BONDING TOOL WITH IMPROVED FINISH CROSS-R FERENCE TO RELATED APPLICATIONS
LICATIONS [0001]This application clams the benefit of US. Provisionai Application No. 60/806,503,
flied July 3, 2006, and of U.S. Provisional Application No. 60/884,920, filed January 15, 2007, the
contents of both of which are incorporated herein by reference. FIELD OF THE iNVENTI [00The
nresent invention relates to the bonused in the formation of wire loops, and more particularly, to
bonding toots having -an improved finish, BACKGROUND OF THE INVENTION [0003]in the
prochesdsinfg and g)ackalging of semiconductor devices, vvire bonging continues to be the primary
method of providing electrical interconnection b e ti ithin a package (e.g., between a
_die pad of a semiconductor die Ba%g%l%%ﬁtgﬁg %%%M o%%jr?rﬁ%v\igr% Ioopspto prc?vid(e '?his
interconnection, bonding tools (e.qg., capillar , bondi etc.) are typically used.
[0(71_04]Co_nventional bonding(g sgf)F} fi:‘*’a‘i%/%é%ﬁlé% aF\%o is e%@%ﬁgﬁkﬁis po)lishedy;Jurfage includes
the tip portiony ghthe bonding tool Gestainbendingdegtmanufacturers-alsoefferie "matte” finish

bonding tool, where the malte, finish iz, ronahenedSurfasss appiication No. 60/884,920,

filed January 15, 2007, the contents of both of which are incorporated herein by

reference.
FIELD OF THE INVENTION
[oooz] The present invention relates to the bonding tools used in the formation

of wire loops, and more particularly, to bonding tools having an improved finish.
BACKGROUND OF THE INVENTION

[0003] in the processing and packaging of semiconductor devices, wire bonding
continues to be the primary method of providing electrical interconnection between two
jocations within a package (e.g., between a die pad of a semiconductor die and a lead
of a ieadframe). To form wire loops to provide this interconnection, bonding tools

(e.q., capillary tools, wedge bonding tools, etc.) are typically used.

[0004) Conventional bonding tools typically have a polished surface. This
polished surface includes the tip portion of the bonding tool. Certain bonding tool
manufacturers also offer a “matte” finish bonding tool, where the matte finish is a

roughened surface.

[0005] In the wire bonding industry there is continuous pressure for
developments which provide improved results such as increased wire bond strength
(e.g., first bond strength, second bond strength, etc.), reduced assist rates for the

bonding operation, reduced variability among wire loops, etc.

[ooos] Thus, it would be desirable to provide improved bonding tools to provide

improved wire bonding operation results.
SUMMARY OF THE INVENTION

[0007] According to an exemplary embodiment of the present invention, &
bonding tool including @ body portion terminating at a tip portion is provided. The tip
portion is formed from a material, wherein a grain structure of the material is exposed

for at least a portion of the tip portion.

[ooog] According to another exempiary embodiment of the present invention, &
bonding tool including a body portion terminating at a tip portion is provided. A



[00053in the wire bonding industry there is continuous pressure for developments which provide.
improved results such as increased wire bond strength (e.g., first bond strength, second bond
strength, etc.), reduced assist rates for the bonding operation, reduced variability among wire ioops,
etc. [0006]Thus, it would he desirable to provide improved oonding tools to provide improved wire
bonding operation results. SUMMARY OF THE INVENTION [0007]According to an exemplary
embodiment of the present invention, a bonding tool including a body portion terminating at a tip
portion is provided. The tip portion is formed from a materiai, wherein a grain structure of the material

's exposed fof gt lgast 2 OION ot e i, POIBG SHARE OF east @ pationaf et portion defines

a plurality of asperltles wherein a ensity of the asRp erities is at east 15 |crons % and wherein a

surface rougHREEY &UERagePsttise b&ﬁ.‘SﬁS&%?n‘E tS Bortion Yetining the Plirality of a: asperltles is at least
0.03 micronsaBRIER DESBRIPTIONCOF THE DIZAVINGS 100051 PhasRRIERfdhIs'BESt understood
from toe following-sletailed description when read in connection with the accompanying drawing. It is
emphasized that, according to common practice, the various features of the drawing are not to scale.

On the contrary, the dimensions aiithe verdoas-featuresTaie bikbitvaribly expanded or reduced for clarity.
Included in the drawing are the following figures:

[0009] 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 practice, the various features of the drawing are not to scate. 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. 1A is a side sectional view of a bonding tool that may be provided
with an improved surface in accordance with an exemplary embodiment of the present

invention;
Fig. 1B is a detailed view of a portion of the bonding tool of Fig. 1A;

Fig. 2A is a side sectional view of another bonding tool that may be
provided with an improved surface in accordance with an exemplary embodiment of the
present invention;

Fig. 2B is a detailed view of a portion of the bonding tool of Fig. 2A,;

Fig. 2C is a perspective view of & portion of the bonding tool of Fig. 2A;

Fig. 3 is a perspective view of a tip portion of a bonding tool in

accordance with an exemplary embodiment of the present invention;

th 4A is a detailed view of a portion of a tip portion of a bonding tool in

Fig. 4B is a detailed view of a portion of a tip portion of a bonding tool in

accordance with another exemplary embodiment of the present invention;

Fig. 4C is a detailed view of a portion of a tip portion of a bonding tool in

accordance with yet another exemplary embodiment of the present invention;

Fig. 5 is a diagram of a contact model of rough surfaces useful for
understanding exempiary bonding tool surfaces in accordance with the present

invention;



Fig. 1A is a side sectional view of a bonding tool that may be provided with an improved surface in
accordance with an exemplary embodiment of the present invention; Fig. 1B is a detailed view of a
portion of the bonding too. s" .g. 1A; Fig. 2A is a side sectional view of another bonding tool
that may be provided with an improved surface in accordance with an exemplary embodiment of the
present i_nvention; Fig. 2B is a detailed view of a portion of ne bonding tool of Fig Fig. 2C is a
perspective view of a portion of the bonding tool of Fig. 2A; Fig. 3 is a perspective view of a
tip portion of a bonding tool in accordance with an exemplary embodiment of the present invention;

Fig. 4A is a detailed view,of a portian of a.fip.nettion. 8f 2 hending dookinaceprdance with an

exemplary embodiment of the present inven : [ [ [
plary p tion, B%Agl r% rgleggtgtllieq/ Vview of a portion of a tip portion

| i Fig. 4
of a bondingili AECBFAArCE Wity 5%&%?}?&’“&?@?88?5}’5?'%%% Gi

_ _ : | _ _ nt of the present invention; Fig.
4C is a detailed view of agortion, of & tindortionet ahendipgrgobin accoroance with yet another
exemplary embodiment of the present invention; Fig. 5 is a diagram of a contact model of

rough surfaces useful for tinderstaneling estempraryPheraiRg oo PSR TREES i SR RIANEE With the
present inventioncordance witrighdB#isa perspestivednew pifotegregslrofiavtiptiportion of a bonding toot

in accordance with an exemplary embodiment of the present invention
Fig. 7B is a detaiied view of a portion of Fig. 7A;

Fig. 7C is another detailed view of a portion of Fig. 7A;

Fig. 8A is a photograph of a second bond of a wire loop formed using a

bonding tool in accordance with an exemplary embodiment of the present invention;

Fig. 8B is a photograph of a first bond of a wire loop formed using a

bonding tool in accordance with an exemplary embodiment of the present invention;

Fig. 9A is a graph comparing stitch pull test results for a conventional
bonding tool and a bonding tool in accordance with an exemplary embodiment of the

present invention;
Fig. 9B is a chart of the data in the graph of Fig. 9A;

Fig. 10A is a photograph of a second bond of a wire loop formed in

accordance with an exemplary embodiment of the present invention;
Fig. 10B is a detailed view of a portion of Fig. 10A;

Fig. 11A is a perspective view photograph of a tip portion of a bonding
tool in accordance with an exemplary embodiment of the present invention;
Fig. 11B is a perspective view photograph of a tip portion of another

bonding tool in accordance with another exempiary embodiment of the present

invention;

Fig. 12A is a graph comparing Cpk of stitch pull test results for a
conventional bonding tool and two bonding tools in accordance with exemplary

embodiments of the present invention;
Fig. 12B is a chart of the data in the graph of Fig. 12A;

Fig. 13A is a photograph of a portion of a tip portion of a bonding tool in

accordance with an exemplary embodiment of the present invention;

Fig. 13B is a photograph of a portion of a tip portion of another bonding

tool in accordance with another exemplary embodiment of the present invention;



Fig GB is a detailed view of a portion of H. GA,; Fig TA is a perspective view photograph of a
tip portion of a bon .nd tool in accordance with another exemplary embodiment of the present
invention; Fig. 75 is a aetaiied view of a portion of Fig. 7A; Fig. 70 is another detailed view of a portion
of Fri 7A; Fig. SA is a photograph ot a second bond ofor formed using a bonding tool in accordance
with an exemplary embodiment of the present invgntion; Fig. BB is a photograph of a first
bond of a wire loop formed using a bonding tool in accordance with an exemplary embodiment of toe
present invention; Fig. 9A is a graph comparing stitch pull test results for a conventional

bonding tool and a bondli qlin accardan ith.an. m t
invention; Fig. 95 is a ch Q% ? e datain the gp\élrl nga,rg t%?(%mlp@g ,%ER‘RQ% gg&m@?ﬁﬁggraph of a

second bond%f’éhﬁﬁrgol%’ﬁﬂf%@ﬁ |W8&296V3391&%0\ﬁlfﬁ %iﬁoé%?h%l‘éw Sﬁ?ﬂ}?dament of the present
invention; 10%nsaddetaited Viewofa portionof Fig. 10A; Fig. 11A is a perspective view

photograph of a tip portion of %ondln tool in accordance with n exemplar ent of the
present invention; @ lajf Isis gl%ér}gﬁg‘éﬁvge \f?ec\}ovnﬁ) aglgqafg %of apgi?jﬁa%g:%%qé?another

bonding tool e EBraa N ﬁﬁﬂ‘?‘ﬁﬁ@tﬁé‘?Wé’ﬁiﬁé?/oéﬁ%d’ﬂﬁﬁ%ﬁt"b‘fefﬁtéoﬁlﬁégjeﬁﬂﬁ%ﬁn n;

bonding tools;
Fig. 14Bis a bar chart of the data in Fig. 144;

Fig. 15A is a photograph of a second bond of a wire loop formed using a
bonding tool in accordance with an exemplary embodiment of the present invention;

Fig. 15B is a photograph of a portion of a surface of a bonding tool used
to form the second bond of Fig. 15A,;

Fig. 15C is a photograph of a second bond of a wire loop formed using a
conventiona! matte finish bonding tool;

Fig. 15D is a photograph of & portion of a surface of a bonding tool used
to form the second bond of Fig. 15C;

Fig. 15E is a photograph of a second bond of a wire loop formed using a
conventional polished bonding tool;

Fig. 15F is a photograph of a portion of a surface of a bonding tool used
to form the second bond of Fig. 15E;

Fig. 16A is a table including data related to the pull strength of second
bonds of wire loops formed using a bonding tool in accordance with an exempiary

embodiment of the present invention; and

Fig. 16B is a table including data related to the pull strength of second

bonds of wire loops formed using conventional bonding tools.
DETAILED DESCRIPTION OF THE INVENTION

[0010] The present application will refer to terms known in the art including for
example, surface roughness, asperities, density of asperities, and the like. Such
expressions are known in the art, for example, in the following publications, each of
which is incorporated by reference in its entirety: (1) Greenwood, J.A. & Williamson,
1.B.P., Contact of Nominally Fiat Surfaces, Proc. Roy. Soc. (London), Series A295, pp.
300-319, 1966; (2) Kogut, Lior & Etsion, Izhak, A Static Friction Model for Elastic-
Plastic Contacting Rough Surfaces, Journal of Tribology (ASME), Vol. 126, pp. 34-40,
January 2004; and (3) Kogut, L. & Etsion, 1., An Improved Elastic-Plastic Model for the



Fig. 12A is a graph comparing Opt of stitch pull test results for a conventional bonding tool and two
bonding tools in accordance with exemplary embodiments of the present invention; Fig. 125 is a chart
of the data in the graph of Fig. 12A,; Fig. 13A is a photograph of a portion of a tip portion of a
_bonding to& in accordance with an exemplary embodiment of the present invention; Fig. 135
is a photograph of a portion of a tip portion of another bonding tool in accordance with another
exemplary embodiment of the present invention; Fig. 130 is a graph comparing stitch pull test
results for a conventlonal polished bonding tool and two bonding tools in accordance with exemplary

embodiments of the resent nvention; .
bondlng )0| a%%%n%féé) é \r(f%n Ion’ AIMETéIIn%gmaé n ?—ﬁ%?o%é()ctl%x‘ﬂr%r%%tasﬁgmﬁ”“g the life of

ceW ?1 exemp ary embodiments of the present invention ‘and convent.o bonding
tools; P is a B&tartPtRE atsin #1690+ Fig. 15A is a photograph of a second bond of a wire

loop formed yggg bondjag (ool a0eAIKangR.ih A sxerplan.epbodinamafhe present

invention; Fig. 155 is a ho raph of a portion of a surface of a b 00l used to form
the second bBH&GWF—tﬁ‘ TEA.25 @ R pTg |s%arﬁmﬂze( %y(e)?ag second %a(gralg%ottf rnglre loop formed

using a convetitioAal hafte” fﬁﬁgﬁtﬁdﬁwﬁa%ﬁve aqe mlfig 153@%"8 BROTBGPaPR8A Bortion of a
surface of boneigigtoaidisBokte fermithessecorid-bontiof Figriso;other usefFigpraBERSSa photograph of
a second bond gfa wire-ioapformed risingaisenventionatpelishedyondingdool;

[e012] As is known to those skilled in the art, surface roughness average (R.) 15
the area between the roughness profile and its mean ling, or the integrai of the
absolute value of the roughness profile height over the evaluation length. Where L is
the evaluation length, r is the height, and x is the distance along the measurement, R,

may be characterized by the following expression:
&

-;g ir{x}dx
il

(60137 According to an exemplary embodiment of the present invention, a

bonding tool tip surface was provided having the following characteristics.

I

M { R } o :t Ra |
[micron”™] [micror] ‘ [micron] % [micron] \‘
23.841 0.185 | 0.055 l\ 0.047 &

Such a bonding tool provided excellent pull strength (e.g., at 2" bond), a long life tool,

and a tool with a relatively high MTBA.

[0014] According to an exemplary embodiment of the present invention, an Ra
value of at least 0.03 microns along with n being at least 15 micron”™’ Z(i.e., 15 per
square micron) provided excelient results. In another example, an Ra value of at least
0.03 microns along with n being at least 20 micron” " also provided excellent results.
Further, an Ra value of at least 0.04 microns combined with n being at least 20
micron” "2 provided outstanding results, Surface profile measurements of a bonding
tool may be made using a number of technigues, for exampie, using an atomic force

microscopy (i.e., AFM) machine.

[0015] Fig. 1A is a side sectional view of bonding too!l 100 that may be provided

with an improved surface in accordance with an exempiary embodiment of the present



Fig. 15F is a photograph of a portion of a surfare of a bonding tool used to form the second bond of

Fig. 15E; _ Fig. 16A i§ a table includina data related to the pull strength of second bonds of wire
!oops formed using a bondlng tool in accordance with an exemplary embodiment of the present
invention; and Fig. 155 is a table including data related to the pull strength of second bonds of

wire loops formed using conventional bonding toals. DETAILED DESCRIPTION OF THE INVENTION
[0010]The presen_t_appllcation will refer to terms known in the art including for example, surface
roughness, asperities, density of asperities, and the like. Such expressions are known in the arty for

example, in the foll blica
Craomiaod: [ %.OW"g%rP&’n e !%%g %&Qegfsxgw%mn%pga@t%w rﬁ!@r&n@mmw@@ntlrety (1)

lams ontact of Nominally Fiat Sur ace Soc. (London
Series A295 %“W(T‘Sﬁéoi@éé C?é‘)%cﬁjfu?"[%?“&”l‘ﬁ&%‘?\c }}%%fkveﬁ( Static Fi%ta ion M %/del for ( )
Elastic-Plastic@omtattingdRough Suirfate’s, Iournsd ToFrilsbIbey (ASME), ol T262pp B%-40, January
2004; and (3):Ka0b o8 ELSi0N, theAndnpsovedtasticoP astie Modélferithes<Coftact 6f Rough

Surfaces, 3' AII\Aﬁ}l’&;,gge&p%lgg%%bgigg}é,g@mgm@ge , ;AlerNQqltalySeptemberlig-20, 2002,

100111As is known'to Those CF led in t surface r]‘a ing.tool such as a
capillary) may B¥ Sﬁargéﬂ'anr‘l‘zesf i, é[e%f?c gir%)meters sh%jﬁs(gs ((Eeg R%%%?%%g gfdé)ughness

average; (2.) WSt%fhél%?cPH‘“é\ﬁéﬁEfﬁ'ﬁP%Pﬁemﬁgﬁéibh‘% HHd Y8y R LA Tallilis B Cifvature. Further,
other useful parameters:inoluties foriexample? E4nproniread densispét esperities and (5) f = nRe
[0012]As is knowndedhese:skileddn the art suifeeeireughnessiavenages(RE) is theicea between the

roughness profile angits m&@@mmgwh@p'@gegsal fitherabsaltevalugaf thewaughness profile height

over the evaluatlon length. ere valuati n lengt is t ei is the distance alon
the measurerﬁéjn?oﬁ'tgnrﬁ%%?lﬁjgfghﬁr%fcfelngzoe%d BYthe fléﬂ{ow\?vaedéxprd:?sﬁ%nom g0l )

amongst other features. As will be explained in greater detail below, bonding tool 100
is an example of a bonding tool which may be provided with an improved surface in

accordance with the present invention.

[0016] Fig. 2A is a side sectional view of bonding tool 200 that may be provided
with an improved surface in accordance with an exempiary embodiment of the present
invention. Bonding tool 200 includes shaft portion 202 and conical portion 204
(collectively the body portion). Fig. 2B is a detailed view of the terminal end of conical
portion 204. More specifically, tip portion 200a of bonding tool 200 is shown in Fig. 2B.
Tip portion 200a defines hole 200b, inner chamfer 200c¢, and face portion 200d,
amongst other features. Fig. 2C is a perspective view of tip portion 200a of bonding
tool 200 including inner chamfer 200c and face portion 200d. As will be explained in
greater detail below, bonding tool 200 is an example of a bonding tool which may be

provided with an improved surface in accordance with the present invention.

[0017] Of course, bonding tools 100 and 200 are only examples of the types of
bonding tools which may be provided with an improved surface in accordance with the
present invention. Any of a number of other types of bonding tools may also utilize the

benefits of the present invention.

[oo18] As is known to those skilied in the art, it is generally desired to polish
bonding tools. In certain bonding toois, a “matte” finish is provided to the surface of
the bonding tool. In contrast to conventional polished and matte finish bonding tools,
according to the present invention, bonding tools are provided wherein a grain
structure of the material of the bonding tool (e.g., a ceramic material, etc.) is exposed
for at least a portion of the bonding tool (e.g., a portion of the tip portion of the
bonding tool). Further, in certain exemplary embodiments of the present invention,

the surface of at least a portion of the bonding tool (e.g., a tip portion of the bonding



[001_3]Accord_ing to an exemplary embodiment of the present inventi bonding tool tip surface was
provided having the following characteristics. nucronA-2.] CT [micron][fteron]triltronj 1 1

.0.185.0.0550.047 [I _.23.841 Such a bonding tool provided excellent null strength (e.g., aa2 bond), a
iong life tool, and a tool with a relatively high NITEIA.

-7 -

tool) defines a plurality of asperities, wherein a density of the asperities Is at jeast 15
microns”-2, and wherein a surface roughness average at the portion of the tip portion

defining the piurality of asperities is at least 0.03 microns.

[0o19] Fig. 3 is a perspective view of tip portion 300a (similar to tip portions
100a and 200a shown in Figs. 1B, 2B, and 2C) of a bonding tool in accordance with an
exemplary embodiment of the present invention. Tip portion 300a defines hole 300D,
inner chamfer 300c¢, and face portion 300d. Figs. 4A-4C are detailed views of a portion
of a tip portion of a bonding tool similar to tip portion 300a shown in Fig. 3. however,
each of Figs. 4A-4C iliustrate a different surface morphology of the respective tip
portion.

(00201 More specifically, Fig. 4A is a close up view of a portion of a tip portion of
a bonding tool (analogous to tip portion 300a shown in Fig. 3). Thus, in Fig. 4A, &
portion of (1) hole 400b (which is analogous to hole 300b in Fig. 3): (2) inner chamfer
400c¢ (which is analogous to inner chamfer 300¢ in Fig. 3); and (3) face portion 400d
(which is analogous to face portion 300d in Fig. 3) are shown. Asis clear in Fig. 44,
the material of the surface of working face 400d has an exposed grain structure (in the
illustrated example, the exposed grains may be terms asperities 400e). In contrast,
the material of the surface of hole 400b (i.e., the wall portion of the bonding tool that
defines hole 400b) and inner chamfer 400c¢ does not include exposed grains. For
example, the surface of hole 400b and inner chamfer 400c may be a conventional
polished or matte finish surface.

foozi] Referring now to Fig. 4B, a portion of (1) hole 410b (which is analogous
to hole 300b in Fig. 3); (2) inner chamfer 410c (which is analogous to inner chamfer
300c in Fig. 3); and (3) face portion 410d (which is analogous to face portion 300d in
Fig. 3) are shown. As is clear in Fig. 4B, the material of the surfaces of working face
410d and of inner chamfer 410c have exposed grains (in the illustrated example, the
exposed grains may be terms asperities 410e}. In contrast, in Fig. 4B, the material of
the surface of hole 410b (i.e., the wall portion of the bonding tool that defines hole
410b) does not include exposed grains. For example, the surface of hole 410b may be

a conventional polished or matte finish surface.

[ogz221 Referring now to Fig. 4C, a portion of (1) hole 420b (which is analogous
to hole 300b in Fig. 3); (2) inner chamfer 420c (which is analogous to inner chamfer
300c in Fig. 3); and (3) face portion 420d (which is analogous to face portion 300d in

Fig. 3) are shown. As is ciear in Fig. 4C, the material of the surfaces of working face



[0014]According to an exemplary embodiment of the present invention, an Ra value of at least 0.03
microns along with i beim) at least 15 micron;1 (i.e., 1.5 per square micron) provided excellent results.
in another example, an P,a value of at least 0.03 microns along withllbeino at least 20 microncza also
provided excellent results. Further, an Ra value of at least 0.04 microns combined with p being at least
20 micron'2provided outstanding results. Surfacegprofile measurements of a bonding tool may be
made using a number of techniques, for example, using an atomic force microscopy (i.e., AFM)
machine. [0015]Fig. IA is a side sectional view of bonding tool 100 that may be provided with an

improved S“@%?? in aceqrdance with an exempkary pobadinent b the presentuitnestion. Bonding tool

100 includes shaft portion 102 and conical portion 194,5FY"1Q§QF28Qaﬁ portion 102 and conical portion
104 may he GSABER/SRFIRIRMEN 35758 tY B6d§ Borfion of bonding tool 100. As is known to those
skilled in the ggh 8¢ terminahend.qiishafipartian, 102 (i the-end ofshaftportiorn t82:at the top of the
image in Fig. 1A) is configured t inatre cer-(tam,e raseni¢ transducer) of a wire
bonding machirie. “(%ﬂggﬁﬁﬁalogfﬁlﬁ%%%%?}%fg ‘g&%’bﬁgf Eﬁrlﬁ]’gg@é%ﬁ glqr@jlqgg g%?tion 104 at the
bottom of theSitHagGe MR LA E8RfyUFEdES Form wire Bonds at bonding Tocations (e.g., die pads of
a semiconductorditeleats of cctedeftaiiel stitsSiate, etc.). Fig. 10 is a detailed view of the terminal
end of cortica garon 104, More.sgegicely, (1 Rorin 4907 okaanding {00k 00is shown i Fig. Tip
portion 1.00a efines hole 1000 innet chamfer 1000, and face portion 1.00d" amongst other features.
As will be explaftedar reaer BBELiP BRI BRI 1dl 100 18°AR exampie of a bonding tool which
may be providedwith. aim fagréived stiffecedrraceBRHERES Wit the Present iAvention 0016]Fig. 2A is a
side sectionakyiewekhasdingioeh208ithatmayheprovided witlFiasiimireiedostatace in accordance
with an exemplary. embodiment.af,the prasant ipventiesn Bendingdeet200 inelydessshaftportion 202

and conical portion 204 (collectivel qrtion).-Fi is a.detgiled Miew af the terminal end or
conical portion*30%" T (gﬁrﬁ)ije(%?ﬁ a%%ﬂtzgg%gﬁ%(%)ég%ggn%ﬁggoI 200 is §h(‘)%n in Fig. 20. Tip
r

portion 200a defirssHOIE RIS ivirals R et 8 06E AHHHARE OO 2008 a%gﬁﬁoé?%%her features.
Fig. 2C is a perspective viennoédijppoitiorr @002 of #onging tool 200 including inner chamfer 200c and

face portion 200d. As will he explained in greater detail below, bonding 1o} 200 is.an, example of a
bonding tool WA hay hé Brovidetvi egr{fvi?n\ﬂ?gvgdugo rface in éjgéoraanée Wict)hn_theh@resent

invention. (00T G Solirsan IRsHARTY 1881106 e SB6° RS BIR) EXAMped 81 tHe Hypes of bonding tools
which may be previdedithrarFimprevet: surfaseiTaceoriams. kP e bresetitifvention. Any of a
number of othey, yResif hendingleals-ay-also utiizerthe benefitsiof dhe lpredentiinvention. [0018]As
is known to those skilled épt%ebgﬁhhi\ is.generallydesired 1 polishhbordingdtoalsc/reertain bonding

' W . . . .
tools, a 'matte ﬁn,ls Is provided to the surface of the bondin ol.,.m\% nirast i GaRventional polisned
and matte finist? BEAGH to%?s.%’c’éc?r&ﬁ%”fg t\ﬁ%wp?tfgg r?tr?r?\?e%t%g%, %onﬁln Toglgare royided wherein

i

a grain structurescfréne!enaserial ot REBEHEIRG BSITEY PR E8FEmIcHAtEREF &t i<%xposed for at
least a portion &f, the-bondirg ool (engr, aagpokici) of thedtipgporticieob e bndiigtsdheFurther, in
certain exemplary, egrbodisnents @fhe presentioventian,ther susfase ofiat leastiaeportion of the
bonding tool (es'%a?eti‘ﬁo‘%’;?r}rg\%’&‘yo&‘erflﬂn%abﬁ?\?QWprosed grain structure of the material of the tip

portion (and also characterized by a high density of asperities). Using this innovative

bonding tool surface morphology (compared to conventional polished and conventional

matte finish surface morphology) an improved wire bonding process may be provided,

for example, in terms of stitch pull variability (e.g., standard deviation) and process

robustness.

[0026] Fig. 7A is a perspective view photograph of tip portion 700a of another
bonding tool (e.g., a capillary tool) with a coarse surface morphology in accordance
with the present invention, Tip portion 700a inciude hole 700b (i.e., the wall portion of
the bonding tool that defines hole 700b), inner chamfer 700¢, and face portion 700d.
Figs. 7B-7C are detailed views of portion of Fig. 7A which clearly illustrates the granular

asperities on a portion of the surface of tip portion 700a. As is illustrated in Figs. 7A-



tool) defines a plurality of asperities, wherein a density of the asperities is at least 15 microns/F-2, and
wherein a surface roughness average at the portion of the tip portion defining the plurality of asperities
is at least 0.03 microns, [0019]Fig, 3 is a perspective view of tip portion 300a (similar to tip portions

100a and 200a shown in Figs. 16, 26, and :1C) of a bonding tool in accordance with an exemplary

embodiment of the present invention Tip portion 300a defines hole 3005, inner chamfer 300c, and face
portion 300d. Figs. 4A-4C, are detailed views of a portion of a tip portion of a bonding tool similar to bp
portion 300a shown in Fig. 3; however, each of Figs. 44-40 illustrate a different surface morphotogy of

e poan(RRaWors pReclically. Eid 4P Slass PaiEw AL BOHion of b porton
a

of a bonding to6l (analogous to tip portion 300a shown In qu%. Pﬁz Th%s ,mf@. 4A, aAocogtion of (1) hole
4005 (which RYSHAIGEES TR FBIE 3608 N TS <35 BY TR MR RRET 20TL T Rich 1S dhalogous to inner
chamfer 300ginirFgug)ranttB) faterporiche 4000 (WhidhTe ahalsybrstt facey softibn 300d in Fig. 3)
are shown. As-isideardmEige4A rthe-material oftthe rsurfaceobworking faced005 hasan exposed
grain structurg, (in the jllystratedexample, the expesed grajns/may-he termsasperities400e), in

contrast, the material of the surface of hole 400b (i.e,, the wall portion of the. bonding taol that defines

- ) e \ S e (e.g., a sh f . > 33 -
hole 4005) ar?&‘??/n‘ﬁ’é?“%hgr% e‘f%&%%o‘é@ﬁ%ﬁ?n%l’u%goe“xp%gsga g?%‘[ins. For exampie, thgegsurface of hole
400h and innétéffamfer 400c may be a conventional poiished or matte finish surface. 100211Referring

now to Hg. 46,g-nartion of {13 halg éﬂ:%g{ygﬂc& is analagauste bele,300Bdp Gichad)uéR)ianer chamfer

410c (which is analogous to inner chamfer 300c in Fig. 3); and (3) face portion 4105 (which is
analogous to kfﬁ%(gr}?o%%hn 3605 IR ERY "3)Are S r\]/\E/‘rr]v Xné‘gfgg(:' eggréiﬁ %g”. 4réf?ﬁgwr]r\%§[§é£{|‘of the surfaces
of working fade B10B Hifeof ridr CRARTer 400C PRV 8 WKHBLRE GRS GBI ENe’ I lEtAted Bxampie, the
exposed graissamaybe efissasperitios: 410e)e imsoritast iro Figt4e; rirematsnibofthe&8urface of
hole 4105 (i.er, dhgowalh BortionLkithe Rending teak thahslefinesholer4lOby doesnetineiude exposed

grains. For example, the,surface. ol hole. 4103 A he A ganyeationsl polishad arumalierinish surface.
[0022]Referring now to Ifllg. 40, a portion of (13 hole 4205 (yghlcﬂjgt nalog y%tc Qole{ 3005 in Fig,. 3);
(2) inner charffeFaS 6 ich s Al SEgETE & Piner Shamfer 3006 in |g.§); ér?ﬁ (3)face portion 4205
(which is analogthestodavespertion’ 300N HNFigoRY hhe SHoWRF MY eF IPURRY ¥X & haterial of the
surfaces of warkingdace t420dsinmerchamfer 420t hancbof hole 420b have exposed grains. In the

illustrated exampleﬂ, the ex:_posed,grains may be terms asperities 4 Oe. [0023]Fran reviewing Figs.
4A-4C, it is cléSP Bt any b‘@n%ﬁ%ﬂc%a(?ﬁ’(badfﬁ%ﬁ‘ccmtat‘“g MR 80P R D

comparing stitch pull test results for a reference capillary tool and a capillary tool in
accordance with an exemplary embodiment of the present invention (i.e., the graph
compares stitch pull test results for stitch bonds of wire loops formed using a reference
capillary tool and an inventive capillary tool). The diamond shapes in Fig. 9A refer to
the stitch pull standard deviation. The rectangular shapes refer to the stitch pull
median values. The horizontal iine bisecting the rectangular shapes refers to the
average stitch pull value {i.e., the horizontal line for the reference capillary is 6.02325
as shown in Fig. 98, and the horizontal line for the inventive capiliary is 6.63163 as
shown in Fig. 9B). As shown in Figs. 9A-9B, the capillary according to the present
invention has higher and more consistent stitch pull vaiues at second bond. For
example, Fig. 9B indicates that of the 80 samples taken, 95% of the stitch pull values
were between 5.8787 and 6.1678 grams for a reference capillary, whereas 95% of the
stitch pull values were between 6.4871 and 6.7762 grams for a capillary according to

an exempiary embodiment of the present invention.

[oG29] Fig. 10A is a photograph of second bond 1000 (i.e., a stitch bond) of a
wire loop formed in accordance with an exemplary embodiment of the present
invention. Fig. 10B is a detailed view of a portion of second bond 1000, where region
“¢” makes clear that second bond 1000 was formed using a bonding tool having a face

portion in accordance with the present invention. The inventors have determined that



of a tip portion of a bonding tool (and in tact any portion of the bonding tool) may have surface finishes
in accordance with the present invention, while other surfaces may have different (e.g., conventional)
finishes. [0024]Fig. 5 is a diagram of a contact model of rough surfaces userui for understanding
exemplary bonding tool surfaces in accordance with the present invention, in fact, Fig. 5 of the present
application is very similar to Fig. 2 provided in the article cited above entitled "A Static Friction Model
for Flastic-Plastic Contacting Rough Surfaces" which was authored by tier Kogut and Izhak Etsion, and
published in the Journal of Tribology (ASME), Vol. 176, pp. 34-40, Januar/ 2004. This figure, as well as

the remainder of this article, are ful in understandin ce Fg'nul;g[gg ng tlgsc%g :%%%'ﬂ in connection
with rough surtaces’ r&%&%&én éﬁi%%%ce? Pﬁeé?ﬂ/g?\%ee\% %hgotg raph c% tipggo_rtion 500a of a bonding
t #cd'm

tool (e.g., a CHYREN 80N (with'a Lo € PRGB! AT HEdBrERHER KitH the' present invention.
For example Miigsurface morphology is provided in order to improve the wire bonding performance.
Tip portion 600a include hole 600D (i.e., the L’ﬁiigqrt@!on or]; th(; 3ndg,n Itc,?]%l 1at g_efines hole 600b),
inner chamfef 80Y! and fatE poRIGN 6OYE° BTy 6B"iS"a detailed View of & portion of Fig. 64 which
clearly illustrates the granular asperities on the-surface of tip portion 600a. As is iliustrated in Figs.
SAGO, each of hole 600b, inner chamfer 5606%(1 face portion 60Dcl (as well as other areas of tip
portion 600a including the outer cadiusoithe ti Jof)rtion) include the surface morphology defined by an
exposed grain structure of the material on h‘é{ip/ ortion (and also characterized by a high density of
asperities). Using this innovative bonding tool surface morphology (compared to conventional polished

and conventional matte finish surface morphology) an improved wire bondin rocess may be
provided, for é@?&rﬁp?é? Em s 8?%?%@’()& I \%?%%ihﬂ/e‘ 25", Sandard ¢ Aé@\\'/yia(t)i%n "and process

robustness. [0§26}ig-dAjs&pershretiveview phetegraph af tippertiend @0 of-aaather bonding tool

(e.g., a capillary tool) with a coarse sur{_face morph?llqg?\/ in accordance with the present invention. Tip
portion 700a IRRIFIE hBIE S0 & Sthe tvall Sorfidh Bf Bi& bonding tool that defines hole 700n), inner

chamfer 700c; gqshface pertion Qe figsielEMhit: arardatailediviews ofpestiortadHiga A which
oy ralipdle g asperlios onapauen AL e aiare LR PORiOD o e s Husrated

in Figs. 7A- Y8 tace portion as well as the exterior area ofuwpéﬁortlon 00a including the

outer radius of Sh&’ G5 PBriicH) THY f8& the BHACEMEEHoISEy defindd By aR expdse

y an exposea"gré{in structure of
the material oftia tipaportisiv(dAd e clidsateiized bYe High wEHIRFERESpErtIEE)Fowever, hole
7001a and inngmehaimterf&Aerloynetdnehidedhis susface mariphology. For example, the surface of
hole 7000 and inner chamfer 700c may include a conventional surface %?é%?)% polished or matte finish

surface, amongtthers). [(152 1 BAT A'OREIBYFASH VPt BRY BEN S5F8'Wire 160p formed

using a Fig. 11A illustrates morphology A, while Fig. 118 illustrates morphology B. Each of
morphology A and morphology B has (1) a density of the asperities that is at feast 15
microns”-2, and (2) an average surface roughness of at least 0.03 microns. While
both morphologies A and B have (1) a higher average surface roughness, and (2) &
higher density of asperities in comparison to conventional bonding tools, morphoiogy B
has a higher average surface roughness and a higher density of asperities in
comparison to morphoiogy A. Both bending tool groups (i.e., morphology A and
morphology B) provided significantly improved stitch pull Cpk values compared to the
reference group (which was polished surface capiliaries). For example, the improved
stitch pull values are beneficial for various applications including, for example, fine
pitch, ultra fine pitch, and QFP applications, with any type of wire including both Cu

and Au wires.

[0033] Figs. 12A-12B iliustrate a graph (Fig. 12A) and supporting data (Fig.
12B) which indicate Cpk values for morphology A and B, as well as for a polished
reference bonding tool. As is clear from Figs. 12A-12B, bonding tools according to the
present invention have higher and more consistent stitch pull Cpk vaiues than

conventional polished bonding tools. The diamond shapes in Fig. 12A refer to the stitch



bonding tool in accordance with an exemplar/ embodiment of the present invention. As is clear from
Fig. 3A, region "A of second bond 800 is characterized by the asperity shapes of a bonding tool with a
surface finish according to the present invention on the face portion of the bonding 'tool. Fig. 85 is a
photograph of first bond 802 of a wire loop formed using a bonding tool in accordance with an
exemplary embodiment of the present invention, As is clear from Fig. 85, region "Ein of first bond 802
is characterized by the asperity shapes of a bonding tool with a surface finish according to the present
invention on the inner chamfer of the bonding toql, [0023]Fig. 9A is a graphical representation of data
tabulated in Fig. 95 comparing stitch pull test results for a reference capillary tool and a capillary tool in
accordance with an exemplary embodiment of the present invention (i.e., the graph compares stitch
pull test results for stitch bonds of wire loo ééps formed usrn a reference capilla tooI and an inventive

capillary to8l! TRESHATASHE YAS s TR BRE A F: ?Q?”t%sfﬁfe StREPstiPs e RANBH T he
rectangular' ShApBZ rETEINfOPtPRS Wit ETe peftan@ tia AheaRiesieThe Merireraag HilehoisbEtigahe rectangular
shapes refeirs. théneaetagesstitahepulrvadug (ikes 2 the sz entahlingitor the trefesanse-cagillary is

6.02325 as;shaua, il %n§r§0m<}f& harzantalibe Jouihe Iy ERIYECIIAN S 083 i a5 shown in
Fig. 95). As shown in F| S he caWIIa accord |n%to theé%resent Invention has §gher and more

consistent SHECEIN RIS 5#3%%%%%8 of example SPRY"9Y REIEaHEE hatsH the 3P8amples
taken, 95%! 8f\théBstitels'prilihrathe8anere netheesars B8 harmteeel6Tgegliansferérefershereapillary,
whereas 9a%nafithesstitcbynapralues were between 6.4871 and 6.7762 grams for a capillary
according to an exemplary embodiment of the present invention. 100291Fig. 10A is a photograph of

second bonk¥488b (i.e., Bttt USRI DPRCIRIENBDR foPRTERNIF AdBderirtal witRndiexemplary
embodrmehb@ﬁﬂmpm@@h@iug\yentm 1Biy. b0 Fnisrehdedaitedr vieWn)f &iporiorohseennitdaqnd 1000,

where regioaies maér&gr@le@r mmfﬁﬁﬁmob%ehm&m@?@q%@mmﬂ%%g tealhaving a face
portion in accord ce Wi t|n en entors have determined that, the gripping
hshede %ZI \{ H W”% 9\ Wn g

|
between (1 the ac%a ortion o too %ralpc@ osstﬁlee aﬁrfé%nénrt'?nven‘tlo GE (2) the stitch

bond of a mﬁr@%fﬁ%ﬁ’b%ﬂﬁa%g%?‘ﬁr@‘?éﬁ%‘dg %?Réﬂ“ﬁ%rlrf\%ﬂ &7 @Rﬁ?‘kﬁé\r\)@‘t@those skilled inthe Cpic
where Cink ;gragess CaE%%RrRSEtE%SEQH%@dI 59 Ihhd-f an\%% RAIRI NG IMUE e pAVGLEIE Process

response (eg average stitch pull value); an eviation process response (e.g., stitch

pull stdev). W‘ifﬁﬂ?&@ﬁ%ﬁ%ﬁ@ﬁmﬁggﬁﬁ%’éﬁf@ﬁ?&ﬂ? Wﬁﬁﬁ%?(@@‘&qﬁ%‘fﬁﬁ(ﬁéﬁ Stitly:

and (2) a longer MTBA (mean time between assists) in comparison to conventional matte or
polished finish tools. More specifically, the finish of the bonding tool of the present invention
tends to resist formation and/or adherence of undesirable material which reduces the life of the
tool, and/or requires an assist. Experimental data has shown 0.27 assists per hour for a tool
according to the present invention, in comparison to 0.62 assist per hour for a conventional matte
finish tool, and 2 assists per hour for a conventional polished tool. Further, the overall assist rate
improvement was 77.3 in comparison to conventional matte finish tools, and 47.6% for

conventional polished finish tools.

[o036] Regarding the extended life of bonding tools formed according fo the

present invention, Figs. 14A-14B are provided. Fig. 14A is a table with life test results for various
capillary bonding tools. The left hand column tabulates results for three capillaries according to
the present invention; the center column (conventional matte) tabulates results for four
conventional matte finish capillaries; and the right column (conventional polished) tabulates
results for three conventional polished finish capillaries. The maximum number of results for the
experiment is 1 million, and if the tool reached 1 million bonds, the experiment was terminated.
The left hand column had life results of 1000; 1000; and 600 (in thousands of operations or
KBonds, thus equivalent to 1 million, 1 million, and 600,000 operations). The center column had
life results of 600; 300; 300; and 100. The right hand column had life results of 900; 500;



various process parameters, and is related to the standard deviation of the parameter. For example,
CO< may be used in connection with the stitch pull parameter value. By analyzing eouation (1) above,
it is clear that a high Col< value indicate: high stitch bond value repeatability in comparison to a low
Col< value. 1)00321Fig,. 1.1A-11E) are photographs of two tip portions of two bonding tools. Fig. 11A
illustrates morphology A, while Flo. 11B illustrates morphology B. Each of morphology A and
morphology B has (1) a density of the asperities that LE; at least 15 micronsA-2, and (2) an average
surface roughness of at least 0.03 microns. Wilke both morphologies A and B have (1) a higher
average surface roughness, and (2) a higher density of asperities in comparison to conventional
bonding tools: morphology B has a higher average surface roughness and a higher density of
asperitiesin ¢ arison to morpholo?y A. Both bonding tool groups (i.e., morphology A and
morphologf'@)%&vﬂ?éﬂ g efieartigatprosd St s %F ﬁ?ﬁ?&ﬁfe@%ﬁﬂ%ﬁ’%‘&?’f@%@reference group
(which wastpohisised suHzTe. c&mll&ﬂies:)a Ber @xample; tireimpidgetistitch pull values are beneficial for
various appllcatlons including, for example, fine pitch, ultra fine pitch, and QFP applications, with any
type of wirelffkding bofﬁgﬁld%a‘r’ﬁﬁrﬁ/ﬁ@g”f@ Bl &@aﬁﬁoiﬁwﬂgﬁﬁ%%{@%@n (Fig. 12A) and
supporting Bata {Fiy. iPB)adhiehdhdicbred@altorhlised fofomolphsiogytisesedaBi &swelles for a polished
reference bgnrdingitpaligAsisitleaidamddgs datA-bifdpndingdeelsaseoisingieHppresent

invention haR IR 8N MRKE Eansiaient SHieh L ol yalues Han camkenitnAlpalafed bonding

tools. The diamond shapes in A refer to the stitch Ic standard deviation. The rectangular
shapes reféf EB%H%”QF&%E)?JLﬁ'ﬁeé6‘?5%’86%&%&%&%%‘8”%???8ﬁta% ik bisddfmyshe Fectihgular shapes
refers to thdl¢aieatage stiteiy patidCpredivieh @ eonteethozizoritalfiliise fordhe Mook elobyiodrsr? 49226 as
shown in Figpd28s tienbapizoniad inedonbtingairandtonabpelishestsapiiaeiissk-a4B62-as srown in

Fig, 128, a@&é@%&%zqet%lfdaﬁaif&sfgasamr%%%@d'@%@9@%&.&@%49@ §8di? B fig,Shown by

comparing the results of Flg} A-12B, it is clear that the bon % tools according to the%{fresent
g2

invention have FigREY'SHaR RS Sthe SRR ACH R RrNfag 4 %%ﬁqﬁﬁyﬂﬁ? 3
photograph&oof! d'tﬁ(ffﬁi%!@)ﬁa ti@Eportlon of a bonding tool having morphology A (Fig. 13A) and

morphology %gg 13B) g gon% are%s%'é%t ull values f?r Enor%hotlogyA eft ortion of graph),
morpholog lenter por'ﬂ 7o grap hr)g afbragoﬁ%vﬁ iGRar polis| r&élcpll ry rlg t portion of
graph). As 48[ fRiohP N 139, W@ﬁ@héﬂ'ﬂ%’@%ﬁ?&fﬁ@‘?@lﬁﬁrﬁé@st%ﬁé PFRERIE HIBp iadperities, the
higher the stiichopuleviatue. {OBBE]Experimentsieandueted byitherfavenicrsdeaveishawnthat the
bonding tooks.udth immﬁlgm:laawogéwt@%mcgcer@n&m &h@osﬁeﬁm@@&tepgéa@m%ﬁglonger life,

and (2) a Ion er M:.F%A mean tlmeart)BetI\/vteiﬁ % S%tsg ingc hg? son etPe %onvggntlonael3 matte or polished
finish tools. More spec ically, " Hhe tinis ?oo e présen hventibhttends to resist

formation aRE76INAdRERERCRNSTReRERSI Mé%é@%ﬁm&h Fedthcesare difacBrrnestsoln&eirRse requires
an assist. Exptireentisddatachas shrenwnn. 2rcassistsvaerdeowr ioe@tdel acc oind wmgetoctiinpresent

invention, inGRAWALSEMIAL £2 aasistheidhoHn & convertional matte finish tool, and 2 assists per
hour for a conventional polished tool. Further, the overall assist rate improvement was 77.3 in

comparison [f§Ednventiorméasnigttel fiRiste tabks il 4N 6% foeredtvvantionaspaliskhedidinish tools.
f0036]Regardisgrthe sxdendeddifrinfkapaingctopls fermes arepedingte4ne mEesentimmmntion, Figs.
LaA 146 Rt iR AR A 1RRS NS i5 Joesrv'tsef%xaf@h@og%uw fing ools. The

left hand column tabulates res r'three caplillaries accordin to resent inven on e center

column (codWWBﬁaﬁﬁiéﬁ%ﬁjntgbm&%%gﬁ@%ﬁ&ﬁ%c}%Hi?o HRAEH L2 ﬂé??es and the
right columm(wmvéwaﬂimlI||b@h§t®dﬂ)!Q.hl@uih@eeﬁr@suﬂwiﬁmirﬂﬂ@e&‘ao‘gnmmat@tmmwifhéﬂt‘m\capilIaries.

The maximyna nuebes-etiresidts ferthevexpriimantis ddnidiesiand-f the jeslieashadn]. million bonds,
the eXpe”m@&&éé@sp‘is”%%E%h%%&@?&9@%@9&&&&%0@%&%&ssf‘c% #904000 df'%%% @g%ﬁ?o (in

thousands of operations or KBonds, thus equivalent to 1 million, 1 m|I ion, an eratlons)

The center CTAKHBYIFE PRI oPBRC VitsS! %‘b@eﬁﬂﬁaﬂ%"‘fﬁg‘?"@m W&‘rc?%ﬁ}ﬁ‘fﬁ%_mlfe results of
900: 500: #DIV/0i, etc.).

[0040} Thus, the bonding tool of the present invention yields higher and more
consistent values of tail strength (i.e., 2" bond pull strength), where a conventional polished

capillary yielded poor and inconsistent results such as short tail - premature



- 12 - and 400. Thus, the left hand column illustrates an extended life for capillaries according to the
present inventon. Fig. 148 is a bar chart of the results of Fig. 14A. [0037]Figs. 15A-15F are a series of
photographs of second bonds of a wire loop, along with the finish of the bonding tool used to form the
respective second bond. More specifically, Fig. 15A illustrates a second bond formed with a tool
according to an exemplary embodiment of the present invention, and Fig. 156 is a photograph of a
portion of the tip surface of the bonding tool used o form the second bond illustrated in Fig. 15A.
Likewise, Fig 150 illustrates a second bond formed with a conventional matte finish, and Fig. 150 is a
photograph of a port| n fth rface of th ing,tool u edt form the second bond illustrated
in Fig, 15G. LRER IS8, I'—Wg '?Lgﬁ Eﬁ?'sﬂargtels’srg"g cond r];)%orﬁ]fdjrosmS "Wwith gﬁcont\}/)entlonaﬁ “polished finish,
and Fig. 15F R@PREGGPARR GF HpBHioN 6T BEstipCstrPARE ofINEBOhtIRG tHo1 Uget 10 fbFm the second
bond illustratedeintkignibE CJ0O38] I eopipetibording: expermedtationwasidene testing identical

geometric designs-far-ahondingteol havngi(d) adigsurface finish according to the present invention,
and (2) a conventional polished finish. Only the tool having a tip surface finish according to the present
invention enabféd Blvalid WiePBSABING process with eopper Hecaisd of e YVenmhEifingreduction in
assists in comparisonuoetre polishedtoondThettestsswire done for, copper wires hording when forming

bonds in both thexraxis directipnand the yraxisitestianL(asds wnderstapdhyithase skilled in the art,
depending upon %he deq\él( ein gg%) nrgdcggragg EQ?n‘é";E?pQQA%dH’@JP&CWH%V\Q&QQWS are often

formed in numerous rectlons A-16B are tables illustrating the benefits of the present

invention in tetfté W%Eﬁ%t%ﬁﬁtﬁﬁﬂ Sst‘r&‘i’“g‘tﬂdh coppet Boiditig More specifically, Fig. 16A illustrates
data for a bongigg 9ol with,a @Qewxf@?%gw@mmm exemplanembedimentofthe present
invention. As ig seen bé{fe lewing the 1 %‘él sinE ﬁ1u6?A’tpl‘?npg%%ﬂ%oc%@@c&{%&%&he present

0

invention |IIustrate85He conS|stent pull strengt r bonds formed in any direction (i.e., the x right

direction, the JAGWA Hﬁ‘@%t?(t)ﬁ‘%e%rl%‘hpdﬁ@é){%ﬁ ”&?‘fﬂ%’eﬁ R i) ALt %f&?ﬁct(?ésf’ Fig. 16E3
illustrates low ianddadonsistentep (i éﬂr@ﬁg@rrsqwefhéoﬁmﬁ@mﬁ*‘ﬁaéﬁsﬁférf?%ﬁ‘tﬁé(ﬁcﬁﬁd% pull-tested in
Fig, 16B provigedrme measiyablepul strenath fedg. reherttail {8 HEk), ARNARI (eten)g [8040]Thus, the

bonding tool Oéé&%ﬁf%%trﬁ%%%tmw%m Qﬁ@ﬂqqrwec&%ig&@me\/agéesooa‘nmﬁg@ﬂgth (i.e., 2nd
bond pull streggth) Whe\'eacr%nventl 0|I7 e;%lc §@L%rgyle'de§ Jboor and |ncon g&s{ﬁm results such

as short tail - prefriatire’ wire ace%( O” the &3 IS TiSing otalfwgorﬁfjposmon Further, the

p
process paranfétershanGge (wi nﬁ%ﬁfﬂéraﬁ}ép&i{sﬁé‘d CAPasFrEpredeht theSdifficulfies to find ii the
challenging Cghondiryépplicatiors eeparartietérsawindtw thaterableed Urintezréptiblé'automatic
wiresbonding pFoCc8&Sot that sintering aids may be added to the material when forming the green

body in order to control grain size and shape; (4) sintering a green body, grinding the
sintered green body to the desired final external dimension, thermal etching at an
elevated temperature to get the granular tip surface, and forming/polishing the desired
dimension of hole and inner chamfer; (5) the same as (4) except that the desired tip
surface (e.g., a granular surface) may be kept on the hole and the inner chamfer; (6)
forming a green body from the desired material (e.g., a ceramic material), firing the
green body, grinding to the desired dimension (taking into account the shrinkage that
will occur after firing process); and (7) depending upon the material selected, exposing
the tool {(e.g., a tool that has been grinded to the desired shape) to an elevated

temperature profile in a controlied environment,

(00431 Of course, these exemplary methods may vary, and steps may be
deleted or added, and the order of the steps may the changed. For example, the
desired surface may be formed on the desired portion of the bonding tool, and then
part of the bonding tool may be polished to remove the formed surface from that
region. Again, there are many ways in which to form the claimed surfaces, and the

present invention is not dependent on any specific process.



[00411The present invention is not limitedg the claimed surface. As is understood by those skilled in
the art, bonding tools (e.g., capillary tools, wedge tools, etc) are formed from a wide range of
materials, and the methods used to form a surface according to the present invention will vary greatly
depending upon the materials used and the fi [004210ne exemplary method of exposing the grain
structure of the material at the desired portion of the bonding tool is through thermal etching consistent
with the material being etched. Other exemplary methods of forming the desired surface may include,
for example: (1) forming a green body from the desired material (e.g., a ceramic material), grinding the

green bodyt %(:Slred extern | shag)e étak'pc%l'%tc% Oq,a%%u% tth héé'%'é%%ﬁt@ will gegur), sintering
d IS

the tool to ge swed%?/p sur ac% ?e g. gtganu ar surface), and ormlng/po ing the desired
dimension of Wdl‘é%ﬁ%???\%‘?ﬁﬁé?“@f?&ﬁfﬁ@?‘a(fftﬁ@ﬁH?Q B @) de‘%if@ﬁf’ﬂ?éﬁi‘tﬁéoﬂ%géf@ﬁytfb surface (e.g.,
a granular suefdce)endyrekeptofi ilfecholesagrdstietimérenanifer ({8same ety or (2), except that
sintering aidsmay ke added totharmateriai whes:feemingthe greenhoedyifiordet tacoatrol grain size
and shape; (4) giptesing q\%ﬁe&!a?% grindiog the-sintered green body 40:.the desitegkfinal external
dimension, thermal etch%p at an erevated temgre aﬁrgesea et th?%anular gp,e%rface and
forming/polisting tHE BESIFER GRERLIGH SFHGla SAd inRer charnfel: (5) The same as (4) except that the
desired tip suffatE TR yeragrarias Strfdeey Riay 6%Vf?éi8PénafPfe(ﬁblécé‘r?&%%"ﬁﬁﬁ'é?’vﬁﬁamfer (6)

forming a greenrdooydfremilthe desired material (e.g., a ceramic material), firing the green body,

grinding to the desired dimension %;taklngclnto a(t:(cggiunt the shrinka Ce)zntrr%%t will accur gjter flrlng process);
and (7) depen%ﬂ@sl}pon tHE MR 5816t e>}<p8€§|% The (00 r( \f(f‘oﬁ'ha“ﬁl been grinded to

the desired sHepelitovdiselspated ‘Eéﬁﬁ‘p@r&‘ﬂiﬁ‘efﬁr@fﬂ@ %%WP&H@EP@MWWE%W@%O’A‘%T@ course,
these exemplanyrmetheods may aarnpdandstepsmayshe e letedrorddded, andathegrdeh of the steps

may the changediEQr examele. dhsdesiertserfaceomrmnbedornaad, enrdherdasised-padian of the
ponding tool’ andJhen,nait of e.pendinadasl mavie palehed te.iempyg e B surface from

that region. Agaln t e eare man ways in which to form the claimed surfaces, ala d the resent
invention is nd’tpﬁeaﬁlé’ﬁaéﬁfgoﬁi5ﬁ§°§be‘ﬁﬁf8tﬁ’r’bgeea§sse'f@6‘ﬁw BV IR 8T ondiNG Bl adcording to
The present |mre$ﬂt@nn\aﬂﬂﬁﬂﬁb@ﬁéifeimbve%eﬁ@@'l‘ﬁfhé%e?ﬁﬁmfaﬁ%@%\hdﬁ%ﬁé@ﬂlt}i‘bfa&'wre bonding
process may hesachieved:dfar-exampten fljsardeareased stiteh!pull satiatyility(standardrdeviation); (2)
improved process roRUSIRESS {8:%,a INEHeRSeh MHB ARy, avescamingslificulties:sustras NSOP, Shin,

NSOL SO Ehincrseedauaraas iy bond biosess SIChouls alues A)dnaesed looping
am

performance (s?anﬁaro'l déviation ecreasé eter variability and shap e% andard
deviation); an&‘(@eiﬁ‘é?éﬁée’@%%itﬁﬂ‘wH%Wo?ﬁHlWQ%Eﬂ%Bﬁf;‘io[%ﬁ% ’Btgﬁﬁfﬁé%d&vﬁ%%'}d? § to the
present inventisimeriay eiteravdifional bevefitswheneusen: fordydnding Wires tofertiiit types of
contacts (e.g.,zertactsplated with-materals suchiasiNiRd)y Suchweantacts(witld materiallE.; having a

relatively high hardness valug) cancsheren the lifeof thaRonding taak(e g Hinoughiprehlems such as

bonding ool ip e o, p soriaminaton. i) paricular hrough bopci ageraiens (o0

ultrasonic vibrafiBis) BSEEORT Bond of & Wire 100p. AcCording to the present |nvent|on the life span of
the capillary c&HBESigHIfiCant [tAHO\REE [TRTaL; ‘f@%f%"@orqéibéfé’tﬁ”iiﬁ %"W?@rb%ﬁot?ﬁadl’ﬂ&chme sold by
Kulicke and Soffa tindarstries wine. (()ethackK&Sy 8026 IPPS ball hondérearacshinerusirig a @ micron Bond
Pad Pitch NiPd-davieanwithaiK&Sol:0 il AMY 24awire) e ealgd titespansed @pprioximately twice a
conventional bording tegl:ising.anding fanls according o he.ueseatinvention, and using the same
type of wire bonc?ng machine (when bonding a 50micron BPP NiPci device, with a K8eS 0,8mil AW-66
wire), significantg4siproved sescandondsstitch\puliand=€ ke vakrss we reiprovided.cOrecfeason tor

the improved S@%Q%:%@H@fséimaﬁﬂﬂi%lUﬁiﬂgﬁamﬁ@@bms@miﬂg tothe: peesestdnvention is

retated to the oarse iR EUIRS %I@goﬁ%fg@o&p< Siare IRRdRdQ ImeERY & AL Srippinadptyeen the
bonding tool tip and e wire, g the ene%%ﬁ transition %ﬁ%l‘?ﬁt}) eu tr S%ﬂIC energgq‘[{ransmon) through

the bonding toS“?B’ﬂ?eOWr(@ St 75)"1Re SHsrgy ransHi (gH tod HoRding’ e ¢

‘ e Second bond
contact (e.g., |é>ad@@>mqlea@fr€aaﬁ&uq@mfemnﬁ@a@ﬂémﬁ@eré@&qmﬁeémﬁﬁoﬁa% he&telestribed

primarily in termsc@fise it provides improved contact/coupling therebetween). Alternatively, only a
selected portion of the bonding tool (e.g., the outside of the bonding tool but not the

wire path inside the tool) may have the desired morphology. As provided herein, even



a tip portion of a bonding tool having a desired morphology, it is not limited thereto For example, the
entire bonding tool (both interior and exterior) may have toe desired morphology (e.g., it may be
desired that the portion of the body portion configured to be engaged in a transducer of a wire bonding
machine have the desired morphology because it provides improved contact/coupling therebetween).
Alternatively, only a selected portion of the bonding tool (e.g., the outside of the bonding tool but not
the wire path inside the tool) may have the desired morphology. As provided herein, even with respect
to the hp portion of the bonding tool; either all or a selecteo portion of the tip portion may have the
desired morpRoIoNY[R0H s thouain the resentinvantion ias heen lidslraied ana desgribed respect
to capillary tools 'uséd’in & bail onding operation it'is not fimiricd .er ?ypes of ondlng tooﬁ, (e.g.
wedge tools, BRIPERBEtERIOE Ste) 4RE Xl $8OITRIAThe scope of the invention, Further, the present
Invention maxﬁ&m@p“ed &Qt%ngﬁ tees-at ioplsdised insemicanducion pracessing such as pick up

tools, SKI-tools. (sur"face mount echpo_log?/ tools), I’IbeI’]AtOﬁﬂS, etc). Further still; th@ pres nt invention
may be applied 1§ 1061 (A F8tred fraM R URREr Hiede o tateial sURH s glégfg%icp%ggerial, or (2)
formed from &"siiatality Bfepieess ofooas M6 ligh the iventienitsttisiasa QA déscAtied herein with
reference to specificrembedimentsithéirventiornristhet, inte ndedrtoi e linitedato the rétails shown.
Rather, varioys paodifigationsmay.he madeitnthedetailswithip the scope.andsangerof equivalents of

the claims and withoyt denarig, o, s YENURN,WNBLIS.02 v o1, ADBAING tool comprisino

a gio tip portion being formed from a material, where exposed for at least a portion of the tip portion.
2. The bondin§{B8I B BRIMPRHEr ©0QF the R PoTIGH IS X858 O I BSAIRG tool of claim
1 wherein chaifen ofriaeetip portibridsesdiosed alarality of pieces.

[0048] Although the invention is illustrated and described herein with reference

to specific embodiments, the invention is not intended to be limited to the details

shown. Rather, various modifications may be made in the details within the scope and

range of equivalents of the claims and without departing from the invention.



erminating at tip porton, the ucture of the material is cture of a face portiol ucture of an inner 4,The
bonding tool of claim 1 wherein the body portion includes an engagement portion configured for
engagement with a transducer of a wire bonding machine, the grain structure of the engagement

portion being exposed. 5. The bonding tool of claim 1. wherein the bonding tool is formed as a
unitary piece of the material, and wherein the gramtstructure of the material is exposed at the entire
exterior of the bonding tool. 6. The bonding tool of claim 1 wherein a surface of the portion of the

tip portion with an exposed grain structure defines a plurality of asperities, wherein a density of the
asperities is at Least 5 mlgronsA -2, and wherein a surface roughness average at the portion of the tip
portion defmu% fhé plura of asperities is at least 0.03 microns. 7. The bonding tool of claim 5

wherein the density of aspesiiesris @bleast:2Qimierens/ butcbrMhenandingtaealobalaim Gewherein toe
density of aSR%“J&o%c&ﬁ al; %SQF%QJWSEQQ%%&”%%%E@%%%Swfa&ﬁer qughness ayerage is at least

0.04 microns. onding tool Ofr% atlm 1 )r(tvhereln the bonding tooi defines a hole extending
along the mné’fﬂi’%ﬁeﬁlg’%haﬁ% td01 Whereinthé hdle"(s configured to rece re a length of wire, the hole

terminating at an inner chamferfithadip portion: thedippertionseiining sface pertion:ak a terminal
eriC of the tip o‘?%‘éi% %?;ggre!nct éQg Lb%er chamfer, and wherein the grain structure of at least one: of (1)
the inner chamfer and 2) the face portion is exposed.

The bonding tool of claim 1 wherein the grain structure of an inner

chamfer of the tip portion is exposed.

4, The bonding tool of claim 1 wherein the body portion includes an
engagement portion configured for engagement with & transducer of a wire bonding

machine, the grain structure of the engagement portion being exposed.

5. The bonding tool of claim 1 wherein the bonding tool is formed as a
unitary piece of the material, and wherein the grain structure of the material is

exposed at the entire exterior of the bonding tool.

-~

6. The bonding tool of claim 1 wherein a surface of the portion of the tip
portion with an exposed grain structure defines a plurality of asperities, wherein a

density of the asperities is at least 15 microns™-2, and wherein a surface roughness
average at the portion of the tip portion defining the plurality of asperities is at least

0.03 microns.

7. The bonding tool of claim 6 wherein the density of asperities is at least

20 microns”-2

8. The bonding tool of claim 6 wherein the density of asperities is at least

20 microns”™-2, and wherein the surface roughness average is at least 0.04 microns.

9. The bonding tool of claim 1 wherein the bonding tooi defines a hole
extending along the length of the bonding tool wherein the hole is configured to receive
a length of wire, the hole terminating at an inner chamfer of the tip portion, the tip
portion defining a face portion at & terminal end of the tip portion adjacent the inner
chamfer, and wherein the grain structure of at least one of (1) the inner chamfer and

(2) the face portion is exposed.

10.  The bonding tool of claim 9 wherein the grain structure of both the inner
chamfer and the face portion is exposed.



10. The bonding tool of ciaim 9 wherein the grain structure of both tna inner chamfer and the face
portion is exposed. The bonding tool of claim 9 wherein the grain structure of the face portion
exposed, and wherein the grain structure of the surface of :he inner chamfeE is not exoosed, 12,Tne
bonding tool of ciany 11linnerthe chamfer is polished. A bonding tool comprising a body
portion terrriinating at a tip portion wherein a surface of at least a portion of the hp portion defines a
plurality of asperities, wherein a density of the asperities is at least 15 micronsff-2, and wherein a
surface roughness average at the portion of the tip portion defining theality of asperities is at least
0203 microns, 14,Th§ boq L:n tnodol O{O%P m 13 he\;l;\;ain.th%density of %g.pe(g;tiﬂqujlgc%t least 20

i
: i T ain’s .
microns4-2. 15. The bon mén?ool of ciaim erein ?hgéaé%ﬁgﬂfl ofeasperltles is at least 20

microns"-2, aRtl WAETSHPHIRB s GIACE THtIY He &S AVETAGR s Ut East T:E4oMiG OE" <hamiEs The
bonding tool of wtarmrd3=dwherein the bonding tool defines a hole extending along the length of the
bonding tool wherein_the hrgLe is confi ureg to reggiv ‘aml‘erl%tghﬂof wire, ftphev hole tr_enrrmipgartipg at an inner
chamfer of toe tip poftion, th“etigl’ﬁaﬁ%%ltlo%' 8eﬁraﬁnﬁgla F’a%er”f)mo’r“ |6ﬁ"'§{dé’eté)rmﬁé Bnd'of the fin portion
adjacent the iFfiEP¥hamfer, and wherein a surface of at least one of (1) the inner chamfer and (2) the
face portion defines the plurality, of a3peritisserein @ densiy ok theasrerties is apjeast 15

microns4-2, and wherein a surface roughness a}/era%i%at the at Igasj one 91;, 1) fthe inner chamfer and

(2) the face pBRFOHTE &HIENE D B3 FRIEFORET " O 17 ThRBERYITY 6ol dt Cidlinh 16 WoEFSHH the density

of asperities i¥/at fvastEOFHICTOBS4Lerties FRTTHE bondikgorsol of erdini" e Wieréirithe density or

asperities is ableast20-crongd 2 tandonthereinttherspwface tefighness averdageisatleéast ©.04 microns.
at least 0.03 microns,

14,  The bonding tool of claim 13 wherein the density of asperities is at least

20 microns”™-2.

15,  The bonding tool of claim 13 wherein the density of asperities is at least

20 microns”™-2, and wherein the surface roughness average is at least 0.04 microns.

[

1 The bonding tool of caim 13 wherein the bonding tool defines a hole

[}

extending along the length of the bonding tool wherein the hole is configured to receive
a length of wire, the hole terminating at an inner chamfer of the tip portion, the tip
portion defining a face portion at a terminal end of the tip portion adjacent the inner
chamfer, and wherein a surface of at ieast one of (1) the inner chamfer and (2) the
face portion defines the plurality of asperities wherein a density of the asperities is at
least 15 microns”™-2, and wherein a surface roughness average at the at least one of

(1) the inner chamfer and (2) the face portion is at least 0.03 microns.

17.  The bonding tool of claim 16 wherein the density of asperities is at least
20 microns™-2.

18,  The bonding too! of claim 1& wherein the density of asperities is at least
20 microns”™-2, and wherein the surface roughness average is at least 0.04 microns.

19.  The bonding tool of claim 16 wherein the surface of both the inner
chamfer and the face portion defines the piurality of asperities.

20.  The bonding tool of claim 16 wherein the surface of the face portion
defines the plurality of asperities, and wherein the surface of the inner chamfer is
polished.

21.  The bonding tool of claim 13 wherein the body portion includes an

engagement portion configured for engagement with a transducer of a wire bonding



19. The bonding tool of claim 16 wherein the surface of both the inner chamfer and the face portion
defines the plurality of asperities. 20. The bonding tool of claim 16 wherein the surface of the face
portion defines the plurality of asperities, and wherein the surface of the inner chamfer is polished,

21. The bonding tool of claim 13 wherein the body portion includes an engagement portion configured
for engagement with a transducer of a wire bonding machine, wherein a surface of the engagement
portion also defines the piurality of asperities wherein a density of the asperities is at least 15
micronsie-2, and wherein a surface roughness average at the surface of the engagement portion is at
ieast 0.03 micronﬁ,. . where The bfor]diggngool of claim 13 wherein the oonding fool is formed as f
unitary piece OFthE material” And wherein aSifface o e enure exterior of the Or‘?/dll"]g tool defines
the plurality oPESpEAtIES P rRIFETLASIRE SPIRETSSPRATILERS At IBEEPID MIGDNEIRY CANd wherein a
surface roudnessaverdce ataiemgriaceeontireentirecexteriomoftheobomdingt teetis atleast 0.03
microns. microns.

22.  The bonding tool of claim 13 wherein the bonding tool is formed as &
unitary piece of the material, and wherein a surface of the entire exterior of the
bonding tool defines the plurality of asperities wherein a density of the asperities is at
least 15 microns”™-2, and wherein a surface roughness average at the surface of the

entire exterior of the bonding tool is at least 0.03 microns.



