WD 03/ 009335 PCT/ US02/ 16663 -1 ULTRA FINE Pl TCH CAPI LLARY BACKGROUND OF
THE I NVENTI ON This invention relates generally to a tool for use in the
bondi ng oWwowBnesB® semn conductor devices and, nore parti @arardy14663 a
bondi ng tool for bonding of fine wire to bonding pads set at a very fine
pitch. 5 DESCRI PTI ON OF THE RELATED ART Modern el ectronic equi pnment relies

heavily on printed circuit boards on

iich sem conduct or chips, or

integrated circuits (1Cs), are nounted. The nechanical and electrical
connections between the chiyjL. ERd RINE PIT0$ CAPELhARY posed chal | enges for
chip designers. Three well known techniques for interconnecting the ICto
the substrate 10 are: wire bondi ng, tape automated bondi ng (TAB) and

flip-chip. The nbost comon of these processes is wre bonding.

In wire

bonding, a plurality of j S pﬁﬁ% in.a pattern on the top

surface of the substrate,B&?‘ég«-&g@ﬁz"chf‘?%r tﬁg}ﬁﬂﬁﬁghe center of the

pattern of bondi ng pads, and the top surface of the chip facing away from

the top surface of _the substrate. Fine wires &/vhl ch may be 15 al um num or
hryse

gol d wires) are cohAEdRERtigRrelaies senallinigtaiop

fethedyondingrof gdredp t he

CheP conngerhiBindOitk 36t BeOthd, hork BRRUGIDGE o Bondidf 154351 hlding APHAI GHERS '

t he connecting Wwres ar bon

subst r at boiding®pals sat stapidry ding piteh.bondi ng tool further described bel ow.
Capillaries (bonding tools) are used for ball bonding the wire to
el ectronic 20 devices, particularly to bond pads of sem conductor devices.

Suchscapillaries are gepgESURIPTIONT®GE THERERAGHIRART at eri al ,

principally

al um num oxi de, tungsten carbide, ruby, zircon toughened alum na (ZTA),

al um na toughened zircon (ATZ). Very thin

Modern electronic equipment relies heavily on printed circuit boards on

which 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 pattern 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 (bonding tools) are used for ball bonding the wire to electronic

20

devices, 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). 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, generally on the order of about one m| gold, copper or alum num
wre, is threaded through an axial passage in the capillary with a snall
bal | bei ngofoaomsds at the end of the WO 03/ 009335 PCT/ USO2/,PTCaAGB2/16683 W T €,
the ball being disposed external of the capillary tip. The initial object
Is to bond the ball to a pad on the sem conductor device and then to bond
a portion farther along the wre to aZlead frame or the I|ike. During the
bondi ng cycle, the capillaries performnore than one function. 5 After the
bal | i s Wieg, e ball beingalispobar yxterusltofithe sdpikantipt Theinkadl bobjear s ky bvad hen  the
capillary for bond Bad targeting. Wth a first bonding step, the ball is
bonded tRslldo gpad aavfhe semigordirirdenice gad thea. to\mrad atnestiehfsrthenalong theches t he
bal I dowp <Lh | 1. W . . f n_out. As
t he bon\c/iw%ée)l sgl g%%%%%e?a Qlkgnhg)e&ﬁirgglrh%éﬂfdﬁ%e%ﬁc%é{a@g? %qlﬂ&g%d&ggohg%rgon t he
sur f ace thin édeefubotich.pad. In order to forma proper 10 bond, it is
preferable to break the oxide surface and expose the al um num surface. An
effective way of breaking the oxide is to "scrub" the surface of the oxide

withsthe wire balAfterlihg byl i€fdembd, the cAliBs9 e frittehist HROBIYari) §idiim num
oxi de and the capi IIarC%/ rapidly noves in a linear direction based on the

expansi ¢he eapillaryfor bond padl fgetingi &Yith a éirg bonding staprreire babl ia beuntedi to lai padt he
ultrasonic hor.n to which. th apillary is attached, The 15 rapi tion, in
addi ti on"“_taoseﬁ‘BS‘Bn“g‘ﬁ idgﬁlthS’g%‘d’ﬁh? ﬁ%’_‘%%ﬁ&o‘&éaé ﬁPﬁPH&%YP%‘W‘S?‘PP&Q? ond by
transf erthé pall H@ll 86 YieshaEhyLRRteh M WAL fh@Bshd piRis e seRadly At &Rl | | ary

then handles the wire during |ooping, snmoothly feeding the bond wire both
out of taminap, lal thinyoxidel fars ronlibe surface of thedbondpalll dnrdefhe faapa ptapey t hen

f "stitch” " K" "tail" b 0P ly,
t herTroa e it erefnbie 4G Creic hESie Sstact g exgigdns JRmimEs SHiAck: Ahnect i on
of sem coRed Rhy deVicaRmgRe bXigé Is 18 YBRIAbY ROsuT RS LF BleSkide W tHRekFRSONI C

ball. The wire ball is placed on the surface of the aluminum oxide and the capillary

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 by

transferring molecules 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 and the free air ball (FAB) formed thereby are such that the bonding tool can only be
used to bond wires to bonding pads having an interpad spacing (pitch) of greater than 60

microns (0.060 mm; 15.34*10* in.]. Thus, making them unsuitable for bonding wires to



bondi ng process is partially dependent upon the transfer of ultrasonic
energy fromthe transducer, attached to a novabl e bondhead, through a
tool, e.gwomapddsBary or wedge, to the ball or wre bei ngPoglutez14663 t he

sem conducti ng device or supporting substrate. 25 In conventi onal
capillaries (bonding tools), the geonetry of the bonding tool and the free
air ball (FAB) fornmed thereby are such3that the bondi ng tool can only be
used to bond wires to bondi ng pads having an interpad spacing (pitch) of

great er ddvides pfoduted toimset(te Gedertansity redfhirtOicfsrof thé)sdmicdilustor iigstyg. t hem
unsui tabl e for bonding wires to WO 03/009335 PCT/USQ02/ 16663 -3 devi ces

pr oducedThese peigt arthongingreels gemalpq ynspiehle famkandling witerhonds Heiag Maiecasor

i ndustry T, i | o] . ) ' . or, handl i ng
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I nvent or gevefoptd & bphéiag Mdolithatgndetihe ham@ndsdﬁlp@h@p%d thasdRighidefsifyQidvidef at
neets the denmands | nposed by these high-densit evices 5 while

. Y, > :
nai nPai nVhide BpintRining strupirad dutegsity i theneonddngiionly tool . Fig. 1A is an
illustration of a well-known prior art fine pitch bonding tool 100.
Bondi ng tool 100 has a cylindrical portion 101, and a tapered potion 102
coupl ed between ckigi Adris @alillgsratipmaf 4 oelldmewngriorragt fingpitduvbhondingktooly ti p

ol at § veltl Bintte o 160 Rkt ainctidhooasn, Sohidhy X Ffred petin IEtneRdor ds.
wor ki ng bdtReckO41iasicAHoRHEH 201 amN@bkink0sh @@4.3%&%13?%04 &bgn eRflyeed width

of working tip 104 relative to cylindrical portion 101 permts ball bonds
to be nabmding tpaldt00) &as adipangle offiftsbn dogrees BlaD@20ithe longitibnal awisrdi ng tip

104 . touchi.ng a | ace | oop, of a.bond i re as expl ai Ln.U S. Pat.
No. 18! Soimuti B3 B0 Hihher iR Podinteliy afts B SOt Pada 1086t Ponar v ew of
wor ki g ddofeed O4he réductd wilVeF wotkhrigGip 103 retivK td Sy fifiRall foriibRI0R pEasigy angl e
108 of 4 degrees, and tapered portion 104 has an overall angle 518 of 10
degr ees. balllboadsl e bomade op pednhaving kpitgh dfabout 0.0032 in. without working tip 104

touching an adjacent loop of a bonded wire as explained in U.S. Pat. No. 5,558,270.

Fig. 1B is an illustration of an enlarged sectional view of working tip 104.
15 Asshown in Fig. 1B, working face 111 has a face angle 108 of 4 degrees, and tapered
portion 104 has an overall angle 118 of 10 degrees. In addition, adjacent working face
111 is first inner chamfer 110, which, in turn, is adjacent second inner chamfer 112.
First inner chamfer 110 has chamfer angle 114 of 90 degrees, and connects or continues
with second inner chamfer 112 having an angle greater than 60 degrees. These chamfers
20  are designed to guide a fine wire (not shown) into wire hole 116, having a diameter 106,

to accommodate wire with a diameter of about 1 mil.

These prior art bonding tool are deficient, however, in that their design is
not able to accommodate the ultra fine pitch (30 microns or less) bonding pad
requirements placed upon the industry by semiconductor manufacturers. Further, these

25  bonding tools are formed from materials that are unable to withstand the forces and meet
the elasticity requirements necessary to provide a bonding tool with working tip

dimensions sufficient to meet the needs of the semiconductor industry.



111 is first inner chanfer 110, which, in turn, is adjacent second inner
chanfer 112. First inner chanfer 110 has chanfer angle 114 of 90 degrees,
and connewD30093¢HNt i nues wth second inner chanfer 112 kraTiusg2/ameangl e
greater than 60 degrees. These chanfers 20 are designed to guide a fine
wire (not shown) into wire hole 116, having a dianeter 106, to acconmpdate
wre with a dianeter of about 1 ml. These prior art bonding tool are
deficient, however, in that their design is not able to accomobdate the
ultra fine pitch (30 m cr orSUMMARYOF PHBINVENIUON equi renents pl aced upon
the industry by sem conductor manufacturers. Further, these 25 bonding
tools are forned frommaterials that are unable to wthstand the forces and
neet the el asti ciTy s6l98hd SORMSHORDESESRIVNnth SesITRohdhtidnABIdiRG t6819] W th
working tip dinensions sufficient to neet thée needs of the sem conductor
i ndust r ythe\prssewy/ iopeBRA rPgwsshaying 8e®rking tipuNMRdigretaHesy (VERE ddtoTs sol ve
t he af orenenti oned di sadvant ages of conventional bonding tools, the
present invention The béreking wohavimpgsea awoorkinggip atmnvmnﬂmfahe:lbmdn“tgetbol ess than
' The honding tqQol conprises. a workin an end of the

39 mcro )

bondng ﬁl@woﬂ@ngrﬁg inENdipg &) & FaBelieHéF‘ﬁ’&PrlPﬁVinﬁ a@rﬁgﬁ@@ae aRsle withpespedly a
predet er g e ngﬂgéhﬁal"\dﬁ of ey . lﬁl 15a'11§eclt8ﬁgil)t%‘Woﬁlﬁhg%eﬁfﬁ{ah first
cylindrical secCtion a wor ace Wt irst “annu anf er

f or med adnnatar chirafed doymesd atcn omts@mm&ﬁdn of an el sfhk iwegkingip, andliii)ia ) a

second annul chanf er formed at an .inside partion of the end of the
wor ki ng %%nda larjchamfes farmacd-fram 18¥ide portiop wémeeerndméﬁ%waak%am thg rfgst

anot her; I jto an
Coper ot Sesgripla thadtcobelnt bRl andfiefithd  ARSERGAL QMM O 20
t he 1pr esaxidl passagecoupled tohan sgeo pdrtnrufitisy secofbadmlarivhamder. over al | angl e of
| ess than 901.

According to another aspect of the present invention, the second annular

chamfer has an overall angle of less than 90°.

According to a further aspect of the present invention, the first annular

chamfer has a face angle of greater than 8°.

15 According to another aspect of the present invention, the bonding tool is

formed from a material containing at least 80% ZrO:2 by weight.

According to yet another aspect of the present invention, the bonding tool
is formed from a material selected from one of group consisting of i) ZrO:z + Y203 and ii)
AlOs + ZrO:z + Y20s.

20 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

The invention is best understood from the following detailed description

when read in connection with the accompanying drawing. It is emphasized that,
25  according to common 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:



According to a further aspect of the present invention, the first annul ar
chanfer has a face angle of greater than 81. 15 According to another aspect
of the prweeaosssventi on, the bonding tool is formed fromca/usat/edobal
containing at least 80 % ZrQ(err) by weight. According to yet another
aspect of the present invention, the bonding tool 1is formed froma
materi al sel ected fromone of group cofsisting of i) ZrQ(err) +
Y(err)Q(err) and ii) A1203 + ZrQ2 + Y203. 20 These and ot her aspects of

the invention are gt fOuhM 1BSIrovaMbsRideafi@h €8££ cotventibitul Bbadihg @p1:and t he
description of exenplary enbodi ments of the invention. BRI EF DESCRI PTI ON OF

THE DRAW NGS The invention is best understood fromthe follow ng detailed

description when pigach A DECABRARLIONW bl E%i%%ﬁé’d@)&‘&liﬁg tfhapdng. It is
enphasi zed that, 25 according to common practice, the varrous features of

t he dr avéxegplare embodinens ofithe. préent inventivonanrdary, the di mensi ons of the
various features are arbitrarily expanded or reduced for clarity. Included
in the drawing are the follow ng Figures: W 03/009335 PCT/US02/ 16663 -5
Figs. 1A and 1B arEigvars adstailedisectibeadsyienf ofthe avorkinigi tipnefl a bamithggot ool ;

Figs. 2A-2E are various views of a bonding tool according to a first

exenpl ar JFCRHIELOAICORT e&wlgwmmmeﬁ%eﬁ?seahawpm&n-3 is a detail ed
sectional view of the working tip of a bonding tool 5 according to a
second exenpl ary enbodi nent of the present invention. DETAI LED DESCRI PTI ON
The present invention overcor@ETMbBBé?E%@@?&I@N of conventional capillary
bondi ng tools by providing a bonding tool having a working tip including a

t aper ed
The present invention overcomes the deficiencies of conventional capillary

bonding tools by providing a bonding tool having a working tip including a tapered
section having a predetermined angle with respect to the longitudinal axis of the first

10 cylindrical section, ii) a working face with a first annular chamfer formed at an outside
portion of an end of the working tip, and iii) a second annular chamfer formed at an inside
portion of the end of the working tip, the first and second annular chamfer adjacent one
another; and a substantially cylindrical axial passage coupled to an upper portion of the
second annular chamfer. The resultant bonding tool is able to apply bonding wire of as

15 small as 10 microns to bonding pads having a pitch of 30 microns or less.

Fig. 2A is a side view of a bonding tool 200 according to a first exemplary
embodiment of the present invention. As shown in Fig. 2A, bonding tool 200 has a
cylindrical body portion 201, a tapered portion 202 coupled to the end of cylindrical body
portion 201, and a working tip 204 coupled to the end of tapered portion 202. Ina
20  preferred embodiment, bonding tool 200 is formed from a unitary piece of material. The

specifics of the material used to form the bonding tool are discussed in detail below.

Fig. 2B is a sectional side view of bonding tool 200. As shown in Fig. 2B,
bonding tool 200 has a diameter 227 of between about 1.5 and 1.6 mm and preferably
about 1.588 mm. Further, bonding tool 200 has a length of between about 9.5 and 11.1
25 mm. Tapered portion 202 has a substantially constant taper 218 of between about 18° and

22° starting from the point at which it meets cylindrical section 201. In one exemplary



section having a predetermined angle with respect to the longitudinal axis

of the first 10 cylindrical section, ii) a working face with a first
annul ar cwerBm093Bdrned at an outside portion of an end ofPCrhesomnioks ng tip,
and iii) a second annular chanfer formed at an inside portion of the end

of the working tip, the first and second annul ar chanfer adjacent one
another; and a substantially cylindricll axial passage coupled to an upper
portion of the second annular chanfer. The resultant bonding tool is able

to appl yediosuskheist, Me't8peafis Bstwken 8Pt 11998nd 91 M HdqRefelH1P20UI NGiPPskEagtavi Ng a
pitch of 30 microns or less. Fig. 2Ais a side view of a bonding tool 200

accor di ng2Q extends ifrom uppesepd @29 to gionkiug tip 304 of bonding tecd @RP. ilnwe rxengplaryAs

h Fi 2A hondi 200 has d rt 201,
Caper ed or eIy aRe G et AovR Bhy EuRdRhs Bl B D 201, °
and a WopieHdsniihetl Aflde S98I8F Ssbut @3¢ hel"etﬂz@r fhpokRREsaes RBREthi Ak #O4xial N @ 20

preferred enbodi nent’, bonding tool 200 is fornmed froma unitary piece of
mat efi al pasSige 226 ;appnofaq:hﬁs vafrktngetlmm%rthlatapasﬁdnmmrfsdo @bouicd b di Aget ool are

di d in detail ) d di t ool
D00 e iwitiof i, Red sp 1, Hojficer And R4S oBBHPRED Bt bpEeS 0 B BB o
about 1. @V@@@ugstﬁltﬁ‘ﬂg%ﬂst%tﬁlﬁﬁ@@f or taﬁ&@d‘bvﬁr (?ﬁga%tlcﬁyéﬂﬂﬂ@ leng Ehotﬂdl ng tool

200 has a length et ween about 9.5 and mm Tapered portion 202
has a subsingttoell 200. chimskatiet may be desited inbrdezttofaeilitatsouire iBOrtmndt umibr

starting fr the 0i nt ch it et.s ¢ ndr. sectio In one
ool ar AR ROBESsEoRP ke oA ah pIsSHRS TLURE Bht von
abo% 19F%§1d2§;ndggd preferably 20. Axial passage 220 extends from upper

end 222 to working tip 204 of bonding tool 200. In an exenplary
enbodi ment, axial passage 220 has a substantially continuous tapered shape

havi ng a predeter g}gﬁ,ﬂaﬂlgﬂ; tiaf) L.on of its

| ength. As the aX|AT% passag g%ZBHBIp%E&%ﬁég hmaf)%%}lﬁs\éﬁlulapy%ﬁ#én?hi s taper

transi t i diaseten23Malohg fhe lefigth Uf®onding tool 200. In Fig. 2E, axial passage 220 has a
substantially constant diameter 240 along a portion of the length of bonding tool 200, and

has a taper 242 adjacent upper end 222 of bonding tool 200.

15 Fig. 2C is a detailed sectional view of working tip 204 of bonding tool 200.
As shown in Fig. 2C, working tip 204 has an annular working face 211 having a face
angle 208 of between 8 and 15 degrees. In one exemplary embodiment, face angle 208 is
at least 11, preferably between 11 and 12 degrees, and most preferably 11 degrees, to
provide a strong second bond (wedge bond) by the bonding tool. Adjacent working face

20 211 is annular chamfer 213 having an overall angle 214 of less than 90 degrees. Ina
preferred embodiment, chamfer angle 214 is between 60 and 90 degrees, and most
preferably about 60 degrees, in order to provide a first bond (ball bond) that meets shear
and pull test requirements. In addition, annular chamfer 213 has a width of between 1
and 4 microns. Cylindrical passage 224 is coupled between the upper portion of chamfer

25 213 and axial passage 220. In one exemplary embodiment, cylindrical passage 224 has a
diameter 206 of about 14 microns to accommodate a bonding wire (not shown), chamfer
213 has an outer diameter 212 of about 18 microns, and working tip 204 has a diameter
216 of about 33 microns. Diameter 206 of cylindrical passage 224 may be determined
based on the diameter of the bonding wire plus 4 microns. Further, as shown in Fig. 2C,

30  working tip 204 has a substantially constant taper 219 of between about 0 and 10 degrees



i nvention is not so limted, however, and it is contenplated that axi al
passage 220 may be have a substantially constant dianeter or tapered over
only a powbDiodnowssst he | ength of bonding tool 200. The | atPCcarusorysche
desired in order to facilitate wire insertion at upper end 222 of bonding
tool 200. Exanples of such alternate axial passages are illustrated in 10
Figs. 2D and 2E. As shown in Fig. 2D, -axial passage 220 has a substantially
constant dianmeter 230 along the length of bonding tool 200. In Fig. 2E,

axi al pa%;?ﬁ?ﬁfg%%@fﬂ%t g de%fé@§ E@ﬁdi@h@h& ap %%Em dbRNBE Wired 49 HoheRg téol

portion gth of bondi ng tool 200, has a taper 242 adj acent
upper er20023ad afengtn2iihgf hevwkerPdlidut 66 afd 0 n@Gons. In aptefeirediembodimontal vi ew

of worKki.n i.p.204 of ndj ng tool 200. As shown in Fig. 2C, working tip
204 has lﬁgﬁté@gglllsa;b%?&gﬁﬁmf e 211 having a face angle 208 of between 8

and 15 degrees. In one exenplary enbodi nent, face angle 208 is at |east
11, preferably between 11 and 12 degrees, nost  preferably 11 degrees,

d d
to provide a strohythedensrangishdl? byl %ggqrewwtw@ Y Brand votkBgItip Adj acent
Kj ' ] : ' 214 of
ess® ot ol Ayl i At FARMGH oebl 23 thilo abaebdtrberlliy g 217 ©

bet ween fftien20Pthdwgrieastip 204. MR atprefpired embsdiyheal) atinsifidndegor 235 hasna or der

to provide a first bond (ball bond) that neets shear and pull test
r equi r erfiddiug of pbpusdef miGTAns. aRuthers meorder torprovent khippimafidondisg toeldiBen 1

of - chant Sy 35Bn sTHoh 355 1ithe RIRARRRE GYke kR 58 (AR EROnAY B ARG Pr 1 O

cyl i ndr i seheddaBs kgeer Poftidinst workdh@ip o4 adDotkinghes2114 nicrons to
accomobdat e a bonding wire (not shown), chanfer 213 has an outer dianeter

212 of about 18 m crons, and working tip 204 has a dianeter 216 of about

33 gpcrons. Di anet@p, 2@6a @étaftdd &é&ﬁbmaie“p@ﬁ&aﬂ@}gﬁﬁ 30®Ychedi@g e hidthad
based on the dianeter of the bonding wre plus m crons. Further, as shown

in Fig. eempkoy wobadimgnt phthetedeasingeniions tAsmthe glyligdricah bodinportigpeiapeared of
bet ween 1909831} a19d &5 p%gsa%ee oF %%:Sbonding tool in this exemplary embodiment are essential
identical to that of the first exemplary embodiment descriptions related thereto are not

repeated.

15 As shown in Fig. 3, working tip 304 has a working face 311 having a face
angle 308 of between 8 and 15 degrees. In one exemplary embodiment, face angle 308 is
between about 10 and 12 degrees and preferably 11 degrees. Adjacent working face 311
is annular chamfer 313 having an overall angle 314 of less than 90 degrees. In a
preferred embodiment, chamfer angle 314 is between 60 and 90 degrees, and most

20  preferably about 60 degrees. In addition, annular chamfer 313 has a width of between 1
and 3 microns. Cylindrical passage 324 is coupled between the upper portion of chamfer
313 and axial passage 220. In one exemplary embodiment, cylindrical passage 324 has a
diameter 306 of between about 14 and 16 microns and preferably about 15 microns to
accommodate a bonding wire (not shown), chamfer 313 has an outer diameter 312 of

25  between about 17 and 19 microns and preferably about 18 microns, and working tip 304
has a outer diameter 316 of between about 37 and 39 microns, and preferably about 38
microns. Diameter 306 of cylindrical passage 324 may be determined based on the
diameter of the bonding wire plus 2 microns. Further, as shown in Fig. 3, working tip

304 has a substantially constant taper 319 of between about 0 and 10 degrees and



WO 03/ 009335 PCT/ US02/ 16663 -7 and preferably about 7 degrees to avoid
contact of adjacent bonding wires by bonding tool 200, and a |length 210 of
bet ween awouws/oeB3mand 90 mcrons. In a preferred enbodi menPCTiEsny1ds6210 i s
about 76.2 microns. As the taper angles 218 and 219 of tapered portion 202
and working tip 5 204, respectively, are different, a transition region
225 may be placed between tapered porti-on 202 and working tip 204. In a
preferred enbodi nent, transition region 225 has a radius of about 3.8

M Cr oNns. pletrddlP hbott 17 RIGHRK th QvBILYBAEL &'ﬁh@@@:rﬂ%oﬂﬁin Qides sy bARIn2B: 2
transition region 315 having a radius of between about 4 and 6 m crons may

be di spo2#H andetlengdin3ihef basween ploout ild¥ and 13(bmidrogs.t Ipa pefernediembodainenf f ace
211. 10 Fi .S .a i l.ed sectional view of working tip 304 according to
anot her EE&Brﬁipé‘?@b(’é’ﬁé@i‘W&of the present invention. As the cylindrical
body portion, tapered portion and axial passage of the bonding tool in
this exenplary enbodi mentgsre essential identi caldéﬁjo that of the first

exenpl ary enbodi lOV_Hjé% _ pRdigg Loof sych ‘@dhﬁt_rqéﬁ"éft?? 8V‘F1E§tmeﬁe§b]éaéf B8, 15 As
showg i n%e{f% i xgieetiﬁg;]tﬁéé ngr?g 'o? éﬁegs‘}enﬂ@(%dﬁct\ﬁp fdgu8gy | 2GS ﬁ%ﬁ&t&iﬁ% 39 abiedce

angl e 30 twe a egrees. |I'n one ‘exenp y enbodi nent, face
angl e 30®rmshe betdisgetooh forut a hidterindl thb? ischadfiictasiyasicbng e fwathatang tielfoskegr ees.
Adj acent working face 311 is annular chanfer 313 havjng _an overall angle

314 of |¥&Eed RAMegohdyyingthe hopding preqess, yetresiisatenough 10 flgx as aeedstgl e 314
isb . 90 : o
Sares ueRifR oRafind0 EORSETyr e TSIl BE LG BRkie FRObIndH: ASDRGES 1"

Cyl i ndr i atdéasp8G% afjecodzd(Zr).r oy pleipdit irbeveseds hleemetpper portion of chanfer

313 and axi al passage 220. In one exenplary enbodi ment, cylindrical passage
324 has a dianeter 306 of between about 14 and 16 mcrons and preferably
abouyt 15 microns ti@ one embodiment of the present invention, Yttria stabilized Zirconia is

used to form the bonding tool. In this embodiment, about 95% by weight of Zirconia is
combined with about 5% by weight of Y20s. The inventors have determined that pure
Zirconia undergoes a phase transformation process during heat treatment. Pure Zirconia
is monoclinic at room temperature and changes to a denser tetragonal form at about

15 1000C. This involves a large volume change and creates cracks within its structures

during the sintering process at a temperature of between about 1350 and 1500° C.

Additional amounts of Y20s create a mixture of the cubic phase and the
monoclinic phase at low temperatures, such as less than 900° C. This phase
transformation process that takes place with the presence of the cubic phase and involves

20 with much less volume change, which, in turn, reduces the thermal stresses and minimizes
the formation of microcracks. This material has a much higher bending strength than
conventional Alumina based materials, and, as a result, improves the manufacturing

capabilities of the bonding tool.

In another exemplary embodiment, up to 20% AL20s by weight is added to
25 the Yttria stabilized Zirconia. This material has an acoustic behavior similar to that of

conventional Alumina based materials.



accommopdate a bonding wire (not shown), chanfer 313 has an outer dianeter
312 of 25 between about 17 and 19 m crons and preferably about 18 m crons,
and wor kiwg oBiom3304 has a outer dianeter 316 of between @owoutSo87seand 39

m crons, and preferably about 38 mcrons. Dianeter 306 of cylindrical
passage 324 may be determ ned based on the dianeter of the bonding wire
plus 2 microns. Further, as shown in Fi9%. 3, working tip 304 has a
substantially constant taper 319 of between about 0 and 10 degrees and WO
03/ 009335 PCT/ USO2A the %&hﬁ&&‘h@sbﬁe)én%@&%ei wABEREnde Qo 8Yahlagont act of
adj acent bonding wres by bonding tool 200, and a length 310 etmeen
about 11Fmboedimeds, m$m01rinmtddrtherem eRm]hcledmeeaﬁpodﬁecbmunsl séngkikbe&fo@stnmdabout

127 microns., Proyidin bondi ng..t ool ch as tha escribed above is
mer el y hid el Other partnisand emhatimprs Pﬁﬂled@éeaeoafw oGk b Sea e Brse

d
i ndust rygkifidd inShé RR Wittt dédar ytli)f?% £6In&né Rueg st and 0?9 POy irlvRhtBE

material that is sufficien rong to mn he forces exerted on
the tool during the bonding process, yet resilient enough to flex as needed
wi t hout breaking. The inventors have determ ned that by form ng the bonding
tool from at least 80% Zirconia (ZrQ err)) by weight these needs are net.
10 In one enbodi nent of the present invention, Yttria stabilized Zirconia
is wused to formthe bonding tool. In this enbodi nent, about 95 % by wei ght
of Zirconia is conbined with about 5 % by wei ght of Y203. The inventors
have determ ned that pure Zirconia undergoes a phase transformation
process during heat treatnent. Pure Zirconia is nonoclinic at room
tenperature and changes to a denser tetragonal form at about 15 1000C. This
i nvol ves a | arge vol une change and creates cracks within its structures
during the sintering process at a tenperature of between about 1350 and
1500 C. Additional anpbunts of Y203 create a m xture of the cubic phase and
t he



nonocl i ni c phase at | ow tenperatures, such as |less than 900 C. This phase
transformati on process that takes place with the presence of the cubic
phase andwprswobases 20 with much | ess vol une change, whi cRCTIUS02/LG6R3
reduces the thermal stresses and mnimzes the formation of m crocracks.
This material has a much higher bending strength than conventional Al um na
based materials, and, as a result, I rrp1«%0ves the manufacturing capabilities
of the bonding tool. In another exenplary enbodinment, up to 20% AL2G3 by
wei ght iwpaddethiled: 25 the Yttria stabilized Zirconia. This material has an
acoustic behavior simlar to that of conventional Al um na based materials.
WO 03/ 009335 PCT/ Ys02/ o t ' ' rgff@cri bed
vvithl?,reference toqéxenp grglgdm%?ﬂ)dg\lé(?@lhtagl,g quﬁnél @ﬁﬁg{’ hﬁ?‘r’r{t@%qﬁﬁg?et .

Rat her, tbélecoappinged cl ai ns shoul d be construed to include other variants
and enbodi nents of the invention which may be nade by those skilled in the
art i thout depar ta gkt hiieh éddU6r th@bbndingivd]l Hefdngdf the present

i nvention. WD 03/009335 / US02/ 16663 -10- What is Cainmed: 1 1. A

bondi ng tool for bonding a fine wire to a substrate, the bonding 2 tool
conpgising: 3 a wgyking tﬁ%&e@%e&f&n%@dingfa r#rg%té}ﬁﬁl%d‘ﬁlgl@ﬁﬁth'r&ﬂeéﬁb@l% 41) a
tapered section having a predeterm ned angle with respect to'the 5

| ongi t udi nal axis of tHengitmditiahgxis ofkhe Wniing taolwor ki ng face with a first
annul ar chanfer fornmed at an outside 7 portion of an end of the working

tip, and
6 if) a working face with a first annular chamfer formed at an outside
7 portion of an end of the working tip, and
8 ' iii) a second annular chamfer formed at an inner portion of the end of
9 the working tip, the first and second annular chamfer adjacent one
10 another; and
11 a substantially cylindrical axial passage coupled to an upper end of the

12 second annular chamfer.

1 2. The bonding tool according to claim 1, wherein the second annular

2 chamfer has an overall angle of less than 90°.

1 3. The bonding tool according to claim 2, wherein the first annular

2 chamfer has a face angle of greater than 8°.

1 4. The bonding tool according to claim 1, wherein the second annular

2 chamfer has an overall angle of about 60°.

1 5. The bonding tool according to claim 4, wherein the first annular

2 chamfer has a face angle of between about 10° and 12°.

1 6. The bonding tool according to claim 1, wherein the axial passage

2 has a diameter of less than about 16 microns.



8 i1i) a second annul ar chanfer fornmed at an inner portion of the end of 9
the working tip, the first and second annul ar chanfer adjacent one 10

anot her; wod3M009335 substantially cylindrical axial passagePcaUshBthctd an
upper end of the 12 second annular chanfer. 1 2. The bondi ng t ool
according to claim1, wherein the second annular 2 chanfer has an overall
angle of less than 901. 1 3. The bondi hg-tool according to claim2, wherein
the first annular 2 chanfer has a face angle of greater than 80. 1 4. The
bonding tool accorging fge B&rﬂir%tjool )ﬂ&%fcﬁhé‘totél@in??,cﬁﬁéieﬁﬂth@'téﬁer@c?se@ﬁ&m er
has an overall angle of about .1 5. The bonding tool according to claim
4, wher ehas a lepgthiof $4ss dramudbant 137 mivaodser has a face angl e of between about
101 and 12. 1 6. The bonding tool according to claim1l, wherein the axial
passage 2 has a dianeter of |ess than about 16 mcrons. WO 03/009335

PCT/ US02/ 16663 -18. 1 7Thélbendimtbiohgcdoadihg acelaind? nghereirctheitapeted sdotori n t he
tapered section, 2 _has a lLength of |ess than about 137 mcrons. 1 8. The
bond?ng Rassm ougsids damgter of lass fhanAboRiid WiGEORShe t apered section 2 has an
out si de dianeter of |ess than about 39 microns. 1 9. The bondi ng tool

according to claim1, wherein the bonding tool is 2 fornmed froma materi al
contdining at | eas? 8098 bgnding (ool agrording tooclaimhd, Whergimretbepdingdediti ng t o

12 B0 1. DR Bl DA Ay e AR g o) el oelected

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

-

2 formed from a material selected from one of group consisting of i) ZrO2 + Y203 and ii)
3 ALOs + ZrO2 + Y20s.

1 11.  The bonding tool according to claim 1, wherein the bonding tool is
2 formed from a material containing about 95% ZrO: by weight and about 5% Y203 by
3 weight.

1 12.  The bonding tool according to claim 11, wherein up to about 20%
2 AlOs by weight is added to the material.

1 13.  The bonding tool according to any of claims 9-12, wherein the

2 material is sintered at a temperature of at least 1350°C.

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

2 formed from a unitary piece of material.

1 15. The bonding tool according to claim 1, wherein an-overall angle of

2 the tapered section is less than 10°.

1 16.  The bonding tool according to claim 1, wherein an overall angle of

2 the tapered section is about 7°.



3 A28 + ZrA2 + Y203. 1 11. The bonding tool according to claim1, wherein
the bonding tool is 2 forned froma material containing about 95 % ZrQ2 by
wei ght amaoaBomw33s % Y203 by 3 weight. 1 12. The bondi ng tealUsaze@sili ng t o
claim1l, wherein up to about 20% 2 A1203 by weight is added to the
material. 1 13. The bonding tool according to any of clainms 9-12, wherein
the 2 material is sintered at a tenpeddture of at |east 1350C. 1 14. The
bondi ng tool according to claim1l1, wherein the bonding tool is 2 forned

froma unitary piegg of Arﬁ;n%fd;gatbgl %)ﬁi?%nd gg?g@@%&@ﬂ) 4 QstrafeC fledidhdin 8 Cllai m

i
1, wherein an overall angle o ta section is less than
16. The twhdomprisiogtl according to claim 1, wherein an overall angle of 2
the tapered section is about 7. WD 03/009335 PCT/ US02/ 16663 -12 1 17. A

bondsng tool for bgoglidgical §dctien bavife bdiangehstrate, the bonding 2 tool
conprising: 3 a cylindrical section %avi ng a dianeter; 4 a first tapered
section coupled to an end of the cylindrical section, and 5 having a first

predat erm ned angl g fidt ieapek @B RLBESN ESupled ANGH dodAfIRe cyaifidicell sebtigh, Gyhi ndri cal
6 section; 7 a second tapered section having i) a second predeterm ned

angl € wi havigg p dsgigredetesmined dnglegwithdéspadt tarilengifudinabaxig lof durdydiatirieadct i on,
i) 3 firsiji chanfer forned at an 9 outside portion of an end thereof, and
iii) a s&CURAY chanfer forned at an inside portion of

7 a second tapered section having i) a second predetermined angle with

8 respect to the longitudinal axis of the cylindrical section, ii) a first chamfer formed at an

9  outside portion of an end thereof, and iii) a second chamfer formed at an inside portion of
10 an end thereof, the second tapered section coupled to an end of the first tapered section;

11 and

12 an axial passage extending from a first end of cylindrical section to the

13 second chamfer.

1 18.  The bonding tool according to claim 17, further comprising a third

2 taped section disposed between the first tapered section and the second tapered section.

1 19.  The bonding tool according to claim 17, wherein the second

2 chamfer has an angle of less than 90°.

1 20.  The bonding tool according to claim 17, wherein the second

2 chamfer has an angle of about 60°.

1 21.  The bonding tool according to claim 17, wherein the first chamfer

2 has a face angle of between about 10° and 12°.

1 22.  The bonding tool according to claim 17, 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 second tapered section, the first diameter greater than the second diameter.



10 an end thereof, the second tapered section coupled to an end of the
first tapered section; 11 and 12 an axi al passage extending froma first
end of cywordodesas section to the 13 second chanfer. 1 1@CTAse2/b@rzli ng
tool according to claim17, further conprising a third 2 taped section

di sposed between the first tapered section and the second tapered section.
1 19. The bonding tool according to ct&8m 17, wherein the second 2 chanfer
has an angle of less than 901. 1 20. The bonding tool according to claim

17, yherein the segpnd Tife BhRIREI0ooN A& oANIn@ROLISINP1 7 2PReIEinGld boddidg tool e

bondi ng tool according to claim17, wherein the first chanfer 2 has a face
angl @ of fopmeduEom abwaterial contaidingoat 1dasp8Q % 7r@: by rvadighi- t ool according to claim
17, wherein the axial passage 2 has a first dianmeter at a first end of the
first cylindrical section and a second dianeter at a 3 tip of the second
tapeted section, t2 fiTst batidimgetoet agpostingto ¢lhian17, ehereinchel bondingtwt is WO

03/ 009335 PCT/ US02/ 1666 -13 23. The bondi ng .t ool. or di to,claim17,

wher &i n o, dom ﬁ&la{eé’@fs‘?lg"tedzflff’g‘r%oo f&TOYR %Prﬂ%gilﬁg Pg})a%g%t'ﬁii}?)ﬁﬁn%flh east

80% %r Oszgba\a,e'Z?@g + qz§é’34. The bonding tool according to claim 17, wherein
ol 1s

the bonding to formed froma material selected fromone of group
consisting of i) ZrQ2 + Y203 and ii) 3 Al1203 + Zr2 + Y2G3. 1 25. The

bondi ng tool accor4l ng i 2] b r : term ned
anglﬁe of the first ‘aperirﬂﬁe)edﬁéslgdé@ %og)l ?@agéﬁggeﬁggbgﬁtéﬁeée%atﬁéﬁgﬁ 1. 1 26. The
bondp ng preddteidsiaed shighgof hedirsi tapdréd sydtionas betivben Abous19° and 21°.

1 26.  The bonding tool according to claim 17, wherein the first

2 predetermined angle is about 20°.

1 27.  The bonding tool according to claim 17, wherein the second

2 predetermined angle of the second tapered section is about 7°.

1 28,  The bonding tool according to claim 17, wherein the second

2 predetermined angle of the second tapered section is less than 10°.

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

2 tool comprising:

3 a cylindrical section having a diameter;

4 a first tapered section coupled to an end of the cylindrical section, and
5 having a first predetermined angle with respect to a longitudinal axis of the cylindrical

6 section; and

7 a second tapered section coupled to an end of the first tapered section, the

8 second tapered section having:

9 i) a length of between about 117 microns and 137 microns,



2 predeterm ned angle is about 20. 1 27. The bonding tool according to
claim17, wherein the second 2 predeterm ned angle of the second tapered
section iwoabBow33¥y1l. 1 28. The bonding tool according to e@cCaiusdieeewherein
the second 2 predeterm ned angle of the second tapered section is |ess
than 100. 1 29. A bonding tool for bonding a fine wire to a substrate, the
bonding 2 tool conprising: 3 a cyli nd#f cal section havi ng a dianeter; 4 a
first tapered section coupled to an end of the cylindrical section, and 5
havipg a first pregpteran ngde aNgcut WP Wfith RsREcto the Iehglitadigial axds batheaxi s of
the cylindrical 6 section; and 7 a second tapered section coupled to an
end 16f the first tapereeylBdeicaldgctiath@ndg second tapered section having: 9
i) a length of between about 117 m crons and 137 m crons, WD 03/009335
PCT/.\S02/ 16663 -14.,10 j | f i res

I ongllyt udi nal axis lg]f) théehaﬂ‘qé}c@%g{rﬁ%r&cag sectfl&((;)}ﬁc,¥H éat% lgl%lalg?)%”jt{ogl %ﬁﬁ%l ar
changer of about 600 f ogegead fipered sectindmdrdidcéeman@hdtthereofl3 second tapered
section and adjacent an end thereof. 1 30. The bonding tool according to
claim?29, wherein the bgndjng tool is 2 formed froma pmaterial selected

fromone of group t®nsi 5k hepding topl agcerding tepelaimy 49, wWherem the donding jqahs +
Y203, 1 i i i i ..t h
bona?ng [Osmpd SR nterka etei BANCHINE ot AnBBE of 6 ZchPERERY R ) 1°

wei ght. ALOs + ZrO: + Y20s.

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

2 tool formed from a material comprising at least 80% ZrO: by weight.

1 32. A bonding tool for bonding a fine wire to a substrate, the bonding
2 tool formed from a material selected from one of group consisting of i) ZrOz + Y203 and
3 ii) A20s + ZrOz + Y20s.

1 33. A method for making a bonding tool for bonding a wire to a

2 bonding pad, comprising the steps of:

3 forming a working tip at an end of the bonding tool;

4 forming a tapered section on the working tip having a predetermined angle

5  with respect to the longitudinal axis of the bonding tool;

6 forming a working face at an end of the working tip;

7 forming a first annular chamfer having a face angle of at least 8° at an

8  outside portion of an end of the working tip;

9 forming a second annular chamfer having an overall angle of less than 90°
10 at an inner portion of the end of the working tip and adjacent the first annular chamfer;

11 and



1 32. A bonding tool for bonding a fine wire to a substrate, the bonding 2
tool fornmed froma material selected fromone of group consisting of i)
Zr02 + Y288 o0at00p3338 ii) Al1203 + Zr02 + Y203. 1 33. A net hoacrarsorneadeshg a
bondi ng tool for bonding a wire to a 2 bonding pad, conprising the steps
of: 3 formng a working tip at an end of the bonding tool; 4 formng a
tapered section on the working tip ha‘v}5n'g a predetermned angle 5 with
respect to the longitudinal axis of the bonding tool; 6 form ng a working
facezat an end of fol@ingcr ubs@ntidlly; cylindficaliarl padshgesit aaruppeaendcofieer havi ng
a face angle of at |east 81 at an 8 outside portion of an end of the

wor KB ng fecpnd anmulpr ehamgfes. second annul ar chanfer having an overall angle of
| ess than 90 10 at an inner portion of the end of the working tip and

adj acent the first annular chanfer; 11 and WD 03/009335 PCT/ US02/ 16663
-15 12 form ng a substantially cylindrical axial passage at an upper end of
the 13 second annul ar chanfer.



