WO 03/ 000454 PCT/ US02/ 14855 -1 CONTROLLED ATTENUATI ON CAPI LLARY W TH
PLANAR SURFACE BACKGROUND OF THE | NVENTION This invention rel ates

gener al | ywom3mod4sol for use in the bonding of wire to semcaarsdecdsss
devices and, nore particularly to a bonding tool having controlled
attenuation characteristics. 5 DESCRI PTION OF THE RELATED ART Mdern

el ectroni c equipnent relies heavily on printed circuit boards on which
sem conductor chips, or integrated circuits (1Cs), are nounted. The

mechani cal and el ectrical connections between the chip and the substrate
have posed ch@ONSREELEBy ATTENVABKIN (ARLLAR VI PLIAAAR S8 ¢Hues for
i nterconnecting the 1C to the substrate 10 are:. wire bondi ng, tape

aut omat ed bonding (TAB) and flip-chip. The nbst comon of these processes
is wire bonding. In wire bonding, a plurality of bonding pads are |ocated
in a pattern on the top SUB%@KG UNIS O PEE REENMGR the chip nounted in
the center of the pattern of bonding pads, and the top surface of the chip
facing away fromthe top surface of the substrate. Fine wires (which may be
15 al um num or gol dyi.r. e the: tae he. top
surface of the chi meaSrllg§%%§5§81%&ggF Igérglg?' ﬁée@ggorsﬁt}rgfugg{eé %Phtﬁﬁg&s‘%}gﬁor ate.
Parti cul agdnyiconduetos @enieed i) nmvdre artRaRrlyopMondthgaoel eipecbntroltede chi p and
to the substrate through a capillary, a bonding tool further described

bel ow. Caffénuaioreehasacseristisst f or ball bonding the wire to el ectronic
devices, 20 particularly to bond pads of sem conductor devices. Such
capillaries are generally formed froma ceramc material, principally

al um Aum oxi de, tungsten CEIGRIPTIONYF THE RELATERgWR Red al uni na (ZTA),

al um na toughened zircon (ATZ) and other materials. Very thin wre,
generally on the order of about one m || gold, copper or alumnumwre, is

t hr eaded t hr ough anModenl elpatsargequipmeitacliesgidabdy pnprintedacismd[boatsialon bei ng
forned at

wﬁ]c% semiconductor chips, or integrated circuits (ICs), are mounted. The mechanical
and electrical connections between the chip and the substrate have posed challenges for
chip designers. Three well known techniques for interconnecting the IC to the substrate

10  are: wire bonding, tape automated bonding (TAB) and flip-chip.

The most common of these processes is wire bonding. In wire bonding, a
plurality of bonding pads are located in a pdattern on the top surface of the substrate, with
the chip mounted in the center of the pattern of bonding pads, and the top surface of the
chip facing away from the top surface of the substrate. Fine wires (which may be

15 aluminum or gold wires) are connected between the contacts on the top surface of the chip
and the contacts on the top surface of the substrate. Particularly, the connecting wires are
supplied and bonded to the chip and to the substrate through a capillary, a bonding tool
further described below.

Capillaries are used for ball bonding the wire to electronic devices,

20  particularly to bond pads of semiconductor devices. Such capillaries are generally formed
from a ceramic material, principally aluminum oxide, tungsten carbide, ruby, zircon
toughened alumina (ZTA), alumina toughened zircon (ATZ) and other materials. Very
thin wire, generally on the order of about one mil gold, copper or aluminum wire, is

threaded through an axial passage in the capillary with a small ball being formed at the



WO 03/ 000454 PCT/ US02/ 14855 -2 end of the wire, the ball being disposed
external of the capillary tip. The initial object is to bond the ball to a
pad on t hwogammsnduct or devi ce and then to bond a porti orcfrarsohessss al ong
the wire to a lead frame or the Iike. During the bonding cycle, the
capillaries performnore than one function. 5 After the ball is forned,
the capillary nust first center the bally partly within the capillary for
bond pad targeting. Wth a first bonding step, the ball is bonded to a pad

on a sem conductor, device, Wen the capillary touches the _bal]. down an the
bond pad, ¢nd plthg ayire, the balhheing disppsed exieanal |0£¥heewpam Ups hf?én%ﬂﬁblﬁ%{% are

gener al | i BSIR GE 85 1 I3 B Pl BBy O U8 EORPYRR 1 BEndHDEARE udihe

bond pad. "1 n or rma proper I erable to break the
oxi de sur flafg tlenwlire x@ateadtfiemabtithienike) Durimpcite bAndinglchelef ihe eapiblyries
breaking the oxide is to "scrub” the surface of the oxide with the wire
bal | . TheP¢ioma Bigre thag ope JencHioBn t he surface of the al um num oxi de and t he
capillary rapidly noves in a linear direction based on the expansi on and
contraction of a piezo- electric elenent placed within the ultrasonic horn
to whisSch the capi | | &figr the balliadorsepd, Hhecapglapapiugt fitst ceavier the bald @rxtlyowithis

heat appl j.ed t h.t he bond pad .an, effecti . bet h
wre ang PReabdRl Bl eond nat diahiie., YRR haRlnEE e ang A s BRakE a0 g,
snoot hly heademtondctoP@RgeeM Waeh tetapiifarpouthed thaBhll dawy oanBe bbRNphACK
into the capillary. The capillary then fornms a "stitch" bond and a "tack"

or "tail " thednadl witiberyquashet lapd flatien awts ohd thewtiond ppdnatierggnerally meadp fssess ' of
choice for, the interconnection gf sem conductor devices, t hei r
cUpport| nuiuEy & tEE SRR dStmer e e DORPRG BiGe it et & PR dproper
depengent pyRON: fshipefef AMSToBre el dxiRSAMabe SIEEPHsE HRMBIiMARunt fuRHBEUAY |
attached to a novabl e bondhead, through a tool, e.g. capillary or wedge, to
the bal | effectivesvayedfiigeakingithd axadetineo Ssomilzothd sutfacegolbe ogileoyittstheyore i ng
f ﬁgsf)gﬁéfhglﬁ% Q WCII(')C Va?lnits Ip?arclzgcll og t eI éulr%rcé %? th%ba?l?nq{n?lﬂl 3)?18('3 31)1d ttfer}:%p %Pymst ry of

rapidly moves in a linear direction based on the expansion and contraction of a piezo-

electric element placed within the ultrasonic horn to which the capillary is attached. The

15  rapid motion, in addition to heat applied through the bond pad, forms an effective bond

between the wire and the bond pad.

The capillary then handles the wire during looping, smoothly feeding the
bond wire both out of the capillary and then back into the capillary. The capillary then

forms a “stitch” bond and a “tack” or “tail” bond.

20 Presently, thermosonic wire bonding is the process of choice for the
interconnection of semiconductor devices to their supporting substrates. The thermosonic
bonding process is partially dependent upon the transfer of ultrasonic energy from the
transducer, attached to a movable bondhead, through a tool, e.g. capillary or wedge, to

the ball or wire being welded to the semiconducting device or supporting substrate.

25 In conventional capillaries (bonding tools), the geometry of the bonding
tool is not engineered to modify energy transfer to the ball/wire interconnection pad

interfacial area. The inventors of the present invention have determined that control of



tool is not engineered to nodify energy transfer to the ball/wre

i nterconnection pad interfacial area. The inventors of the present

i nvent i orwbasgmowet er m ned that control of WO 03/ 000454 PCPCUSGAZ/148855 -3
the ultrasonic attenuation of the tool is crucial to controlling the
bondi ng process and its performance. Conventional bonding tool design is
deficient, however, because conventionad.bonding tool design is based on
i nterconnection pitch and wire bond | oop 5 hei ght and does not consi der
controlllng uItrasonlc attenugtlon is a t|on of

convent i off& ulisgseaicajtepaon gidhe fRofds ‘Fngll'i } {9, confro ‘6’8&{3? E 183 Prof6d 2Fi’éls‘ts

cylindric érf?r%%c@ort' on 102 and a tapered portion 104. An axi al passage
108 extends fromthe end 110 to the tip 106 of the bonding tool 100. A
bonding wire (not shovvn) passes through axi al passage 108 and through tip

106 for 10 eventual (o] % OF THE

| NVENTI ON To sol ve t e a %ggpn@rﬁﬁu%#ggf%&@&vanﬁggﬁswe‘é@hven 1 onal bondi ng
tools, tbenveheseMbohdivg fiddl desipelisb8d be iteteombictign pirch atidevire hoad legps
controlled direction and gain of tool attenuation. 15 The bonding tool

conpr i5s es height anskdagy mphepusider certeallieg uliasome aiendigier.antial ly uniform first
di aneter; a second cylindrical section having a first end coupled to an end
of the first cylindrical section, the second cylindrical section having a
substantial Iy uni f oFig. Isiscarillugtiagiontofa cpewtlph%irbmﬁ@lgftb‘blstA%iSm @rFlgand a

third sec avin r edet.e er of th

section cg ﬁ%ﬁ“& @ogﬁ%ﬁas %Fy]{rﬁlg}cg@% OEE}(I“} Hg?r ?llgg? @8@3 p(?ﬁtlorb céBr di ng
t o anot hepyiaSpRELscof08idEenls S8 the! A ND itd the ﬁﬂ"POd)Qﬂﬂb Mandi@g kool AQUPIA ses a
first cylindri cal section having a substantially uniformfrrst dianeter; a
second sbaondiog wimvinngshew) rpa&seeﬁnlomquudq)assaga 108 ard thepeglotip 166 fdri r st
cylindrical the s cond cy rical section having i) a dianeter

subst ¥nt i SYqW“ai&fH’é mg8ntal"?é‘ §tirqtgt(nq§| W@’E‘er of the first

SUMMARY OF THE INVENTION

To solve the aforementioned disadvantages of conventional bonding tools,
the present invention relates to a bonding tool that produces controlled direction and gain

of tool attenuation.

15 The bonding tool comprises a first cylindrical section having a substantially
uniform first diameter; a second cylindrical section having a first end coupled to an end of
the first cylindrical section, the second cylindrical section having a substantially uniform
second diameter less than the first diameter; and a third section having a predetermined

taper, a first end of the third section coupled to an end of the second cylindrical section.

20 According to another aspect of the present invention, the bonding tool
comprises a first cylindrical section having a substantially uniform first diameter; a second
section having a first end coupled to a first end of the first cylindrical section, the second
cylindrical section having i) a diameter substantially equal to the first diameter of the first
cylindrical section and ii) a planar area along at least a portion of a length of the second

25  section; and a third section having a predetermined taper, a first end of the third section

coupled to an end of the second cylindrical section.



cylindrical section and ii) a planar area along at | east a portion of a

| ength of the second 25 section; and a third section having a predeterm ned
taper, a Woreswomsd of the third section coupled to an enecafusotresssecond
cylindrical section. WO 03/000454 PCT/ US02/14855 -4 According to yet

anot her aspect of the present invention, the bonding tool conprises a
first section having a substantially uniformfirst dianmeter, the first
section having a planar portion forned along at | east a portion of a

| ength of the first sectjion; a second cylindrical section havi a fjrst
end coupl ed to an eAgcHding e yef ?%ch%ré’éi’q%ﬁ,f I%eSS’nEE’é’SWEPne}]P‘?aIPRﬂrA?‘lgatPOi
section havi 1 . i ] Ies : : w50 the
st di aogppfe sTREhaHbh favike f LSRR AC GRGr HET Phdther B o BEHRORD, 1
end of t hgatilig b @lanaepoition formel Adng at laass @ poribrestth lehgthtod thefivndeatiphj adr i cal

section. According to a further aspect of the present_invention, the

bondi ng t &wsend gplisiricabsecton pawng airstfadicoupled & an & phipedgstsecits it i al | y
uni form f | i . . i i i i first
end coupl 0ps YREICET soefBh nRyind 8 sTREARANG SRR SEEna vRho:N gL &
cylindri cale faecdinmbtehpatidgthind seciietbbdvany a ptdytetinired tapes.ex firet end afréieahird | ess
than the first dianmeter and ii% a planar, area along at |east a portion of a
| engt h of sectien caerledhip & seqond gnd pE thersgrang aybindrieal 64398t of the present

i nvention, the bonding tool is 15 forned froma unitary piece of material.
According to another aspect of the present invention, a transition section
is coupled betweenAcherding wta fether aspectrd thdpresent arentiewt the hondigg &1odi ng t o

furth t he. t.inventi h d t.i h
further t SBpats adust oRBiFeasegion aveopuosbySal E BTGy RS b 81,
aspecfy of sddagd raglzﬁgwal 5B PiRg adirdQsidtdogpled o aflehdl6f ik fiks@linedcat a

second end of t irst section of the bonding tool. These and ot her
aspect s ofectios, thesecrnidoylindecal sectionrhaningd) wnhstantialy boiferse second diameter

less than the first diameter and ii) a planar area along at least a portion of a length of the

second section.

According to one aspect of the present invention, the bonding tool is

15  formed from a unitary piece of material.

According to another aspect of the present invention, a transition section is

coupled between the first section and the second section.

According to a further aspect of the present invention, the tapered section

has a further tapered section at an end thereof.

20 According to yet another aspect of the present invention, a positioning

guide is disposed at a second end of the first section of the bonding tool.

These and other aspects of the invention are set forth below with reference

to the drawings and the description of exemplary embodiments of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

25 The invention is best understood from the following detailed description

when read in connection with the accompanying drawing. It is emphasized that,



to the drawi ngs and the description of exenplary enbodi nents of the

i nvention. BRI EF DESCRI PTI ON OF THE DRAW NGS 25 The invention is best
under st ooaofisom4sshe foll owi ng detail ed description when readSonmi4asehinecti on
wi th the accompanying drawing. It is enphasized that, W 03/000454

PCT/ US02/ 14855 -5 according to common practice, the various features of
the draw ng are not to scale. On the cgntrary, the dinensions of the
various features are arbitrarily expanded or reduced for clarity. Included

in the drawing are the foll ow ng Figures: si de vi ew of

convent i oR&PTANRH A GRITER Practces;the variqug fsatsnleﬁ o MI?Wngo%re BEht: $81°t
response PaG! Vi ews
of a bondﬁ%ggg&sﬁ accdhgn&6ﬁ¥§q28 ??%#H%gggﬁp %?@mg%@%gt £%§dg E%(%lg&%)resent
i nvent i onforkclaghy. 4ﬂelddédanehe/axramﬁxm§ar‘¢|tbmﬁ>lmfo1ﬁg Bigudisng t ool according to a
second 10 exenplary enbodi nent of the present invention; Fig. 5 is a graph
plotting the effect of ultrasonic energy for a bonding tool according of
an exenpl ary enbodi PRt igh sideeview @%@ tbnvenvienilivondingitgel; 6 is a is a graph
plotting ultrasonic energy versus resonant frequency for a bonding tool
according to an exenpl ary enbodi nent of the present invention; 15 Fig. 7 is

ais @ graph plotti Fg Qai@'allhasrtﬁéueh%%&%ﬁﬂgmoﬁ oﬁseh@mté@ge@t@@hanm@@rdl ng

to an exenplary enbodi nent of the present invention; is an
i Il ustratimotioshowi ng the interrelationship of an exenplary bondi ng t ool
with an ultrasonic transducer; Figs. 9A-9F are illustrations of exenplary

approaches to orienting an 20 exenplary bonding tool within an ultrasonic
transducer; Figs. 1Bf&s18R-3ihdrelviadiond Fiewlslofstbomtimgdeslaiccaerdadg tara fitst r asoni ¢

t ransducer ) . .
exemplary embodiment of the present invention,

Figs. 4A-4E are various views of a bonding tool accoi*ding to a second

10  exemplary embodiment of the present invention;

Fig. 5 is a graph plotting the effect of ultrasonic energy for a bonding tool

according of an exemplary embodiment of the present invention;

Fig. 6 is a is a graph plotting ultrasonic energy versus resonant frequency

for a bonding tool according to an exemplary embodiment of the present invention;

15 Fig. 7 is a is a graph plotting capillary displacement for a bonding tool

according to an exemplary embodiment of the present invention;

Fig. 8 is an illustration showing the interrelationship of an exemplary

bonding tool with an ultrasonic transducer;

Figs. 9A-9F are illustrations of exemplary approaches to orienting an

20  exemplary bonding tool within an ultrasonic transducer;,

Figs. 10A-10D and 11A-11E illustrate details of an ultrasonic transducer
with respect to mating the bonding tool of Figs. 9A-9F;



with respect to mating the bonding tool of Figs. 9A-9F, WO 03/000454

PCT/ US02/ 14855 -6 Figs. 12A-12C are various views of a bonding tool

accor di ngwoesmotshi rd exenpl ary enbodi nent of the present PCcmasnr/ia4sss and
Figs. 13A-13D are various views of a bonding tool according to a fourth
exenpl ary enbodi nrent of the present invention. 5 DETAILED DESCRI PTI ON The
present invention overcones the deficiengies of conventional capillary
bondi ng tools by varying the nass distribution along the Iength of the
bonding tool. The resultant bonding tool requires |ess ultrasonic, energy
to forma bond on aF§ﬁb%%$éV63%ﬁéﬁ“gE5WﬁWFan$8m$8§ ﬁ*HHQFQBBﬁdﬁﬁg t ool s.
The direct] AT i . an 10 be controlled and

nodi fi ed %&ﬁgﬁggpproS?#é#gﬁgggﬁgﬁaggﬂg?%%ﬁE%@d further herein. The design
of ultrasonic bonding tools may be acconplished by nmathematically
describing the noti o] | drive b i e Such
a systemis represe%ﬂgdE%éﬁgriﬁﬁﬁﬁﬁgb%gﬁgg%ﬁ?ggﬁéﬁ%aﬁﬁgﬁgggﬁgﬂﬁgﬁ%u%?: Eq.
1 a2 | E1Zhxeddhs enibodimBHiA) te2peddnt inveitio (Z) a2xo (t) az2 az2 at2 at2
15 Where Eis the elastic nodulus, | is the nonent of inertia, mis the
mass distribution, z is the distance fromthe noving support, x is the

di spl acenent normal to the beapmndl XD DISTRIPIPRINt he notion of the noving

support. 20 WD 03/ 000454 PCT/ US02/ 14855 -7- The boundary conditions for
Eq. 1 are: ‘

The present invention overcomes the deficiencies of conventional capillary
bonding tools by varying the mass distribution along the length of the bonding tool. The
resultant bonding tool requires less ultrasonic energy to form a bond on a substrate when
compared to conventional bonding tools. The direction of the ultrasonic attenuation can

10 be controlled and modified by an appropriate design as discussed further herein.

The design of ultrasonic bonding tools may be accomplished by
mathematically describing the motion of the tool driven by an ultrasonic transducer. Such

a system is represented by a cantilever beam as shown in equation (1):
Eq. 1

52 0*x(z,¢ 0*x(z, ¢ 0*x (¢
— IiEI(z)———(2 ) + m(z)—-———————( )_ —m(z)————o( )

0z 0z or* ot?

15

Where E is the elastic modulus, I is the moment of inertia, m is the mass distribution, z is
the distance from the moving support, x is the displacement normal to the beam and Xo

describes the motion of the moving support.

20



(1) x(0, t) =xo0 e (2) ,0x(O t) =0 3z (3) nmll,t) =0 (4) VI, t) =
ZLOAD (9 x t x=I \Where: 1- is the cantilever length 5 V - is the shear
Fig. 2 ilwossnei4es the response of a bondi ng tool i n accomrdanise2/wssh
equation (1). As shown in Fig. 2, for bonding tool design, the cantilever
beam 200 represents the bonding tool, 204 the notion xo of the transducer
202, and 206 the bonding tool response _motion x(z,t). Since the mass and
nonent of inertia are allowed to vary along the beam 10 these paraneters
may be us n the conposition and "shape"” of a bonding tool to

o desi
produce a%gﬁgp‘ﬂ@&% %IWSJP{TEQSBHF% nmotion. As nentioned above, in

conventional designs, the nonent of inertia |, and the mass distribution m
are not controlled for the purpose of ultrasonic attenuation, but strictly
for allowng the required interconnection pitch and wire bond | oop hei ght.
In the 15 exenpl ary enbodi nent of the present invention, the cross

secti onél) skdho =ie 4ress distribution are specified to control ultrasonic
attenuatiorpdigection and/or gain. Several exanples of the effect of

engi neel(z)ng—téhe—;ﬂf@a Monent of Inertia |, and the Mass Distribution mare
given. Table9? is a summation of experimental work associated with
verific&di an(ldd =tthi s concept. WO 03/000454 PCT/ US02/ 14855 -8 Capillary

D ameter 314 Wdth Hepght (10”3 inch) (10-3 inch) (10-3 inch) A 16.0
(0.406 ) n(?,.t)2=(21040%%%&h=, 165. 6 (4.206nmm

Where:
1 - is the cantilever length
5 V -is the shear
Fig. 2 illustrates the response of a bonding tool in accordance with equation

(1). As shown in Fig. 2, for bonding tool design, the cantilever beam 200 represents the
bonding tool, 204 the motion xo of the transducer 202, and 206 the bonding tool response
motion x(z,t). Since the mass and moment of inertia are allowed to vary along the beam,

10 these parameters may be used to design the composition and “shape” of a bonding tool to

produce a desired bonding ultrasonic motion.

As mentioned above, in conventional designs, the moment of inertia I, and
the mass distribution m are not controlled for the purpose of ultrasonic attenuation, but
strictly for allowing the required interconnection pitch and wire bond loop height. In the

15 exemplary embodiment of the present invention, the cross sectional shape and mass

distribution are specified to control ultrasonic attenuation direction and/or gain.

Several examples of the effect of engineering the Area Moment of Inertia I,
and the Mass Distribution m are given. Table 1, is a summation of experimental work

associated with verification of this concept.
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(0.419m) 149.8 (3.805mMm) TABLE 1 Figs.
capi |l ary bonding t ool

452nm) 183. 3 (4. 656nm)

9 (4.620nM)

14.7 (0.373mm) 17.0 (0.431mm) 174.3 (4.427m) A3 13.7 (0.348mm) 17.8

HL 16.0 (0.406mm) 17.2 (0.437mm) 184.4 (4.683mm)
16.5 (WO43@00p4 17. 4 (0. 442mm) 151.4 (3.845mm) H3 16. 6 PCOUSBRIASHS 16. 4

417mm) 140.7 (3.573m) W 15.9 (0.404mm) 13.6 (0.345m) 161.8 (4.110mm)
15.9 (0.404mm) 19.3 (0.490m) 164.6 (4.181mm)
442nm) 165.4 (4.201nmm) D2 8.2 (O. zagnn) 16.9 (0.429mm) 165.7 (4.209mm)
HID2 11.5 (0.292mm 17.1 (0. 434mm 181.

D1 11.4 (0.289nm 17.4

H2D2 8.2 (0.208mm) 15.6

3A-3G are various views of a
according to a 5 first exenplary enbodi ment of the

present [mMventiom Fgs. 3A and 3D ane a side View pnd perspective |view,
respecti yel ¢apidiarya bondi Bipmetes! 31300 accordiWu@tho af rst ebleight ary
enbodi mrept of the present ]itg)t;v.e i on. Q%\An iR FI g §@n S]g t gol 300
has an upper cylindfical ( r17éorti on 30 vyl [ n(& body
portion .3Q4~,_—acnd_a_(;;m—cacl—\AD 03/000454PCT/- 'Qn’”ﬂAQ 9 -bedy—perti on
306. Di sposed et ween tgoWpRes nmy) | Ndriztalole |cpg5 Q2. 2@5ﬂuﬁ)he | ower
cylindrical body portion 304 is trangition area 3 2 I'n this exenpl ary
enbodi meft;tTansitionm area 312 has |a bevel ed shape| The invention |i s not
so linited, hd\Bever, |inl4Ad0.378mamsi t}i oh7.@@433mm)nay A8 (btRémmhalpes,
such as curved shape| 312A shown in Filg. 3E. 5 In, or der to maintain ja
snmoot h transfer, of ener ) trar|S|
preferable th 3 transi t%ﬁa@l’g&gﬂ@b no *133%%35 Eg%% (gl?éﬁmgé) hat
i ntroduced—if transition-area 312 consistedof nnera y—a "ot ep down
bet ween upper gpiyl i ndri caé ohodoemd9r t ijon1B820 a3%mhwef qs&uqdmmgﬁhnb&dy
portion 304.
H2 16.5 (0.419mm) 17.4 (0.442mm) 151.4 (3.845mm)
H3 16.6 (0.422mm) 16.4 (0.417mm) 140.7 (3.573m)
W1 15.9 (0.404mm) 13.6 (0.345mm) 161.8 (4.110mm)
w2 15.9 (0.404mm) 19.3 (0.490mm) 164.6 (4.181mm)
D1 11.4 (0.289mm) 17.4 (0.442mm) 165.4 (4.201mm)
D2 8.2 (0.208mm) 16.9 (0.429mm) 165.7 (4.209mm)
H1D2 11.5 (0.292mm) 17.1 (0.434mm) 181.9 (4.620mm)
H2D2 8.2 (0.208mm) 15.6 (0.419mm) 149.8 (3.805mm)

TABLE 1

Figs. 3A-3G are various views of a capillary bonding tool according to a

first exemplary embodiment of the present invention. Figs. 3A and 3D are a side view

and perspective view, respectively, of a bonding tool 300 according to a first exemplary

embodiment of the present invention. As shown in Fig. 3A, bonding tool 300 has an

upper cylindrical body portion 302, a lower cylindrical body portion 304, and a conical



In the exenplary enbodi nent, the overall length 301 of bonding tool 300 is
10 between about 0.300 and 0.600 in. (7.62 and 15.748 nm and preferably
about 0. 480 03000454 11. 0 nm). The upper cylindrical portionP8RASHNAB488ES

di aneter 308 of between about 0.0625 and 0.0866 in. (1.5875 and 2.20 nm
and preferably about 0.0625 in. (1.59 nmm. The lower cylindrical body
portion 304 has a dianeter 314 of between about 0.0342 and 0.0625 in
(0.86868 and 1.5875 nm and begins at a position 328 between about 0.020 15

and 0.279 in. (5.0 nd .7. 0866 fromthe_end 2 .of bond] t.opol 300. In
a pref er Pty RATHORY g@r@n&1%1%08%@%]%5@&@%&@58%%%Q}%@P@%Oﬂgipggﬁné tﬁ‘f)out
0.0342 in : The.. : t 1A [ : 90
Fio. 3 riowe seliftricllbody AR BRELE icikhsllon SBIFIL! B Gomplety kibBba 3y

axi al passagitica?fce312hatsa bevabadt shape nThS & ehtioreischoB 8@ linfiteb phalvevgr t inahat300.

In the 20 exenpl ary _enbodi nent, axial passage 320 has _a_substantiall
cont i nuouBansitay agd 3hhpRY h%i‘?/Pﬂi'Sf shapes FeeibATTHEE ﬁﬁ’@?élé‘;é%@f’nb%kz Weett- about

2 and 5 na&qelp{o%%ﬁhtﬁ%l %f shEbUEE sfrggt&? Eﬁedér ﬁ%séﬁgﬂgﬂﬁod g @ﬁ,%v@e%gf%%% isSO

limteéed, however, and I'S contenplate at t axl al passage may

have a suptaable @ldt yraagitish arva 3dRawehsevre Oshat@pdges duchvay thaningroducepdf t i on of
the I ength of bondi ng%tool 300, The latter may be desired in Ql’d%l’ to
I

facilitatwansifion rea B ks epnsisesl el meisly 4 pHep dewn” Botvvegn upRH FVHERER) Podo.

Exanpl es . t e..axi.al re illustrated in Figs. 3F and
3G As shg%lgﬂﬁb%?g&?%@ C&Qﬁgl&égg@gggﬁggg'oﬁas a substantially constant
di aneter 330 along a significant portion the length of bonding tool 300.
In Fig. 3G axial passage 3 has, a,.subst.ant | ' r

along a significan - 8%?‘?15']52%1%8? eqlh%dqngﬁtg é%‘%e?%tfnéggtﬁlgﬁlgﬂ(}fbo%ﬁg‘%ﬁg qégig a
t aper;o342padieas st DIBD0aRE 0.660 $277.60 ah®18798 nifPhnBHeferily ABO@W45Ain.

PCT/ US02/ 14855 -10 In order to maintain structural 1nt etgnrgl ty of bonding

t ool 300, (lHemawst Breceppeb eyhivsksisabpartipn 362 bage dppBte 398 ebtbgiwesalabow27 nust
b, Son 95158 541 bPBBER. A5 A S50 e Sl D8 8 111y
The lower cylindrical body portion 304 has a diameter 314 of between about 0.0342 and
0.0625 in. (0.86868 and 1.5875 mm) and begins at a position 328 between about 0.020
15 and 0.279 in. (5.08 and 7.0866 mm) from the end 332 of bonding tool 300. Ina

preferred embodiment of the present invention diameter 314 is about 0.0342 in. (0.868

mm). The angle 313 of transition area 312 is about 90°

Fig. 3B is a sectional side view of bonding tool 300. As shown in Fig. 3B,

axial passage 320 extends from the end 322 to end 332 of bonding tool 300. In the

20  exemplary embodiment, axial passage 320 has a substantially continuous tapered shape
having a predetermined angle 326 of between about 2° and 5° and preferably between
about 2° and 3°. The invention is not so limited, however, and it is contemplated that the
axial passage 320 may have a substantially constant diameter or tapered over only a
portion of the length of bonding tool 300. The latter may be desired in order to facilitate

25  wire insertion at the upper end 322 of bonding tool 300. Examples of such alternate axial
passages are illustrated in Figs. 3F and 3G. As shown in Fig. 3F, axial passage 320 has a
substantially constant diameter 330 along a significant portion the length of bonding tool
300. In Fig. 3G, axial passage 320 has a substantijally constant diameter 340 along a
significant portion of the length of bonding tool 300, and has a taper 342 adjacent the end

30 322 of bonding tool 300.



(MAT) 324. Referring now to Fig. 3H, an enlarged cross section of bonding
tool 300 is 5 shown detailing MM 324. In a preferred enbodi nent, the MAT
324 of bowdimgowsol 300 is between about 0.0004 - 0.0162%CTrusot/486d mm -
0.40 mm. Referring to Fig. 3C, a detailed cross sectional view of conical
body portion 306 is showmn. In Fig. 3C, tip 310 extends fromthe |ower end
of conical body portion 306. In the exenpl ary enbodi nent, the outer angle
318 of tip 310 is betmeen 10 about 5 and 20 about preferably 10", while

the outer angle 316 o oni cal orti.on 306 bet we about 17 and
31'. As such, tranS|IP|°6 erstgé’ﬂqlﬁtﬁm%ﬂl%%aldg@gnfyooﬁl?oé’t‘?&gt ‘ioehgoooélﬂ‘?/\g’éﬁn%m cal

body port ifaay3R6.xa1% aésla cf?uté{‘&!‘ﬂ‘ﬁ?‘nﬁis be §5ﬁsh&eﬁlﬁl @tflﬂ{rgg of conl cal

passage 320 renal ns sub tantl y const ant t or oug
body port |tmnd1ng(tﬁola3ﬁﬂ) dl'renijnoentoys refer tdenid disginte af thei“MidiBum/ WVall ﬂ“h_ldknmi’

portion of tli 10, wever, the 15 angle of axial passage 320, w.t
r espect thiW@) g%%gi ringmomdpFis i Hi # enlarged Sr%ﬁﬁéﬁﬁtw@‘) bopding igol 3@Qd$ t| ng

In a SybSUARLH elaYi o QTR RErNRT SRR LRE MG SPof b%gx‘an@qng O s

p 310. ment1 on above, 'of m cap|

| ncI ude eBIOOm; betmeoix ableut 0200()310n0.lﬂ)ﬂ6®5<ird¢0.0$|d1m00@40|nﬁm) de, silicon carbide,
tungsten carbide, ruby, 20 ZTA, and ATZ. It is contenplated that the
exenpl ary bonding tools will be formed as a wunitary piece by either

nmachi ni ng and/ or nolRifeginghe A.03Eeadthitdedosicetiorl FiewRef &nidalBody Fi gs.
4A-4E a second exenpl ary enbodi nent of thgpgresent I nvention i s shown.

Fi gs. 4A aeatige3Qh is shownddn \HigwwGrith 3l hettensisdram she/fomer end efpaateal bedy, of a

ooni 9 80k dP T b BuSARAC o B s, ST sl 2

cylingsi calbo@oshyandPB0™t Aot rably | 10neyhie e cﬁﬁ’éﬁ dgle #¥of @itaPb&Bpei@ibn bOdy
portion 406. A notable dif erence bet ween the first and second exenpl ary

enmbodi ment396 is betwigam abdr7 ° l?@d)'ilpo s syph Aipanskion sebtaemd3pisrustdinstrapiion105
paral | el 2twesn c%lq{?:%{]gody portion 9(% cP 5%15) CY U‘lglgx%/n]iﬁ' %sg 3C, ]ﬂlne angle of axial

passage 320 remains substantially constant thorough the length of conical body portion
306 and a majority of the length of tip 310. At the lower portion of tip 310, however, the

15 angle of axial passage 320, with respect to the longitudinal axis, diminishes to about 0°,
thereby resulting in a substantially uniform diameter passage 336 through the remainder of
tip 310.

As mentioned above, materials used to form capillary bonding tools include
aluminum oxide, zirconium oxide, silicon nitride, silicon carbide, tungsten carbide, ruby,
20  ZTA, and ATZ. It is contemplated that the exemplary bonding tools will be formed as a

unitary piece by either machining and/or molding the aforementioned materials.

Referring to Figs. 4A-4E a second exemplary embodiment of the present
invention is shown. Figs. 4A and 4E are a side view and a perspective view,
respectively, of a bonding tool 400 according to the second exemplary embodiment of the

25 present invention. As shown in Fig. 4A, bonding tool 400 has an upper cylindrical body

portion 402, a lower body portion 404, and a conical body portion 406.

A notable difference between the first and second exemplary embodiments

is that lower body portion 404 has planar portions 403, 405 parallel to one another on



opposite sides of |ower body portion 404. In the exenplary enbodi nent, the
di stance 414 between planar portion 403 and 405 is between about 0.0345
and 0. 0620im/00@s58763 and 1.5875 nm). Anot her differencePcI/ushaisssower
body portion 404 has a dianmeter substantially the sane as di aneter 408 of
upper body portion 402. In a preferred 5 enbodi nent, the dianeter of the

| ower body portion 404 is the sane as that. of upper body portion 402. Fig.
4C is a plan vieM/taken t hrough cross section CC of Fig. 4A showi ng the
rel ationshi bet Ianaﬁq ortion 405 and di anmeter 408 of | ower

40
body porti 05133)% dowey %prg%ﬁ% } thej exemplagy empbodigiedr.ibe disBncadlt As
shown in K d 432
of bondi ng too‘f}&i%a}q)o ﬁ&oﬁ%@%ﬁﬁ%&%ﬁ%ﬁp@n{)iﬁl al’ ass;@zs%g& as a
subst ant i al.5§7mnt)i nl\mmhertchffeneach shhqldowbtabodyqulm eﬁlehwanﬂmﬁﬂteangl e 426
(shown inb%‘Etall in Fig. 4D), of between about an and preferably

bet ween abWistatiallyfhe same %@WW&H@? &h upeer hody §ertpqr»ﬁq2edln FoRREFEsd  and it
t
Lonorant M edmEnS ineldifintt 8 MRASIAN LR 40K sdtts 2 A OBk body

bondi ng t quirti¢D@0Z.i Fid.AC isa ple vieki takén &x@rghl @by seotimdCr@ ot FigSidA stiwih® t he
first exenplary enbodinment, transition areas 412, 413 are used to

transiti orfhf F‘%Jﬁﬁl(tqﬁhlpuﬁ%‘é?enc@lﬁlil% dortions 493440 and digmeten 208 of dayeer|bogis portinsdy
portion 404, n the area of the planar portions 403, 405, respectively.

Al t hough the  transition areas 412, 413 are shown in Fig. 4B to have a
bevel ed shape (a planar flat 20 surface), the inventors contenplate that a
non- pl anar surface, urved surfa hat sho Fig.
30 ey be used. - TheTndBik e RS RY ibapdind wdacht A o HB e B cal
shapejot heaxdl?ﬁﬁs‘agg42@@kteﬁ®0ﬁ61ﬁlﬂik9eﬁcp42m esﬁ%ad)f%ﬁmﬁg%m obaditgent has a
different stiffness along the x-axis when conpared to the stiffness al ong
t he y-axi sexemiplasy @inbpaineent,caxid passeg 2@ bast a sibsadtidlly eentiphows wpered elng:h

"hthe ar diavinges Biednarm S agle 28 dtondiis asfe 168 G beowbe APRFAT B 1 o
E E: Wldld ﬂlaé:?zﬁléiﬁ%iﬁge?ﬁﬂ%%e@h ap&\ft 2°0mkiPNSTHORverdtda- is ibBdo lisited, NROwRLEAL €T

and it is contemplated that the axial passage 420 may have a substantially constant

15 diameter or tapered over only a portion of the length of bonding tool 400 similar to the
first exemplary embodiment. Similar to the first exemplary embodiment, transition areas
412, 413 are used to transition from the upper cylindrical body portion 402 to the lower
body portion 404 in the area of the planar portions 403, 405, respectively. Although the
transition areas 412, 413 are shown in Fig. 4B to have a beveled shape (a planar flat

20 surface), the inventors contemplate that a non-planar surface, such as a curved surface

similar to that shown in Fig. 3D, may be used.

The inventors have found that by having a non-symmetrical shape, the
bonding tool according to the second exemplary embodiment has a different stiffness
along the x-axis when compared to the stiffness along the y-axis. This difference may be

25 controlled by varying the length and/or width of planar portions 403, 405. As understood
by those skilled in the art, the width of planar portions 403, 405 is directly related to the
distance 414 between planar portions 403, 405. That is, the greater the width of planar
portions 403, 405, the smaller the distance 414 between them.



portions 403, 405, the smaller the distance 414 between them WD 03/000454
PCT/ US02/ 14855 -12 In all other respects, the second exenpl ary enbodi nent

i s siml| awotog/ovdies second exenpl ary enbodi nent. Referri ngPCa/tSoy14855 graph
500 is illustrated. In Fig. 5 graph 500 plots the effect of the reduced
mass of | ower body portion 304, 404 upon the displacenent 206 5 (shown in
Fig. 2) of the bonding tool 300, 400 dueito the inposition of an ultrasonic
wave along the length of the bonding tool 300, 400, fromthe transducer

nmount (not shown) to free bondjng en tig 310, 410). In Fig. 5, the
ordinate is the posith %12Sgllﬁxc')f:ﬁspﬁcgs,qh%?e[c%cﬁigzgen%qutm AS piilag épEe and
t he absci ssohé etingilhBCaiBiimeit. t he bonding tool in m Gaph 500 is
plotted for a varinquy of bonding tools in which the position and 10
geonetry of | ower body portion 304, 404 varies. In . Fig. 5 the position of

the zero di spl acemeRbfehiGfl iBig! Sofdlif sbO itHEAREN G FNCTIYRh sholiS the

frequency is shown as node e present Tnven

| owner bodyeffst of the 180uked 405 iof Icawir bstlp gottion J0Mades upen Nedkspdiceendiosy t ool
300, 4Q0 a have determ ned that adjusting the mass of

502. The | tors, it ad
| over ody{SB(&YVP i 13385.,%}[%4‘90:1’31“& 196300, 400, due tosthe smposian pf grslirasonie maveg

tool efficj ' t i S f.a
conventi on € e JpRu 8 hetonlly o ool WDOSES T wiButE S fdisplvw tone
response ofhefmedionding@ol <tip 83@,0410) ndn Fip. 3 texediass ¥ thebadiceRbmahe t he
present i vetptio In Fig. 6, graph 600 plots ultrasonic energy vs.

f requencynlﬁﬂ %ggﬁﬁﬁ@é‘&?‘{g‘ﬂ“ mamglile)@é’@dtﬂéfoqlbsﬁlisiﬁ Widisplasemgninf the horling to®] in
resonance [ . lqtted . 20 as.curve .626.
illustrated i n%lépg%%?@élﬁgéﬁgoﬁquxgﬁy&e%ﬁlgg%ﬁpglst“ﬁ@v &Ccslnty‘&l?f’?l H%meif erence
tool and igebhwatyast lawsr gyl pozasd By4,hioaharie€NBT Bis. 5 eid JRIRAlofHRE RergOTPAr ed

to the tools according to the present invention (shown as points 602-622).
G aph 600 $iftlacement w9l mesion duefqiultiasenic prergrgia Gikebiragieangy isgiowd0B,00480 in

tsihgn! ?‘i"’ggnitvlig?ﬁnﬁﬂé He%htei%entiégﬁth% %Cxia%sc of lov&;err1 %ogyp S(rnq%nrf)gf? Lt{)f Egearzigusted to

place the node of bonding tool 300, 400 at 502. The inventors have determined that

adjusting the mass of lower body portion 304, 404 to place the node at 502 maximizes
15 bonding tool efficiency. In Fig. 5, plot 504 illustrates the response of a conventional
(reference) bonding tool, and plots 506-518 illustrate the response of bonding tools

according to an exemplary embodiment of the present invention.

In Fig. 6, graph 600 plots ultrasonic energy vs. frequency of resonance for
a fixed tool tip displacement. In Fig. 6, resonance points 602-624 are shown and plotted
20 ascurve 626. As illustrated in Fig. 6, the point 624 represents the conventional reference
tool and indicates a significantly higher energy requirement when compared to the tools
according to the present invention (shown as points 602-622). Graph 600 illustrates that
adjusting the mass of bonding tool 300, 400 in the lower body portion 304, 404 reduces

the energy requirement significantly.

25 In Fig. 7, graph 700 plots the displacement of bonding tools according to
the present invention and a conventional bonding tool. ‘As shown in Fig. 7, the
displacement of a bonding tool, with its geometry optimized by control of the Area
Moment of Inertia, I, by the machining of a the features illustrafed in the exemplary

embodiments, is greater than that of a standard shank bonding tool. Inspection of Fig. 7



25 In Fig. 7, graph 700 plots the displacenent of bonding tools according
to the present invention and a conventional bonding tool. As shown in Fig.
7, the dwepbBacmsent of a bonding tool, with its geonetry PeptiSoe/z48d5 by
control of the Area Mmnent of Inertia, |, by the machining of a the
features illustrated in the exenplary enbodinments, is greater than that of
a standard shank bondi ng tool. |nspectidon of Fig. 7 WO 03/000454

PCT/ US02/ 14855 -13 shows that, for wire bonding, the plot of tip

di spl acepent i reat .than that .of a.st.andard _bondi t 06)
ot b bePBTES (b0 s Hondg St o/ aaBaeny OB Ga B B of f Mot
geonet 1 oaaipk b (Yurde F06hatE bbfrd @re P Rhd hR¥eRFhheI704] ige bnpent or s have
al so determ ned that the controlled attenuation of the 5 exenplary,

bondi ng coniblladegohtetryi capiiagghagcorling fa the [poesdst inVerslon. 2 is a conpil ati on of
data illustrating various bonding tools, bonding (ultrasonic) energy,
bondi ng force, and shear force required to destroy the bond. As is clearly
illustrated, the &iterplatyrshanealsgdetenhined vtat ke cominotjed edeuatiemobid®o of t he

ener of a conventional bondi ng tool, .provide onds than, exhibi.t
s upe—‘rg ?/orex§lﬁﬁlé¥Y’P@sql%& taok Essulty iy I%E]é‘?rﬂuéhg’at?qn@% %&B‘e g C%aﬁ*%ﬁp Efce

(gr/ml : - - : . i.onal
s gny TuseRipe Tebjgls onghilsoals TESREEDGR frodiey Srerky Sorbirs! ford BRERL 072
41. 1 30 forctZequifddWs-dastfoy/theddnd. 2B i clearly 6iBMBted, theSekerhpla?y BOnding Pool 160WVB- 5

6.88 40.5 30 6 12 . . .
while using less than 50% of the energy of a conventional bonding tool, provided bonds

than exhibit superior shear resistance.

Capillary Shear/UA Ball Dia. USG Time Force
(gr/mil%) (pm) (mA) (ms) (gr)
Reference 6.37 43.7 80 6 11
(conventional
design)
160W3 7.10 41.8 30 6 12
160W3-1 6.79 40.0 30 6 12
160W3-2 7.41 41.1 30 6 12
160W3-3 7.71 41.7 30 6 12
160W3-4 6.51 41.2 30 6 12
160W3-5 6.88 40.5 30 6 12

10 TABLE 2



10 TABLE 2 WD 03/ 000454 PCT/ US02/ 14855 -14 Table 3 is a conpilation of
data illustrating the superior pull resistance of bonds fornmed by bondi ng
t ool s accwodBngudse® t he present invention as conpared to aPprcaars®mssdnal
bonding tool. Capillary Pull X Pull Y Pull Avg. USG Tinme Force (gr) (gr)
(gr) (m) (ns) (gr) Reference 7.15 7.08 7.11 65 5 120 (conventi onal
design) 160WB 7.24 7.04 7.14 35 6 100t- 160WB-1 7.00 7.12 7.06 35 6 100
160WB-2 7.33 7.23 7.28 35 6 100 160WB-3 7.81 7.36 7.58 35 6 100 160WB-4
7.15 7.25 7.20 3 100 _160VB-5 7. 7. ; . Fig. 8
Is an illustrati 5’1;12160%%3\,1\% %ﬁg?ﬁﬁatl%ﬁ’toﬁ teal %11?] g&%&“ﬁ%ﬁ?&#@%‘é%fﬁi@ Ogondi ng
t ool 30Hndé@dmetitty Bondiasesls Gctdrangdy €iey preiit idvenaboucdmpdredtcta bondi ng
tool 300, 400 is inserted into orifice 804 of ultrasonic transducer 800.
The borepinrentional bopdig @ekcri bed above with respect to the second exenplary
enbodi ment, has directional qualities due to the placenent of planar areas

403, 10 405 in lower body portion 404. As a result, it may be desirable to
orient boaq'éﬂgg; ool 48% it i rp&ﬂ ?rasoﬁﬁlfAR/ ansduggds 800 i 0rder go.di riect
nore uf tras %I engrgy afong on€ "ax|s, verSus|{the orthagonal axXis, in an
efficient manner. Qne @ay to enghre prop@r) or|eng@h)on |i s(he) pllacegs
| ocator on the bonding tool {400 that| mates with a simlar |ocatqgr
Reference 7.15 7.08 7.11 65 5 120
(conventional
design)
160W3 7.24 7.04 7.14 35 6 100
160W3-1 7.00 7.12 7.06 35 6 100
160W3-2 7.33 7.23 7.28 35 6 100
160W3-3 7.81 7.36 7.58 35 6 100
160W3-4 7.15 7.25 7.20 35 6 100
160W3-5 7.28 7.16 7.22 35 6 100
"TABLE 3
5 Fig. 8 is an illustration showing the interrelationship of an exemplary

bonding tool 300, 400 with ultrasonic transducer 800. As shown in Fig 8, bonding tool

300, 400 is inserted into orifice 804 of ultrasonic transducer 800.

The bonding tool 400, described above with respect to the second
exemplary embodiment, has directional qualities due to the placement of planar areas 403,
10 405 in lower body portion 404. As a result, it may be desirable to orient bonding tool -
400 within ultrasonic transducer 800 in order to direct more ultrasonic energy along one
axis, versus the orthogonal axis, in an efficient manner. One way to ensure proper

orientation is to place a locator on the bonding tool 400 that mates with a similar locator



WO 03/ 000454 PCT/ US02/ 14855 -15 on the ultrasonic transducer. Exenplary
approaches are explained with reference to Figs. 9A-9F. Referring to Figs.
9A- 9F, exwopBasossappr oaches for orienting bonding tool A4®OTWSODI4355
ultrasoni c transducer 800 (shown in Fig. 8) are shown. In Fig. 9A a
locating 5 flat 900 placed al ong an upper portion of bonding tool 400 is
shown. In Fig. 9B, a beveled locating fhst 902 placed al ong an upper
portion of bondi'ng tool 400 is shomm The beveled flat is formed at an

| h .
oe & Y vt Phery TR B, rSusaCar L Iaimptie, ABbroRfis aff ebiiifc ion hSRtapiOfh ¥, oo

400 is shg;qzrgp In the exerrpl ary enbodl ment, keyway 904 has a uniform depth
orthogonal to the longitudinal axis. The invention is not so |limted,
however, and as shown in Fi gs 9D 9F, the keyway nay have a bevel ed shape
such as keyway 906, rgl PSR QbieRtifb sbape
910. Wth respect tgglieﬁﬁly%}/oor ?regn'?lg?nggél%@hr E{t@ngaca%ﬁl;o(r)ace ; ["ocat or
(900, 90240®@@#hidlfrasaafictrinsdayer B0 Eimeadin Hig. &) arhehowhomlyFﬂg]@As,aﬂchﬂrgne as

pl anar portions 403, 405 or orthogonal theret ependi ng e specific
bondi Ag r Bafd00acedlongan wppsT Wéﬁfloné’rfé)foﬁ‘}m&ﬁ‘?q éﬁog B”eﬁ&aﬁgnﬁzed in

the desir M6

ul trasoni Eg{tefégnls dzfl}iélgrhaéggi %fa{ch&‘glro }elg 6 ? p eroﬂo Q@%ﬁgm%&d?% g’ﬁie %‘gnt ool
(shown i nTht Bsveldf1ansl fétMedat an bhly §twidt Rdpectt@the lofitulithal axusl oiealcang a

pl an view and a sectional side view, respectively, of the end portion of

ul t rasoni ool A@hsducer 800. In Figs. 10A and 10B orifice 1000 is forned in
ultrasonic transducer 800 having a flat portion 1002 to mate with | ocating
flat 900 (shown in Fig. 9A), thereby properly orienting bonding tool 400
within ultrasonic tImH@d@Cetalect}mlng&ey‘pa)o%@plas@qo@ﬂng)an upRar PPriggr oici ency

I d db di t Si I 10C | | t t
or 111106 1bee PR A0 Sopee dnvpepxegtater Bmohyime ks R e AAmRUR oo

l'ocating gepth orthogonal to the longitudinal axis. The invention is not so limited, however, and

as shown in Figs. 9D-9F, the keyway may have a beveled shape such as keyway 906, a
curved or elliptical shape 908, or a notched shape 910. With respect to the
aforementioned orienting approaches, the locator (900, 902, 904, 906, etc.) may be placed
15  either along the same plane as planar portions 403, 405 or orthogonal thereto, depending
on the specific bonding requirements. In this way, energy efficiency may be maximized

in the desired direction.

Referring to Figs. 10A-10D, the details of ultrasonic transducer 800 with
respect to mating with the bonding tool (shown in Figs. 9A and 9B) are illustrated. Figs.
20 10A and 10B are a plan view and a sectional side view, respectively, of the end portion of
ultrasonic transducer 800. In Figs. 10A and 10B orifice 1000 is formed in ultrasonic
transducer 800 having a flat portion 1002 to mate with locating flat 900 (shown in Fig.
9A), thereby properly orienting bonding tool 400 within ultrasonic transducer 800 to
provide superior energy efficiency along a desired bonding direction. Similarly, Fig. 10C
25  illustrates orifice 1004 having a beveled flat portion 1006 for mating with beveled locating
flat 902 (shown in Fig. 9B). As shown in Fig. 10C, the flat portion 1106 of orifice 1004
is formed at a similar angle y to that of beveled flat 902. Fig. 10D is a perspective view

of the end portion of ultrasonic transducer 800 showing orifice 1000, 1004.



flat 902 (shown in Fig. 9B). As shown in Fig. 10C, the flat portion 1106 of
orifice 1004 is forned at a simlar angle y to that of beveled flat 902.
Fig. 10D we oa/opmasspecti ve view of the end portion of ultrazarsozi4ssansducer
800 showi ng orifice 1000, 1004. WD 03/000454 PCT/US02/14855 -16 Simlarly,
Figs. 11A-11E illustrate orifice 1100 in ultrasonic transducer 800 having
a protruding portion 1102, 1104, 1106 sggas to mate with appropriate

| ocating keyway 904, 906, 908, 910 (shown in Figs. 9C 9F). Although not

shown in these figyres,. i ,is nder tood that yusion 1102 be
formed at an angl e ggmi?éye U@S/glluétéa E%g lg%m(%lﬁé\%ﬁ“‘f Hag%%écefgo).

Al t hough tyh | 08,
910 may a ﬁ‘gﬁghﬁﬁ&glddg &ltlHﬁ 11@2 (ri‘gjloalf?%/oeé%ooékt %‘&Fgﬁgﬁ tﬂg’dl naI rec i on
of the boheyww 9()40906#@()85@(10 (shmmtmLElg:orﬁ)C IEN4AlthGiph, not ebeen in thebyy, nmay

al so be fqornmed at an riate an to mate with these bevel ed keyways.
A third eﬁgwparrs EHisERoo r%ﬁtnrptrpﬂegﬁ%%gw b FoERRd A AWEIeHORALE Wil gs. 10

12A-12C. | V, l:. 1200
hotor a1 ngPt HediEhvap BRI RATE! DR ARMOEARHRGIRMIALEL 1 8200
shown in Encg:rstd\é?dﬁxthabkze}dvayg 9080910 thapalsbds fermedpqien alngtd:yrelmmvé tothel202, a

| ower cylindrical bhody portiaon 1204, and a _conical bodé4 portion 1206.

Al ong a | kmgitadigal dipgslpn BBHV b@aﬂmgdﬂohz@zsch progivsions 1 §¢¢, 196 grespertivelys
ermbodi man}naxers%%%rfo té’;&ozg)pfcg% a?eS%rE% Q)Qﬁlgte%ﬁ{lﬂl sé@&eféﬁ%y the 15

nmonent of tia rovide a means”to’ align
bondi ng tool 1200 |n an ul trasonic transducer In an exenpl ary enbodi nent,

G amoter of the | oner SRy RApRES FrbSuBRR SR pisnl Brorhop e Blkon i ¥iep, g
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upper 20 body portion 1202 opposite the planar portion is at |east 0.05 in

(1.27 nm) thimkexempiary srbedimey of therpreseat ivertione xasphartyindhigod2 Aehendingie MAT
|( ?12?\32 :/\/2 q%'l ggoggas;q%rwgg Eggy H‘é’?ggmﬁn ltower lea rlcapgcgcfy pOI‘tl(])-I% 950@ g t he
conical body portion 1206. Along a length of upper body portion 1202 is planar area
1203. In this embodiment, planar area 1203 serves to both change the mass and the
15 moment of inertia of bonding tool 1200, and provide a means to align bonding tool 1200

in an ultrasonic transducer.

In an exemplary embodiment, the length of planar portion 1203 is about
0.177 in (4.50 mm), the diameter of the lower cylindrical section 1204 is about 0.0625 in.
(1.59 mm), and the distance between the planar portion 1203 and the outer wall of upper
20  body portion 1202 opposite the planar portion is at least 0.05 in (1.27 mm). As
mentioned above, in the first exemplary embodiment, the MWT (shown in Fig. 3H for
example) between the planar portion 1203 and the inside wall of axial passage 1220 must
be maintained for tool integrity. In all other respects this embodiment is similar to the

first and second exemplary embodiments.

25 A fourth exemplary embodiment of the present invention is shown in Figs.
13A-13D. Fig. 13A is a cross sectional side view of bonding tool 1300 according to the
fourth exemplary embodiment of the present invention. As shown in Fig. 13A, bonding
tool 1300 has an upper cylindrical portion 1302, a lower body portion 1304, and a conical
body portion 1306. Along a length of lower body portion 1302 is planar area 1303, 1305.



be maintained for tool integrity. In all other respects this enbodinent is
simlar to the first and second exenpl ary enbodi nents. 25 A fourth
exenpl ar ywerbodi4sent of the present invention is shown i nPETEs02/1483A- 13D.
Fig. 13Ais a cross sectional side view of bonding tool 1300 according to
the fourth exenplary enbodi nent of the present invention. As shown in Fig.
13A, bonding tool 1300 has an upper cyhyodrical portion 1302, a | ower body
portion 1304, and a conical body portion 1306. Along a | ength of | ower
body portjion 1302 is planar area 1303, 1305. WO 03/ 000454 PCT/ US02/ 14855
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bondi ng t cigingd EOmhdsemedhe aloheat oh@eitiacof whtmguedli 300aherboy difedtingald 1300.
5 Fig. 13Bis a cross-sectional side view of bonding tool 1300 illustrating
orifice 1a#enuatipmyof hopdingstogl i, vi ew of bonding tool 1300 illustrating the
rel ation between upper cylindrical portion 1302, |ower body portion 1304
and planar areas 1303, 1305, and Fig. 13D is a perspective view of bonding
tool $300. As nenti Higed3Busasrossreectianel sifle ievealichanding toehb¥ i iltpsitatinghe MAT
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integrity. In all other respects this embodiment is similar to the first and second

exemplary embodiments.

Although the invention has been described with reference to exemplary
embodiments, it is not limited thereto. Rather, the appended claims should be construed
15 to include other variants and embodiments of the invention which may be made by those

skilled in the'art without departing from the true spirit and scope of the present invention.



What is Clainmed: 1 1. A bonding tool for bonding a fine wire to a
substrate, the bonding 2 tool conprising: 3 a first cylindrical section
havi ng a woblswensi al |y uniformfirst dianmeter; and 4 a secandozydssadri cal
section having a first end coupled to an end of the first 5 cylindrical
section, the second cylindrical section having i) a substantially uniform
second 6 dianeter less than the first_dganeter and ii) a planar area al ong
at least a portion of a 7 length of the second section. 1 2. The bondi ng

t ool acco&\ﬂi ng éo,cl iim 1, wherein the planar area is 2 two planar areas
substanti a§/ % lagne to one anot her on opposite sides of the second 3
cylindrical section. 1 3. The bonding tool according to claim11, further
conprilsing a third 12 seétbaingiophipr onding @ fhiecwise & aswsiratea fisrbonding r st
end of, th hird. tion coupled to a 3 second end of the second

cyli ndri c§10li S%I&?rllglﬁg' 1 4. The bonding tool according to claim3, wherein
the first 2 predetermne aper has an. angl e of .het ween out. 17 _and 31
. 1 53 The bondi ng f‘(ﬁgﬁt Cé’%&é?@ﬁﬁ@“{"& Ty imgd %1% W\téaﬁ& Wlfoﬁ@ai?rﬁwlamg@&t? has
2 a further tapered section having a second predeterm ned taper, the
further tapered section 3 coupled to the thiyd section at a secqnd end
theredf. 1 6. The basesand wybs ﬂ%@ié‘iﬁﬂéprli’@"‘ﬂlg acfﬁrawﬁ%?ow}?érteiaﬁepﬁ@?ﬂ?er t2
pr edet.er m per... |.er: 0f . . f . iped
oper *has rAERE S0 e SaRg oyl Qi e e of L RERAAY, BRAR ST

cl ai mel, Hiatdebernessahqt iheifirgt ditmerst ad iiPa phasearea elongnadleast apartign af a

| ongi tudi nal axis of the bonding tool froma first end of the 3 bonding
tool tlo alesgdiorfdheserosd seH®Nhondi ng t ool . WO 03/ 000454 PCT/ US02/ 14855 =19

1 2. The bonding tool according to claim 1, wherein the planar area is
2 two planar areas substantially parallel to one another on opposite sides of the second

3 cylindrical section.

1 3. The bonding tool according to claim 1, further comprising a third
2 section having a first predetermined taper, a first end of the third section coupled to a

3 second end of the second cylindrical section.

1 4, The bonding tool according to claim 3, wherein the first

2 predetermined taper has an angle of between about 17° and 31°.

1 5. The bonding tool according to claim 3, wherein the third section has
2 a further tapered section having a second predetermined taper, the further tapered section

3 coupled to the third section at a second end thereof.

1 6. The bonding tool according to claim 5, wherein the first
2 predetermined taper has an angle of about 20° and the second predetermined taper has an

3 angle of about 10°.

1 7. The bonding tool according to claim 1, further comprising an axial
2 passage extending along a longitudinal axis of the bonding tool from a first end of the

3 bonding tool to a second end of the bonding tool.



1 8. The bonding tool according to claim?7, wherein the axial passage 2 has
a first dianeter at a first end of the first cylindrical section and a
second diwoaBmoosad a 3 tip of the first tapered section, PCHAISDR/I4BES

di anmeter greater than the second dianeter. 1 9. The bondi ng tool according
to claim1, further conprising a 2 transition section coupled between the
first cylindrical section and the cylindgical second 3 section. 1 10. The
bondi ng tool according to claim9, wherein the transition 2 section is one
of a tapered sectiop and urved section. 1. The,bondi.n ol according
to cldimi1, wherei ngt he EE%E??%HQ H’(S’fa‘fcgré}ﬁg %‘b%lﬁ'g‘ﬂ;f WBFRC {qeg%% pﬁﬁggeof t he
group zconﬁéssa[)f' dRnelr WL HHS0 i H%he Bist EPRMrRAL eblh atl § 5édoR@ Aidttiidti A,
tungsten carbide, ruby, ceramc and zirconiumoxide. 1 12. The bondi ng t ool
accor di ngtip of thedfinst thperati section, thedirki dismeten graafer tthan the seeswdddpnasied. ndr i cal
section is at a predeterm ned distance froma tip of the bonding tool. 1
13. The bondi ng tool according to claim12, wherein the' distance is 2

bet wegn about 0.2009and Th&BEnding tves acordifg amdlaiin A8 66 themcomprididg aThe

bondi ng tool _according to claim11l, wherein the bonding tool.is 2 forned
from & uniraBgijjorssestion gounied batwagn the firs) YKoy seionssf thorylEgRgN g i ne
Wre t,o asescﬂgﬁtrate, the bonding 2 tool conprising: 3 a first cylindrical
section having a substantially uniformfirst diameter; 4 a second section
having a first end coupled to a first end of the first 5 cylindrical

caual 16 to the 1rd0 ai ditsbERng KL aTRrRE Eeinh oF WA LEARRBRAT | T LY

equal = 6 to the fir di I'Ts section and ii

pl anan ar gatigh ¥éhef 4 @P&led BecfioR@nll aWAredd sacligngt h of the second secti on;
and WO 03/000454 PCT/US0O2/ 14855 -20 8 a third section having a first

predeterm ned taper, a first end of the third
1 11.  The bonding tool according to claim 1, wherein the bonding tool is

2 formed from at least one of the group consisting of aluminum oxide, silicon nitride,

3 silicon carbide, tungsten carbide, ruby, ceramic and zirconium oxide.

1 12.  The bonding tool according to claim 1, wherein the first end of the

2 second cylindrical section is at a predetermined distance from a tip of the bonding tool.

1 13.  The bonding tool according to claim 12, wherein the distance is

2 between about 0.200 and 0.279 inches (5.08 and 7.0866 mm).

1 14.  The bonding tool according to claim 1, wherein the bonding tool is

2 formed from a unitary piece of material.

1 15. A bonding tool for bonding a fine wire to a substrate, the bonding

2 tool comprising:

3 a first cylindrical section having a substantially uniform first diameter;

4 a second section having a first end coupled to a first end of the first
5  cylindrical section, the second cylindrical section having i) a diameter substantially equal
6 to the first diameter of the first cylindrical section and ii) a planar area along at least a

7  portion of a length of the second section; and



9 section coupled to an end of the second cylindrical section. 1 16. The
bondi ng tool according to claim15, wherein the planar areais 2 two

pl anar arwed3suiast antially parallel to one another on opp®sTiEsoyi4aes of the
second 3 section. 1 17. The bonding tool according to claim 16, wherein a
di stance between 2 the planar surfaces is between about 0.0345 and 0. 0625
i nches (0.8763 and 1.5875 mm). 1 18. Thggpbonding tool according to claim
15, wherein the planar area 2 extends onto a portion of the third section.
1 19. The bonding toql, accqording to_.claim15, .wherein the first .
predefer m ned taperaHHEda%tl‘é‘hb‘lwgn%?f‘S%tt e 2ReF s aamﬁteé]fosf.thia]?& The
bondi gg t : | % i i apered section 2 has a
furthgr t%g{el?lgg&ggﬁl on ﬁlgﬂfﬁgé%&g’é%gﬂg{dg%cgh%?g?ﬁm ned taper, the further
tapered 3 section coupled to the third section at a second end thereof. 1
21. The bondi ng tool,.acc i . i . i i :
predetlern‘i ned taperi?'fas ghgg%]ﬁeggﬂ g%%%ggéa\glﬁggtlg’e%ggrggﬂn%%B’%%lgg?{aerar%‘? ned

t aper 2hastvapladaraiédsasubtamilytpatdlel tolo2anoilite oh@pgosig sides|of siccswcdidg t o
claim 15, further conprising an axial 2 passage extending along a

| ongi Budi $6&H0%”xi s of the bonding tool froma first end of the 3 bonding
tool to a second end of the bonding tool. 1 23. The bondi ng tool according
to claim22, wherein the axial passage 2 has a first dianeter at_a first
end oft the first cyl7.ndrTbaborting taohacaendiag seeloind 16i whetedr a distagnce Betgiepn of

VO 032000 ABEpeiRssh syt b0 1L B3R clRE O P BRC R DL

15, wherein the first end of the 2 second section is at a predetermn ned
e raT e b ey ol 01 ThS bpafii iy 58rding 1 Baind 15, RABE fhe' i 350" 91 19

2 extends onto a portion of the third section.

1 19.  The bonding tool according to claim 15, wherein the first

2 predetermined taper has an angle of between about 17° and 31°.

1 20.  The bonding tool according to claim 15, wherein the tapered section
2 has a further tapered section having a second predetermined taper, the further tapered

3 section coupled to the third section at a second end thereof.

1 21.  The bonding tool according to claim 20, wherein the first
2 predetermined taper has an angle of about 20° and the second predetermined taper has an

3 angle of about 10°.

1 22.  The bonding tool according to claim 15, further comprising an axial
2 passage extending along a longitudinal axis of the bonding tool from a first end of the

3 bonding tool to a second end of the bonding tool.

1 23.  The bonding tool according to claim 22, wherein the axial passage
2 has a first diameter at a first end of the first cylindrical section and a second diameter at a

3 tip of the tapered section, the first diameter greater than the second diameter.



2 between about 0.200 and 0.279 inches (5.08 and 7.0866 mm. 1 26. The
bondi ng tool according to claim15, wherein the bonding tool is 2 forned
froma umwbDasypo@sece of material. 1 27. A bonding tool forcagesowi4shs a
transducer, the bonding tool 2 conprising: 3 a first cylindrical section
having a substantially uniformfirst dianeter; 4 a second cylindrical
section having a first end coupled to apjend of the first 5 cylindrical
section, the second cylindrical section having i) a substanti ally uniform

second 6 dianeter |less than the first diameter and ii) pl apar area al ong
at ledst a portion éf a FhrbaBdiAg &pol@Reordmg s glamdl; é)‘fhefeé%h%ﬁrét Bfist efthe

di sposed ?c{coﬁ‘d Eéé’tx%h i B dﬁlfedéﬁéﬁn ké ﬁisﬁa}%\é& ;ﬁ{(:)gx{ %n‘féxlld gﬁ@%'bBHTn%@Jle' nthe 9

gui de "positions t too rans The bondi ng
tool according to claim27, wherein the guide is one of 2 a planar portion

and agnorl fice for nﬁg al b Hdlﬁg R& la@gorﬁfn%% {an]h% fvx’he?em ?t}{-‘:l dl&gﬁde 1@' 3

secti
2 between about 0.200 and 0.279 inches (5.08 and 7.0866 mm).

1 26.  The bonding tool according to claim 15, wherein the bonding tool is

2 formed from a unitary piece of material.

1 27. A bonding tool for use with a transducer, the bonding tool

2 comprising:

3 a first cylindrical section having a substantially uniform first diameter;

4 a second cylindrical section having a first end coupled to an end of the first
5  cylindrical section, the second cylindrical section having i) a substantially uniform second
6  diameter less than the first diameter and ii) a planar area along at least a portion of a

7 length of the second section; and

8 a guide disposed at a first end of the first cylindrical section, wherein the

9  guide positions the bonding tool within the transducer.

1 28.  The bonding tool according to claim 27, wherein the guide is one of
2 aplanar portion and an orifice formed along an upper portion of the first cylindrical

3 section,



