobaerarhinkiektatitel & pEwieshtapsareoTnisrsaiestedt fPorohearoup

consisting of oxides, carbides, nitrides and borides. 21. The bonding tool
according to claim 18, wherein the CerMet is selected from the group

¢OITEISIRe AdieRPrRIbPabesd g astemearbidenh diamuifcCappreaiiiie cabdiary is of

titanium nitride, 22.A bongin tool for bondin agfine wire t?H%jiSUbStrate’

said ﬂ&'{&ﬂt"&ﬁﬁ%ﬁ H@%\Q‘l‘jgﬂ I%%@I%{ngt IR ORI portion

having a concentric capillary therein through which the fine wire runs;

18.The bonding tool according to claim 1, wherein the concentric capillary is
made from a material selected from the group consisting of a metal, a
ceramic and/or a ceramic — metallic (CerMet) composite.

19.The bonding tool according to claim 18, wherein the metal is selected from

the group consisting of nickel, titanium molybdenum, and cobalt.

20.The bonding tool according to claim 18, wherein the ceramic is selected

from the group consisting of oxides, carbides, nitrides and borides.

21.The bonding tool according to claim 18, wherein the CerMet is selected from
the group consisting of cobalt bonded tungsten carbide, titanium carbonitride

and titanium nitride.

22.A bonding tool for bonding a fine wire to a substrate, said bonding tool
comprising:
an at least substantially cylindrical portion having a concentric

capillary therein through which the fine wire runs;
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22 a working tip portion formed at an end of the cylindrical portion being
tapered towards the tip thereof, said working tip portion having an annular
chamfer at the tip thereof; wherein the concentric capillary opens into the
annular chamfer of the working tip; and wherein the diameter of the
cylindrical portion decreases consecutively at a first and second discrete

interval aloRgVPEIRMGM RPTIRN (9M&Scal pBrase RiviBriHndicRkrRYtign being

porti@@e?é@ﬂ t@%ﬁ%ﬁ? REeRIh fash %%rlﬂp\%iﬂ%? $F§Fb(ﬁfﬂéﬁerﬁie§\ﬂr@‘_é@@hnular
one combination thereof towards the longitudinal central axis of rotation

of tiOBPMIRI-REhSBdREes2frhe bonding tool according to claim 22,
wherein theyfiesicandiRecoibaiFrreiainiar abpane e LARDE admfer of

about 2.65mm from the working tip, respectively. 24.The bonding tool
accORGMPISIBRR 22N herein the diameter of the cylindrical portion

decreases ghtieifirstthgd sgapmnsteliscegte inerValgindibaRbdriorB /Bt reases
to about 1.20mm and from 1.20mm to about 0.82mm, respectively. 25

: : _ A
bondRISEEVIERS b ATIRY AMHesaRRftdiTBRIPUBINYEh A9 hifdaprity of the
bonginmaHealr pisHisald SREieR CORPHSHEIE heNstrEdROSBIHbaRERIA INtervals

fine wire to a substrate, said bonding tool comprising: an at least

subSaAaf BRANRIASaP G RaViideAR8naBHrRWalen caTebiiation thereof
throusibandrcin &hie digieLiire Irdeatra Vesiki 6 rdpapiertion desragthatieal estshdn.

the cylindrical portion being tapered towards the tip thereof, said working
tip portion having an annular chamfer at the tip thereof; wherein the

2mMetetfnidie gytosiricricordiag dectanesXpnaawtdie s iriuratty ebcond
at least two _discretF intervals alon%t e Iengthcj)f Ehe C}élin rical ,
discrete intervals are at about 7.10mm  and about 2.65mm from the working

tip, respectively.

24.The bonding tool according to claim 22, wherein the diameter of the
cylindrical portion decreases at the first and second discrete intervals from
about 1.587mm to about 1.20mm and from 1.20mm to about 0.82mm,

respectively.

25.A bonding device for forming a metallurgical bond between a fine wire and a
bonding substrate, said device comprising:

a bonding tool for bonding a fine wire to a substrate, said bonding
tool comprising:
an at least substantially cylindrical portion having a concentric capillary
therein through which the fine wire runs;

a working tip portion formed at an end of the cylindrical portion being
tapered towards the tip thereof, said working tip portion having an annular
chamfer at the tip thereof;
wherein the diameter of the cylindrical portion decreases consecutively at a
plurality of at least two discrete intervals along the length of the cylindrical

portion towards the working tip portion; and
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portion towards the working tip portion; and 23 a nano-scale ultrasonic
energy source connected to said bonding tool such that said source is
capable of transmitting ultrasonic energy to the bonding tool. 26. The
system of claim 25 wherein the bonding substrate is a bond pad or a

leadframe. 24 _ _ .
a nano-scale ultrasonic energy source connected to said bonding

tool such that said source is capable of transmitting ultrasonic energy to the

bonding tool.

26.The system of claim 25 wherein the bonding substrate is a bond pad or a

leadframe.

24



