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BACKGROUND OF THE I NVENTION This invention relates generally to a tool for
use in the bonding of wire to sem conductor devices and, nmore partg ¢l &g y
to a bonding tool having efficient ultrasonic energy transfer 5
characteristics. DESCRI PTI ON OF THE RELATED ART Mbdem el ecﬁL1 equi prrent
relies heavMQ1@#3printed circuit boards on which senico gﬂdfcl“éﬂl ps, or
integrated circuits (1Cs), are nounted. The nechanical and el ectri cal
connections between the chip and the substrate have posed chal | enges for
chip designers. Three 10 well known techdi"ques for interconnecting the IC
to the substrate are: wre bonding, tape automated bonding (TAB) and
flip-chip. The mbst commipgf Ikﬁ‘?iﬁgﬂmmscﬂmﬁmndl ng. Inwre
bonding, a plurality of bon Ing pads are located in a pattern on the top
surface of the substrate, with the chip nounted in the center of the
pattern of bondi ng pads, andm@mmoj:mm&muhmnhl p facing away 15
fromthe top surface of the substrate. Fine wires (which may be al um num or
gold wires) are momaﬁb@ﬁwmetgm&ny t&lﬂtoaﬁﬁﬂmin&hmndﬂjpoﬂvﬂp 1 sanficoducwt t he
chip and th cts on_ t top.su e str.ate. cularly,

t he connect %ﬁdce e§1°5frp§m§{‘} C?O’édr"fﬁ gﬁ metnﬁ'téigasﬂmc SRR "ﬁ;'stf Y
substrate t bxwarghistescapill ary, a bondi ng tooI further descrl bed beI OoW.
Capillaries are used for ball bonding the wire to el ectronic devices,
particularly to 20 bond padBEHRIEBONONIHERELATEDIARIS. Such capillaries
are generally formed froma ceramic material, principally alum num oxide,
tungsten carbide, rubModer ¢1€C€nﬂl§%Wﬁ@dlleéﬁlwﬂh@mﬂfmm%@ﬁﬁ?Fawh‘%ghened
2ircon (ATZ)efgd Ship m} B Bick Al cnolf CHNM® by, THERREMbIH oBeilchar der Of

about one g lumnumw re, is threaded through an axi al
passage in pmecﬂe@pmemean 9‘8 ohip prdghessyhstiate hayel Poﬁféph@lelfgé% for ehip fesigpets- e i C%f t he

wire, the badehmrﬁnﬁth@e PstelerBothEkiRShe 8F todfe ubfra® ARt WhrdbdndingPapeThe ini ti al

object is to bond the ball to a pad on the sem conductor device and then
to bond a pavt?mwtroa%an@r%aempfm WI re to a | ead frarre or the |ike.
During the bonding cycle, the ca function.

oS ‘F 5 arles pserl fﬂ%onal r nw1re (ﬁ%g
After the ball is forHSdOstWEEES FF&PW%?E G P ent'er ™t partly
within the pmaqn'ryi dfabgdiﬂgqndmmcmdnhaatgmtann@ topNurfaceaoftherseustrttmvmhnge aipep,
the ball is_bo Qn 0 Vgiﬁinf
capillary t&?&rﬁccﬁmt ecea% rpq?%&?amm %&Oﬁ mgo%i %‘cﬁh {OP%E%BE&M %}éhe sauashed
and f| ati enfomtthe tdp surfaee didirecsulmarats. Emev-gesmh&h Irrw haadlemifmm or glldiwireshisre a t hin
oxi de 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, particularly to
20 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 end of the wire, the ball being disposed external of
25 the capillary tip. The initia! object is to bond the ball to a pad on the semiconductor device and
then to bond a portion farther along the wire to a lead frame or the like. During the bonding

cycle, the capillaries perform more than one function.

After the ball is formed, the capillary must first center the ball partly within the
capillary for bond pad targeting. With a first bonding step, the ball is bonded to a pad on a
30  semiconductor device. When the capillary touches the ball down on the bond pad, the ball will be

squashed and flatten out. As the bond pads are generally made from aluminum, a thin oxide



19 JAN 2005 WO 01/83152 PCT/USA /13635 2 fornms on the surface of the bond
pad. In order to forma proper bond, it is preferable to break th Mﬁ%
surface and expose the alum num surface. An effective way of breaki ﬁgm
oxide is to "scrub" the surface of the oxide with the wire ball. The wire
ball is placed on the surface of the alum num oxide and the capillary

rapi dly novewomsasti near direction based on the expansi oRCEES01H3635
contraction of a piezo electric elenent placed within the ultrasonic horn
to which the capillary is attached. The rapid notion, in addition to heat
applied through the bond pad, forms an ef¥-ective bond by transferring

nol ecul es between the wire and the bond pad. The capillary then handles the

Wi re during Loo 0 ond W both
ot 1|y andPron i et e b L o iteden B8 R ol by Do prifE o et
"stitch" 10thboxide arf&eand &xpode 'the @lurmirtuai shHacboM eff&luesmﬁdfymahhmmm Wre
bonding is the prace Shoi ce [ th terc ec ductor
devices to th& E‘ﬁ‘“’? |ng Oémﬁg'ftﬁ herﬁr’og]ggﬁﬁagd]%lg%dwng process is
partial | y dejleniten bxidgpod tttsh@ﬂnmqammﬂlgrmomés mlhlmmd;mmn@mdgg{thblemdnand
transduc Qo-BedRY, illary
or vvedge%rtoco'?hgﬁg ?ﬂp})r wre bern ﬁtgﬁ%%p‘%ﬁﬁjmem}g& gmgé&méa%ghngﬁgﬁuﬁéqgew ce
or suppor t i nytacheds Theampid motione redditian to heat appligsi thiowghi thesbogd padd fomgs anedfedive t he
georet ry of bdig op flRshe ndburds ey nEN DRMcAHd 001 Ty ener gy (ransier
rc

to the ball/wre inte nnect 1 on pa Intertacial ‘area. The inventor of the

present invention has m@&gmr&ﬁghﬁmmg%mg%phg%&y qgéa[ﬁ?%%&pnuat ion

of the stress/strain wave_inposed upon the tool die to the ultrasonic

transducer | ¥irghageeuspf %"“E’HWI‘*‘M '-'P‘T“ﬁ@"k iglg qu%d“@aﬂl%%% fogms|a ['gtich”

per f or magpce. pond M iceNad “tii®@beddng t ool design is deficient, however,
because conventional bonding tool design is based on interconnection pitch

and wire bond | oop heiP@mnﬂﬁlﬂnﬂ@&ﬁcﬁ'ﬁébonﬂﬂglﬁsitﬁlﬁfrocﬁﬁmféhbﬁdeifd}ghdﬂ trasonic
attenuation. such onv i ci

00l s are n nerqy . efficient.
25 Fig. 11is '5??"‘?‘??‘13’2? %reg u%‘?r “‘ée(_s)g?/'gﬂf mgb%%’&f’ "y glfe. hown in
Fig. 1, borishodigeg pmbs ﬁﬁﬁndﬂaﬂepandemlupouihe trakfebofdnjdrapmﬁdanemyﬁﬁﬂﬂmrtﬁnﬂu@pered
portion 104. s f 106
of the bondi rtlt'aAgﬁ 00l aﬂﬁ%gﬁg%ﬁgbndl ng ﬁof{pﬂﬁia}orw ﬁaeam;%egbah% ‘r”%glé%mgpm al
passage 1308 \mmdttmthowgimoudupﬂnﬁ@@mansmmbwbwndl ng on a substrate (not
shown) .

In conventional capillaries (bonding tools), the geometry of the bonding tool is not
engineered to modify erergy transfer to the ball/wire interconnection pad interfacial area. The
inventor of the present invention has determined that control of the ultrasonic attenuation of the
stress/strain wave imposed upon the tool due to the ultrasonic transducer is crucial to controlling

20 the bonding process and its performance.

Conventional bonding too! design is deficient, however, because conventional
bonding tool design is based on interconnection pitch and wire bond loop height and does not
consider controlling ultrasonic attenuation. As such, conventional bonding tools are not energy

efficient.

25 Fig. 1 is an illustration of a conventional bonding tool. As shown in Fig. 1,
bonding tool 100 has a cylindrical body portion 102 and a tapered portion 104, An axial passage
108 extends from the end 110 to the tip 106 of the bonding tool 1. A bonding wire (not shown)
passes through axial passage 108 and through tip 106 for eventual bonding on a substrate (not
shown).

30 SUMMARY OF THE INVENTION

To solve the aforementioned disadvantages of conventional bonding tools, the
present invention relates to an energy efficient bonding tool for bonding a fine wire to a substrate.
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30 SUMVARY OF THE | NVENTI ON To sol ve the aforenenti oned di sadvant ages of
conventional bonding tools, the present invention relates to an energy
efficient bonding tool for bonding a fine wire to a substrate. 19 [PANIFO05
WO 01/83152 PCT/ USOL/ 13635 -3 The bondi ng tool conprises a first
cylindrical section having a first dianmeter; a second cylindrical section
coupl ed to woowsMsDf the first cylindrical section, the ZELHRH 0P ndrical
section having a second dianeter less than the first dianeter; and a
tapered section coupled to an end of the second cylindrical section. 5
According to one aspect of the present ihvention, the second cylindrica
section is a groove. According to another aspect of the present invention,
the second cylindricay, b§n%ﬁ1%'t&5'c n@ri&s@lﬁ% @)llfn&chapJect%(BQMﬁgsa firdiGiiett; g t O a
further aspect of the preseft 1nvention, the grooves have a 10 .

subst ant i al begordeglimsirigal sextionooued tg e endeof the first eliadning! seerionns sremd £2EEEl of t he
present | nv el Avip 16 Gla@irel el RIRAR aBihedr, bt 5liplred AoRACAIRG 16 yet
anot her aspect o Phe present 1nvention, the tapered section is

i mmedi at el yersidif dheeserond ¢ydindrisalgefiory| i ndri cal section. These and ot her
aspects of the invention are set forth beloww th refer%pc 0 thﬁ .

dr awi ngss and the descrepangip e awset AhGR SR BGERIPe e 8¢ ﬁyﬁ‘gﬁﬂcﬂ\?ﬁc 1 8n.

BRI EF DESCRLE;B[,Q_\I OF THE DRAW NGS The invention is best understood fromthe
foll owi ng detailed description when read in connection with the

acconpanyi ng dr awi ng.Adcbrding 10ei¥ph@ akpeadf thh piesentincantiol, tig st@nd giindnval? 0
practice, the_various ,fe?tures of the drawing are not to scale. On the
contrary, tBRStoR HRRRIAEHL! 81V he various features are arbitrarily expanded
or reduced for clarity. lnclud in | howi,ng Fi gures:
Fig. 1 is a side vi e\ﬁ\(cﬁ?rdgg (t:ooan{\?/lg]:r‘le f“sggr’lcg?f %ﬁg%eﬁ‘g“‘?‘%g n;’ &E;’gao‘fo@%'h?‘)gaa

i |l ustrati osubshntibynectagulzoabsssegponse with respect to transducer notion;

25 Figs.- 3A-3D are various views of a bonding tool according to gg(eng)l ary
enbodi nents of the pr@;@@fﬁing pcmpgtmriamqgt of the present invention, the groove is replac by

slot.

According to yet another aspect of the present invention, the tapered section is

immediately adjacent the second cylindrical section.
15 These and other aspects of the invention are set forth below with reference to the
drawings and the description of exemplary embediments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is best understood from the following detailed description when
read in connection with the accompanying drawing. It is emphasized that, according to common
T 20 practice, the various features of the drawing are not to scale. On the contrary, the dimensions of
the various features are arbitrarily expanded or reduced for clarity. Included in the drawing are

the following Figures:
Fig. 1 is a side view of a conventional bonding tool;
Fig. 2 is a illustration of bonding tool response with respect o transducer motion;

25 Figs. 3A-3D are various views of a bonding tool according to exemplary
embodiments of the present invention;
Fig. 4 is an enlarged cross sectional view of an embodiment of the present
invention;

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

30 according of the exemplary embodiment of the present invention;



Fig. 4 is an enlarged cross sectional view of an enbodi ment of the present

I nvention; Fig. 5is a graph plotting the effect of ultrasonic energy for a
bondi ng tool 30 according of the exenplary enbodi nent of the pregemN 05

i nvention; 19 JAN 2005 WO 01/83152 PCT/US01/13635 4 5 Fig. 6 is ais a
graph plotting ultrasonic energy versus resonant frequenc}y for a__bonding

t ool accor dMOPIBH5E he exenpl ary enmbodi ment of the presentEGHURM I Fig. 7
is ais ais a graph plotting capillary displacenent for a bonding toll
according to the exenpl ary enbodi ment of the present invention; Fig. 8 is a
partial side view of a bonding tool accofding to a second exenpl ary

enbodi nent of the present invention; Fig. 9 is a partial side view of a

bondi ng tool according to;.a;thi ic & ' gnt
: R i e

i nvention; Figs. 10A-10C are ’ ondi ng .tool according to a
fourth 10 éwmsimgltienl gcecerdingdd e premplarytembodiment ohtbe PISFENIEYSBICM and Fig. 11 is a
partial side view of a bonding tool according to a fifth exenpl ary

enbodi nent of the prBentisiinaine g@ph Plotinggapitesy Siplasement fesg PPRUDEIS ont

i nvention O\A&E;Fdﬂi‘gfﬁémwfm%igd SRRkt Bk pRodyRMitianal capillary 15 bonding
tools by varying the nmass distribution along the Iength of the bonding

tool. The resultant BpngisAgakiNQlde VRRWGF k 88nding 36! atkdriing @ crdexayplaryy form a
bond on a substrate when conpared to conventional bonding tools. The

desi gn of uPEPRLEETH &f BoMETHEYEPs may be acconplished by nmat hematical |y
o o DS e T otka ot Sty as Sl Rufiog ook L LRROW Lk ARRHHUECT - SIS

a systemis represent ever peam as shown I n eq ion (1):
a 2 [ El (z) azZubatithent dithepre@ni(idettjon= M (Z) 02X, (t) az az at 2 aat2 Wiere E
is the elastic nmodulus, | is the noment of inertia, mis the nass
distribution, z is thBEgs dDA{6@ew vinasvieneofrmdbendieg 0l perording 1 2 faurihe

di spl ac?dren%xe%{apyémﬁoﬁin}egleofE%%F@s&pgwéﬁaﬁj,%ﬁ&ri bes the rmotion of the moving

support .
Fig. 11 is a partial side view of a bonding tool according to a fifth exemplary

embodiment of the present invention.

DETAILED DESCRIPTION

The present invention overcomes the deficiencies of conventional capillary
15 bonding tools by varying the mass distribution along the length of the bonding 100l. The resultant
bonding tool requires less ultrasonic energy to form a bond on a substrate when compared to

conventional bonding tools.

The design of ultrasonic bonding tools may be acéomplished by mathematically
~ describing the motion of the tool driven by an ultrasonic transducer. Such a system is represented

20 by a cantilever beam as shown in equation (1}:

8 *x(z,1) 8*x(z,1) _ 8%x,(2)
—| Elz)==5 |+ m(z)—=5 = —m(z) 5=
0z 0z ot ot
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 xodescribes the
motion of the moving support.
Fig. 2 illustrates the response of a bonding tool in accordance with equation (1).
25  As shown in Fig. 2, for bonding tool design, the cantilever beam 200 represents the bonding tool,
204 the motion Xoof 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, these parameters may be



Fig. 2 illustrates the response of a bonding tool in accordance with
equation (1). 25 As shown in Fig. 2, for bonding tool design, the

cantil ever beam 200 represents the bonding tool, 204 the mot i onl k&Mfl03 he
transducer 202, and 206 the bonding tool response notion x(z,t). Since the
mass and nonent of inertia are allowed to vary along the beam these
paraneters WapIB8519 JAN 2005 WO 01/83152 PCT/ US01/ 13635 PCIEUPLAH3% 0 desi gn
the conposition and "shape" of a bonding tool to produce a desired bonding
ultrasonic notion. As nentioned above, in conventional designs, the nonent
of inertia 1, and, the mass di stributioh-mare not controlied for the

pur pose of ultrasonic attenuation but strictly for 5 aIIovm ng the required
i nt erconnect.i Q |

embodi ment Ssregpc"n&%sl r@%%or{'?po\imﬁ@eang e %ﬁgb%?%g? 013%’(??? ona ﬁ&mtﬁ&aﬂnd mass

di stri buti onttrasosic speai.fied to cont roI ultrasonic attenuation. Several
exanpl es of the effect of engineering the Area Monent of Inertia I, and
the Mass Di st r| but i orAsmeatienedjabwun in qabyingonp designsa the memgRt A inepi Ted9elf nent al
wor k associ btlgbnjng) art bt cEﬁtﬁﬁEd f?)'f‘ the fpur%&'e of GRNGRP hrefthdtidn Bu:GrRAY R
geonetry w erenceto Fi gs. invention is not so limted,
however ,5 anenlqwnnglrge rewémsﬂrmqu @@w berdoae eighs [Rdle Bemplad.

Capi | | aryDi giEfiflendok e Wb inddiBiokiahibss Jeborkildapd abdsbiss (@l ibtidn e pkdified3
inch) Al16.0 (0.406 mm17.2 (0.437mm 165.6 (4.206m) A214.7 (0.373nmm) 17.0
(0. 431mm) 17296311%“14!2%9)3“%3%@07 (0. 348m’r) 17.8 (0.452m) 183. 3 (4. 656nm)
11116.0 (0.406mm 17.2 (0.437mm 184. 4 4 683 1 0.41 17. 4

(0. 442 151. 4 (3. 84%31%1}6’“’60(@3 &%‘“’& %%FM"I%B “?ﬂ%“"s’?%
WL15. 9 (0. 464 mabslBis@ibitdn SfL PNl 1T 3818(1418 1 b o\ B &pQingdhtall @ik beiadd with

(o oomy et B TF o, S R S 4 o
(0. 434mm) 18 hvam(nﬂls(ﬁaﬁmﬁ)mted however, and it is contemplated that other geometries may be used.
Capillary Diameter 318 Width 316 Height 314
(10? inch) (102 inch) (102 inch)
Al 16.0 {0.406 mm} 17.2 (0.437mm) 165.6 (4.2061mm)
A2 14.7 (0.373mm) 17.0 (0.431mm) 174.3 (4.427mm)
A3 13.7 (0. 348mm) 17.8 (0.452mm) 183.3 (4.656mm)
Hi 16.0 (0.406mm) 17.2 (0.437mm) 1844 (4.683mm)
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)
Wi 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 (0.425mm) 165.7 (4.209mm)
HID2 11.5 (0.292mm) 17.1 (0.434mm) 181.9 (4.620mm)
HID2 8.2 (0.208mm) 15.6 (0.419mm) 149.8 (3.805mm)

TABLE 1

Fig. 3A is a side view of a bonding tool 300 according to a first exemplary
embodiment of the present invention. As shown in Fig. 3A, bonding tool 300 has a cylindrical
15 upper body portion 302 and a lower body portion 304. The lower body portion 304 includes a
cylindrical portion 308 and a conical portion 306 that extends from the cylindrical portion 306 to
the tip 310 of the bonding tool 300. Disposed between the upper body portion 302 and the lower
body portion 304 is a groove 312. The groove 312 is positioned above the tip 310 at a distance
314 between about 0.1490 in. and 0.1833 in. (3.785 - 4.656 mm). The groove 312 is inset from



H2D28. 2 (0.208nm) 15.6 (0.419nm) 149.8 (3.805m) TABLE 1 Fig. 3Ais a side
vi ew of a bonding tool 300 according to a first exenplary enboqﬁmmwzmg
the present invention. As shown in Fig. 3A, bonding tool 300 has “a
cylindrical 15 upper body portion 302 and a | ower body portion 304. The

| ower body portion 304 includes a cylindrical portion 308 and a coni cal
portion 306WOHAB318kt ends fromthe cylindrical portion 306°%%USHAE3% | b 310
of the bonding tool 300. D sposed between the upper body portion 302 and
the lower body portion 304 is a groove 312. The groove 312 is positioned
above the tip 310 at a distance 314 bet feen about 0.1490 in. and 0. 1833
in. (3.785 - 4.656 The groove 312 is inset from19 JAN 2005 WO

) .
01783152 PCHe U@Q{lé Bdg find 16Fer BB RATYHRAN nk AP g eAaRRLLE PO L] O

such that the groov as a meter 318 o ween about 0.0083 in.
and 0. 0155 bstwee @bt Q.00830n.384 0:¢4§5 inTRE ! he 0GPt ma).6 Tt height3 1§ 9 &rap19312) o

bet ween aboyt,.Q=01L38:i013Rd fﬁ-d.’&@?". 34600348 mm)0- 508 mMm). Fig. 3B is a
sect i onal S|H e Vi ew of bon i?lg t oo l3 0. As shovvn) in Fig. 3B, an 5 axi al

passage 320 extends fHompliNese@Rthaldii vied dfh&dh%@oo@@@. of s da6wlin'Tge. 13804n 300. I n
t he exenplary enbodi nent, axial passage 320

/ 3 as a_substantjally cqntinuous

t aper ed 5shapdal pasydea §2Qextepislun Be sihed t‘éﬁ@P@@Z’ébﬁ?dm&tf%ﬁmmi.“aﬂaﬁféﬁf‘ &Fént i on
i s not so | LibdiRiiat, BANSYREge 300 HasiatsubstntiNP BéBRuA{afded dhage Hatifg #Xi al passage
320 may be have a substantially constant dianeter or tapered aqver only a
portion of PReBing! #elsr26 8hehotg 4t o bhe BYFEUONTHEL P fimitsd. ﬁ%&f’vﬁeaﬁég’lsred in
g(r) ger E§< 0 1Pc6n 'ia'tetlaiﬁemlli\fhzﬁﬂ pbdaé?geBnm@ﬁBi&thab&wsuumaﬂlyeqﬂﬁtﬁamﬁéterhm@érgg t00|30

: anpl es of such alternate . axj.a es.are i strated in Figs.
and 3D. AS SYBOBY FROEPYC tedenait et ronoinhund 0SB Tyt may bedeie e
const anto di aiBtaerwik3fkeaion Bighd dpped el g2 0fdbndirgneti AY. t BainpB L su¢hmalemgte 3D, -
bore 320 has_.a substanti.all on n i ter . ' f the
Cengt hof bERAPHIEROEE Hafieedn B RCAN st ATBlgh el T AeBRl 25,1 |
bondi ng t ookub8@iallylcnitant diavieier 330 alvag the sength of tondingioal 300 nielei 3B bote 3BBndi ng

t ool 300, t | - Lwesn ANk ROkS 3ol MSd tolB06 01 der ed
ti too1=308,
during desi gér% agk&%ﬁ%ﬁgg%gl ng tgge?ﬁ%%c%g%%ér ﬁvent o‘?g refoerlzgttoo this
di st ance ash#shdapeNd4diadiaeen\itit ¢nd PRE okbroding topl) 324, Referring now to Fig.
4, an enlarged cross section of _bondigg_ tool 300 is shown detailing MAT
324. Aslshown in Fi g.lngrder ompinpingipennl ptegey ohbopding toplifd, be digigncg betipen; o
80” i on of dkxla@vefsjmtmd%?e 320huSt HeSoftideRFB Qirring ddd.@'l df(ﬂle%@ndiﬁ‘g&oﬂl’smb.i ke iafentohe
evice used to form.groove 312, It | nt enp the groo 12 may

be forned FSHIG SIS B‘?‘Eﬂﬂ’éf"s ‘Qﬁ%ﬁ‘”&g‘“’éwﬂﬁ‘ﬁmﬁe (ﬁ&‘&qéé‘g%ﬁ’fm& ﬁ Y Pzé%"rét i on of
groove 312 hben@fedSfbss section of bonding tool 300 is shown detailing MWT 324. As shown in Fig. 4,

the groove 312 may have a radius 402 at an inner portion of the slot 312. This is primarily due to

20 the profile of the device used to form groove 312. It is contemplated that the groove 312 may be
formed using a blade, such as a saw blade for example. The formation of groove 312 is not so

limited, and may be formed using other conventional methods, such as lathing or molding.

Referring again to Fig. 3A, in a preferred embodiment of the present invention,
the distance 314 may be between about 0.140 and 0.143 in. (3.556 - 3.632 mm), the height 316
25 may be between about 0.0160 and 0.0190 in. (0.406 - 0.483 mm), the djameter 318 may be
between about 0.0154 and 0.0160 in. {(0.391 - 0.406 mm1), and the MWT 324 is greater than
0.098 in. In the most preferred embodiment of the present invention, the distance 314 is about
0.142 in. (3.6i mm), the height 316 is about 0.0170 in. (0.432 mm), the diameter 318 is about
0.0157 in. (0.399), and the MWT 324 is about 0.0100 in. (0.254 mm).

30 Referring to Fig. 5, graph 500 is illustrated. In Fig. 5, graph 500 plots the effect
of the groove 312 upon the displacement 206 (shown in Fig. 2) of the bonding tool 300 due to the
imposition of an ultrasonic wave is plotted along the length of the bonding tool 300, from the

transducer mount (not shown) to the free bonding end (tip 310). In Fig. 5, the ordinate is the



limted, and nmay be forned using other conventional methods, such as
| athing or nolding. Referring again to Fig. 3A, in a preferred enbodi nent
of the present invention, the distance 314 may be between about 1d 140:vdnd
0.143 in. (3.556 - 3.632 nm, the height 316 25 may be between about 0.0160
and 0.0190 in. (0.406 - 0.483 mm, the diameter 318 may be_ between about
0. 0154 and WOOHB¥52n. (0.391 - 0.406 nmv), and the MAT 324PGTEUPNEYN%r t han
0.098 in. In the nost preferred enbodi nent of the present invention, the
di stance 314 is about 30 0.142 in. (3. 617m1), t he height 316 is about 0.0
170 in. (0.432 nm), the dianeter 318 is about 0.0157 in. (0.399), and the
MAT 324 is about 0.0100 in. (0.254 nun). Referring to Fig. 5 graph 500 is
Itlhl Uz_t ralt edpositﬁ? 'ﬁgg%the?ooﬁﬁﬁ%pﬁe 5%@&1@&1(21? &c?elae:hdaﬁi ﬂﬁcggsa Qfdisfphleen@hoﬁ\t]&d 312 upon
e di spl acenen 6 (shown in Fig. of .the bopding tool 300 due tq the
i nposi tion BNAEE Q9 inpH oRTaph g\ pipued Kor grvedey %ﬁbawﬁﬂ&‘ﬂ@s IPSHEEHR RO R S ondi ng
t ool 300, fF&EﬁeﬁiﬂSf grbdvaRSTvERY. UG, thepdsition ofe zekodiipheerhéne dohmstidbh dg: end
(tip 310). In Fig. 5 the Prdi nate i.s the 19 Jﬁﬁl %"(f) 5 WD 01/ 83152
PCT/ US01/ 13ts3dtrasqnicyenetey jpbmfixe demepqy idovp i 19fe e '8 PERESHLEVETIR™ 8 ¥k%s and
t Ihet ?bz cgf SS @17 if beHdiRléet fsmal@b' b];@ii at e lsdzo e ﬂgedtcﬁ(h]as defertned3hatpach@ @rooge
plotte or _a variety of bonding tools.in ich .t he jtion.and eonet r
of groove 3% i\?ﬁ?qeégi.( ml‘“"ﬁmf—ziegl?"n%’,gg Pﬁ‘@ffﬂsféfgfyt% Bof» é}ﬁé%gi”gmﬁ 85 ERYRE R togl
ggtz i oln - dﬁea cér@ertibhidl a8ferthé:) Behding Yooh tandipldts 305518 ilmeprraatbyy reisgonse g \hondig tondde
. In the present inventiaon roove 5 312.in ndi ng tool 300 is placed
at node 502?"% gi%??e%f%@”ﬁ%’“ﬁ%?@??ﬁf@d“fﬁavenp%'llagci ngggroove 312 a!to node
502 maxi m zes bondin 0 i & L , j tes the
esponse of a converting fpt Pl el diccie R rulhy W smnd T’ 22
illustrate fiked tocd §p digpleceménth &ntikrfy rsershes points 6B+ BA4rmge wwaﬁmgszetwswawe
enbodi ment  gls t NG REESSRAES BY BB b b24 L‘éﬂre%g&#he@on&ﬁ%@l BRALR Bh19nd!! trasoni ¢

energy vs. ftrequency of resonance for a i xed tool tip displacenent. In

Fig. 6, resbdisaess yigvificanslydigherenarey Feauisemsiirvhamermprist tatfie iwels agrotding 1598, As

i |1 ustrat edplefnfinGentidh (sidd® 2 pbiRk 662260y, QRbEASOD iifusttdhR 1ROPHQHEAQRalgrdof er ence
tool and indicates a significantly higher enerﬂ%treqw rement when conpared

to t Ee t ool 31%ie bendingriep! 8¢9 tepnses ths Giergy FEPIRFERL IR own as poi nts 602- 622) .
Graph 600 illustrate hat pl ac t of . r ooV 12 in bondin ool 300
reduces’the energy r ZI&%?%' éng'ﬁ‘?’ @Hgﬁﬁﬂ?ecdéfﬁ?%wmfgb?’}%mﬁi%o}s a?f;or%?%%ﬁﬁﬁoo pl ot's
t he di spl acernseit inedntidaoaad iaRgovemoha baraling tebl. ngs thown incFig. [, €salisplacenmeatrtf eon and a
conventi ona ondi 1 ooal . Q i i isnl ’ a
bondi ng t oo}’?nta\lﬂg???eg'flé] ltﬁé?)on"%%t%h%/’p opi% ) r?? 3 edgg {o%ﬂhgo‘%g a?%{ﬁfng;? O?ﬁ]gﬁ%gég?b%rrent of
I nertia, |, mdshitidgeof a groove, is greater than that of a standard shank (non-grooved) bonding tool.
Inspection of Fig. 7 shows that, for wire bonding, the plot of tip displacement is great than that of
20 a standard bonding tool {curve 706) both before (curve 702) and after (curve 704) use of the

controlled geometry capillary according to the present invention.

The inventor has also determined that the lower energy requirement of the
exemplary bonding tool results in higher quality bonds. Table 2 is a compilation of data
illustrating various bonding tools, bonding (ultrasonic) energy, bonding force, and shear force

25 required to destroy the bond. As is clearly illustrated, the exemplary bonding tool, while using
less than 50% of the energy cfa conventional bonding tool, provided bonds than exhibit superior

shear resistance.
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machi ning of a groove, is greater than that of a standard shank

(non-grooved) bonding tool. Inspection of Fig. 7 shows that, for wre

bondi ng, the plot of tip displacement is great than that of 20 ajgtjandgsd
bondi ng tool (curve 706) both before (curve 702) and after (curve 704) use

of the controlled geonmetry capillary according to the presgRiisyention.
The i nvent YORAYBIR so determined that the | ower energy reqU|r2ﬂ%nf of the

exenpl ary bonding tool results in higher quality bonds. Table 2 is a

conpi lation of data illustrating various bonding tools, bonding
(ul'trasonic) energy, bonding force, and shear force 25 required to destroy
the bond. As is clearly illustrated, the exenplary bonding toal, while
using | ess{Thagieyo of Bhar®@rer byBaifDia ¢onU&Gt i pnaTimeondi nigprésoo|, provi ded
bonds than exhibit superi@#mishepr qasi s{anos) 1; 9 GwN 2005(8ND 0}/ 83152
PCT/ USO1/ 13635z f&ferea P! Iargg ear[UA Ball | D p US Ti For cg
(gr/ m12)()({readvedibegr ) Reference fc nventional [ 6. 3743. 780611 design
160VB7.1041.83Qﬁ$%316OVB-16.7940 030612 160W 3-27.4141. 130612
160WB- 37. 7141 12 TB0VB- 4 .5141.%3&612 1@8VB-56.8§40.EBOG&2 TABLE 2
Table 3 is acd®WBatibn ol Waralit Bl it diirg—the—superigr—patt—t esi st ance
of bonds 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

TABLE 2

Table 3 is a compilation of data illustrating the superior pull resistance of bonds

formed by bonding tools according to the present invention as compared to a conventional

bonding tool.
Capillary Pull X Pull Y Full Avg. USG Time Force
(gr) (gr) (gr) (mA) (ms) {g)
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
5 TABLE 3

Fig. 8, is a partial side view of a second exemplary embodiment of the present
invention. In Fig. 8, groove 312 includes a curved profile 802. In all other aspects, the second

exemplary embodiment is similar to the first exemplary embodiment.

Fig. 9, is a partial side view of a third exemplary embodiment of the present
10 jhvention. In Fig. 9, groove 312 of bonding tool 300 includes two grooves 902, 904. Although
two grooves are shown in Fig. 9, the invention is not so limited and may include more than two
grooves if desired. In the exemplary embodiment each groove has 2 curved portion 910. As

discussed above, with respect to the first exemplary embodiment, the profile of the grooves 902,



formed by bonding tools according to the present invention as conpared to a
conventional bonding tool. CapillaryPull X Pull Y Pull Avg. USG Ti ne Force
(gr)(gr)(gr)(m) (ms) (gr) Reference (conventional 7.157.087.11655%@9

desi gn) 160WB7.247. 047. 14356100 160WB- 17. 007. 127. 06356100 AN 2003
160WB- 27. 337. 237. 28356100 160WB- 37. 817. 367. 58356100 US01213635

160WB- 47. 15V0 2B881320356100 160WB-57.287. 167. 22356100 5 TA§E§‘§:E|QT 8, is a
partial side view of a second exenplary enbodi nrent of the present

invention. In Fig. 8, groove 312 includgf_a curved profile 802. In al

ot her aspects, the second exenplary enbodinent is simlar to the first
exenpl ary enbodinent. Fig. 9, is a partial side view of a third exenplary

embodi Ment @ 4t DG dnSRERbeed sty @l i erodve ad @ed Sot ighudoy eurggipogionbndi ng
tool 300 includes two grooves 902 904..g€%tﬁ§u h t%“oﬁmﬂﬂﬁgécéﬁﬁ shown in
Fig. 9, theFigrfefges 896, P98 wax berBamipre prrpuagsdy i eﬁjgei n&TTHE Hor e than t wo
grooves if desigdforhdtioh bEerexenmzasn. enbiDetheragicisairthigs oomplatysmbadipetty ed

portion 910. As discussed above, with respect to the first exenplary
enbodi ment , is simdlartp dtei frg exrmplaneepiodiFls 902, 19 JAN 2005 WO 01/ 83152

Pt/ USOS/ 13635 9 Figs. 10A and 10B, are a partial side view and plan view, respectively of a fourth
exemplary embodiment of the present invention. In Fig. 10, slots 1000 replace groove 312 of
bonding tool 300. The width 1002, length 1004, depth 1006 and number of slots 1000 are based
on the desired response of the bonding tool 300. The slots may be substantially parallel to the
longitudinal axis of the bonding tool or may be placed in the body of the bonding tool 300 at a

10  predetermined angle as shown in Fig. 10C. In all other aspects, the fourth exemplary

embodiment is similar to the first exemplary embodiment.

Fig. 11, is a side view of a fifth exemplary embodiment of the present invention.
In Fig. 11, tapered section 308 is immediately adjacent groove 312. In all other aspects, the fifth

exemplary embodiment is similar to the first exemplary embodiment.

15 Although the invention has been described with reference to exemplary
embodiments, it is not limited thereto. Rather, the appended claims should be construed 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.



904 depends on the process used to formthe groove and need not include a ! ‘
curved portion. In Fig. 9, edges 906, 908 may be chanfered or rggngﬁq@
V

if
desired, to renove sharp edges that result fromformtion of gr g&,
904. In all other aspects, the third exgnplary enbodinment is simlar to
the first exenplary enbodinment. 5 Figs. 10A and 10B, are a partial side
Vi ew arwhapl&ancyasmiad: respectively of a fourth exenplary enbodi nent of the
present invention. In Fig. 10, slots 1000 repl ace groove 312 of bonding
tool 300. The width 1002, |ength 1004, depth 1006 and nunber of slots 1000
are based on thk- deskrehdiagponse o tibe vwiomdangul ©edsc300. t Fdesdsleat St dray
be su i &k arall.e e. longitudi nal axis of the bonding tool or
may b2§%%2%e§£#% tqgfggdé %#b%ﬁkgtgongﬁ%dnggpgSgﬁogiC%TﬁﬁisﬁPgdeternined
angle as shown in Fig. 10C. In all other aspects, the fourth exenplary
enbodi ment is siaviflimstt oyl hedfidadt sexengl atawiagbedi et diBhEted] a ifS r@t Shole
vi ew of %h%iggpsexeqplgr mbodi nent of the present invention. In Fig. 11
tapered‘f sect i on 308 -5°F iSEEEFN SHUREEAL Eyridsv e BIgsonis srpneduser
aspects, the fifth exenplary enbodinent is simlar to the first exenplary

enbodi nent. 15 Al tseeugh ¢fiaridrvest i thas LagN <dess! i bad onit bnd E‘J@ﬁ:ﬁgggﬁs‘%

exenpl ar,y _enbodi nents, it is not limted thereto. Rather, the appen

cl ai mEYSHBAF i he EEHEPPuetnt FeoPREl aeinsiher ] verdtdsnshanihe abedromhics ankter
t he i nwant taanwbhehr eyt bei sRades by ' i ey thout.
departing fromthe true spirit andalg%g%gs%é%été\?pragsne%\%eiﬁ/etn}%,gl & %QJAN
20J5 1°%Kias C ained: 1. A bonding tool for use with an ultrasonic
transducer to bond a fine wire to a substrate, the bonding tool
conprising: a fi pndrical sectiaon_having a first diameter, a first
end of the fi rsa[ %%3%%{%%psl%gatllmsie%%polﬁ%cziﬂpﬁ"éﬁ oo%h?%lstefcagﬂn‘?%hﬂdéhg%cer;
a second cyl i ndrsecaliosecti on coupled to a second end of the first
cylindrical section, the second cylindrical section having a second

di aneter |ess Hp%n the first diane{er and disgosed at a node of the
bondi ng tool ; anGSEStApEiedaseRt 6hl tiifdrad pectiremdtsrtene dlegdngement of
cyl i ndihec abndisegttoon, iwhesgidhskeheoses omtk eubhndr i catu19ect hate&! fi8Ctfiear; rst
displacgnept of _.the bonding tool in response to an ultrasonic stinulus

i nduc&di B tqﬂg FFF%Y cylindrical settion by the ultrasonic transducer.

2. The bonding tool according to claim 1, wherein the
tapered section has a third diameter at a first end thereof, the
third diameter substantially equal to the first diameter of the first

cylindrical section.

3. The bonding toocl according to claim 1, further
comprising an axial passage extending along a longitudinal axis of

the bonding tool from a first end of the boning tool to a second

end of the bonding tool.

4. The bonding tool according to claim 3, wherein the
axial passage has a first diameter at a first end of the first
cylindrical section and a second diameter a tip of the tapered

section, the first diameter greater than the second diameter.

5. The bonding tool according to claim 1, wherein the
bonding tool is formed from at least one of the group consisting of

aluminum oxide, tungsten carbide, ruby, ceramic and zircon.



end of the first cylindrical section by the ultrasonic transducer. 2. The
bondi ng tool according to claim1, wherein the tapered sectionihaaN&dllbhird
dianeter at a first end thereof, the third dianeter substantially equal to
the first dianmeter of the first cylindrnical section. 3. The bondi ng tool
according to claim1, further conprising an axial passage extendi ng al ong

a longitudi nal agis of bbﬁmﬁﬂgﬂﬁﬁoﬁgfbﬁoﬁsé'ﬂ&@haaﬁiﬁf%ﬁﬁEaaigft gﬁ%&%@%&?ga to

t ool tooa segond end of the bonding tool. 4. The bondi ng tool accor
clai m P URefdPR THe W iPafubasialide s Bonding tepineempristing:first end of
the first cylindrical section and a second dianmeter a tip of the tapered

section, the firstfidisameyetngteailesethaon the isgCand; di@mBlGkbte?r; M rst end
bondi ng ttg‘o faccordi g to claiml, wherein the bonding tool Is formed f r om
at | eadt Bife fofSEneY CBdnSPSti PRy ST lgdukP ntie oxl td@sondrgstamsdendi;de,
ruby, ceramc and zircon. 11 6. A bonding tool for use with an ultrasonic

transducer to honghpefddies st € th?qpsl‘éh@ﬁttro?‘ta&setc%%db%'ﬁgli RG 4Rl £ipsy
conprising: a first cylindrical section having a first dianeter, "a Fr st

end ofYtHERIGY s8AGIRAYT @id section coupled to the ul trasonic transducer;
a tapered section coupled to a second end of the first cylindrical

section; and a of e Vel GRSFESedlata ANAEAObs IR BRPGIAG £091 ANH RELWEEN he

the fjirst cylindrical section and the tapered section, Wﬁerel n the groove
ef f ect’SIE AP pradeHet SSCtiRe BBAJIIRY GagsIreich secddponse to an ul trasonic
stimulus induced in the first end of the first cylindrical section by the

ul trasoni ¢ transdueein The TherdwendirpactHa A6E05ekMd %fchﬁé%&ldi?{@eESEP in
t he roove is disposed at a predeterm ned distance froman end of "t he

t aper eFSEEBEFofP 3 UFHEABOMYT 1if I HS abedicgdngnt Bhe | Hinst7 endhef eihe thest
di st ansg in8rbed weent kot 0.+40Q 1304 Q11833 LAChRS (3. 556 and 4. 656

7. The bonding tool according to claim 6, wherein the
groove is disposed at a predetermined distance from an end of the

tapered section.

8. The bonding tocl according to claim 7, wherein the
distance is between about 0.1400 and 0.1833 inches (3.556 and 4.656

mm) .

9. The bonding tool according to claim 7, wherein the
distance is between about 0.1400 and 0.1430 inches (3.556 and 3.632

mm) .

10.The bonding tool according to claim 6, wherein

the groove has a predetermined width.

11. The bonding tool according to claim 10, wherein the
width is between about 0.0136 and 0.0200 inches (0.345 and 0.508

mm) .

12. The bonding tool according to claim 10, wherein the
width is between about 0.0160 and 0.0190 inches (0.406 and 0.483

mm) .
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mm). 9. The bonding tool according to claim?7, wherein the distance is
bet ween about 0.1400 and 0.1430 inches (3.556 and 3.632 nm. 10.The
bonding tool according to claim®6, wherein the groove has a prﬁgﬁﬁpﬂmgned
wi dth. 11. The bonding tool according ti@ claim 10, wherein the this
bet ween about 0.0136 and 0. 0200 inches (0.345 and 0. 508 nE). 12. TBe t
bondi ng tool accongdi.ng MHe Weida 49, + Mer gia Ldth,i t ween ahou
0.0160 and 0. 0190 i nohes (0. 406 Ig%q 0 a8 ﬁﬁgsnﬁgﬁcg9%3%’“2%02%%??&&%_“6
bondi n§PBBF HBEoRdPREAES SEMaANRds dinReteirn lele thaoovrd ehds ma tpicadetearer REd
di anet erel egsisdanchihesbifsbndi aneter of the cylindrical section. 14. The
bondi ng tool according to claim13, wherein the dianmeter is between about
0.0082 and 0. 0156 inches (0.208 and 0.396 nm. 15. The bondi ng t ool

according to claimgl3, er.ein:the. di er_is _between about 0Q.0154 and
0. 0160 i%ches (O.gg'ang .%ggaﬁgg.t%%fngﬁ%%ﬁ?}?%fﬁoB%HHVEgl tmﬁhﬁﬁﬁlQmﬁ?e
wi t h ardignetgsoriisc bettwarsdabent ttheddsmdimg © ool 5600pehsisNg:0 .2 dd rSid 0.396
cyIindqhgpl section having a first diameter, a first end and a second end,
the first end of the first cylindrical section coupled to the ultrasonic

transducer; a second cylindrical section coupled to the second end of the
first cylindrical %fct£$n t he second cylindrical section having a second
he'tS P

! 9 PRRIgP A6t dAccartingi Spekua B hersde e diameter is

di aneter | ess than

bondi rgethaaln abdwaper egl seckhanohaisng i& dHd st @ngds conpgl 8d4be amend of the
second cylindrical section and a second end, the first end of the tapered

16. A capillary bonding tool for use with an ultrasonic

transducer, the bonding tool comprising:

a first cylindrical section having a first diameter, a first end
and a second end, the first end of the first cylindrical section coupled to

the ultrasonic transducer;

a second cylindrical section coupled to the second end of the
first cylindrical section, the second cylindrical section having a second
diameter less than the first diameter and disposed at a node of the

bonding tool;

a tapered section having a first end coupled to an end of the
second cylindrical section and a second end, the first end of the tapered
section having a third diameter substantially equal to the first diameter
of the first cylindrical section, and the second end having a fourth

diameter less than the third diameter; and

an axial passage extending from the first end of first

cylindrical section to the second end of the tapered section,

wherein the second cylindrical section effects a displacement of
the bonding tool in response to an ultrasonic stimulus induced in the first

end of the first cylindrical section by the ultrasonic transducer,

17. The capillary bonding tool according to claim 16,

wherein the axial passage has a conical shape.




section having a third dianmeter substantially equal to the first dianeter
of the first cylindrical section, and the second end having a fourth

di ameter less than the third dianeter; and an axial passage ext Qdi@gq£r0n1
the first end of first cylindrical seaion to the second end o

tapered section, wherein the second cylindrical section effects a

di spl acenent of the bonding tool in response to an ultrasonic stimulus

i nduced in the fiLﬁ% en@eof the first cylindrical section by the

ul trasoni ¢ transduter. 47° SHRILLAPFYIBPYdbondiaelt @erordingdingclainl &6m

16, wheheirsihhenaxihali aDapsaee gRas 3 %O%Iu%%lta%*%%%q gﬂ%&%eé@% é%o 18, The

capi |l ary bondi ng tool accordlng toclaim1l passa ge
has a substanti al l.y, const ant dlffeter 19. The ca |IIary bondi ng t ool
according to cl ai r?i91'8 ¥ h Eyalﬁ?’é‘lilbﬁs%@é R&§ & diggert oispoised &t

the fiwberend ahe tixdali rslsdd nd Gale 580 I PpAha Adongdi ng; 001 91,

bondln? a fine wwre to a substrate, the bondlng tool conprising: a firs
cyl i ndFPEaf1E8Et F¥RiRGARGlaSertdendi aneter, a first end of the first
cylindrical section coupled to the uItrasonic transducer; a tapered section

coupled to a seco en the fir cylindrical sectlon and an orifice
di sposed at a nod%%of ?’h%othﬁ‘? QﬁoSP I hBas e ieheire| taa sybphERtal
sectldmeahdndhagtapeledoﬁpeisgﬂg wherein the orifice effects a displ acenent
of the bonding tool in response to an ultrasonic stinulus induced in the

first end of the %jrst cylindrical section by the ultrasonic transducer.
21. The bondi ng £oblfHc&rtdPAELTd GestaPRohaviigr ei Airsle digretete 4 sflaﬁt end

| east cEnengr oo 321 ndPecHONERG oh 08 AGEORHi Blgetnﬁt%la%gm% p,the

groove has a substantlally rectangul ar ‘cross section on |ng t oo

according to claim %PEFEIH t he
a pere section coupled to a second end of the first

cylindrical section; and

an orifice disposed at a node of the bonding tool and between the

first cylindrical section and the tapered section,

wherein the orifice effects a displacement of the bonding
tool in response to an ultrasonic stimulus induced in the first end of

the first cylindrical section by the ultrasonic transducer.

21. The beonding tool according to claim 20, wherein the

orifice is at least one groove.

22. The bonding tool according to claim 21, wherein the

groove has a substantially rectangular cross section.

23. The bonding tool according to claim 22, wherein the

groove has a radius along at least a portion of the cross section.

24. The bonding tool according to claim 20, wherein the

orifice is a plurality of grooves.

25.The bonding tool according tc claim 20, wherein the



.
groove has a radius along at least a portion of the cross section. 24. The
bondi ng tool according to claim20, wherein the orifice is a plurality of
grooves. 25. The bonding tool according to claim?20, wherein the 14 19 JAN
2005 orifice is a slot. 26. The bondi ng4t ool according to clai m25ANWEGEr ei n
the slot is a plurality of slots disposed along a circunference of the
bondi ngribote 29.a Theobondi ng tool according to claim?25, wherein the slot
has a longitudinal axis substantially parallel to a |ongitudinal axis of
t he bondi ng tool. 28. The bonding tool according to claim25, wherein the

sl ot has a | ongitugi natnhaxhsn i tudi nal. .S 0f the
bondi ng tool by a predeterm n&e){dﬁgzﬁ%?if. %Eg&éﬁgjn&%ng&{%&o )&:‘sdr%&seé:evﬁ ﬁhgn
ul t r aso™ L thSars dUicEiR kid o&rfd s 1@ty bl skased 0a bosubat ¢ atepmfhe eherdiotg theol
conpri shdiggfé&st . cylindrical section having a first dianeter, a first
end of the first cylindrical section coupled to the ultrasonic transducer;
a second cylindrical section coupled to a second end of the first

cylindrical sectipon, t d cylindrical_ section having second,
di aneter |ess théﬁpthe ?ﬁ@%ggl%ﬁm&%&PaﬁﬂF%ﬁib%%eﬁoaff%?%oag'th?ﬁ%ln the
bondi nggtaplhas & Hiomg Lyhdndailcak isectibet diavid § heabhisk1dicangt er; and a

tapered section.coupled to_an . end of the third cylindrical section;
mherm;#?Qﬁf%%%%%%Ec§fﬁﬁdPF2£h%s 15 erFeets a di spl acenent of the

bondi ng tool in response to an ultrasonic stimnulus induced in the first end
of the first cylindrical section b¥ the ultrasonic transducer. 30. A
bondi ng tool for ﬂdi%@eabfpﬂénﬁﬁ 8?90350§E6§f¥ku§9 ckden bondiwigexobh the
conpri g Hadid stokyl t @il a§§§té9f's£'@vf9&naaz16&&19&&5‘?5?%&358909%

cylindrical, section coupled to an end of the firs
bonding tool by a predetermined angle.

29. A bonding tool for use with an ultrasonic transducer to bond

a fine wire to a substrate, the bonding tool comprising:

a first cylindrical section having a first diameter, a first end

of the first cylindrical section coupled to the ultrasonic transducer;

a second cylindrical section coupled to a second end of the first
cylindrical section, the second cylindrical section having a second
diameter less than the first diameter and disposed at a node of the

bonding tool:
a third cylindrical section having the first diameter; and

a tapered section coupled to an end of the third cylindrical
section;
wherein the second cylindrical section effects a displacement of the
bonding toel in response to an ultrasonic stimulus induced in the first end

of the first cylindrical section by the ultrasonic transducer.

30. A bonding tool for bonding a fine wire to a substrate,

the bonding tool comprising:

a first cylindrical secticn having a first diameter;

a second cylindrical section coupled to an end of the first



15 19 JAN 2005 cylindrical section, the second cylindrical section having a
second dianeter less than the first dianmeter; and a tapered section
coupled to an end of the second cylindrical section, wherein the ?eﬂg\nﬂfﬁ
cylindrical section is disposed at a ngde of the bonding tool. é :

bondi ng tool for bonding a fine wire to a substrate, the bonding tool

conpr i syhigidrachi r s¢ctciynl, ndhé cedcERL Oy AndaMidNg sack i 68th4 3P heLecsnd aper ed
secti oR, coel{palreg to .an eng of . the first cylindrical section; and a groove
di sposed betweaR ot HE'¥ FEE E{FFhdHiaditedéc@n6n and the tapered section,

wherein the groove is disposed at a node of the bonding tool. 32. A
capillary bondi ng l..GoO ising; a,first cylindrpcal section having a
first diameter, a t%a?)r%gtea g%jﬁjadr{ld%émg%%%n? S0 %tc’%h‘"d SEFPPAdTYqdrdeati on
coupl ezkatdonhe second end of the first cylindrical section, the second
cylindrical section having a second dianmeter |less than the first dianeter;

a tapered secti owr}lehraev.i ng,a first end coupled to an end of the second
cylindrical sect] B At A% EESRG R 1PABIF31 ste TP KE SPasecedt seapden
havi ngpfa e bdndiiageteb1substantially equal to the first dianmeter of the
first cylindrical section, and the second end having a fourth diameter |ess
than the third dianmeter; and an axial passage extending fromthe first end

of first «cylindyjical sectipn tq the second end of the tapered section, 19
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the bonding tool comprising:
a first cylindrical section having a first diameter;

a tapered section coupled to an end of the first cylindrical
section;

and

a groove disposed between the first cylindrical section and the

tapered section,

wherein the groove is disposed at a node of the bonding tool.

32. A capillary bonding tool comprising:

a first cylindrical section having a first diameter, a first
end and a second end;

a second cylindrical section coupled to the second end of the
first cylindrical section, the second cylindrical section having a second

diameter less than the first diameter;

a tapered section having a first end coupled to an end of the
second cylindrical section and a second end, the first end of the tapered
section having a third diameter substantially equal to the first diameter
of the first cylindrical section, and the second end having a fourth

diameter less than the third diameter; and

an axial passage extending from the first end of first

cylindrical section to the second end of the tapered section,



the bonding tool. 33. A bonding tool for bonding a fine wire to a _
substrate, the bonding tool conprising: a first cylindrical section having
a first diameter; a tapered section coupled to an end of the flrSRQJAwaﬁ
cylindrical section; and an orifice digposed between the first cylindrical
section and the tapered section, wherein the orifice is disposed at a node

of the bonding twidreiddthd bosshdEheak-{o41 hending fsgﬂl %o\éﬁeﬁeaé 9 ode of
substraﬁe, tPe bondi ng tool conprising: a first cylindrical 'section having
a first9i &% Hecond cylindrical section coupled to an end of the
first cylindrical section, the second cylindrical section having a second
dianeter less than the first diameter; a third cylindrical section having
the first di ametéd; AnBondingpéped fectbondinuphefliite ahrento of dliesthite]

cylindghcalondard 11¥h1 WEHEIthe second cylindrical section is disposed at
a node of tohne gggtr\di ng togr[p. * ltn%e

a first cylindrical section having a first diameter:

a tapered section coupled to an end of the first cylindrical
section;

and

an orifice disposed between the first cylindrical section and

the tapered section,

wherein the orifice is disposed at a node of the bonding

tool.

34. A bonding tool for bonding a fine wire to a substrate,

the bonding tool comprising:

a first cylindrical section having a first diameter;

a second cylindrical section coupled to an end of the first
cylindrical section, the second cylindrical section having a second

diameter less than the first diameter:;

a third cylindrical section having the first diameter; and
a tapered section coupled to an end of the third cylindrical
section,

wherein the second cylindrical section is disposed at

a node of the bonding tool.



