BONDING TOOL WITH IMPROVED FINISH

CROSS-REFERENCE TO RELATED APPLICATIONS

[0og1] This appiication ciaims the banefit of 1,

60/806,503, filed July 3, 2006, and of U.S. Provisinnal Application Nao. 60/884,520,

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

reference,

5. Provisional Application No.

FIELD OF THEZ INVENTION

rone2] The present invention relates o the bonding tools used in the formation

of wire loops, and mors partizcularty, to boniding tools having an improved finish,
BACKGROUND OF THE INVENTION

[B602] In the processing and packaging of semiconductor devices, wire bonding

continues to be the primary method of providing electrical interconnection batween two

locations within a package (2.g., between & die pad of a semiconductor dis and a lead

of & leadirame;. To form wirz lbops to provide this interconnection, bonding wols

{e.g,, capiliary tools, wedge bonding twels, ec.) ars typically useg.

[eaos] - 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 "matie” finish bonding tool, whare the matts finish is &
roughened surface.

[osts] In the wire bonding industry there is continuous pressurs for

developments which provide improved results such as increased wire bond strength

e.g., first bong strength, second bond strength, etc.), reduced assist rates for the

ponding opergtion, reduced variabliity among wire loops, et
TooGe] Thus, it would be dasirable To provide improved bonding tools to provide
improved wire bonding opsration resulis,

SUMMARY OF THE INVENTION

ro0a7s According to an aspect of the present invention, there is provided

2 capiliary bonding tool for use in a ball bonding operation, the

capillary bonding tool comprising a body portion having a tip portian at which the body
partion terminates, and an engagement portion corfigured for engagement with a

transducer of a wire bonding machine, the tip portion and the engagement portion being



1a.

formed from a material, wherein a grain structure of the material is exposed for at isast a
face portion of the tip porfion and the engagement portion by the surface layer of the
matearial being removed from the mateﬁaf, the material being a ceramic matarial,
wherein a surface of the portion of the {ip portion with an exposed grain
structure defines a plurality of asperities, wherein a density of the asperities is at lzast
156 microns™-2, and wherein a surface roughness average at the portion of the tip portion

and the engagsment portion defining the plurality of asperities is at least 0.03 microns,

Looag]



BRIEF DESCRIPTION OF THE DRAWINGS

[eo0g? The invention is best understoed from the following detatled description
when read in connection with the accompanying drawing. 1t is emphasized that,
according to common practice, the various featuras of the drawing are not to scale. On
the contrary, the dimensions of the various features are arbitrarily expanded or

reduced for clarity. Incluged in the drawing are the following figures.

Fig. LA is a side sectional view of a bonding tool that may be provided
with an improved surface in accordance with an exemplary embeodiment of the present
mvention,

Fig. 1B is a detailed view of a portion of the bonding tool of Fig. 14;

Fig. 24 iz a side sectional view of another bonding too! that may be
orovided with an improved surface in-accordance with an examplary embodiment of the
prasent invention;

Fig. 2B is a detalled view of a portien of the bonding too! of Fig. 24,

Fig. 2C 15 a perspective view of a portion of the bonding tooi of Fig. 2A;

I

Fig. 3 15 a perspective view of a tip portion of 2 bonding ol in

accordance with an exemplary embodiment of the present invention;

Fig. 44 is a detailed view of a portion of & tip portion of a bonding tool in

accordance with an exemplary embodiment of the present invention;

Fig. 4B 15 & detailed view of z portion of & tip portion of & bonding tool in

accoraance with ancthar exemplary embodiment of the present invantion;

Fig. 4C is a detaiied view of a portion of a tp portion of & bonding tool In
accordance with vet another exemplary embodiment of the present invention;

Fig. 5 is a diagram of & contact model of rough surfaces useful for

understanding exempiary bonding too! surfaces in accordance with the present

invention;



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

Fig. 6B s a detaited view of a portion of Fig. 64;

Fig. 7A is a perspective view photograph of a tip portion of a bonding tool

in accordance with another exemplary embodiment of the nresent invention;
Fig. 7B is a detailed view of a portion of Fig. 74,
Fig. 7( Is another detailed view of a portion of Fig. 74,

Fig. 8A is a2 photograph of a second bond of 8 wire loop formed using a

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

Fig. 8B 15 a photograph of a first bond of a wire loop formed using &

ponding too! in accordance with an exempiary embodiment of the present invention:

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

Fig. 98 is @ chart of the data in the graph of Fig, 8A;

Fig. 10A is a pHotograph of a second bond of @ 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. 114 Is a perspective view photograph of a tip portion of @ bonding
tool in accordance with an exempiary embodiment of the present invention;

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

Fig. 12A Is a graph comparing Cpk of stitch pull tast results for a
conventional bonding tocl and two bonding tocls in accordance with exemplary
smbodiments of the present invention;

Fig. 12B is a chart of the data in the graph of Fig. 124;

Fig. 13A iz a photograph of a portion of a tip portion of a bonding ool 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
rool in accordance with another exemplary embodimeant of the present invention;



Fig. 13C is a graph comparing stitch pull test results for a conventional
polished bonding too! and two bonding tools in actordance with exemplary
embodimants of the present invention,;

Fig. 14A is a table including data comparing the life of bonding tools in
accordance with exemplary embodiments of the present invention and conventional
bonding tools;

Fig. 148 is 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. 134,

Fig. 15C is a photograph of a second bond of 2 wire loop formed using a
conventional matte finish bonding tool;

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

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

Fig. 15F is a photograph of & portion of a surface of a bonding tool used
to form the second bong of Fig. 13E;

Fig. 164 is a table including data related to the pull strenath of second
honds of wire loops formed Using a bonding tool in accordance with an exemplary
embodiment of the present invention; and

Fig, 168 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

00103 Tne present application will refer to terms known in the art including for
example, surface roughness, asperities, density of asperities, and the ke, Such
expressions are known in the art, for examole, in the following publications, each of
which is incorporated by refarence in its entirety: (1) Greenwood, J.A. & Wiliamson,
1.B.P., Contact of Nominally Flat Surfaces, Proc. Roy. Sac. (London], beries AZ95, pp.
300-319, 1966; (2} Kegut, Lior & Etsion, Izhak, A Static Friction Mode! for Elastic-
Plastic Contacting Rough Surfaces, Journai of Triboiogy (ASME), Vol. 126, pp. 34-40,
January 2004; and (3) Kogut,' L. & Etwsion, L., An Improved Elastic-Plastic Mode! for the



Contact of Rough Surfaces, 3™ AIMETA International Tribology Conferance, Salerma,
Italy, September 18-20, 2002,

[og1Ly As is known to those skilled in the art, a surface (e.g., a surface of g
bonding toot such as a capillary) may be characterized by independent parameters
such as: (13 R, - Suiface roughness average, (2} ¢ — Standard deviation of asperity
heights; and (3) R ~ Agperity radius of curvature. Further, other useful parameters

inctude, for example: (4) n - Areal density of asperities and (3) § = nRo.

[322] As is known to those skilled in the art, surface roughness average (R,) s
the area between the roughness profile and its mean ling, or the integral of the
ahsolute value of the roughness profile height over the evaluation length., Where L is

the evatuation length, r is the height, and x is the distance along the measurament, R,
may be characterized by the following expression:

i
R = fi'g Iz }d

[a0i3 According to an exemplary embodiment of the prasent invantion, a

bonding tool tip surface was provided having the foliowing characteristics,

1 | R | - | - )
[micron”*] ]i [micron] 1\ fmicron] | Imicron] |
z | |

23.841 ] 0.185 % 0.055 0.047 |

Such a bonding tool provided exceliant pull strength (2.g., at 2™ bond), a long life tool,
and a tool with a relatively high MTBA,

[pe14] According to an exemplary embodiment of the present invention, an Ra
value of &t least 0.03 microns along with ; being at least 15 micron”~2{i.e., 13 per
sguare micron} provided excelient results, In ancther example, an Ra value of at ieast
0.03 microns along with 7 being at least 20 micron % also provided excellent resuits.
Further, an Ra value of at lzast 0.04 microns combined with n being at least 20
micron”"* provided outstanding results. Surface profile measurements of a bonding
tool may be made using a number of technigues, for example, using an atomic force
microscopy (L.e., AFM) machinz.

[goi1s] Fig. 1A is a side sectional view of bonding too! 100 that may be provided

with an improved surface in accordance with an exemplary embodiment of the prasent



invention, Bonding tool 100 includes shaft portlon 102 and conical portion 104, where
shaft portion 102 and conical portion 104 may be collectively referred {o as the body
portion of bonding tool 10G. As is known to those skilied in the art, the terminal end of
shaft portion 102 {i.e., the end of shaft portion 102 at the top of the image in Fig. 1A)
is configured {o be engaged in & transducer {e.q., an ultrasonic transducer) of a wire
honding machine. The terminal end of conical portion 104 (i.e., the end of conical
portion 104 at the bottom of the image in Fig. 1A) is configured to form wire bonds at
bonding locations (e.g., die pads of a semiconductor die, leads of a
ieadframe/substirate, etc.}. Fig. 1B is a detailed view of the terminal end of conical
portion 104, More specifically, tip portion 100a of bonding tool 100 is shown in Fig. 1B,
Tip portion 100a defines hole 100b, inneir chamfer 100c, and face portion 1004,
amongst other features. As will be explained in greater detall below, bonding too! 100

i5 an exampie of a bonding tool which may be provided with an improved surface in
accordance with the present invention.

[B016] Fig., 24 is a side sectional view of bonding tool 200 that may be provided
with an improved surface in accordance with an exemplary embodiment of the present
invention. Banding 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
oortion 204, More spacificaily, tip portion 200a of bonding tool 200G 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 Tage portion 200d. As will be explained in
greater detall below, bording 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, honding tools 100 and 200 are oniy examples of the types of
bonding tools which may he provided with an improved surface in accordancs with the
present invention. Any of a number of other types of bonding tools may also utilize the
henefits of the present invantion.

[0018] As is known to those skilled in the art, it is generailly desired to polish
bonding tools. In cerfain bonding tools, 2 “matte” finish is provided to the surface of
the bonding tool. In contrast to conventiona! 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.q., a ceramic material, etc.) 5 exposed
for at least a portion of the bonding tool (e.qg., & portion of the tip portion ¢of the
bonding tool). Further, in certain exempiary embodiments of the prasent invention,

the surface of at ieast a2 porticn of the bonding tool (e.g., a tip portion of the bonding



tool) defines a plurality of asperities, wherein a denshty of the asperities is at igast 13
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.

(o019 Fig. 3 is a perspective view of tip portion 300a {similar to tip portions
10Ca and 200a shown in Figs. 1B, 28, and 2C) of a bonding tool in accordance with an
exemplary embodiment of the present invention. Tip portion 300a defines hole 300b,
inner chamfer 300c¢, and face portion 300d. Figs. 44-4C are detailed views of a portion
of a tip portion of a bonding tool simiiar o tip portion 300a shown in Fig. 3; however,
each of Figs. 4A-4C Hlustrate a different surface morphology of the respective tip
portion.

[Ge20] More specifically, Fig. 4A s & close up view of a poriion of a tip portion of
a bonding tool (analogous to tip pertion 300a shown in Fig. 3). Thus, in Fig. 44, a
portion of (1} hole 400b {which is anatogous to hole 30Cb in Fig. 3); (2) inner chamfer
400c {which is analogous to inner chamfer 300¢ in Fig. 3); and {3) face portion 400d
{which is enalogous to face portion 300d in Fig. 3) are shown. As is clear in Fig. 44,
the material of the surface of working face 400d has an exposed grain structure {in the
itlustrated example, the exposed grains may he terms asperitias 4008}, 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 400¢ does not include expased grains. For

exampie, the surface of hole 400b and inner chamfer 400c may be a conventional
polished or matte finish surface,

[ogz1l Referring now o Fig. 4B, & portion of (1) hote 410b {which is analogous
to hote 300b im Fig. 3); {2) inner chamfer 4105 {which iz analogous to inner chamfer
360c in Fig. 3); and {3) face portion 410d {(which is analegous to face portion 300d in
Fig. 3% are shown. Ag s ciear 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
aexposed grains may be terms asperities 4102}, 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
z conventional polished or matte finish surface,

feg22} rReferring now to Fig. 4C, a portion of (1) hoie 420b {which is analogous
te hole 3600 in Fig, 3); (2) inner chamfer 420¢ {which is analogous to inner chamfer
300c in Fig, 3); and (3) face portion 4204 {which is analogous to face portion 300d in

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



4204, inner chamfer 420c, angd of hole 420b have exposed grains, In the #Hustrated

example, the exposed grains may be terms asperities 420e.

[og23l From reviewing Figs, 4A-4C, it is clear that any comhbination of portions
of a tip nortion of a bonding too! {and in fact any portion of the bonding toal} may have
surface finishes in accordance with the present invention, while other surfaces may
have different (e.g., conventional} finishas.

[Gozal Fig. 5 is a diagram of a contact model of rough surfaces useful for
understanding exemplary bonding tool surfaces in accordance with the prasent
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 Elastic-Plastic Contacting
Rough Surfaces” which was authored by Lior Kegut and Izhak Etsion, and published in
the Journal of Tribology (ASME), Vol. 126, pp. 34-40, January 2004, This figure, as
well as the ramainder of this articie, are useful in understanding certain terminology
used herein in connection with rough surfaces.

[GG25T Fig. 6A i5 a perspective view photograph of tip porticn 6002 of a bonding
tool (e.g., 8 capiliary tool) with a coarse surface morphology in accordance with the
present invention. For example, this surface morphology is provided in order to
improve the wire bonding performance. Tip portion 600a include hole 600b (i.2., the
wall portion of the bonding tool that defines hole 6G0b), inner chamfer 600¢, and face
partion 600d. Fig. 68 is a detailed view of a portion of Fig. 8A which clearly illustrates
the granular asperities on the surface of tip portion 6002, As is illustrated in Figs. 6A-
&8, each of hole 600, inner chamfer 600c, and face portion 600d {as well as other
areas of tip portion 600a including the outer radius of the tp portion) incdude the
surface morphology defined by an exposed grain structure of the material of the tip
portion (and also characterized by a high density of asperities). Using this innovative
honding teol 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 puil variability (e.g., standard deviation) and process
robustness.

00267 Fig. 7A is a perspective view photograph of tip portion 700a of another
bonding tool (e.g., a capillary tool} with a coarse surface morpheiogy In accordance
with the present invention, Tip portion 700a include hele 700h (le., the wall porticn of
the bonding toot that defines hole 700b), inner chamfer 700c, and face pertion 7004,
Figs. 7B-7C are detailed views of portion of Fig. 7A which clearly illustrates the granuiar

asperities on a portion of the surface of tip portion 700a. As is illustrated in Figs. 74~



7C, face partion 700d {as well as the exterior area of fip portion 700a including the
cuter radius of the tip porticn) include the surface morphology defined by an exposed
grain structure of the material of the tip portion {and also characterized by a high
density of asperities); howevear, hole 700b and inner chamfer 700¢ do not include this
surface morphelogy. For example, the surface of hhole 700b and inner chamfer 700c

may inciude a conventional surface {e.q., & polished or matte finish swrface, amongst
others},

Taaz7] Fig. 8A is a photograph of second bond 8C0 of a wire loop formed using a
bonding tool in accordance with an exemplary embodiment of the present invention.

As is clear from Fig. 84, 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. 88 is & photograph of first bond 802 of a wire
ioop formed using 2 bonding tool in accordance with an examplary embodiment of the
present invention. As is clear from Fig. 8B, region “8" of first bond 802 is characterized
by the asperity shapes of 8 bonding tool with a surface finish according to the present
invention on the inner chamfer of the bonding tool.

[ooza] Fig. A Is a graphical representation of data tabulated in Fig. 98
comparing stitch pull test results for a reference capillary tool and a2 capiliary tool in
accordance with an exemplary embodiment of the present invention (i.e., the graph
compares stitch pull tast results for stitch bonds of wire loops formed using a reference
capiilary tool and an inventive capiliary toni}. The diamond shapes in Fig. 9A refer 1o
the stitch pull standard deviation. The rectangular shapes refer to the stitch pull
median values. The horizontal line bisecting the rectangular shapes refers to the
average stitch pull value (l.e., the horizental tine for the reference capiliary is 6.02325
as shown in Fig. 98, and the horizontal line for the inventive capillary is 6.63163 as
shown in Fig., 9B}, As shown in Figs. GA-0B, the capiliary according to the present
invention has higher and more consistent stitch pull values at second bond. For
example, Fig. 9B indicates that of the B0 sampies taken, 95% of the stitch putl values
weare between 5.8787 and 6.1678 grams for a reference capillary, whereas 5% of the
stitch pult values were between 6.4871 and 6.7762 grams for a capillary according o
an exemplary embodiment of the present invention.

[0429] Fig. 10A is a photograph of second bond 1000 (i.e., a stitch bond) of &
wire loop formed in accordance with an exempiary embodiment of the present
Anvention. Fig. 10B is a detalled view of & portion of second bond 100G, where region
“C" makes clear that second bond 1000 was formead using a bonding ool having a face

porfion in accordance with the prasent invention. The inventors have determined that
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the gripping betwaen (1) the face portion of the bonding tool according to the present

invention and (2) the stitch bond of @ wire loop provides for increased stitch pull
values.,

[G0307 As is known to those skilled in the art, by definition, the Tph is:

where Cpk - Process capability; U - Upper tolerance iimit; L - Lower tolerance Hmit;

X - Average process respense (e.g., average stitch pull value); and 5 - Standard

deviation process response (&.q., stitch pull stdev).

fo03si] Cpk is & dimensioniess measurement which is used in connection with
various process parameters, and is related to the standard devigtion of the parameter.
For example, Cpk may be used in connection with the stitch pull parameter valus. By
analyzing eqguation (1) above, it is clear that a high Cpk value indicates high stitch

bond value repeatability in comparison to a low Cpk value,

Ta6zz] Figs. 11A~11B are photographs of two tip portions of two bonding tools.
Fig. 11A fliustrates morphology A, while Fig. 11B illustrates morphology B, £ach of
morphoiogy A and morphology B has (1) a density of the asperities that is al least 15
microns~-2, and (2) an average surface roughness of at least 0.03 microns. While
baoth morphologies A and B have (1) a higher average surface roughneass, and (2) &
higher density of asperities in comparison to conventional bonding tools, morphology B
has a higher average surface roughness and a higher density of asperities in
comparison 1o morpholagy A. Both bonding too! groups {i.e., merphology A and
morphology B) provided significantly improved stitch puil Cpk values compared to the
raference group (which was polished surfece capiliaries). For example, the improved
stitch pull values are benaficial for various applications including, for exambpig, fine
pitch, ultra fine pitch, and QFP applications, with any type of wire including both Cu
and Au wires,

[GG33] Figs. 12A-12B iliustrate a graph (Fig. 12A) and supporting data {Fic.
12R) which indicate Cpk values for morphology A and 5, as well as for a palished
reference bonding tool. As is clear from Figs. 12A-128, bonding tools according to the
present invention have higher and more consistent stitch pull Cpk values than

conventional polished bonding tocls. The diamond shapes in Fig, 12A refer to the stitch
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puli Cpk standard deviation. The rectangular shapes refer to the stitch puli Cpk median values.
The hotizontal line bisecting the rectangular shapes refers to the average stitch pull Cpk vaiue
(i.e., the horizontal iing for the morphology A is 2498228 as shown in Fig. 12, the horizontal line
for the conventional polished capiliary is 1.34362 as shown in Fig, 12B, and the horizontal line for
the morphology B is 2.45048 as shown in Fig. 12B). As shown by comparing the resulis of Figs.
12A-12B, it is clear that the bonding tools according to the present invention have higher and more
consistent stitch pull Cpk vaiues.

TB034] Figs. 13A-13B are photographs of a portion of 2 tip portion of a bonding

tcol having morphoiogy A {Fig. 13A} and morphotogy B (Fig. 138). Fig. 13C compares stitch pull
vaies for morphology A (left portion of graph}, morphology B (center portion of graph), and for a
conventional polished capiltary {right portion of graph). As is clear frony Fig. 13C, the higher the
surface roughness and the density of asperities, the higher the stitch pufl value,

100351 Experiments conducted by the inventors have shown that the bonding

tools with tip portions having surfaces according to the present invention have (1) a longer ife,
and (2} a longer MTBA {mean time between assisis} in comparison to conventional matte or
poiished 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 fife 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 06.62 assist per hour for a conventicnal matie
finish tool, and 2 assists per hour for 2 conventional polished fool.  Further, the overall assist rate

improvement was 77.3 in comparison to conventional matte finish tools, and 47.6% for
conventional poiished finish {ools.

[O0036] Regarding the extended fife of bonding tools formed according to the

present invention, iFigs. 14A-148 are provided. Fig. 14A is g table with life test results for various
capiliary bonding fools. The left hand column tabulates results for three capillaries according to
the present invention; the center column (conventional matie) tabulates results for four
conventionat matte finish capillaries; and the right column {conventional polished) tabuiates
results for three conventional polished finish capiliaries. The maximum number of results for the
axperiment 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 cperations or
KBonds, thus equivaient to 1 million, 1 million, and 600,000 operations). The center column had
fife results of 800; 300, 360, and 100, The right hand column had life results of 900; 500;



and 400. Thus, the left hand column lllustrates an extended life for capilarias according to
the present invention. Fig. 14B is a bar chart of the rasults of Fig, 14A,

o037} rigs. 15A-15F are a series of photogranhs of second bonds of a wire

icop, along with the finish of the bonding tool used to form the respective second bond. More
specifically, Fig. 16A illustrates g second bond formed with 2 tool according to an exemplary
ambodiment of the present invention, and Fig. 128 is a photograph of 2 portion of the tip surface
of the bonding tool used to form the second bond iliustrated in Fig, 15A,  Likewise, Fig 15C
illustrates a second bond formed with a2 conventional matte finish, and Fig. 15D is a photograph of
a porttor of the tip surface of the bonding too! used to form the second bond iliustrated in Fig, 15C.
Likewise, Fig. 15E ilusirates a second bond formed with a conventional polished finigh, and Fig.

15F is a photograph of & portion of the tip surface of the bonding too! used o form the second
bond illustrated in Fig. 15k,

[0038] in copper bonding, experimentation was done {esting ideniical geometric

designs for a bonding tool having (1) a tip surface 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 enabled a valid wire bonding process with copper because of the overwhelming
reduction in assists In comparison 1o the polished tool. The tests were done for copper wire
bonding when forming bonds in both the x-axis direction and the y-axis direction (as is understood

by those skilled in the art, depending upon the device being wirebonded and the wire bonding
machine, wire bonds are often formed in numercus directions).

10039) Figs. 16A-16B are tables illustrating the benefits of the present invention

in terms of second bond pull strength in copper bonding  More specifically, Fig. 18A iliustrates
data for a bonding tool with a tip surface according fo an exemplary embodiment of the present
invention. As is seen by reviewing the results in Fig. 16A, the bonding focl according to the
present invention flustrated high and consistent pull strengths for bonds formed in any direction
(i.e., the x right direction, the y down direction, the x left direction, and the y down directicn). In
contrast, Fig. 168 itustrates low and inconsistent pull sirengths for the bonds.  In fact, many of

the bonds pull-tested in Fig. 168 provided no measurabie pull strength (e.g., short-tail (SHTL),
#DIV/O, etc.).

00407 Thus, the bonding tool of the present invention yields higher and more
consistent vaiues of tail strength {i.e., 2™ bond pull strength), where a conventional polished

capiliary yielded poor and inconsistent results such as short tail - premature
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[

L8]
]

wire brealk when the capillary is rising to tail height position, Further, the process
parameters range [window) for the polished capillary reprasent the difficuities to find in
the challenging Cu bonding application, a parameaters window that enable an

uninterruptible automatic wire-bonding process.

[ag4r] The present invention is not imited to any specific method of forming the
claimed surface, As is understood by these skilled in the art, bonding tols {2.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 wilt vary greatly

depending upon the materials used and the finish desired.

[OG42] One exempiary 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 etchead. Other exemplary methods of forming the desired surface may
include, for exampie: (1) forming a green body from the desired material {e.q., a
ceramic material), grinding the green body to the desired external shape (taking into
account the shrinkage that will ocour), sintering the tool to get the desired tp surface
{e.g., granuiar surface), and forming/polishing the desired dimension of hole and the
inper chamfer, (2) the same as (1), except that the desired tip surface {(a.qg., a
granujar surface) may be kept on the hole and the inner chamfer; (3) same as (1) or
{2}, except that sintering aids may be added to the: material when forming the greean
body in order to control grain size and shape; {4) sintering a grean 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 tp
surface (e.g., 2 granular surface) may be kept on the hole and the inner chamfer; (&)
forming a green body from the desired material {(e.q., a ceramic material), firing the
graan body, grinding o the desired dimension (taking into account the shrinkaga that
will ocour after firing process)y; and {7) depending upon the material selected, exposing
the tool {e.g., a too! that has been grinded to the desired shape) 1o an stevated
temnmperature profile in a controfied environment.

roo4z:t Of course, these exembplary methods may vary, and steps may be
deisted or added, and the order of the steps may the changed. For examole, the
desired surface may be formed on the desired portion of the bonding tool, and then
part of the bonding tool may be polished tw remove the formed surface from that
region. Again, there are many wavys in which to form the claimed surfaces, and the

presant invention is not dependent on any specific process.
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n044] By providing & bonding tonl according to the present invention, a number
of improvements in the perfarmance and reifability of a wire banding process may be
achieved, for example: (1) a decreasac stitch pull variabiiity (sterndard deviation); (2}
improved process robustness (e.g., increased MTBA by overcoming difficulties such as
NSOP, SHTL, NSOL EFO); (3) increased averags 2" hond process stiteh pulis values;
14y increased looping performance (standard deviation); {5) decreasad 1% bond
diameter variability and shape {standard deviation}; and (8) increased overall wire
bonding durability.

[oDas] Bording tools according to the present invention may provide additional
hanefits when used for bonding wires to certain types of contects {e.g., contacts plated
with materials such as NiPd). Such contacts (with materiais having a relatively high
hardness value) can shorten the life of the bonding tool {e.g., through problems such
as bonding tocl tip waar out, tip contamination, etc.), particularly through bonding
operations (e.g., ultrasonic vibrations} at second bond of a wire loop. Accerding to the
present invention, the lifs span of the capiliary can be significantly improved. In fact,
rests conducted on a wire honding machine sold by Kulicke and Soffa Industries, Inc.
(ie,, & K&S 8028 PPS ball bonder machine using a 60 micron Bond Pac Pitch NiPd
device, with a K&S 1.0 mil AW 14 wire) revealed life spans of appraximately twice 2
conventional bonding tool, Using bonding tocls according to the present invention, and
using the same type of wire bonding machire {when bonding a 30micron BPP NiPd
device, with a K&S 0.8mil AW-66 wire), significantly impfoved second bond stitch pull
and Cpk values were provided. One reason for the improved second bond stitch values
using a bonding tool according to the present invention is related to the coarse tip
surface. The coarse tip surface tends to improve: (1) gripping between the bonding
tooi tin and the wire, (2) the energy transition {e.g., the ultrasonic energy transition)
through the bonding tool to the wire; and (3} the energy transition through the

bonding tool to the second bond contact (e.g., teads of a leadframe].

00467 Although the present invention has been described primarily in terms of
5 tip portion of a bonding too! having a desired morphology, it is not limited thereto,
For example, the entire bonding tool (both interior and exterior) may have the desired
morphotogy {(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 morphoiogy. As proviced herein, even



with respect to the tip portion of the bonding tool, either all or a selected portion of the
tip portion may have the desired morphology,

Fooa7] Although the present invention has heen illustrated and described
primarily with respect to capiilary tools used in 8 ball bonding operation it is nol limited
thereto. Other types of bonding tools (e.g., wedge tools, ball shooter tools, etc) are
also within the scope of the invention. Further, the present invention may be applied
to other types of toois used in semiconductor processing such as pick up teols, MT
tools {surface mount technology tools), ribbon tools, etc). Further still, the present
invention may be applied to tools (1) formed from & unitary piece of material such as &
cerarnic material, or {(2) formed from a plurality of pieces.

[ooan] Although the invention is illustrated and described herein with reference
to spedfic embodiments, the invention Is not intended to be limited to the details
shown, Rather, various modifications may be made in the detalls within the scope and

range of equivaients of the claims and without departing from the invention.
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What is Claimed:

[Claim 1] A capiliary bonding fool for use in a ball bonding operation, the
capillary bonding tool comprising a body portion having a tip portion at which the body
portion terminates, and an engagement portion configured for engagement with a
fransducer of a wire bonding maching, the fip portion and the engagement poriion being
formed from a material, wherein a grain structure of the material is expesed for at least &
face portion of the tip portion and the engagement portion by the surface fayer of the
material being removed from the ma’ter'sél, the material being a ceramic materia,
wharein a surface of the portion of the tip porfion with an exposed grain
structure defines a plurality of asperities, wherein a density of the asperities is at least
18 microns®-2, and wherein a surface roughness average at the poriion of the fip portion

and the engagemeant portion defining the plurality of asperities is at least 0.03 microns.

fClaim 2] The capiliary bonding too! of claim 1 wherein the grain structure of an
inner chamfer of the tip poriion is exposed.

[Claim 3] The capiliary bondi*ng tool of claim 1 wherein the capiltary bonding oo}
is formed as 8 unitary piece of the material, and wherein the grain structure of the

material is exposed at the entire exterior of the bonding iool.

[Claim 4] The capiliary bonding 106l of claim 1 wherein the density of asperiiies
is at least 20 microns*-2.

[Claim 5] The capiliary bonding ool of claim 1 wherein the density of asperities
is at least 20 microns®-2, and wherein the surface roughness average is at ieast 0.04
microns.

[Claim 6] The capillary bonding ool of claim 1 wherein the capillary bonding tool
defines a hole exiending along the length of the capillary 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 the face poriion at a terminal end of the fip portion
adjacent the inner chamier.
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[Claim 7] The capillary bonding tool of claim & wherein the grain structure of
both the inner chamfer and the face portion is exposed.

" {Claim B} The capiliary bonding tool of claim 6 wherein the grain structure of the
face portion is exposed, and wherein the grain structure of the surface of the inner
chamifer is not exposed.

[Claim 8} The capillary bonding too! of claim 8 wherein the surface of the inner
chamfer is polished.

[Claim 10] The capiliary bonding tool of claim 8, wherein the surface of (1) the
inner chamfer and {2) the face portion defines the plurality of asperities wherein the
density of the asperiiies is at least 15 microns®-2, and wherein the surface roughness
average at (1) the inner chamfer and (2) the face portion is at least 0.03 microns.

[Claim 11] The capillary bonding tool of claim 6 or 10 wherein the de'nsity of
asperities is at least 20 microns®-2.

[Ciaim 12] The capillary bonding tool of claim 6 or 10 wherein the density of
asperities is at least 20 microns™2, and wherein the surface roughness average is at

least 0.04 microns.

{Claim 13] The capiilary bonding tool of claim 6 wherein the surface of the inner
chamfer is polished.

[Claim 141 The capiltary bonding tooi of claim 1 wherein the capillary bonding tool
is formed as a unifary piece of the material, and wherein a surface of the entire exterior
of the capiliary bonding toot defines the plurality of asperities wherein a density of the
asperities is at least 15 microns®-2, and wherein a suriace roughness average at the

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



