BONDING TOOL WITH IMPROVED WORKING FACE FIELD OF THE INVENTION [0001]The present
invention relates to wire bonding systems and, more particularly, to improved bonding tools for wire
bonding machines. BACKGROUND OF THE INVENTION [0002]In the processing and packaging of
semiconductd¥detéE+i%re bonding continues to be the primary method REPESHuksEsectrical
interconnection between two locations within a package (e.g., between a die pad of a semiconductor
die and a lead of a leadframe). More specifically, using a wire bonder (also known as a wire bonding
machine) wire loops are formed between respective locations to be electrically interconnected.
[0003]An exemplary conventional wire bonding sequence utilizing ball bonding includes: (1) forming a
free air ball on an end of a wire extending from a bonding tool; (2) forming a first bond on a die pad of
a semiconductor die using the free air ball; (3) extending a length of wire in a desired shape between
the die pad and a lead of a leadframe; (4) stitch bonding the wire to the lead of the leadframe (forming
a second bond); and (5) severing the wire. In forming the bonds between (a) the ends of the wire loop
and (b) the bond site (e.g., a die pad, a lead, etc.) varying types of bonding energy may be used
including, for example, B@ESHNE SiRPYWITRRYRRIYERWORKIN ChBADBCOMpressive energy,
amongst others. As is known to those skilled in the art, this sequence is exemplary in nature, and the
order may be changed in a given application (e.g., the first bond may be formed on the substrate, etc,).
[0004]Each of the following U.S. patents relates to the field of bonding tools for wire bonding
machines: U.S. Patent No. 7,004,36%emntilled ‘{@agillasyvritn Contained Inner Chamfer”; U.S. Patent
No. 6,966,480 entitled "Concave Face Wire Bond Capillary and Method"; U.S. Patent No. 6,439,450
entitled "Cimeve Face¥\iresBoneeandlaryitek So RAEBENG S5} 5864 % antitled. "Concave Face Wire
Bond Capi P , i "Canillary for .a Wire Bonding Apparatus”; U.S.
Parent N Lo o AT S B hA

BACKGROUND OF THE INVENTION

foonz] In the processing and packaging of semiconductor devices, wire bonding
continues to be the primary method of providing electrical interconnection between two
locations within a package (e.g., between a die pad of a semiconductor die and a lead
of a leadframe). More specifically, using a wire bonder (alsc known as a wire bonding
machine) wire_ loops are formed between respective locations to be electrically
interconnected.

[0003] An exemplary conventional wire bonding sequence utilizing ball bonding
includes: (1) forming a free air ball on an-end of a wire extending from a bonding tool;
(2) forming a first bond on a die pad of a semiconductor die using the free air ball; (3)
extending a length of wire in a desired shape between the die pad and a lead of a
leadframe; (4) stitch bonding the wire to the lead of the leadframe (fo-rrﬁing- a second
bond); and (5) severing the wire. In forming the bonds between {a) the ends of the
wire Ioob and (b) the bond site (e.g., a die pad, a lead, etc.) varying types of bonding
energy may be used including, for example, ultrasonic energy, thermosonic energy, and
thermocompressive energy, amongst others. As is known to those skilled in the art,
this sequence is exemplary in nature, and the order may be changed in a given
application (e.g., the first bond may be formed on the substrate, etc.).

{0004] Each of the following U.S. patents relates to the field of bonding tools for
wire bonding machines: U.S. Patent No. 7,004,369 entitled “Capillary with Contained
Inner Chamfer”; U.S. Patent No. 6,966,480 entitied “Concave Face Wire Bond Capillary
and Method”; U.S. Patent No, 6,439,450 entitied “Concave Face Wire Bond Capillary™;
U.S. Patent No. 6,158,647 entitled “Concave Face Wire Bond Capitiary”; U.S. Patent No.
5,844,830 entitled “Capillary for a Wire Bonding Apparatus”; U.S. Patent No. 5,871,141



entitled "Fine Pitch Bonding Tool for Constrained Bonding"; U.S. Patent No. 5,662,261 entitled "Wire
Bonding Capillary"; U.S. Patent No. 5,421,503 entitled "Fine Pitch Capillary Bonding Tool"; and U.S.
Patent No. 4,911,350 entitled "Semiconductor Bonding Means Having an Improved Capillary and
Method of Uskiyaiee/8a4ie." [0005]FIG. 1A is an illustration of a well-knowrC prisee/daserpitch bonding
tool 100 (e.g., a capillary bonding tool). Bonding tdol 100 includes cylindrical portion 102, tapered
portion 104 adjacent cylindrical portion 102, and working tip 106 adjacent the end of tapered portion
104. Passage 108 extends from upper end 110 to working tip 106 of bonding tool 100. Passage 108 is
configured to receive a length of wire for use in a wire bonding operation. In FIG. 1A (and other figures
provided herein), passage 108 is illustrated as being tapered from upper end 110 to working tip 106,
and is alsotillgstiétee iscmBludiing Eyhhtincalrstctioad 1A ding ChamfestehPNholyeser2dtiis understood
that variissiiResoldessags TR QUS, shapesiad configssalipRs reikaewinto those skilled in

the art. [0QO6JFIG, 1B.is illustratign.of an enlar ectional view, of working tip 106. As shown in
FIG. 1-6,%2‘8&;&&’688??6%9?%2 IIh’a%n?lsgu 's%%%?gwc‘;%ﬁggh Ifhlaﬁaé"rt '\é{%e{\t(ir%wr%%“ﬂ%eﬁgoint at which it meets
cylindrici¢eiR Rads @%V%Whlfﬁpﬁ?&?dl%?%&‘lﬁﬁa fis4o8 efctries WerkaTtace 120 having face
angle 118 of, for example, between 8 and 15 degrees. Adjacent working face 120 is inner chamfer 112
having ah@®all angF14°0F Fribxampre, aéSsvRBrkoDvddyierarifipedetdo iredite tadirst bond (ball
bond) thatmeets, sheasitang podidiest eduiBenenis. (e lirudriealprssagadtLsl isdebraan the upper
portion Oia?é?éﬂfs&%i%% 364 étaf,aegm%m%eér%?ﬁ@gelaQ%M%sng@@%%m%ge 116 and
chamfer 1 d2 re eggracltleéde #ﬁgd S Eart ?f %assa9§ ]fd8. [\(f)OO?]FI . 2Ais an illustration of working
tip 106 o?%oﬁdlralé%fb IAYEB Mg A SRS SR BF L TR YBBE, et A YREORY Wdnd includes
stitch boABS1FPaRdit4iFeRI P92 62368 ¥ & e soafgveedhifferesaliecadrnigh of Wilkefaos® bonded to a
pad on aisemicomnductoy dewieednotsiFosvna handiogdoabled thenidansdesivyirpatgzyduring looping,

feeding wig 43R, Bpeing ahd 99-hen imm_agpsr%@ppoQQ%A{}ﬁ&l@(}ﬁgo%t,itgndhers@s328 and tack or
tail bond 126 on gupporpn substrate Jf24 to interconnect the semiconductor device (not shown) to
! T 1§ﬁ20 ﬂ%Cis (gc‘f

supportir\'jéuglfgs T8 ToMG680ERWTR 5 Rt AREH forn 8§ Bial'tRe entire wire bonding
process HyREEREBatath PETEYRTIRE PATERRHF Withine CRip phanssshslienig erssiesaending tool 100
is raised koot predetermikaddreighi, auring which time tail bond 126 remains affixed to supporting
substrate 124. The wire clamp is then closed and 3 bonding tool is raised causing tail bond 126 to
Eepf;rate{fmﬂ&?uppOTFB:';l.bﬂth@J%rlﬂl@:s(ﬂ%tf@i’&%@ﬂé?(bk@é@%&tﬁih@lreﬁﬂ%@?m%i@t@B_bfﬁenerag?’, tail

ond 12 poga r. point. during formation of,the wire tail, resulting in repeatable
e tal B B e A F1G. 2
Feature T80 i5rBREN R A8 BmsFRR GRING ' f@ét’(?f‘ﬂdjr%ﬁﬁﬁ 18812 00 tHat Haseltrilfr8eparates tail
bond 126&iaAb&stietnerowdrk?@. feor X@hmliegddod taiblbori® bRwithargmthatlyeem8litotn tail area -
1§6a reprlgmat@@iau@f@émtaﬂrb%d%%&m @It][a@fewg{al&.f@ ati?lﬂgem@ié;b@u&é%ﬂéngesir?(bl:e C}O )
adequat Wi 2, duri ire tajl formatiqn. As wi erstao those skilled in the
art, FIG.qZ%a({ggga\{gﬁgﬁé éfhle#d%tgarl}ltb\%é% ré%v'llggr _‘é%%i%gg\‘r%enaoﬁ%pt %‘é&ﬁel Eég?e? as FIG. 1B so
that addiﬁaﬁﬁ?%‘aéﬁaﬁr\????@?fﬁgmg? BRALKERRNtS- Cylindrical passage 116 is between the

upper portion of chamfer 112 and the remainder of passage 108. Moreover, cylindrical
passage 116 and chamfer 112 are generally defined as part of passage 108.

[0007] FIG. 2A is an illustration of working tip 106 of bonding tool 100 forming a
second bond of a wire loop, where the second bond includes stitch bond 128 and tail
bond 126. As explained above, after a free air ball of wire 122 is bonded to a pad on a
semiconductor device (not shown), bonding tool 100 then handles wire 122 during
looping, feeding wire 122. Bonding tool 100 then forms the second bond, inciuding
stitch bond 128 and tack or tail bond 126 on supporting substrate 124 to interconnect
the semiconductor device {(not shown) to supporting substrate 124,

[o008] A wire tail {not shown} is then formed so that the entire wire bonding
process may be repeated. To form the wire tail, a wire clamp (not shown) is open as
bonding tool 100 Is raised to a predetermined height, during which time tail bond 126
remains affixed to supporting substrate 124. The wire clamp is then closed and



[0010]An inadequate tail bond 126 (e.g., a tail bond that is not strong enough) may result in tail bond
126 separating from supporting substrate 124 during raising of bonding tool 100 before bonding tool
100 reaches the predetermined height, resulting in a wire tail that is too short (also referred to as a
"short tail"). Problems such as short tails, and othgr problems at the second bond, undesirably tend to
result in inconsistent wire tails used to form the subsequent free air bails. [0011]Thus, it would be
desirable to provide improved bonding tools with improved working faces to form improved second
bonds. SUMMARY OF THE INVENTION [0012]According to a first aspect of the present invention,
there is provided a bonding tool configured for engagement with a wire bonding machine, the bonding
tool comprising; a bod rtion, the bod rtion defining a passage, confi to receive a length of
wire, aghg)ﬂgl%(?tt Oé'f)éasy‘eé%%%alé%gg%ﬂr% %(%%i EDSS tal‘{)ar{;3 off%ﬁe %Dopr?gﬁ%w grgg?t eft%sportion defining a
working RREBSBFR{EPh ST A 356! | ¢iTdrdilPa el g engaisninaniti 4h adtirs BdERAMhachine a
segmentafriveoie rkingsfce eixtesfdsedavensilare witly fe spectdblavtans deftred at an intersection of
the passage and the working face. 4 During engagement with the wire bonding machine, a segment
of the wenbioy face direxthpasinsaniitbesndabiheppassagefexéands siowosivaa auith respect to a plane

defined gL an Intessection.af e AasSRUsARGID S0y OFSnEARG AN anether spgyment of the working
face dlre%t% adjac%nt the segment extends gt ward aré%lle with respect to a %Flane defined at an

) d nu / . .
intersectitiT Gt ThEDALELE A4 THEN8AKING fa%%r.? HPABLBI NG I d R a8 FRRTSPthe present
inventioAMeNdpeniibpsRAd 8 eREHRIt off fupralng) tallired d8AdNtHeamENd TMPERSiiAY the steps of: (1)
forming eofieezaik kalieban andgobalydreexiending tomgareontdng tookzand L2MWaomding the free air

ball to a,bapding.I8ealian LRifo8M IRe e UHING O BerAngInaL 05 aanddng:Lag! comprising a

body portion, the body portion defi |n% a passage configured to receive a length of the wire, an end of
the pas<iBBLREMTIRG IS EHS DO Ho P HERSRENE BER tRETE: 5616 %Ee?i'ﬁ%ﬁ’ﬂ‘a working face of the

bonding tool, wherein during bondingﬂg se}gg;ent of the working face extends downward with respect to

a plane %6 at an REFSEMIRIA Bl ahL& g A PRIVEALS GIREEP N9 81% 1  Urther, the present
inventiomayagsbié ietabbetidd 2&ssarairnadredirg rpeithirreitfelr e rdfnd anemmis teoaondiry location. Such
a wire besyling rraebinmdieustes @ kerdingreuieaacamiiguiaghiorssmpriha waskieeeito be wire
bonded,, g5 well a8 &0eRding 19l Rl pAGHRrING 0.2 RYRTRIAN STRDAFITERL of the present

invention. o i o
the second bond, undesirably tend to result in inconsistent wire tails used to form the

subsequent free air bails.

[0011] Thus, it would be desirable to provide improved bonding tools with

- improved working faces to form improved second bonds.
SUMMARY OF THE INVENTION

j0012] ~ According to a first aspect of the present invention, there is provided a bonding
tool configured for engagement with a wire bonding machine, the bonding tool comprising: a
body portion, the body portion defining a passage configured to receive a length of wire, an end
of the passage extending to a tip portion of the bonding tool, the tip portion defining a working
face of the bonding tool, wherein during engagement with the wire bonding machine a segment
of the working face extends downward with respect toc a plane defined at én intersection of the

passage and the working face.



BRIEF DESCRIPTION OF THE DRAWINGS [0016]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 scale. On the contrary,
the dimensions of the various features are arbitrarily expanded or reduced for clarity. Included in the
drawing are the following figures: FIG. 1A is a cross-sectional view of a conventional bonding tool;

FIG. IB is a detail view of the working tip of the cbnventional bonding tool of FIG. 1A, FIGS.
2A is a partial cross-sectional view of the working tip of a conventional bonding tool forming a bond on
a supporting substrate; FIG. 2B is a partial cross-sectional plan view of the conventional bonding tool

of FIG. 3A is a cross-sectional view of a bonding tool in accordance with an exemplary
embodirﬁ@ﬁ?%??ﬁ@gﬁ%%‘éH’ftfh%ﬁﬂ?)ent?%ﬁ?.gé%a@ﬂedgtscﬁp(%g(}\t/ YR NENS T T H 6P e bonding tool of

FIG. 3A;adjacent thereqy! o AbpspasoRsissesientd aanvinand ofith wspelinty oopkne detiordiaie with another
exemplaryeesadiodion eRtrak tageniesenrtioreninbs Fid. A8tiresegiaihiewekdnenyaidng tip of the
bondmg&f?@é‘[@faﬁfﬁerﬂ%ie segment &@nd@%t@@uﬁmﬁ '%ﬂﬁ%ﬁ&‘éﬂfy% B@Hg w&&@gf%ﬁaceordance

with yet another exemglargl embodiment of the éoresen invention;
intersection of the passage and the working face.

[0014] According to a third aspect of the present invention, there is provided a
method of forming a wire bond, the method comprising the steps of: (1) forming a free air
ball on an end of a wire extending from a bonding tool; and (2) bonding the free air ball to a
bonding location to form the wire bond using the bonding tool, the bonding fool comprising
a body portion, the body portion defining a passage configured to receive a length of the
wire, an end of the passage extending to a tip portion of the bonding tool, the tip portion
defining a working face of the bonding tool, wherein during bonding a segment of the
working face extends downward with respect to a plane defined at an intersection of the

passage and the working face.

[o015]) Further, the present invention may be embodied as z wire bonding
machine for bonding a wire to a bonding iocation. - Such a wire bonding machine includes a
bonding surface configured to support a work piece io be wire bonded, as well as a bonding tool

configured according to an exemplary embodiment of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

{00186] The invention is best understood from the following detailed description

when read in connection with the accompanying drawing. It is emphasized that, according to
commeon practice, the various features of the drawing are not to scale. On the contrary, the
dimensions of the various features are arbitrarily expanded or reduced for clarity. included in

-the drawing are the following figures:
FIG. 1A is a cross-sectional view of a conventional bonding tool;

FIG. IB is a detail view of the working tip of the conventional bonding tool of
FIG. 1A; =

FIGS. 2A is a partial cross-sectional view of the working fip of a

conventional bonding ool forming a bond on a supporting substrate;

FIG. 2B is a partial cross-sectional plan view of the conventional bonding tool of
FIG. 2A;



FIG. 5B is a detail view of the working tip of the bonding tool of FIG. 5A, FIG.6Ais a
cross-sectional view of a bonding tool in accordance with yet another exemplary embodiment of the
present invention; FIG. 68 is a detail view of the working tip of the bonding tool of FIG. 6A'

FIG. 7A is a giessrspctional view of a bonding tool in accordance with yet gRpiheh exeey

embodiment of the present invention; FIG. 78 is a gletail view of the working tip of the bondrng tool of
FIG. 7A; FIG. 8A is a cross-sectional view of a bonding tool in accordance with yet another
exemplary embodiment of the present invention; FIG. 88 is a detail view of the working tip of the
bonding tool of FIG. 8A, FIG. 9A is a cross-sectional view of a bonding tool in accordance
with yet another exemplary embodiment of the present invention; FIG. 98 is a detail view of the

working tip of the bondiag 190k EIRZ. Siional view 6% OISR SIPRSseeClionaL Uy of a bonding tool

in accordance another exe gFar y embodiment of the present invention; Fl 108 is a detail

view of thé‘?ﬂéﬁ B R B SR ERS P IS U PYIET TP 2009/148450PCT/US2008/065878 6

FIG. 3B is a detail view of the working tip of the bonding tool of FIG. 3A;

FIG. 4A is a cross-sectional view of a bonding tool in accordance with

another exemplary embodiment of the present invention;
FIG. 4B is a detail view of the working tip of the bonding tool of FIG. 4A;

FIG. 5A is a-cross-sectional view of a bonding tool in accordance with yet

another exemplary embodiment of the present invention;
FIG. 5B is a detail view of the working tip of the bonding tool of FIG. 5A:

FIG. A Is a cross-sectional view of a bonding too! in accordance with yet

another exemplary embodiment of the present invention;
FIG. 6B is a detail view of the working tip of the bonding toal of FIG. 6A;

FIG. 7A is a cross-sectional view of a bonding tool in accordance with yet

another exemplary embodiment of the present invention;
FI1G. 7B is a detail view of the working tip of the bonding tool of FIG. 7A:

FIG. 8A is a cross-sectional view of a bonding tool in accordance with yet
another exemplary embodiment of the present invention; '

FIG. 8B is a detail view of the working tip of the bonding tool of FIG. 8A;

F1G. 9A is a cross-sectional view of a bonding tool in accordance with yet
ancther exemplary embodiment of the present invention;

FIG. 9B is a detail view of the working tip of the bonding tool of FIG. 9A:

FIG. 10A is a cross-sectional view of a bonding too! in accordance with
yet another exemplary embodiment of the present invention;

~ FIG. 10B is a detail view of the working tip of the bonding tool of FIG.
10A;



FIG. 11A is a cross-sectional view of a bonding tool in accordance with yet another exemplary
embodiment of the present invention; FIG. 118 is a detail view of the working tip of the bonding tool of

FIG. 1 1A;

FIG. 12A is a block diagram of a portion of a wire bonding machine in accordance

with an exemglarRmhgsjment of the present invention; FIG. 128ds adgial ey of the
working tip of the bonding tool of the wire bondinggnachine of FIG. 12A; FIG. 13Ais a

cross-sectional view of a bonding tool in accordance with yet another exemplary embodiment of the
present invention; FIG 38 is a detail view of the working tip of the bonding tool of FIG. 13A;

FIG. 14A is a cross-sectional view of a bonding tool in accordance with yet another exemplary
embodiment of the present invention; FIG. 148 is a detail view of the working tip of the bonding tool of

FIG. 14A,

FIG1d.5A isiaLrass-seetional visw-phabandingtoa! iraseardanaewith yet another

exem_pla @gﬂlgggémwéw Hressntinyeption p%lscé FIG, 158 fITS, a detail view of the working tip of the
bonding tool of FIG. 15A.

11A;

FIG, 11B is a detail view of the warking tip of the bonding tool of FIG.

FIG. 12A is a block diagram of a portion of a wire bonding machine in

accordance with an exemplary embodiment of the present invention;

F1G. 128 is a detail view of the working tip of the bonding tool of the wire

bonding machine of FIG. 12A;

FIG. 13A is a cross-sectional view of a bonding tool in accordance with

vet another exemplary embodiment of the present invention;

13A;

FIG. 13B is a detail view of the working tip of the bonding tool of FIG.

FIG. 14A is a cross-sectional view of a bonding tool in accordance with

yet ancther exemplary embodiment of the present invention;

14A;

FIG. 14B is a detail view of the working tip of the bonding tool of FIG.

FIG. 15A is a cross-sectional view of a bonding tool in accordance with

yet another exemplary embodiment of the present invention; and

15A,

[0017]

FIG. 15B is a detail view of the working tip of the bonding tool of FIG.

DETAILED DESCRIPTION OF THE INVENTION

As explained above, repeatabie wire tail lengths are desirable in the

processing of semiconductor devices. Generally, a tail bond acts as a temporary anchor

point during formation of the wire tail. According to certain exemplary embodiments of

t_he present invention, an improved working face of the present invention enlarges the

tail bond area, thereby improving the stability of the tail bond formation. More

specifically, according to such exemplary embodiments, the area of the working face

responsible for the tail bond is enlarged without compromising the geometries related
to the first bond.



DETAILED DESCRIPTION OF THE INVENTION [0017]As explained above, repeatable wire tail
lengths are desirable in the processing of semiconductor devices. Generally, a tail bond acts as a
temporary anchor point during formation of the wire tail. According to certain exemplary embodiments

of the presenfigugipi«an improved working face of the present inventiop epjargeshg4ail bond area,
thereby improving the stability of the tail bond formation. More specifically, according to such

exemplary embodiments, the area of the working face responsible for the tail bond is enlarged without
compromising the geometries related to the first bond. WO 2009/148450PCT1US20081065878 7
[0018]The working face of a working tip of a bonding tool has a significant impact on the formation of
the tail bond portion of the second bond. Certain exemplary embodiments of the present invention

relate o pSgaRrOved WoIiA gl BFARLIRALTARITBERRR 95590 Q@Mg!;nl&tt'e or no impact on

the first bond of the wire bond m(%sequence In contrast to agosmve face angle angle 118 in FIG.

€.9
18), accé%‘r"ﬁ’& B HIFA N BRERSTA N S SaA B ar flde %‘?ﬁdimgﬁtlocr:?ré?’féﬁé‘?fﬁ@aﬁment of the
working RieBasigenEs @6%9:*@%?9& ayregatvie iiec anglenrosediver kisgdtve ifacedantgle configuration,
the segnient maynexdend deswnwasdwithh aspe ot ttoarphateddafiradat-andrieraection of the wire feed

passage g1 PARFIBRIROI AEYhihE oI IACE AR Ser IRNBNEIG 5 136, pRRSags toward a bonding

surface of a wjre hond |n%mac ine). Aternatlvey the seg mev¥exten ding jownward with respect to

the plan&THaY 58 FOSHIBHRF Y SR (S’fjfﬂ'éGWBﬁflﬁ@efﬁﬁ‘fﬁbﬂ‘é‘aﬂgf’&rﬁ% R Hdlacent the end of the
passageSTRERth pIe, eprirsaka teenayaly segiimned eitensorkiveytaeanades be poditioned directly
adjacentribgseind fatihenprssagruvibide anegajivefaaa paglersegimenbraayiber-pgritiones directly

adjacent ' - ative face angle
segment&e%ﬁé;%%: Egaﬁg@éﬁ%ﬁﬁ%ﬁ%ﬁfn& to Ssgég% ‘ERQBQHE@L%?%%@%‘%% Is configured

for engag me \ﬁliféi%‘%wa ﬁ%@ﬁ?&f’%ﬁ&%ﬂd&%ﬁ%{ﬁﬁ e 9 WhARding tool 300 is
defined B¢R{ RSOV FSVHGH nﬁ‘éﬁﬁﬂi@@vé%ﬁlﬂﬁéﬁgm“bﬁxmlagdimmw pothioasged felfheent an end of
cylindricalgrer iy 32cbipdiedian3R&rbe.ofitarkinging0e) mataingd atamead;atdapered portion

304. Th | def Ssa r recejve a length of wire
(ot sho%fggﬁfﬁﬁ%og%ﬁeﬁ%igﬁéﬁgﬁzﬁeﬁ‘fﬁap T A a0l 300 (o o 506, As wil
ot

be undef® 6%%%13"88%1 R &eﬁmamf VETtg Fd’e’?ﬁﬁ?ﬁéﬁ@aﬁ?cﬂﬂa@d herein) is a
partial séeamt\nw p@eRitishedsdictighapdiaceis timplified fegremoireeecetain I&skd@imd lines) so

that the ins@ntiverieaiores aeRinois slaaghtiseaurs $00R0E G RGie apadintopthesake of clarity)
cross-sectional enlarged view of working tip 306. Passage 308 extends to tip portion 306 of bonding

tool SOO{mmﬁion 3eGdafining w%irggmﬁ@%@ﬁm@@m 300l é’)@&d\égfé‘dﬂa@cificaﬂy, inner

chamfer 31]%% age te minates_at wor ce 320. In er cha 2 has inner chamfer
diameter 4(’? %‘S%ncalgpaggage 1% ?%aﬁgsr}ﬁo é%l%efn\fv en an Sﬁvﬁe'rn po%fr bP cRar‘rﬁer 312 and the

remalnd&‘?%fsﬁgéﬁﬁ’@%b%?@%é’ﬁ%’m&ﬁ% %%%3836’%6’%98%%}%%9&?@ generally defined
as part afqtissatiet 30Bicanplamerfd i dgfnviratait ;antinteBsection pofipassEye . 808+ariong specifically,

inner chamtare3 iz pemianRlpassrges08land werking fage %QQV pis ek Fsiantially parallel
to a bondip gufacs (ol shown) of he.wie RondINg (TGP, A% isUSIRY Mgl WO
2009/148450PC TTUS 20081065878 g

308 extends from upper end 310 of bonding tool 300 to working tip 306. As will be

understood by those skilled in the art, FIG. 3A (and various other detail views provided

herein) is a partial sectional view, that is, the sectional view is simplified (to remove

certain background lines) so that the inventive features are more clearly shown,

[00261 FI1G. 3B is a partial (for the sake of clarity) cross-sectional enlarged view
of working tip 306. Passage 308 extends to tip portion 306 of bonding tool 300, tip
portion 306 defining working face 320 of bonding tool 300. More specifically, inner
chamfer 312 of passage 308 terminates at working face 320. Inner chamfer 312 has
inner chamfer diameter 324. Cylindrical passage 316 is positioned between an upper
portion of chamfer 312 and the remainder of passage 308. Moreover, cylindrical
passage 316 and chamfer 312 are generally defined as part of passage 308, A plane P
is defined at an intersection I of passage 308 (more specifically, inner chamfer 312
portion of passage 308) and working face 320, plane P being substantially paraile! to a
bonding surface {not shown) of the wire bonding machine. As used herein, the term



8 "bonding surface" may refer to a semiconductor die, a substrate or lead frame, or a surface of the
wire bonding machine such as the heatblock, amongst others. [0021]During engagement with a wire
bonding machine, working face 320 directly adjacent the end of passage 308 (more specifically,

directly adjaca;g 5@5’59{ 4§Q mfer 312) extends downward (i.e., at a downwa&%%}%%%o%%z from plane P)

with respect to plane P. Plane P is defined at intergection | of passage 308 (more spegﬁéfg%”y, directly

adjacent inner chamfer 312) and working face 320. Downward angle 322 is also referred to as
negative face angle 322, and is in a range of about 3 to 30 degrees with respect to plane P.
[0022]FIGS. 4A - 118 and 13A - 158 are views of working tips according to various other exemplary
embodiments of the present invention. The configuration of each embodiment is very similar to that
describedagngiﬁgf%rﬁggg"t%ﬁ:IG r?;ﬁ and 38 V\cq'th the exce ti;%? of the varigus working faces. Thus,

certain respective details wi ‘be gml?tgcﬁe%ﬁf)en de gjlfsdbef'tﬁe %acﬁtgf?ﬁée%jorrﬁﬁﬁ f8E8s of the various

embodinehiRRiffEEELE e Re [BRE0D S3fR Efe i G 9o Ak FrmSnesh efharas, bonding tool 400 is
configured for engagement with a wire bonding machine (not shown). As shown in FIG. 4A, bonding
tool 400 iEP8fded by RYHE/BERISTRIEIUNRG ¢yin dapainsonishinowealbesctqsoddén 404, and tip
portion 408e@ity, agidng tip Q) PassbgelgqBo(tienoijeonding ankdop sdeines passage 408 that
extends unmippaondd1Galhandns el 400 iarkiagindas, NORAEIG A8 e parta
cross-secrggne%k%r)lla]draq‘edpw%y\é r91‘ wgr%%%tlrg 40i6. Pass.age 4f %%éudlggd%‘/hndncal passage 416 and
chamfer 412) extehds to tip portion 406 of BRSSPI e patfon dEtining working face 420
of bondirfy26GKatho. 4irerEspeiskrEINRidrERanFE? YA (avking ifse BeRarhferdiandeter 424) of
passage a@BetapRinaizs atfaroeking facegi?ie Aoplone;R Endefinedkah andntrrseation: pfpassage 408

(more spegificgibasinngr @gg@&{%%gqtion of passage 408) and working face 420, plane P being
substantially parallel to a bonding surface (not shown) of the wire bonding machine. [0025]Working

face 420gfgipporti ingl it (S, i€, £ 420a and 420b. Duri
ace 420, por 'Onﬁeé.'ﬂﬁuq%fsaaﬁﬁl_"{%xﬂqfsﬁeaqjér@%a?s 'o?wg%?nget% Sraing € uring

engagement with the wire bonding machine, segment 420a directly &dj cseaﬁf?he ne_‘%]ﬁdcof passage 408
(more sp‘éacrfﬁc‘i'ilRﬁhafrgéﬂ?%ﬁc%ﬂf’?ﬁﬁ@?%%’f%‘? RIS Jasedin 108 r Rpfttssaiiviivard (ie., at
downwaRP&hgebeginevittisrespesititapkartda ddrorking faderstgenentd 20z6has amegative face
diameten@6tna/ex 2801 48 4RI WPRIBYIRR8 8 Thus, certain respective details will be

omitted, while details of the each of the working faces of the various embodiments will
be described herein,

[0023] Referring now to FIGS. 4A and 4B, bonding too! 400 is configured for
engagement with a wire bonding machine (not shown). As shown in FIG. 4A, bonding
tool 400 is defined by a body portion including cylindrical portion 402, tapered portion
404, and tip portion 406 (i.e., working tip 406). The body portion of bonding too! 400
defines passage 408 that extends from upper end 410 of bonding tool 400 to working
tip 406.

[0024] Fi. 4B is a partial cross-sectional enlarged view of working tip 406,
Passage 408 (including cylindrical passage 416 and chamfer 412) extends to tip portion
406 of bonding tool 400, tip portion 406 defining working face 420 of bonding tool 400.
More specifically, inner chamfer 412 (having inner chamfer diameter 424) of passage
408 terminates at working face 420. A plane P is defined at an intersection I of

: passage 408 (more specifically, inner chamfer 412 portion of passage 408) and working
face 420, plane P being substantially parallel to a bonding surface (not shown) of the
wire bonding machine,

[0625] Working face 420 of tip portion 406 includes a plufaiity of segments, i.e.,
segment 420a and 420b. During engagement with the wire bonding machine, segment
420a directly adjacent the end of passage 408 (more specifically, directly adjacent
inner chamfer 412 of passage 408) extends downward (i.e., at downward angle 422)
with respect to plane P. Working face segment 420a has a negative face diameter 426



9 and a face length 428. Another segment 420b of working face 420 directly adjacent segment 420a
extends at an upward angle 434 from an end of segment 420a away from a bonding surface of the
wire bonding machine (not shown). Working face segment 420b has a face length 446.
[0026]Down%d2%gﬂ‘% A 2 of negative working face segment 420ais in a range of atggut 3to 30
degrees with respect to plane P. Upward angle 434 of positive working fadé ge&@@%’? %36h is in a
range of between about 0 to 30 degrees with respect to plane P. Each working face segment, 420a
and 420b, comprises a length (428 and 446, respectively) in a range of about 0.1 to 2.1 mils.
[0027]Referring to FIGS. 5A and 5B, bonding tool 500 is configured for engagement with a wire
bonding machine (not shown). As shown in FIG. 5A, bonding tool 500 is defined by a body portion

including cylindrical portion 502, tapered porti 4, and i rtion_506 (i.e., working tip 506). The
body port?cruxr{ 8? Céenlg%r?gt é&%é%nge nes. %@%&%%go%oﬁa ?ﬁcgt}(gﬁg%%fs%gn% 68%?83?&%‘%0 of bonding tool
500 to wSHRER 508 SPeIRESEPeH I8 136 SLskatiangl EriegaeatAgRacTwRTking tip 506.
Passage 508 @rchudiimgsoyfimdrigahpassadertil anatshanifer SARyextendsity tigeportion 506 of

bonding QQ)RAQ. 4iRperion 05 defiringavorking face 520 of bonding tool 500. More specifically, inner
chamfer 512 (having inner chamfer diameter 524) of passage 508 terminates at working face 520. A

plane P isgipfiged at afﬁbmmﬁocyﬂg;é 3&@%@%@9&@9%}8&8 _&@%@Qgﬂ{%ﬂﬂ@&@g@fer 512 portion of

passage 508 an Worléjng E ce 520, plane P being substantially paralle] to a ing surface (not
shown) of the Wire58hding %g&%ﬁ ?[ﬂﬁ%ﬁ%?ﬁiﬁbpﬁgeg Bod' B e 58416 7 508 ineHSs segment
520a. Dutiftkeadagrerremenithai ivireaondief hravisrieabegniciot BPdeotirs oviyhatispent the end of
passage @08mare Bpeciinadiyy dikecilyadiacanvinnes ahap)feshisef passasq M8 extends
downwar%@;qe@g@tgg}gpmagqa%glgf%%)jy\g@q [gspect jQ plane P. Working face segment 520a has a

negative face diameter 526 and a face length 528. The remainder of working face 520 directly

adjacentﬁﬁgig nt 5203, ext d@ atan gwar le from nesrrb%of segment 520a away from the
bonding surfacz (not shown%(%n?j towai:#\;\ér?] (gl%?%gn u'JnsgC%“?Eo wd?k?ﬁ’gf‘ﬁﬁ”ﬁfﬂ “Downward angle 522

of negati7BIRBTRIRG AL SelrscrrsHtm Tefins ARRIeBPUBLULS 8230 (e §i8eSAwibR PESect to plane P.
Working fe@leS§8dsriafitns2 Gy eomgyisest@icngthibagitiradramppoofiab 502 (tdpta<d. partilsn WO
2009/1480 Bk S35 308818 1A 40030 rs0Rsr IRg he A xeorplaNyamhadimeat sidonding tool
500 with &QﬁBQJ passage 508 that extends from upper end 510 of bonding tool 500 to working

tip 506.

[eo28] FIG. 5B is a partial cross-sectional enlarged view of working tip 506.
Passage 508 (including cylindrical passage 516 and chamfer 512) extends to tip portion
506 of bonding tool 500, tip portion 506 defining working face 520 of bonding tool 500.
More specificaily, inner chamfer 512 (having inner chamfer diameter 524) of passage
508 terminates at working face 520. A plane P is defined at an intersection I of
passage 508 (more specifically, inner chamfer 512 portion of passage 508) and working
face 520, plane P being substantially parallel to a bonding surface (not shown) of the

wire bonding machine.

{06029] Working face 520 of tip portion 506 includes segment 520a. During
engagement with the wire bonding machine, segment 520a directly adjacent the end of
passage 508 (more specifically, directly adjacent inner chamfer 512 of passage 508)
extends downward (i.e., at a downward angle 522) with respect to plane P. Working
face segment 520a has a negative face diameter 526 and a face length 528. The
remainder of working face 520 directly adjacent segment 520a extends at an upward
angle from an end of segment 520a away from the bonding surface {not shown) and
toward an outer radius OR of working tip 506. Downward angle 522 of negative
working face segment 520a is in a range of about 3 to 30 degrees with respect to plane
P. Working face segment 520a comprises a length 528 in a range of about 0.1 to 2.1
mils.



bonding tool 400 described with reference to FIGS. 4A and 43, downward angle 522 of negative
working face segment 520a is equal to downward angle 422 of negative working face segment 420a.
Face length 528, however, is greater than face length 428. Such a variation may result in an improved

working face conf}j%gfrlation. [0031]Referring now to FIGS. 6A and 68, bonding tool 600 is configured for

engagement Witd s wi%g%oonding machine (not sh%vn). As shown in FIG. 8% W&ﬁ%‘iﬁ&ﬁ%&ﬁ 600 is
defined by a body portion including cylindrical portion 602, tapered portion 604, and tip portion 606
(i.e., working tip 606). The body portion of bonding tool 600 defines passage 608 that extends from
upper end 610 of bonding tool 600 to working tip 606. [0032]FIG. 63 is a partial cross-sectional
enlarged view of working tip 606. Passage 608 (including cylindrical passage 616 and chamfer 612)

extends tg,fi rtion Ing.tool 600, ti rtion 606 definin ing.f 20 of bonding tool
600. Mortgb ggﬁ‘icany,@?n%g%%ﬁ%gn# 3?%{}"?%?5%“?’%@?2 Sofr?” e?dd?e?rg%\‘l%gzg@%tgﬁﬁaa%%%ge 608
terminate® 3T RBRUNGTREEESI R PithEfeTende fRELCS: 4R irREreB BN E A%y 6808 (more
specificaiggbiivervetréiméeiaéd 2qgortionSalpdssage! 60 8pandamdkin fare G2@gptare P being
substantiabyparadled eqrleanding surace: ek shewml e wisrbrnding maching:{0033]Working
face 520 pJdIPMRHN AN APR38R BA0R\ R LDAAAdRde MERL wilhe W re bonding

2 do

machine, segment a directly adjacent the e passag mor specrilfically, directly adjacent

inner ch 12 of passage 608) e s _dow rd (i.e,, at downward angle 622) with respect to
plane P.awg%giig faC(-‘EBl segegr?n'%ljegh{1 %ﬁ) 3%21%%%&%%&%%’%é%gg?grﬁ%%?%ozg ﬁﬁ'y‘gtﬁrﬁgef%ngth 628. The

remaind&"GPIFERING AR S 83T dirading dufskst Gelshemngoestentsialin. pwhaeddrgle from an end
of segmenticaUnindetinén by th@dneingpauriaceifpalyshonsa) anditovean) apadtepsadins OR of

working @805 aR9Ie 22 QhNROF LBy ORI IRRLREGIENR HA%0R S s ERnge of about 3
to 30 de %?%gvltrgsraesg g%t:ﬁa%aer;{% P(.j V¥or mgface se mer}t 620a comPrlses a length 628 in a range
of about 0-1 10 2.1 _mﬁs.% SR PTG e BXEnTHARS &b Bliiaht &Y 58RdmY 3681800 with that of
bonding t8bP4®0 described with reference to FIGS. 4A and 48, downward angle 622 of negative
working face segment 620a is greater than downward angle 422 of negative working face segment
420a. Fak@RAbth 6281%obFeire?, isréiguebes-kectidenigehiazBdnviaie exermdle Buéht variation may
result in assiapreoed waudng iaoeaeiigusation 6 18/ 6hd BMAABS420P SLHHS2Q08/065848 11

10035IR {8 I3 Shof B4 AU sl 190 I anlouest for,pgagementaih  wire

bonding machine (not shown). As shown in FIG. 7A,"bonding too efined by a body portion
including ST AOHiSH 021388 84 EIRER BAL AP P ARSI D &d. OVRSRRRT tip 706). The
body porieh &f binatkagtost k0T dedne2Opas siaye 708 definesinals ifremsagpper@id 710 of bonding tool
700 to wprkiagdipo80Gnore specifically, inner chamfer 612 portion of passage 608) and working

face 620, plane P being substantially parallel to a bonding surface (not shown) of the
wire bonding machine,

[06033]} Working face 620 of tip portion 606 includes segment 620a. During
engagement with the wire bonding machine, segment 620a directly adjacent the end of
passage 608 {more specifically, directly adjacent inner chamfer 612 of passage 608)
extends downward (i.e., at downward angle 622) with respect to plane P. Working face
segment 620a has a negative face diameter 626 and a face length 628. The remainder
of working face 620 directly adjacent segment 620a extends at an upward angle from

- an end of segment 620a away from the bonding surface (not shown) and toward an
outer radius OR of working tip 606. Downward angle 622 of negative working face
segment 620a is in a range of about 3 to 30 degrees with respect to plane P. Working
face segment 620a comprises a length 628 in a range of about 0.1 to 2.1 mils.

[0034] Comparing the exemplary embodiment of bonding tool 600 with that of
bonding tool 400 described with reference to FIGS. 4A and 4B, downward angle 622 of
negative working face segment 620a is greai:er than downward angle 422 of negative

- working face segment 420a. Face length 628, however, is equal to face length 428 in
this example. Such a variation may result in an improved working face configuration.



[0036]FIG. 76 is a partial cross-sectional enlarged view of working tip 706. Passage 708 (including
cylindrical passage 716 and chamfer 712) extends to tip portion 706 of bonding tool 700, tip portion
706 defining working face 720 of bonding tool 700. More specifically, inner chamfer 712 (having inner
chamfer dia 7 f passage 708 terminates at working face 720. A pl P is defined at an
intersection Tﬁ#%%’g%%sg%s (more specifically, inger chamfer 712 portiongé?c)%gg%%é 5?6%) and
working face 720, plane P being substantially parallel to a bonding surface (not shown) of the wire
bonding machine. [0037]Working face 720 of tip portion 706 includes segment 720a. During
engagement with the wire bonding machine, segment 720a directly adjacent the end of passage 708
(more specifically, directly adjacent inner chamfer 712 of passage 708) extends downward (i.e., at a
? a negative face

downwargpgg 722) with respe plape P. Working face ent 720a h
diameter 726 aﬁd a fagg éﬂa?ﬁ%%ég%r@r%%aﬁdé%‘gﬁ%g ?ﬁg %gésé %é%‘ffg@t ?radjacent segment

720a extERERIFMEIUBINARMATSR NG HRENBCHSE GHARI 7 ATaSHNEY R dREtTA DeRTHIRG surface (not
shown) atva!t@0&isl defi mat by mdndy @Rtafviockidin dipyTio6ri owesriand’ abgtepé?at glonggative working
face Segmta?r%p@piﬁéﬂt@ﬁmq%,?,azhﬁ%3&@53’96&?9@%}%@? b%%ﬁlsﬁtqtfoe j '?ga&v_%bing faﬁe
segment comprise engt in arange of a to 2.1 mils. omparing the
exemplaé%%n%gcgcﬂsfgaeﬁ 2?%0?“#3%’& 00 %’(5n V\Llllf%?ﬁg? ‘(ft? éjénoé?‘ﬁ%nég?%@ égggﬁtlfveo @v’?ﬂw reference to
FIGS. 4A"8ndP46, downward angle 722 of negative working face segment 720a is greater than

~downward angle 422 of negative working face segment 420a. Similarly, face length 728 is greater than
face lenghR¥3Bl SuchfaSattaliohrrgipresssFretie AP oipsded iR g ffacskimntiguietion.
[0039]Refesdageros (GBS BAiandc8Bpasadinpieh80Rdmeenfigyresdaiscengagement with a wire

bonding maabinedet SHAKD 45 $08VHLIRJHIGH 56s BORGINGIRALATJGSABTINGABY gody portion
including cgjlgg{gl)c é)ortlon.?O%&t?ﬁered%}%on 804 anoll‘gtg) ortion 806 (i.e., workin tg) 806). The
body portion of Bonding ts6! S0 \WaE26 §BA5H P RIS OBERIRERY: iai'}?é?fn?sd’gﬁ sage 808 that
extends RBFRAIBPEIBLAUTBNI ST Horelkigdar8ddto wpwiad tip Bdwed at an intersection I :

of passage 708 (more specifically, inner chamfer 712 portion of passage 708) and

working face 720, plane P being substantially parallel to a bonding surface (not shown)

of the wire bonding machine. ’

106371 Working face 720 of tip portion 706 includes segment 720a. During
engagement with the wire bonding machine, segment 720a directly adjacent the end of
passage 708 {more specifically, directly adjacent inner chamfer 712 of péséage 708)
extends downward (i.e., at a downward angle 722) with respect to plane P. Working
face segment 7202 has a negative face diameter 726 and a face length 728. The
remainder of working face 720 directly adjacent segment.720a extends at an upward
angle from an end of segment 720a away from the bonding surface (not shown) and
toward an outer radius OR of working tip 706. Downward angle 722 of negative
wbrking face segment 720z is in a range of about 3 fo 30 degrees with respect to plane
P. Working face segment 720a comprises a length 728 in a range of about 0.1 to 2.1

mils.

10038} Comparing the exemplary embodiment of bonding tool 700 with that of
bonding tool 400 described with reference to FIGS. 4A and 4B, downward angle 722 of
negative working face segment 720a is greater than downward angle 422 of negative
working face segment 420a. Similarly, face length 728 is greater than face length 428.

Such a variation may result in an improved working face configuration.

[0038] Referring now to FIGS. 8A and 8B, bonding tool 800 is configured for

engagement with a wire bonding machine (not shown). As shown in FIG. 8A, bonding
tool 800 is defined by & body portion including cylindrical portion 802, tapered portion
804, and tip portion 806 (i.e., working tip 806). The body portion of bonding tool 800



[0040]FIG. 8B is a partial cross-sectional enlarged view of working tip 806. Passage 808 (including
cylindrical passage 816 and chamfer 812) extends to tip portion 806 of bonding tool 800, tip portion
806 defining working face 820 of bonding tool 800. More specifically, inner chamfer 812 (having inner

chamfer diamgtes 824)9fpassage 808 terminates at working face 820. A pa@sgo}%ﬂ%ggsed at an

intersection | of passage 808 (more specifically, inger chamfer 812 portion of passage 808) and
working face 820, plane P being substantially parallel to a bonding surface (not shown) of the wire
bonding machine. [0041]Working face 820 of tip portion 806 includes a plurality of segments, i.e.,
segment 820a and 820b. During engagement with the wire bonding machine, segment 820a directly
adjacent the end of passage 808 (more specifically, directly adjacent inner chamfer 812) extends

downwargkfifes phEQWOWR drangleBR)auith SesResid® PlaRe BndarKiBpsRANGRL B0 has a
negative f%?aglameter 826. Another segment 820b of working face 820 directly adjacent segment
S

820a extgI at a downward angle 830 with respect to plane P. Working segment 820b has a

negative égg jameter 832. Downward angle 822 of negative working face segment 820a is in a range
of about 315 30 degreds Vﬁ%’?@sﬁ%ﬂatlocbﬁ?iéqstfmﬁﬂ%épﬁdaﬁﬁl‘@ 83U UkRagRiF8vorking face
segment &R $9% (farigdinf abvdrisalorassaee) fFdésonitharsfricl 18 )ptaten ¢, {0 @4 IREferring to FIGS.
9A and dBiehemnisiinginaabO0LDs epniigamddos eagageWeni il wire srandingdnashsne.(not shown).
AS SONSAFAG. Ao EHER Ioh A xR0 e b R aR Bciing el porton 902

tapered %%rétion 904, and t\g)?({)ortion 9062§i.e., working t%f%?. The | ortion of bonding tool 900
defines passagy o that BERadars e Pang 8106 B8R dhe teurEssHe Wdking tip 906.
[0043]FIG25898 8(Satarerpssibetitio it esrihpgudntew rsitiorkii s> 068 Fissahw BB gincluding
cylindricahpassage Sdorananghamdemdibiy extanssdtin RaHios. 586eqfboBrineg 1aR kR0, tip portion
906 defining W&{HH% fag£:920 of bonding tool 900. More specifically, inner chamfer 912 (having inner
chamfer diameter 924) of passage 908 terminates at working face 920. A plane P is defined at an

intersecti pass 0 re.specifically, inner.chamfer 91 rtion of passage 908) and
workin B iy L A S ] S RER RS P i
bonding HREEKIRE S AAFC OB AS2EHTECeRAISD6BY BEBENS ige bonding machine, segment

820a directly adjacent the end of passage 808 (more specifically, directly adjacent
inner chamfer 812) extends downward (i.e., at downward angle 822) with respect to
plane P, Working segment 820a has a negative face diameter 826. Another segment
820b of working face 820 directly adjacent segment 820a extends at a downward angle
830 with respect to plane P. Working segment 820b has a negative face diameter 832.
Downward angle 822 of negative working face segment 820a is in a range of about 3 to
30 degrees with respect to plane P. Downward angle 830 of negative working face
segment 820b is in a range of about 3 to 30 degrees with respect to plane P.

[0042] Referring to FIGS, 9A and 9B, bonding tool 900 is configured for
engagement with a wire bonding machine {not shown). As shown in FIG. 9A, bonding
tool 900 is defined by a body portion including cylindrical portion 902, tapered portion
904, and tip portion 906 (i.e., working tip 906). The body portion of bonding too! 900
defines passage 908 that extends from upper end 910 of bonding tool 900 to working
tip 906, '

[0e43] FIG. 9B is a partial cross-sectional enlarged view of working tip 906.
Passage 908 (inciuding cylindrical passage 916 and chamfer 912} extends to tip portion
906 of bonding tool 900, tip portion 906 defining working face 920 of bonding tool 900.
More specifically, inner chamfer 912 (having inner chamfer diameter 924) of passage
908 terminates at working face 920. A plane P is defined at an intersection I of
passage 908 (more specifically, inner chamfer 912 portion of passage 908) and working
face 920, plane P being substantially paralle! to a bonding surface (not shown) of the

wire bonding machine.



[0044]Working face 920 of tip portion 906 includes a plurality of segments, i.e., segment 920a, 920b,
and 920c. During engagement with the wire bonding machine, segment 920a directly adjacent the end
of passage 908 (more specifcally, directly adjacent inner chamfer 912) extends downward (i.e., at

downward angl g/)' 1}9{&“% respect to plane P. Working segment 920a ha dlameter
926. Another segment 920b of working face 920 digectly adjacent segmersl{%g/gg % ?ggat a

downward angle 930 with respect to plane P. Working segment 920b has a negative face diameter
932. A further segment 920c of working face 920 directly adjacent segment 920b extends at an
upward angle 934 with respect to plane P. Working segment 920c has a positive face diameter 936.
[0045]Downward angle 922 of negative working face segment 920a is in a range of about 3 to 30

degrees yiibaggpect (9,01gng BeDesuarg andls, 53 Alnsaatys Ak g Besasument 9200 s in a

range of about 3 tgz%o 9ez%rees with respect to plane P. Upward angle 934 of positivé working face

segment S20CTRN%A fange of BbaPo 164 de a@f%ﬁ?\tr‘@%&?t‘g 08B YBA%]RE ferring now to
FIGS. 1029808 SSatithAdy tedietonohs esdfijnensdor BAGATensameniiteiywdfeebidnding machine (not
shown). Agjshewnin=0Ghahté; drmding:taeldptvis-defincdiyoahosh pagioninghsding cylindrical

portion 100<(aRg1 RO ARG B0 Ui @%aona;%%ga%wmﬂéle%ﬁu%é@%% Theohedy portion of
bonding togﬂ:}LO O?ggfln assa Fgjthat xtends from upper end 1010 of bonding tool 1000 to

working ti CUrESH s?%%%ﬁ&r?ﬁ?@ﬁ'&?@é%\ﬁé%%‘?%rﬁlng tip 1006.
Passage Gﬁ%lﬂ%ﬂﬁggéﬁlﬁdhdaﬁ?ﬁ%ﬁgéaﬂ@f@ A¥rridharsdemeol 93 éxtesds neaihiyortion 1006 of
bonding faok H200etip prrtion AG6rdelniner wookivgiaaarDRE0s Iaring el Q0. More specifically,

Inner chegadyl b2 43RAJSReS AAMIES SIATISIS: 11A0)BASSAYE 1000 jrpingtes ot working face

1020. A plane P g e ed at an |nt rsectlo gassage 1008 (more specitically, Inner chamfer 1012
portion. of [ p%ssage 6 and’w %Yﬁlnaﬁa%gnﬁ)% E?ane P being substantially parallel to a bonding
surface (not shown) of the wire bonding machine. [0048]Working face 1020 of tip portion 1006

includes E28&PAiity of SRymeaid angle E ARSI ID RSB SBUNRBE S1Fade Meht with the wire
bonding naghinkakayrmdnt302Quedi edtly rrdfmecet thenertl diqvassageatfeEAnare specifically,
d|re|ctly aljgaent inbalishamierdfla) @1@065@%\9@@ gb%utag pr&é%rr@éﬂglﬁw 1022 with respect
to plane rking ative.face diameter
2009/148% g‘g'lg}ll 008% Bé;;;%?é%%l%f cr%o[%l egr\%{)ergh%n?cfosf@b o?%vgogr%rfa 1aé rTbng directly adjacent
segmentaﬂ?fég ExEha&9srsA Y EpiarReUisseiRtfafly parallel to plane P. Downward angle 1022 of

negatlve worklng face segment 1020a is in a range of about 3 to 30 degrees with respect to plane P.
[6046] Referring now to FIGS. 10A and 10B, bonding tool 1000 is configured for

engagement with a wire bonding machine {not shown). ‘As shown in FIG. 10A, bonding
tool 1000 is defined by a body portion including cylindrical portion 1002, tapered
portion 1004, and tip portion 1006 (i.e., working tip 1006). The body portion of
bonding tool 1000 defines passage 1008 that extends from upper end 1010 of bonding
tool 1000 to working tip 1006,

[0047] FIG. 10B is a partial cross-sectional enlarged view of working tip 1006.
Passage 1008 (including cylindrical passage 1016 and chamfer 1012) extends to tip
portion 1006 of bonding tool 1000, tip portion 1006 defining working face 1020 of
bonding tool 1000. More specifically, inner chamfer 1012 (having inner chamfer
‘diameter 1024) of passage 1008 terminates at working face 1020. A plane P is defined
at an intersection I of passage 1008 {more specifically, inner chamfer 1012 portion of
passage 1008) and working face 1020, piane P being substantially parallel to a bonding
surface (not shown) of the wire bonding machine.

{0048} Working face 1020 of tip portion 1006 includes a plurality of segments,
i.e., segment 1020a and 1020b. During engagement with the wire bonding machine,
segment 1020a directly adjacent the end of passage 1008 (more specifically, directly
. adjacent inner chamfer 1012} extends downward (i.e., at downward angle 1022) with
respect to plane P. Working segment 1020a has a negative face diameter 1026.



[0049]Referring to FIGS. 11A and 116, bonding tool 1100 is configured for engagement with a wire
bonding machine (not shown). As shown in FIG. 11A, bonding tool 1100 is defined by a body portion
including cylindrical portion 1102, tapered portion 1104, and tip portion 1106 (i.e., working tip 1106).
The body porgj ing tool 1100 defines passage 1108 that extends. f 1110 of
bonding tool %ﬁlzg%egg? v]%?)‘gi{’]ng tip 1106. [00501FIG4,116 is a partial cross-sgé%%ggﬁl{g%gd view of
working tip 1106. Passage 1108 (including cylindrical passage 1116 and chamfer 1112) extends to tip
portion 1106 of bonding tool 1100, tip portion 1106 defining working face 1120 of bonding tool 1100.
More specifically, inner chamfer 1112 (having inner chamfer diameter 1124) of passage 1108
terminates at working face 1120. A plane P is defined at an intersection | of passage 1108 (more
specificafly,| ' S ;&%){ in e P being
substant%¥|°§%$§ﬁéﬁ%”§%%%%%ﬁ%éﬁ&%%%ﬁ?#% e e B Working
face 1126881 if BobR-PTE ALK B it bitiRlRR ot segniied pag'edgatenit 1994211 20b, and 1120c.
During ei§agemesewrwnaatiRedada diryranachifi e bselmendad tedeineittyremtjecent the end of
passage ddf8Kmore specifically, directly adjacent inner chamfer 1112) extends downward (i.e., at a
downward angle) 1122 with respect to plane P. Working segment 1120a has a negative face diameter
3126' AnasbassegmerkickAah @W@ski?g/.\f%%a 11@%@@%&@9&@@1@16;??9%6@4?&? @;tend; ata
ownwar, B ect to plane P. Working s en eqative face diameter
1132. A %?r?é)ré %‘e%?n%ﬁ‘é t]%]l\g%%n%?%v?/tg irr?a%rc}gvﬁqfos " |%ﬁ%d?hggﬂt'ge%%;e%ﬁ%fag13§tends along a

plane subAhAEBHYSREANET &Y AP IRIARAME AR G iadPe B aiERATE vdRBRGFace segment 1120a
is in a rapgdiof AB6dL 3td BY megrecd With. spedtita plare #6) Dowmnnald mmgtes bE30 of negative

working fﬁﬁ@ﬁfi@&%mﬁrmbbmaﬁ%asggaggmﬁmh@@x@m?ﬁiwﬂaaﬁﬁp@%%nm P. lEO%SZ]FIG-
12Ais agg%gt' iagr ire bonding machine in accordance with an exemplary embodiment
of the presenh?llnvgr%Itﬂl'\(g)r{:?l%al1 dqjllg?(la%;%G is a detail view of the working tip of the bonding tool of the wire

bonding %%er of FL_(PG 12A. The q 2009!14845%fCT/US 008/065878 15 wire bonding machine
includes ‘bonding surface 124278 §2 4 SSPBISER MM EUATE TSN EN g MREFNES Rarfi§ured to support
substrat& 355289 é 18 |6aeidite yipdycs dipneasrihéid and dmI0fs hiddnedostbsvate 1224. The
wire bongémgomacbibheffustignineloideswyicg spenbi 24 4dRrirsuppieswmiieaka22 to kending tool 1200. A

body poisrueihenringioolibaBinstids eulickisahreion 1A0aanapersshagrtion 1204. The
body poréL!on deflr!ﬁs,Z Qacs}ﬁa%sef 12 ? ]égnfl ured to receive a Iength of wire 1222. An end of passage
o

1208 extends £t pOHOR To08 %t Bondy 1881 ot g JATSH 19be uBIIRG & 98588 working
face 1228 @RCRIGNHEHI8AhPESSBIRCY IRSndnsgacerdfiot wiireet 2hamfrsdrbbe metowiee loop formed
betweendirstzball boay sH238cekirse ratearihic o dierliZdfAgan ite SQ0oparhandon selshgte 1224.

[0053]FIG, 428 ildsteates ihe apnfigwradiongf fistaall bond 1238 on semiconductor die 1204, showing
that ball bond 1238 covers the entire surface of chamfer 1212 (having a chamfer length 1234), but

does nottgggeiqthe entrlgnggge_qflasq)%@ﬁ%‘gﬂf{

king.face lenath 1236 of warking face 1220. .
Downward angle 1222 of thé portion of wo ace lgggnagr%%eadrﬁff?gr{f@ﬁ 1 elg%lsh a range of

2 of

about 3 {F3FTEGrEES Wiﬂ’?’régﬁgl&t TB%H&Q@%%@“{S(%WSF%HH@ fagavirs ReRiRBted by length
1236 hagachétfathegifand diadebretl?edintdrd regatiyefweskhuy fHds |ength $@8imiyrange of about
0.1 to 2.3irellgly adjacent inner chamfer 1112) extends downward (i.e., at a downward angle)

1122 with respect to plane P. Working segment 1120a has a negative face diameter

1126. Another segment 1120b of working face 1120 directly adjacent segment 1120a

extends at a downward angle 1130 with respect to plane P. Working segment 1120b

has a negative face diameter 1132. A further segment 1120c¢ of working face 1120

directly adjacent segment 1120b extends along a plane substantially parallel to plane

P. Downward angle 1122 of negative working face segment 1120a is in a range of

about 3 to 30 degrees with respect to plane P. Downward angle 1130 of negative

working face segment 1120b is in a range of about 3 to 30 degrees with respect to

plane P.

[o052] FIG. 12A is a partial block diagram a wire bonding machine in accordance
with an exemplary embodiment of the present invention, and FIG, 12B is a detail view
of the working tip of the bonding tool of the wire bonding machine of FIG, 12A. The



[0054]Referring now to FIGS. 13A and 13B, bonding tool 1300 is configured for engagement with a
wire bonding machine (not shown). As shown in FIG. 13A, bonding tool 1300 is defined by a body
portion including cylindrical portion 1302, tapered portion 1304, and tip portion 1306 (i.e., working tip

1306). The b%@gg}?&gg bonding tool 1300 defines passage 1308 that %g&%&#ﬁgm#wer end 1310

of bonding tool 1 0 working tip 1306. [0055]FIf. 13B is a partial cross-se enlarged view of
working tip 1306. Passage 1308 (including cylindrical passage 1316 and chamfer 1312) extends to tip
portion 1306 of bonding tool 1300, tip portion 1306 defining working face 1320 of bonding tool 1300.
More specifically, inner chamfer 1312 (having inner chamfer diameter 1324) of passage 1308
terminates at working face 1320. A plane P is defined at an intersection | of passage 1308 (more

specifically,Jnagk msﬁ;Aé%eegﬂ%ﬁiﬁa%aﬁ@self;?ﬁ) n&.,%O%g;c%fg&%%% O, plgne P being

n
substantialgl6 arallel to a bonding surface (not shown) of the wire Ing machine. WO

2009/148R581B8 F1ITERIGEVELE 78 LBty RHERmE b fhente2d58X Uit éey adjacent the end of
passage 3308qrdoreosgeifictliys dircotsdadjaedntritrar2édaniter B4 2afdhas sxgdin808) extends
downwardreith espeet iaiRlapeoP1 Mo eking fagesegiment B2 schama 1Begatye. facssdiameter 1326

and a 5Bt 132831 9B BLYHBE SR R0 sl adlarent spgppent 1320a extends

at an upward angle from'an en 320a away from the bon ace (not shown) and

. . ) sur
toward ah?Sdtel PARALCIREPNEFRRRT fBE39% 1908 QHE%%B(jﬁ?@HFﬁ%GatE%HHEeS a length 1328
in a rangé&Z8Rabisuetdiofr@ssantid 2[B0OBTFRescNitp PoFIB S 204 Afdrundiag tholnidifg, topl 1400 is
configure@asenges aetemvithaavive hondiiorseachine (retuahrvnierysnshioyen 4p 9G. 14A, bonding

tool 1400 js glefi b 90 including. cylindri ion 14 jon 1404, and ti
S TSR SOl Mg 0%

) % tip 14 n efines passage 1408 that
extends from QPFEPERILALE Gih oAt todiesRene BoarkRiyHBsRIR ts8]FIG. 146 is a partial
cross-sectional enlarged view of working tip 1406. Passage 1408 (including cylindrical passage 1416

@flﬁé

and chariff@52412) exttrds2® HIHHEEeAEAI HsBHeR) {581 2abootp bHGH 1406 defining working
face 142&:ofitamddirigride 12409 shloven g phatfiedl o miner theamaées fikléh(havingacnet chamfer diameter
1324) Of&i%%%@QiﬂQ&%?ﬂrﬁéﬁﬁrﬁfeW%[lﬁﬁﬂﬂ f@gﬁ),lzﬁapaééepl.@&ecg’@ %h&ﬁ%@gaﬂa@%fectfn ! 2f4 0
passage more specific in mfer. assage rking face :
plane P Qgﬁ'?gg \éQU gg%ﬁ{f%ﬁ?fgi%gﬁgﬁ dg‘ élgb%?nw |rr1;§nsq.|% é:gg %%Oég %@Wn ac')% t?{égv(\a/irfez%%ﬁ\évﬁ's machine.
[0059]W8RKHRT RicKeriivng §igp! portiiraeddmn@neissi<dsrisdt eras. MRl g ffc8%egment 1420a
compriseegresnwitk seaEet Buplageghgaige metibvithwhekiviy dzbending deaiathey segyttent 1420a

directly agjagepkthaandiof pResaamdAPpeois enesifically Wiastly AdiacrptinRschamfer 1412 of
passage 1408%}9%%%@% qf&%'}v‘iar@iw'th respect to plane P. Working face segment 1420a has a
1 .

negativerfaa?cqé2 lameter 4nd & Tace length 1428. The remainder of working face 1420 directly

adjacent segment 1420a extends at an upward angle from an end of segment 1420a away from the
bonding VAL (not STOTH)SREAGR A1 i A ENTAdEs R DR g i FAORS WESHERTg face

segmentel‘gﬂwp'ﬁ%’e% ﬁﬂ@r‘?@ﬂﬂ@l&ﬁﬁ”ﬁ‘%ﬁmé sfossout/s. shend Inrfills. 13A, bonding
tool 13006 is defined by a body portion including cylindrical portion 1302, tapered

portion 1304, and tip portion 1306 {i.e., working tip 1306). The body portion of
bonding tool 1300 defines passage 1308 that extends from upper end 1310 of honding
tool 1300 to working tip 1306.

[(3055] FIG. 13B is a partial cross-sectional enlarged view of working tip 1306.
Passage 1308 {including cylindrical passage 1316 and chamfer 1312) extends to tip
portion 1306 of bonding tool 1300, tip portion 1306 defining working face 1320 of
bonding tool 1300. More specifically, inner chamfer 1312 (having inner chamfer
diameter 1324) of passage 1308 terminates at working face 1320. A plane P is defined
at an intersection I of passage 1308 (more specifically, inner chamfer 1312 portion of
passage 1308} and working face 1320, plane P being substantially parallel to a bonding
surface {not shown) of the wire bonding machine.

00561 Working face 1320 of tip portion 1306 includes segment 1320a. Working
face segment 1320a comprises a concave shape. During engagement with the wire



WO 2009/148450PCTTUS2008/065878 17 tool 1500 is defined by a body portion including cylindrical
portion 1502, tapered portion 1504, and tip portion 1506 (i.e., working tip 1506). The body portion of
bonding tool 1500 defines passage 1508 that extends from upper end 1510 of bonding tool 1500 to

working tip 1%0%%?9?&]@6 15B is a partial cross-sectional enlarged viev¥1 "I‘ /\é\}/ozrﬂkig}%tié)slSOG.
Passage 1506 (including cylindrical passage 151§and chamfer 1512) exterids % ﬂp pgr ion 1506 of

bonding tool 1500, tip portion 1506 defining working face 1520 of bonding tool 1500. More specifically,
inner chamfer 1512 (having inner chamfer diameter 1524) of passage 1508 terminates at working face
1520. A plane P is defined at an intersection li of passage 1508 (more specifically, inner chamfer 1512
portion of passage 1508) and working face 1520, plane P being substantially parallel to a bonding

surface (ggﬁép \MH th@e ire bpgjg achine, I006 Ehe inte ectionsp%gv en tip surfaces
comprise cur\'/e% S %pigs’. M rr'?aegpecﬁ?]%a ;;,ef:ntye?s(j C |onr% Faennéj[ fgs%larses% irved rather than sharp.

N a . IC
Curved sHEEEH Yy ARRTHY @ HAGH B Wi TR TYS HrunefeRPesrgse! HBe REaUER AME e sections may
be sharpwib stroeet ho thenpréviblssKigufesy, segermie rsidOer farsyaotheatsui thiostedsirapeor geometry.
[0_063t;]WQI3QBgamcﬁ_féée?ﬁaﬁgtﬂpl@?gjzoaﬁh%ﬁgﬁx%ﬁ%‘égﬁﬁ @&@iﬂ@%é@%@@@ @%ﬂ@gl gg%@gecment wit_?_ thﬁ
wire bonding m egment a direct acent the end of pas ore specifically,
directly ag ] cgﬁ%ﬁ%gesrac%%%ﬁ%’r %L%ai'ﬁ ng%ae{ésaar}ée% ?[Sodg)agx 3?1 S d '%r?vr\‘/g?g%%f%?%m’dpon\?vnward angle

1522) with $&Paas rane o oUTBAAY Fae dvEfhancttp oadius QR e Hfeter 1526. The
remaindé¥ ofkingrkiry skemechb 20 Ueectiy miecetsEhmans 1baGargdendsoat &l upviard angle from an
end of segment 1520a away from the bonding surface and toward an outer radius OR of working tip
1506. Downward angle 1522 of negative working face segment 1520a is in a range of about 3 to 30

degrees yggssaspect ieRIaNg; o [HRSANVAIINS R BRI LRbdIneRts Ak ligargsent invention have
been described in connection V\gth %%e ment of the working facefﬁof a,bondlglgﬁtool directly adjacent an

end of the BaseRsa Pt BaRuS 45 eé‘#’éetr‘n%"géa?ﬁ" ti8TAY0Ed St a hegRiNE Hce angle:
however @ HeSdnerineatnaLed Raitien ety MR Spelomeamy, ihe2ssapawst directly adjacent
the passageionaisbe, flatd(kip. pstihstartially. planarkivithts handingrsdriace)pavhide enother segment of

1600 1 Copl o Pt o ot e e Gy SRy R oo i WO
2009/ 4AB0 LR SO CR AT :

[oo58] FIG. 14B is a partial cross-sectional enlarged view of working tip 1406.
‘Passage 1408 (including cylindrical passage 1416 and chamfer 1412) extends to tip
portion 1406 of bonding tool 1400, tip portion 1406 defining working face 1420 of
bonding tool 1400. More specifically, inner chamfer 1412 (having inner chamfer
diameter 1324) of passage 1408 terminates at working face 1420. A plane P is
defined at an intersection I of passage 1408 (more specifically, inner chamfer 1412
portion of passage 1408} and working face 1420, plane P being substantially parallel to
& bonding surface (not shown) of the wire bonding machine.

[oe5e] Working face 1420 of tip portion 1406 includes segment 1420a. Working
face segment 1420a comprises a convex shape. During engagement with the wire
bonding machine, segment 1420a directiy adiacent the end of passage 1408 (more
specifically, directly adjacent inner chamfer 1412 of passage 1408) extends downward

- with respect to plane P. Working face segment 1420a has a negative face diameter
1426 and a face length 1428. The remainder of working face 1420 directly adjacent
segment 1420a extends at an upward angle from an end of segment 1420a away from
the bonding surface {not shown) and toward an outer radius OR of working tip 1408.
Working face segment 1420a comprises a tength 1428 in a range of about 0.1 te 2.1
mils. '

T10060] Referring now to FIGS. 15A and 158, bonding tool 1500 is configured for
engagement with a wire bonding machine (not shown). As shown in FIG. 154, bonding



18 FIG. 16A, bonding tool 1600 is defined by a body portion including cylindrical portion 1602, tapered
portion 1604, and tip portion 1606 (i.e., working tip 1606). The body portion of bonding tool 1600
defines passage 1608 that extends from upper end 1610 of bonding tool 1600 to working tip 1606.

[0065]FIG. 16B.i ial cross-sectional enlarged view of working tip 16 ) 08 (including
cylindrical pa%i%%{ggﬁg%%%nd chamfer 1612) extegyls to tip portion 1606 o?gg)r%glz%%&% 00, tip

portion 1606 defining working face 1620 of bonding tool 1600. More specifically, inner chamfer 1612
(having inner chamfer diameter 1624) of passage 1608 terminates at working face 1620. A plane P is
defined at an intersection | of passage 1608 (more specifically, inner chamfer 1612 portion of passage
1608) and working face 1620, plane P being substantially parallel to a bonding surface (not shown) of
tthez\évti)reDQ@@diBGGm@@med [QQ@hﬁlﬁMWﬂs_mgoﬁaﬁ?%@%@ Q&Si&sR@éﬁBBr@i@.Qﬁ:%zﬂoﬁ',Uc%éréégfg‘?”ts 16ﬁoa agd

. During e ement with the. onding, machin gment a directly adjacent the en
of passa Hg rf SSQ?Q%r%ngpt' ci?i%rém/rf g%rl{ie%: ﬂ)eé’d}"é%iétr? iﬁiﬁefsc%’im egrel )%’ﬁ%’ﬁ‘d’s} along a plane

substanti3fif4y2gdnel IS Parlimeshegraen P8 dhah sxtarae Eemanraer @565 Khetherdiegment 1620b of
working feree 18X0tdivectiradipad®segment 1620a extends downward (i.e., at downward angle 1622)
with respect to plane P. Working segment 1620b has a negative face diameter 1632. Downward angle

1622 of riegeaink working. fase segpenhild2@bdstivealangaqiabont &3 badndagrassavith respect to
plane P. Bhuisql issieariiakiepirsens tusation eludasanberliuenis Wsie e segment of the
working face.dir H éa}lgl!)ac?:-jnt the end of the passage is configured at angles other than negative face
angles. F‘f&%”igg% are 5”@9%@1}#8% gp é%éﬂogaé%%%ﬁﬂigﬁt‘f"ﬂr BFeothe? Ebmbinations of
working fRREEELFPRINtE%%re Mo ehvsittally [0UBT | THam iRy Heit i bavirbing exérmplary embodiments of
the presafitinstention4jisciossddiersns anuimbes of wegatiyedacesanglesHer@ ranglgina? in FIG. 35,
angle 428a,FiGeASAAOIeS o206 G30N G BRcica) A fescribil, Futb e Amggber of positive
n

face angles . e&%le 434 in FIG, 45, etc.) are also descri eneral, these angles have been

. F . 1N
describeg%ssé%t%i%gl aar}aﬁ”@oél%?%g b 36BiEre %&%@%é{j}?g'@é‘,% ‘éﬂf’é?t&&ﬂi@é’%? \Bative. It is

understodériprs: (BPgEReM ShdeviEa dlerine msdisentemplated. [0068]According to an exemplary
embodiment of the present invention, the negative face angle (e.g., the downward angle of the
segment [8FtHid lworkint éciotepeCrioan D14 845 0P T f2d32608/0BE 81849 shapes. More

specifically, intersections 11 and I2 are curved rather than sharp. Curved shapes may
include any type of radius or rounded shape. Alternatively, the intersections may be
sharp {as shown in the previous figures), chamfered, or any other suitable shape or
geometry. ' '

00637 Working face 1520 of tip portion 1506 includes segment 1520a. During
engagement with the wire bonding machine, segment 1520a directly adjacent the end
of passage 1508 (more specifically, directly adjacent inner chamfer 1512 of passage
1508) extends downward (i.e., at a downward angle 1522} with respect to plane P.
Working face segment 1520a has a negative face diameter 1526. The remainder of
working face 1520 directly adjacent segment 1520a extends at an upward angle from
an end of segment 1520a away from the bonding surface and toward an outer radius
OR of working tip 1506. Downward angie 1522 of negative working face segment
1520a is in a range of about 3 to 30 degrees with respect to plane P.

ionea] Various exemplary embodiments of the present invention have been
described in connection with a segment of the working face of a bonding tool directly
-adjacent an end of the passage of the bonding tool, where the segment is configured at
a negative face angle; however the present invention is not limited thereto. More
specifically, the segment directly adjacent the passage may be fiat (l.e., substantially
planar with a bonding surface), while another segment of the working face is configured
at a negative face angle. Referring now to FIGS. 16A-16B, bonding tool 1600 is
configured for engagement with a wire bonding machine (not shown). As shown in



directly adjacent the end of the passage such as angle 322 in FIG. 38) is at an angle in a range of
about 6 to 20 degrees. According to another exemplary embodiment of the present invention, the
negative face angle (e.g., the downward angle of the segment of the working face directly adjacent the

end of the p s angle 322 in FIG. 38) is at an angle in a rang 5 degrees.
%ﬁgﬁﬁ%@s@ Eg’m@%&fé&%

[0069]As des erein with respect to certain gxemplary embodiment e present invention, the
various segments of the working face of the bonding tool may be in a range of about 0.1 to 2.1 mils. It
is understood that larger and smaller segment lengths are also contemplated. The length of these
segments (e.g., segments extending downward toward the bonding surface, segments extending
upward away from the bonding surface, segments that are substantially parallel with the bonding

surface, gfg:) 1BRY AR ARG N IRRLATASIAE S WER RS iR mdhEspgrloeometry of the
working tip of the bondlng too]. Th|s§eome%mclude5 the width of the worklnﬁég, the size of the

chamfer SRR EMBRGEY otRE7 FELHLHEPHELS ARG 1 EnSRENSERMEIER) e ilsotifent of the
present ipVEiior, thedieadgeeloftfe defimenesisdn ihdebedbods 0amenremand. 1&&6ording to yet

another exeamimy reshadimeni@iihe psesest invention, the length of the segments is in a range of
about 0.2 to 1.2 mils. [0070]The bonding tool according to the present invention may be formed from a
variety ofgifasent matedials gRrexaH edasuiativadnairiials (B« AlWBHNAg ZiFcosn8 toughened
alumina,;%tg g ¢ %{é 'Xg 1] lg e.q,, wngste rbide, titaniu bide, etc.): and electrically
dissipative r%a%e?ials.%urtﬁ%ﬁ?ﬁ? bérqélgrl} %Jg%%ar%%%%e%rrﬁga ?gﬁ%q%i%%nésé}:)%%% material, or may

be multifi8 PRCARIBIrRPisyttar! fRPPLITMEBHASHIGR RS ERE AT &7hB %s a method of
forming &avidinbdend aeiPorMometbexdios iy inimeg ahaiméelobPl F-Oragiamipher ahamtkod of forming a wire
gong_ma?aém@ei_ 61_2)4@&1995%55@%6@ @Jm%a@gsr?alw_&nmg)a@eﬁegmfbwe@ﬁa%\érﬁ@éﬁir}c l]gall toa
onding location using a bonding.too ribed herein tp farm a wire bo a met of forming a
wire Ioopa,(gféldﬁ%rﬁgﬁ%%g On{:ga_ gggiﬁéﬁgéemﬁc sggcféaae%fe”r‘l i A{Maa e%é%g%? \ﬁﬁg?(o’:gr??inuous with the
wire bonB32HfoIREE bardingRalrRes P (Pjassaking BB?ﬁFﬂﬁ‘%?'fﬁé’Wéefé"tﬁeba%ﬂ%r bonding
location twftas Gnodbtrermwiref bedvingthahdingomdicigrtool, thereby forming a wire loop. [0072]While the
present invention has been illustrated with respect to certain exemplary configurations (having a
certain nLaoiee] of negativenydskinge X Qr 20084 1E SOFEC hAUB2008/BRDEY Bs20saginents/faces,

positive wosking SeHp N RcRSANRMEIIEHNRSARIah AR g ametsfacaR.cageh of varying
angles ang, len t@g& alterpative cor%g% ‘rftions are %gmemoﬁ)r!gégg.a .073’1Althou%p th ;nvention is
r

. ac nd af passage mor i i
illustrateG 4R T Gescrbad hErET tith Teterence P ec Yi Jacent inner thamfe

1612) extends along a plane substantially paraliel to plane P. Segment 1620a has a
face diameter 1626. Another segment 1620b of working face 1620 directly adjacent
segment 1620a extends downward (i.e., at downward angle 1622} with respect to
plane P. Working segment 1620b has a negative face diameter 1632. Downward angle
1622 of negative working face segment 1620b is in a range of about 3 to 30 degrees
with respect to plane P. Thus, it is clear that the present invention includes
embodiments where the segment of the working face directly adjacent the end of the
passage s configured at angies other than negative face angles. FIGS. 16A-16B are
one exampte of such an embodiment; however, other combinations of working face

segments are contemplated.

{0067] Throughout the various exemplary embodiments of the present invention
disclosed herein, a number of negative face angles (e.g., angle 322 in FIG. 3B, angle
422 in FIG. 4B, angles 822 and 830 in FIG. 8B, etc.) are described. Further, a number
of positive face angles (e.qg., angle 434 in FIG. 4B, etc.) are also described. In general,
- these angles have been described as falling in @ range of between about 0 to 30
degrees, whether positive or negative. It is understood that larger and smaller angles

are also contemplated.

[0068] According to an exemplary embodiment of the present invention, the
negative face angle (e.qg., the downward angle of the segment of the working face



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. WO 2009/148450PCT1US20081065878 21 What is

Claimed: — 2001111'234%ndin9 tool configure_d for engagement with a Wirp%mlég%gipe, the
bonding tool comprising: a body portion, {he body portion defining a passage configured to

receive a length of wire, an end of the passage extending to a tip portion of the bonding tool, the tip
portion defining a working face of the bonding tool, wherein during engagement with the wire bonding
machine a segment of the working face extends downward with respect to a plane defined at an
intersection of the passage and the working face. 2. The bonding tool of claim 1, wherein the

segmentQidhe warkiog: iace kudrenly adiarehdhe cadaf 136 RABRA0SS) is at an a%q!y?s? bonding tool

of claim 1, further comprisin nother segment of the working face betwe%r?l the end of the passage

and the SeGRERPT 3PoUt & 02O eorRasHiAGRISI I LIRS S VPSS TP AN AP Ll it is
substantRyEEraNenty héhglapgative face amjla oMMy 1B @gie Pf Wisciesmen gegment
extends eteavetoning &ick aingtenadjsaagetné ahoulr 3He Bidegraes withrngeErd to Hhe. piane defined at

the intersggtiqn QBH?@R%%%%QS andthe 8"%@@%@?&5. 6. The bonding tool of claim 1, wherein

the segment extends at a downward angle in a range of about 6 to 20 degrees with respect to the

plane defiggga e MietaRelRn e ATRANE A0S MARAAGEY erpeamdnd g Donding tool o

claim 1, wherein the segment extends at a downward angle in a range of about 6 to 15 degrees with
respect ' T PiaRe HEREE: A P IRET SISO G 9 N5 ey AP Rtk rade” 8. The
bonding toal 6f dlaimiahoahtesitieIstigPaemilrasih emthrficad dhgel ofogbent GrtaieR. 1 mils.
- segment lengths are aiso contemplated. The length of these segments (e.q., segments

extending downward toward the bonding surface, segments extending upward away

from the bonding surface, segments that are substantially paraliel with the bonding

surface, etc.) may depend upon a number of factors such as, for example, the overall

geormetry of the working tip of the bonding tool. This geometry includes the width of

the working tip, the size of the chamfer diameter, amongst other features, According

to another exemplary embodiment of the present invention, the length of the segments

is in a range of about 0.2 to 1.9 mils. According to yet another exemplary embodiment

of the present invention, the length of the segments is in a range of about 0.2 to 1.2

mils.

[0070] The bonding tool according to the present invention may be formed from
a variety of different materials. For example, insulative materials (e.g., aluming,
zirconia toughened alumina, etc.); conductive materials {e.q., tungsten carbide,
titanium carbide, etc.); and electrically dissipative materials. Further, the bonding tool
may be formed from a unitary piece of material, or may be muitiple pieces joined
together. '

{0071) The present invention may be embodied as a method of forming a wire
‘bond and/or a method of forming a wire loop. For exampie, a method of forming a wire
bond may include (1) a step of forming a free air ball, and (2) a step of bonding the
free air ball to a bonding location using a bonding tool described herein to form a wire
bond. In a method of forming & wire loop, additional steps may be included such as (3)
extending a length of wire continuous with the wire bond to another bonding location,
and (4) bonding a portion of the wire to the another bonding location to form another
wire bond with the bonding tool, thereby forming a wire loop.

[oo72] While the present invention has been Hustrated with respect to certain

exemplary configurations (having a certain number of negative working



9. The bonding tool of claim 1, wherein the segment has a length in a range of about 0.2 to 1.9 mils.
10. The bonding tool of claim 1, wherein the segment has a length in a range of about 0.2 to 1.2 mils.
WO 2009/148450PCT/US2008/065878 22 11. The bonding tool of claim 1, wherein during
engagement‘\Q/' %&9 Mg\nbonding machine the entire working face extenq,%@@ﬂw{m\é%d angle with
respect to the plane éeflned at the intersection of jge passage and the working face. 12. The
bonding tool of claim 1, wherein another segment of the working face directly adjacent the segment
extends at an upward angle with respect to the plane defined at the intersection of the passage and
the working face. 13. The bonding tool of claim 1, wherein another segment of the working
face directly adjacent the segment extends at a downward angle with respect to the plane defined at

the inter%%? g/#@&&%@ewmﬁ @@%ﬁlﬁméﬁgges, and n.eutr]afl(ﬂ-cn?zgpcggi%m%d claim 13,

wherein a further fegment %f tEe worklr%% éfce dg?ctlg/ a(ijij{acent the another segment extends at an
upward angle With FeSpect 1o Theorane Wi st Bld itk ratetst ot ﬁﬁ’gfb‘ﬁi§§3%'ésaeﬁa the working
face.  contemplgterhe honding tool of claim 13, wherein a further segment of the working face directly
adjacent the another segment extends along a plane substantially parallel to the plane defined at the
intersectidi®@Bthe pashlibe ahdhthiveotkdngsabestrated 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.



16. The bonding tool of claim 1, wherein another segment of the working face directly adjacent the
segment extends along a plane substantially parallel to the plane defined at the intersection of the

passage and the working face. 17. The bonding tool of claim 1, wherein the segment
comprises a ¢RHGHNG; shiape. 18. The bonding tool of claim 1, whefeinihe segment
comprises a convex shape. 19. A bondifig tool configured for engagement with a wire
bonding machine, the bonding tool comprising: a body portion, the body portion defining a

passage configured to receive a length of wire, an end of the passage extending to a tip portion of the
bonding tool, the tip portion defining a working face of the bonding tool, the working face comprising a
plurality of segments, wherein during engagement with the wire bonding machine a segment of the
working fagadisegthadiacent the end of the passage extends downward with respect to a plane
defined at an intersection of the passage and the working face, and another segment of the working

face directly adjacent the seg\ng,gg&iW%&O&Q/Hg{ﬁég@g’rg%g?gggﬁj%cﬁ%?@i%@tﬁg&ggs at an upward

angle with re Pect to the i%Iane defined at the intersection of the passage an working face.
20. The b%ﬁ‘(f?rflget&? PRI 1P8! FIRER e segment extends at a downward angle in a range of

about 3 to 30 degrees with respect to the plane defined at the intersection of the passage and the
working face. & body portion, the body portion defining a passage configured to receive

a length of wire, an end of the passage extending to a tip portion of the bonding tool,
the tip portion defining a working face of the bonding tool, wherein during engagement
witih the wire bonding machine a segment of the working face extends downward with

respect to a plane defined at an intersection of the passage and the working face.

_ 2. The bonding too! of claim 1, wherein the segment of the working
face is directly adjacent the end of the passage.

3 The bonding tool of claim 1, further comprising another segment
of the working face between the end of the passage and the segment.

4. The bonding tool of claim 3, wherein the another segment is
substantially parallel to the plane. ‘

5. ~ The bonding tool of claim 1, wherein the segment extends at a
downward angle in a range of about 3 to 30 degrees with respect to the plane defined
at the intersection of the passage and the working face.

6. The bonding tool of claim 1, wherein the segment extends at a
- downward angie in a range of about 6 to 20 degrees with respect to the plane defined
at the intersection of the passage and the working face.

7. The bonding tool of claim 1, wherein the segment extends at a
downward angle in a range of about 6 to 15 degrees with respect to the plane defined
at the intersection of the passage and the working face.

8. The bonding tool of claim 1, wherein the segment has a length in
a range of about 0.1 to 2.1 mils.

9. The bonding tool of claim 1, wherein the segment has a length in
a range of about 0.2 to 1.9 mils.

i0. The bending tool of claim 1, wherein the segment has a length in
a range of about 0.2 to 1.2 mils,



21. The bonding tool of claim 19, wherein the segment extends at a downward angle in a range of
about 6 to 20 degrees with respect to the plane defined at the intersection of the passage and the
working face. 22. The bonding tool of claim 19, wherein the segment extends at a downward

angle in a rangg afaauL to 15 degrees with respect to the plane defined atthe in ngﬁtlon of the
passage and the working face. 23. The bgnding tool of claim 19, wherein the upward angle is

in a range between about 0 and 30 degrees with respect to the plane defined at the intersection of the
passage and the working face. 24. The bonding tool of claim 19, wherein the upward angle is
in a range of about 6 to 20 degrees with respect to the plane defined at the intersection of the passage
and the working face. 25. The bonding tool of claim 19, wherein the upward angle is in a

range of about 6 to 15 degreas-wishdegnest &@éla&rpbn@w@l?éiH%@mé%é@&rﬁ%ﬁﬁm%ﬁ&e passage and

the worki 6., The bonding to Iofc im 19 w relnt Segmen has a length in a
range of gggf}%gdlmomacm?e the G%Pre %rg}nﬁ? ?oo St c?alm ?L@? erem&he segment has a

length in TGO ARt DIEg ghhhe ’“tersed"’”z%c t ﬁé’%ﬁ@%@‘ﬁb@%‘f’éfﬁiﬁﬁf@%herem the
segment has a length in a range of about 0.2 to 1.2 mils. 29. The bonding tool of claim 19,
wherein the another ségmentMakoadéiytprirrbdainyd of assin netieseamigst of the 30, The
bonding teolkofeclatmdi@ctiherdiadhetanethercse gmenihas:m lepgihdamyrange efpeoutd.2 to 1.9 mils.

the plane defined at the intersection of the passage and the wdrking face.

13. The bonding tool of claim 1, wherein another segment of the
working face directly adjacent the segment extends at a downward angle with respect
to the plane defined at the intersection of the passage and the working face.

14, The bbnding tool of claim 13, wherein a further segment of the
working face directly adjacent the another segment extends at an upward angle with
respect to the plane defined at the intersection of the passage and the working face.

15. The bonding tool of claim 13, wherein a further segment of the
working face directly adjacent the another segment extends along a plane substantially
parallel to the plane defined at the intersection of the passage and the working face.

16. The bonding teol of claim 1, wherein another segment of the
working face directly adjacent the segment extends along a plane substantially paraliel
to the plane defined at the intersection of the passage and the working face.

17. The bonding tool of claim 1, wherein the segment comprises a -
concave shape,

is. The bonding tool of claim 1, wherein the segment comprises a
convex shape.

i9. A bonding tool configured for engagement with a wire bonding
machine, the bonding tool comprising: |

2 body portion, the body portion defining a passage configured to receive
- a length of wire, an end of the passage extending to a tip portion of the bonding too!,
the tip portion defining a working face of the bonding tool, the working face comprising
a plurality of segments, wherein during engagement with the wire bonding machine a
segment of the working face directly adjacent the end of the passage extends
downward with respect to a plane defined at an intersection of the passage and the
working face, and another segment of the working face directly adjacent the segme'nt



WO 2009/148450PCT/US2008/065878 24 31.The bonding tool of claim 19, wherein the another
segment has a length in a range of about 0.2 to 1.2 mils. 32.The bonding tool of claim 19, wherein the
segment comprises a concave shape. 33.The bonding tool of claim 19, wherein the segment
comprises a ganygx;shape. 34.The bonding tool of claim 19, wherein the pppihenseginegt comprises
a concave shape. 35.The bonding tool of claim 193 wherein the another segment comprises a convex
shape. 36.A method of forming a wire bond, the method comprising the

extends at an upward angle with respect to the plane defined at the intarsection of the
passage and the working face.

20. The bonding tool of tlaim 19, wherein the segment extends at a
downward angle in a range of about 3 to 30 degrees with respect to the plane defined
at the intersection of the passage and the working face.

21, The bonding tool of claim 19, wherein the segment extends at é
downward angle in a range of about 6 to 20 degrees with respect to the plane defined
at the intersection of the passage and the working face,

22. The bonding teol of claim 19, wherein the segment extends at a
downward angle in a range of about 6 to 15 degrees with respect to the plane defined
at the intersection of the passage and the working face,

23, The bonding tool of claim 19, wherein the upward angle is in a
range between about 0 and 30 degrees with respect to the plane defined at the
intersection of the passage and the working face.

24,  The bonding too! of claim 19, wherein the upward angle is in a
range of about 6 to 20 degrees with respect to the plane defined at the intersection of
the passage and the working face.

25.  The bonding tool of claim 19, wherein the upward angle is in a
range of about 6 to 15 degrees with respect to the plane defined at the intersection of
the passage and the working face. '

26. The bonding tool of cléim 19, wherein the segment has a length in
a range of about 0.1 to 2.1 mils.

27. The bonding tool of claim 19, wherein the segment has a length in
a range of about 0.2 to 1.9 mils,

28,  The bonding tool of claim 19, wherein the segment has a length in
a range of about 0.2 to 1.2 mils. '

29, The bonding tool of claim 18, wherein the another segment has a
tength in a range of about 0.1 to 2.1 miis.

30. The bonding tool of claim 19, wherein the another segment has a
length in a range of about 0.2 to 1.9 mils.



steps of: (1) forming a free air ball on an end of a wire extending from a bonding tool; and
(2) bonding the free air ball to a bonding location to form the wire bond using the bonding tool, the
bonding tool comprising a body portion, the body portion defining a passage configured to receive a

length of the wikexad),eh4.0f the passage extending to a tip portion of the Qg%g%{h tip portion
defining a working face of the bonding tool, wherejp during bonding a segment ot the wor ing face

extends downward with respect to a plane defined at an intersection of the passage and the working
face. 37.The method of claim 36, wherein the segment of the working face is directly adjacent the end
of the passage. 38.The method of claim 36, wherein the bonding tool of step (2) further comprises
another segment of the working face between the end of the passage and the segment. 39.The

bondl/ng tool of claim 38, é\/{hmr&éha.a@@éb%@amqﬁ 'ﬁ%%ﬂgﬂ%@?é%%@rﬁ@mﬁa@h%ne WO
2009/1484 TLUS200 7 40. The method of claim wherein the segment
extends 2t%8tp($wr%v6§r %?lg%eg%?t agr%r%@)ge1 ézfrg out 3 to 30 degrees with respect to the plane defined at
the intersection of the P%assagie ab e worl n\;]%lface 41. The method of claim 36, wherein
the segment of the working face 19 HiFe&i§ hgaC8 Rt e ‘éﬂﬁ"%‘n"tﬁ%eﬁ%&?@é BN SHStRer segment of
the workiFRJ'fa¥& eif@ély adjacent the segment extends along a plane substantially paraIIeI to the plane

defined at the intersection of the passage and the working face.
33. The bonding tool of claim 19, wherein the segment comprises a

convex shape.

34,  The bonding tool of claim 19, wherein the another segment

comprises a concave shape.

35. The bonding toot of claim 19, wherein the another segment
comprises a convex shape.

36. A method of forming a wire bond, the method comprising the
steps of:

(1) forming a free air ball on an end of a wire extending from a
bonding tool; and

(2) bonding the free air ball to a bonding location to form the wire
bond using the bonding tool, the bonding tool comprising a body portion, the body
portion defining a passage configured to receive a length of the wire, an end of the
passage extending to a tip portion of the bonding tool, the tip portion defining a
working face of the bonding tool, wherein during bonding a segment of the working
face extends downward with respect to a plane defined at an intersection of the
passage and the working face,

37.  The method of claim 36, wherein the segment of the working face
is directly adjacent the end of the passage.

38. The method of claim 36, wherein the bonding tool of step (2)
further comprises another segment of the working face between the end of the passage
and the segment.

38.  The bonding tool of claim 38, wherein the another segment is
substantially paralle! to the plane.



42. The method of claim 36, wherein the segment of the working face is directly adjacent the end of
the passage, and another segment of the working face directly adjacent the segment extends at an
upward angle with respect to the plane defined at the intersection of the passage and the working

face. Wégﬂ(y}qsm@thod of claim 36, further comprising the steps %crmsznﬂs,'a(a%%%x'[end'ng a
length of wire continuous with the wire bond to angther bonding location; and (4) bonding a

portion of the wire to the another bonding location to form another wire bond with the bonding tool,
thereby forming a wire loop between the bonding location and the another bonding location.

40, The method of claim 36, wherein the segment extends at a
downward angle in & range of about 3 to 30 degrees with respect to the plane defined
at the intersection of the passage and the working face.

41, The method of claim 36, wherein the segment of the working face
is directly adjacent the end of the passage, and another segment of the working face
directly adjacent the segment extends along a plane substantially parallel to the plane

| defined at the intersection of the passage and the working face.

42, The method of claim 36, wherein the segment of the wdrking face
is directly adjacent the end of the passage, and another segment of the working face
ldirectiy adjacent the segment extends at an upward angle with respect to the plane
defined at the intersection of the passage and the working face.

43, The method of claim 36, further comprising the steps of:

(3) extending a iength of wire continuous with the wire bond to
another bonding locatio'n; and

(4) ' bonding a portion of the wire to the another bonding location to
form another wire bond with the'bonding tool, thereby forming a wire loop between the
bonding location and the another bonding location.



