WO 2009/152066PCT/1J52009/046535 KSI-517WOPATENT -1 GAS DELIVERY SYSTEM FOR
REDUCING OXIDATION IN WIRE BONDING OPERATIONS CROSS-REFERENCE TO RELATED
APPLICATION [0001]This application claims the benefit of U.S. Provisional Application No.
61/060,189, filed June 10, 2008, the contents of which are incorporated herein by reference. FIELD

OF THE INVENWT@GWW present invention relates to wire bonding of S&fHic8#dieiét devices,
and more particularly, to providing a cover gas to certain areas of a wire bonding machine,

BACKGROUND OFFHEANYENTION [0003]In the manufacturer of various semicorféliétdr devices,
wire bonding techniques are often used to connect éolrﬁponents in the devices. For example, wire
bonds (or wire loops) are often used to provide interconnection between a semiconductor die and
contacts on a leadfram&*A R Tplary TonV ERTIHER Wikd' B SHthng 6P e SRy BRES Fbonding a
free air ball to a first bonding location on a die (e.?F&8MEBHF bonding) to form a first bond, (2)
extending a wire from the first bond toward a second bonding location on a leadframe, (3) bonding the

end of the extended wire to the secort BordHig THEETSh S 13RN AP -dEbH@Bond, and (4) cutting the
wire. In such a ball handing operatignieseleatianicdamenetite. FrRburREURIeaHPdS. or the like is
typically used to forgn e, fiee @l bﬁ“eaéé,hﬁ)%thfmﬁemg%%iﬁgﬂ%n(ela‘icorporated herein by

reference.

FIELD OF THE INVENTION

fogn2] The present invention relates to wire bonding of semiconductor devices,
and more particularly, te providing a cover gas to certain areas of a wire bonding

machine,
BACKGROUND OF THE INVENTION

o003} In the manufacturer of various semiconductor devices, wire bonding
techniques are often used to connect components in the devices, For example, wire
bonds (or wire loops} are often used to provide interconnection between a
semiconductor die and contacts on a feadframe. An exemplary conventional wire
bonding operation involves (1) bonding a free air ball to a first bonding location on a
die {e.g., using ball bonding} to form a first bond, {2} extending a wire from the first
bond toward a second bonding location on a leadframe, (3) bonding the end of the
extended wire to the second bonding location to form a second bond, and (4) cutting
the wire. In such a ball bonding operation, an electronic flame off {i.e., EFO)
wand/electrode or the like is typically used to form the free air ball at the end of the
wire at step (1}.

foon4a] Often, gold wire (which is substantially non-reactive with oxygen) is used
in wire bonding processes; however, in certain applications, more reactive metals (e.q.,
copper, sliver, pailadium, aluminum, etc.} are used. These more reactive metals may
react, for example, in the presence of oxygen and form oxides/oxidation on the wires

(and/or wire ends or tails) which are undasirable for wire bonding.

[6005] In view of such potential oxidation, certain wire bonding systems include
subsystems for providing a cover gas to the end of a wire during formation of the free
air ball by the EFO wand. For example, U.5. Patent No. 6,234,376, which is

incorporated by reference in its entirely, discloses such a system.



[0004]Often, gold wire (which is substantially non-reactive with oxygen) is used in wire bonding
processes; however, in certain applications, more reactive metals (e.g., copper, silver, palladium,
aluminum, etc.) are used. These more reactive metals may react, for example, in the presence of
oxygen and form oxides/oxidation on the wires (and/or wire ends or tails) which are undesirable for
wire bonding. [0005]In view of such potential oxidation, certain wire bonding systems include
subsystems for providing a cover gas to the end of a wire during formation of the free air ball by the

EFO wand. For exagpfe, U.SAE%%MF;&@&%QQQMQ@i%m%rrggmggagyu.g@gqgencg in its entirety,
discloses such a sYsielJR00lddlignally.allone. Sy SIRMS. ol Wire.Rnding maghjaes are used

to provide the coverﬁg\as to the onq site area of the wire ondlng machine to reduce the potential for
|

. . ptgntial for oxidatign of the bonding wire in He are empia . -
oxidation of the bdRdiNG Wird i the bond Site’ area. Tlg?(empfary subsy&%n?’s for providing a cover gas m

the bond site area®HIEHEBUL S PAIEAE APplitatiB i PRASACA BT N 42 60776¥84421; 2007/0251980; and
U.S. Patent Nos. B/265r8gubiagn: 08y, 2808687182: #Rd 71890793 G0 it Weuld be desirable to
provide improved S#gictefesFHigduesigiexidatiohin®ire bonding. SUMMARY OF THE INVENTION

[0008]According to an aspect of the present invention, a wire
[00077 It wouid bse desirable to provide improved structures for reducing

oxidation in wire bonding.

SUMMARY OF THE INVENTION

10008] According o an aspect of the present invention, a wire

bonding machine is provided. The wire bonding maching includes a bonding tool and
an elecirode for forming & free air ball on an end of a wire extending through the
bonding tool where the free air ball is formed af a free air ball formation ares of the
wire bonding machine. The wire bonding machine also includes a bond site area for
helding a semiconductor device during a wire bonding aperation. The wire bonding
machine also includes a gas delivery mechanism/sysiem

configured to provide a cover gas to: (1) the bond site area whereby the cover gas is
ejected through at least one aperture of the gas delivery mechanism to the bond site

area, and (2) the free air ball formation area.
BRIEF DESCRIPTION OF THE DRAWINGS

[6009] The invention is best undersicod from the following detailed description
when read in connection with the accompanying drawing. |t is emphasized that,

according to common practice, the various features of the drawing are not fo scale. On
the contrary, the dimensions of the various features are arbifrarily expanded or reduced

for clarity. Included in the drawing are the following figures:

FIG. 1A is a perspective view of a portion of a wire bonding system in

accordance with an exemplary embodiment of the present invention;
FIG. 1B is a detailed view of a portion of FIG. 1A;

FIG. 1C is a perspective view of & gas delivery mechanism including a
cover for covering & portion of & window of a device clamp in accordance with an

exemplary embodiment of the present invention;



bonding machine is provided. The wire bonding machine includes a bonding tool and an electrode for
forming a free air ball on an end of a wire extending through the bonding tool where the free air ball is
formed at a free air ball formation area of the wire bonding machine. The wire bonding machine also
includes a bond sj %g?i%%&olding a semiconductor device during a wire bonding operation. The
wire bonding machiné also includes a gas delivery mechanism/system confid&re8 8 5ressrie a cover
gas to: (1) the bond site area whereby the cover gas is ejected through at least one aperture of the gas
delivery mechanism t8th&’Béhd site area, and (2) the free air ball formation area. BRUGENT
DESCRIPTION OF THE DRAWINGS [0009]The invention is best understood from the following
detailed description when read in connection with the accompanying drawing. It is emphasized that,
according to common practice, tHedti i e sirbaiof thetirawine aféifotto scale. On the contrary,
the dimensions of the various features are arbitrarily expanded or reduced for clarity. Included in the
drawing are the following figured’®- *& ¢ @ Wiyisw PAASY iy spibtirs tbvrofrecponion tof arwire
bonding system in a"&%%gcféi B8 R AR EXEtnplaly Enibirn it ohthe prése rtinventionyE6. 1B is a
detailed view of a p8BHOMEATIOLA; FIG. 1C is a perspective view of a gas delivery
mechanism including a cover for covering a portion of a window of a device clamp in accordance with
an exemplary embodiment of thE&pressrit fispeMghre! KX B ANOPATENT RIG184s B t6p detailed
view of a portion of FIG. 1A; FIG. IE is a top view of a portion of the gas delivery mechanism

for the wire bonding machine of F1G. 1A TP HERSTRENCE A beieRerristaryenibodimetitefatte present
invention: FIG. 1F i§X fronT RGN 5y Yohsom Blriding Gagiikencadfiglingth BaliFsulator adjacdRtG. 1G is a
perspective view of’a B&t8rrpsitiereb ki titdsingofitiengasitelivergmpechamissaifanthe wire bonding
machine of FIG. |A sfgseninsdietor adjacent a tip end portion of an electrode in accordance with an

exemplary embodiment of the
FIG. 1H is a perspective view of a bottom portion of & housing of the gas

delivery mechanism for the wire bonding machine of FIG. 1A without an insulator
adjacent a tip end portion of an electrode in accordance with an exemplary embodiment
of the present invention;

FIG. 2 Is a top perspective view of a portion of another gas delivery
mechanism in accordance with an exemplary embodiment of the present invention:

FIG. 3 is a top perspective view of a portion of vet another gas delivery
mechanism in accordance with an exemplary embodiment of the present invention;

FIG. 4A is a top perspective view of a portion of vet another gas delivery
mechanism in accordance with an exemplary embediment of the present invention;

FIG. 4B is a bottom perspective view of the portion of the gas delivery
mechanism of FIG, 4A;

FIG. 5A is a front perspective view of elements of a wire bonding machine
including gas delivery mechanism elements in accordance with an exempiary
embodiment of the present invention;

FIG. 5B is a bottom perspective view of the elements of FIG. 5A;
FIG. 5C is a front view of the elements of FIG, 5A;

FI1G. 6A is a front perspective view of a portion of a gas delivery
mechanism integrated with certain components of a wire bonding machine in
accordance with an exemplary embodiment of the present invention:



present invention; FIG. 1H is a perspective view of a bottom portion of a housing of the gas
delivery mechanism for the wire bonding machine of FIG. IA without an insulator adjacent a bp end
portion of an electrode in accordance with an exemplary embodiment of the present invention;

FIG. 2 is a top perspective view of a portion of another gas delivery mechanism in accordance with an
exemplary embodit@rtSf H&present invention; FIG. 3 is a top perspsetiveosiewsef a portion
of yet another gas delivery mechanism in accordance with an exemplary embodiment of the present
invention; FIGi-4#vigca top perspective view of a portion of yet another gas dgliyery
mechanism in accordance with an exemplary embodimént of the present invention; FIG. 48
is a bottom perspective view of the portion of the gas delivery mechanism of FIG. 4A; FIG.
5A is a front perspective view of elensents:efa wirehandingaashingdnsiuring gas delivery
mechanism elementsyiscaccordanee, with an exemplary embodiment of the present invention; FIG. 56
is a bottom perspective view of the elements of FIG. 5A; FIG. 5C is a front view of the elements of FIG.

5A; FIG. 6A is a front perspectivervieveobapartion of agas delierymeshanismigtegrated

with certain componemnts.af emireiheRding.MAGRNG N AegeRdRRce with an exemplary embodiment of
the present invention; WO 2009/152066PCT/US2009/046535 1<51-51 7WOPATENT 4

FIG. 6D is a cut-away front perspective view of a portion of the gas
delivery mechanism of FIG. 6A;

FIG. 7A is a front perspective view of a portion of a gas delivery
mechanism integrated with certaln components of a wire bonding machine in
accordance with an exemplary embodiment of the present invention;

FIG. 7B Is a side perspective view of a portion of the gas delivery
mechanism of FIG. 7A;

FIG. 7C is a top view of a portion of the gas defivery mechanism of FIG.
7A with certain internal details shown in hidden lines;

FIG. 7D is a bottom perspective view of a portion of the gas delivery
mechanism of FIG, 7A; and

FiG, 7E is a cut-away front perspective view of a portion of the gas
delivery mechanism of FIG. 7A.

DETAILED DESCRIPTION OF THE INVENTION

[0010] United States Patent No. 6,234,376, as well as United States Patent
Publication Nos., 2007/0284421 and 2007/0251980, relate to oxidation reduction
systems for wire bonding technology, and are herein incorporated by reference in their

entirety.

[0011] As is understood by those skilled in the art, the bond site area refers to
the portion of a wire bonding machine where the aciual formation of wire bonds (i.e.,
bonding or welding a portion of a wire to a bonding location) occurs, For example, a
leadframe strip carrying devices may be supported by a heat block of the wire bonding
machine, and may be secured by a ctamp of the wire bonding machine, during a wire
bonding operation. In such a case, during wire bonding, the portion of the
teadframe/devices accessible through a device aperture(s) of the window clamp may be
viewed as the bond site area. Further, as is understood by those skilled in the art, the



i ' rspective view of a portion of the gas delivery mechanism of FIG_. 6_A; _
E:g g?: Iissez;?:)dpevﬁ)gw gf a portion of thepgas delivery mechanism of G 6A with certaln_ internal details
shown in hidden lines; FIG. 6D is a cut-away front perspect!ve view of a portl_on of the gas
delivery mechanism of FIG. 6A; FIG. 7A is a front perspective view of a portion of a gas "
delivery mechanis¥it&HYaasel with certain components of a wire bonc_ilng magh;mmgggggdancefm
an exemplary embodiment of the present invention; FIG. 78 is a side perspective view of a

portion of the gas dekger: mechanism of FIG. 7A; FIG. 7(_3 IS a top v_iew of apg%rggn of the gas
delivery mechanism of FIG. 7A with certain internal details shown in hidden lines; FICIS:,|(73D7|IsEa

[ [ [ [ [ f FIG. 7A; and
bottom perspective view of a portion of the gas delivery mecha_mlsm 0 A
is a cut-away front perspecibveriessiof ap0stian iotie gas deliveny EEQE?SCQ%W%;J%Q‘C&E#% %%és?ﬁ:_t':g‘ED
DESCRIPTION OF ikl VENMEQMA10]Mniled Siates Patent No. 6,234,376, as the oo
EY f datish feduction

It 10251980, te to oxid.
i it e s et L e W o

systems for wire bongj nglogy, and are herein incorporat _ .
[3/011]As is underst&%&%ﬁ%ﬁ&% %Ig?/béh, |(r}15?ﬁ B tfhee“ﬂ)rﬁﬁétgﬁg'ﬁrgﬁr?_éférg%f%tﬁ&ﬁ@n of awire

bonding machine where the actuar i Afsih tfﬂ‘Wﬁ@‘ﬁ)ﬁﬁﬂé"(‘?@.‘?%%ﬂﬁ?@fqﬂ/veldlng a portion of a wire
adframe strip carrying devices may be supported by a

bonding locatiopyfcgurs. Far example, a le n _ : : )
thOeZt bcl)(r)]cll< gf the Wirl,i]é% bonding nﬁ?—)\ﬁ‘cP{i%s(-i'e,rpt aﬁ?ﬁi’err%’)r} Beéagé“;c,tﬁr%ﬁ ﬂﬁ"é’leé‘fa{ﬁ‘fﬁrﬁf‘ﬁiég(ﬁﬁ’ﬁéeﬁﬁﬁbﬁﬁg machine,
during a wire bonding Gperation 1 SUEa ?:5"5{5‘,’%?}?@%%%%%@? &h)atb‘bﬂmmcmenbeadﬁra

mel/devices accessiBIg thPEGdIF aRAte5p Bt &rs) i tiite Windeneslampaestibeariewedas the bond

site area. Further, a<iseripatstboeresy thoseskilatidtitiretarsrtheo siectrode is positioned at least
paitially within the gas delivery systern without interfering with gas flow to either of the

locations, The cover gas provided to the EFO area reduces the potential for oxidation
during free-air-ball formation (e.g., duting free air ball formation of copper wire) while
the cover gas provided to the bond site area reduces the potential for oxidation of fhe
wire during the bonding operation. By providing cover gas to the free air ball formation
area and the bond site area using a single mechanism/structure, a number of
advantages are achieved. For example, a simple cost effective mechanism is provided.
Additionally, visibility and access during the wire bonding operation are facilitated by
the reduction of multiple structures on the wir ebonding machine. Further still, a
desirable range of motion for the bond head may be facilitated in contrast to other

arrangements.

[6013] According to certain exemplary embodiments of the present invention, a
gas (e.g., a cover gas such as a gas including nitrogen, argon, etc.) {where the gas
may or may not include a reducing gas such as hydrogen} is provided: (1) in the
vicinlty of the electronic flame off operation of a wire bonding machine; and (2) in the
vicinity of the bond site area of a wire bonding machine. For example, during a wire
ponding operation, a constant (or variable or controtied) supply of the gas may be
provided: (1} in the vicinity of the electronic flame off operation of a wire bonding
machine; and (2) in the vicinity of the bond site area of a wire bonding machine, such
that during the wire bonding operation there is a reduced potential for oxidation of the
wires. Depending upon the gas (and temperature) used, there may also be a reduction
of oxide/oxidation already present on the wires, similar to the effect of applying a
reducing gas during formation of a free air ball,

[oG14] For example, during formation of free air balls used during ball bending,
it Is desirable to provide a cover gas to reduce the potential for oxidation of the

wire/free air ball because such oxidation may result in an undesirable wire bond and



KSI-517WOPATENT free air ball formation area is the location where free air balls are formed during
wire bonding. Such a location tends to be defined by other components including the location of the tip
of an electrode for forming the free air balls, the location of the bonding tool, the location/length of the
wire extending from the bonding tool, etc. (which locations may differ or be altered from machine to
machine). [0012] THe j§pagakténvention relates to gas delivery mechanisms/systamsiibalsintegrate a
cover gas (e.g., a forming gas) flow into each of (1) the electronic flame-off area where free air balls
are to be formed (i.exdhe; figg air ball formation area), and (2) the bond site area. In %{
embodiments, an EFO electrode is positioned at least partially within the gas delivery system without
interfering with gas flow to either of the locations. The cover gas provided to the EFO area reduces the
potential for oxidatiomelking-frerraif=had équml&e;&g.gqugirqgJ{g@@@{pgguggrmae_ti,ggﬁfaﬁgpIO_ef wire)
while the cover gas pravidesia 0004 mileareaedines,ihe potentalfor oxidetion of the wire during

the bonding operatiqQy. By RLQviding.cover aas to the free air formation area and the bond site area
using a single mechggé%m/(}structure %Qnaﬁ{r(h%ﬁgi%afyab vantages arsGemielatr Esr exiingi8, a simple

cost effective mechanism isrWf)ir[_qc?vcl)(r:iefaé.2 Kﬁﬁﬁ?('?‘nésﬁ‘:f‘ ST AT 4etedsye i Frénmiry Bblhding
operation are facilitated by e TEStCRERGF MR alrtRturaser ipc et Atieip mashihtheFurther
still, a desirable rang& D HIETHAPRSF AR BHIRE HEEH nagepiethe it atdetirt vomtrastddothetation
arrangements. [0013]XEcHrdirigdeceamenenplaryfermbotimentsoktheprasent lavertionga gas
(e.g., a cover gas slchasadgas meludMgvhitrogeninargemetonfuhers thegasmayofmay not include
a reducing gas suchrasnbydnogen)iissprevidediehlion the-wdeiityLf the fiectonicllame.off operation of
a wire bonding machipay andd@dn the.visiniki, % De-hond st a55R, o1 Aire bnding machine. For
example, during a wikbaneiad apsraion & eAsIAN! Jaryaliapla o gonyolie ouppy of the gas may
be provided: (1) in the Viginity of the electronic flame off operation of a wire \E')onic)i?ng achine; and (2)
in the vicinity of the bond site area of a wire bonding machine, such that during the wire bonding
operation there is agggdaged paipntial for.oxidafion of the Wig%ﬁ‘ nDEP ?qmn\%rycﬁsggggeo%gg (and
temperature) used,rm\%ﬂg,ysﬁﬁ 18 ?‘&ﬁ}j&%ﬁo@} ofm ox;)iee%lé%ti%n airea y preserﬁ o e wires,
similar to the effect of anplying a reducing gas durhgTormatiof oy SRS LIFBARSTE0 A EYR example,
during formation of free air balls teed dunRy BAR BERURE MPYeLEsHabi drprekiaeectsver gas to
reduce the potential {6rP8XISBA BT WRENIERE Lprsireea deadbisclekitatioWmesndamult in an
undesirable wire bSTR A V¥ ITUGISIOEBRETIUS2 (091646586 €S 51 FAMORATE NImthe like.
Further, during a witealsendiigoperatiorseafter templetingta wiredoapdand puer dodouning the next
free air ball) a wire tedk fgogk otitecanmeepariion afastineesuspendechiiom a.capillaty Jip) Way.he subjected
to oxygen or the like resultingsivexitles<Rening.oBy s Wire.iAbSHER 0Xides Ay g undesirable for
bonding, even if the-ais.dail s« ateriormeddnioq ree.air ball Qfcourse, there are other phases of the
wire bonding operqn%gq%m&\gmgm éfttigcp%sgraxkgfle% %50 gi%ce e@qg %?tentlart’fi for oxidation of the wire
(and/or wire ends) such as, for F%X:Laripiptla?’ ( ciw%en orming the"SetandBend RAHEbEHESRe area, (2)
when lowering a formed free Airbarts e S ShEr Sit@sea ™Aoo Se B eoT e dresehtanvention
addresses these siiRHSFE B SFSVAMGS: Sspits oraring desationin {Fhe biriring takienelewtronic flame off
operation of a wire’B6RARGhTEeRRR LaRG IENil theesddinity efrtfiecbond sitehareszh okaawire bonding

aperture 1022 (also known as a window) of device camp 102. As will be explainad in

greater detail below, gas delivery mechanism 110 is used to provide a gas {e.g., a

cover gas) to {1) the vicinity of the electronic flame off operation of a wire bonding

machine, and (2) the vicinity of the bond site area of 2 wire bonding machine. As

shown in FIG. 1B, in this example gas delivery mechanism 110 is supported by EFQ

(electronic flame-off) eiectrode support structure 100a, which is carried by the XY table

of wire bonding machine 10.

0016} FIG. 1C illustrates an exermnplary embodiment of the present invention in

which cover 112 is provided over a portion of device aperture 102a of device clamp .
102. For exampie, cover 112 may be secured to gas delivery mechanism 110 {or some
other portion of EFO electrode support structure 100a) such that cover 112 is presented



machine. [0015]FIG. 1A illustrates wire bonding machine 10 (with various components removed for
simplicity). Wire bonding machine 10 includes bond head assembly 100 which indudes various
components which are moved (e.g., using an XY table of the wire bonding machine). to form wire
loops between bonding locations. Wire bonding machine 10 also includes device clamp 102
(sometimes refert®8 t8°4458%¢indow clamp or a clamp insert) which secures tae/dsxiessiabe wire
bonded into place (e.g., on a heat block of the wire bonding machine). Referring now to the detailed
view provided in FIGsiE37warious elements carried by bond head 100 are illustrated, jngluding
transducer 104 and bonding tool 106. Also shown is gas delivery mechanism 110, through which
bonding tool 106 extends. More specifically, bonding tool 106 extends through aperture 110c of gas
delivery mechanism(d.30 bBanding etk @isouseddadenr wite-logR iniercannests.henwgen ponding
locations. The bondingriacationsareeRatkofhend sitearea, L8 whigh s agcessible o bonding tool 106
through device apediie 162 {alominauas AL RN gLdzGe clam 102, As il be Eplained in

[*]

greater detail belowmg@a%g\egygg%mseg &glggnd’ll.nlom!% sed to provide a'gas (e.g., a cover gas) to (1) the
vicinity of the electronic flame off operation ofa wire onding machine, and (2) the vicinity of the bond
sie area of a wie b magiae, e SHNINFIG LB, IS erample gas delivery mechanism

110 is supported by, EF: tronic flame-off) electrode support structtire 1008, which is carried by
the XY table of wire)‘{i_}gﬁ__ixjj:qﬁu2I %ir%%%mﬁé %Oi%)ad% él%g.af&cﬁlf&s SR HBRERY Eibbdimint of the

present invention in whicH covera1ts is provigt  SVRPYPoRiRTTHPUE0RE At P09 of device
clamp 102. For example2d806r 11% My e Seeifte 4 6§48 dehiver) eehanisivrattos(or serhe other
portion of EFO electfodesd ppoieeaietiirs 1085 aeciithin zoeert balispresentedoNnding
2009/152066PCT/UrSRbBEIA 46588 5iKSHE1TOR AEENT oF (& gLDhyuYtabladagtion )seteaver a portion
of device aperture $02adtnereity sedueingtbgate aiavdichihe&ONREQAS £SERBES ol Site area 108
(thereby saving coveregassastarand impryingihe taefulaess ofithe coyes fAas indeducing the
potenial for oxcatianuepesions e pglo Wil Y1515, 40,5 A 1ces sectgnal perspective

. . ing (g o

view of gas delivery,meghanism,11Q. illustrating a partion of cavities 110a an ) as delivery
mechanism 110. Ir}:eFé%;..r 10, bnqgc]i‘irll%l{lg%)%igi%% is g#sc?\%ﬁ(?ﬁaa\l“' onding BOSTHOR SEIEE I YiE'end of the
bonding tool is used to bond a portion of wire (rot SRAWHY 8 BhETHyId atfoHe! bl & area 108;
however, it is undeigiqad that ig.a jr ball forming. position, bonding tool 106 is raised (in
comparison to the%&&ﬁ\{gngi& ﬁlgt&@féi%%aa%& %S?%%%dn Sgr’ﬂé?ﬁf% ORdING Y0886 98 Within/adjacent
gas delivery mechanism 110. In such 2 posiion. an electgid Him & G AHE RS WFRAEIGS. 1G and

position, a

1H) is used to formv & 1rae AP alF S A e ur R Witd sudiritng Faas dedvap errsiuhisontifgstool 106.
Because the free AP HARTR TR Hsd wrtrkPaY Stasrvied g asitldu daviti o tigamdalivery 1eeananism 110
the free air balls nfaytye #8EmEdvitydri Garmisfiormeerswithvaryedticeepotential foscaidation.
(e.g., a gas supply pipe or tube 114), and {2) the vicinity of the electronic flame-off
operation. More specifically, as shown In FIG. 1E by the arrows, gas flow (e.g., a
controlied gas supply) is provided to first gas iniet 114. The gas flows from first gas
Inlet 114 along the path provided by cavity 110a. The path provided by cavity 110z
extends o the area where free air balls are to be {(i.e., the vicinity of the electronic
flame-off operation, aiso known as the free air ball formation location). As shown in
FIG. 1E, electrode 118 (i.e., an electrode of an electronic flame-off device used to form
free air balls) extends through gas delivery méchanism 110 such that the tip of
electrode 118 terminates within cavity 110a. As is known to those skilled in the art, an
electronic flame-off device typically includes an electrode {such as electrode 118) which
is used to melt an end of a wire extending from a bonding tool (such as bonding tool
106} to form a free air ball. As shown in FIG. 1E, gas fiows through cavity 110a around
bonding tool 106 and adjacent the tip of electrode 118, thereby providing the gas in the
vicinity of the electronic flame-off operation {the gas flow is Hlustrated by the series of
arrows}.



[0018]Gas delivery mechanism 110 may include a top portion and a bottom portion which collectively
define cavities 110a and 110b. FIG. 1E illustrates internal portions of gas delivery mechanism 110
(i.e., the top of gas delivery mechanism 110 is transparent in the illustration). Gas delivery mechanism
110 defines cavity 110a and cavity 110b. Cavity 110a defines a gas delivery path between (1) a first
gas inlet 114 (e.g¥ & Yas/'Sagsly pipe or tube 114), and (2) the vicinity of the etavtranig/flasse-off
operation. More specifically, as shown in FIG. 1E by the arrows, gas flow (e.g., a controlled gas
supply) is provided tedirst-gas inlet 114. The gas flows from first gas inlet 114 along ;,Qefgqth provided
by cavity 110a. The path provided by cavity 110a exterds to the area where free air balls are to be
(i.e., the vicinity of the electronic flame-off operation, also known as the free air ball formation location).

As shown in FIG. 1Epeteqtrode 118 4in anrelectrade af,an electronic flame-pi.deyicetised to form
free air balls) extendsdhrengh9as %BH@@ém&h%%@ﬁ&@ﬁ%‘b%%t%é'&gﬁ e'?&?ﬂ‘%ﬁ 118

terminates within cayjty, mhééorﬁjlgngrrr; (9:bose Bilind, e 2ryan eieelonl flae.ofl device
typically includes anlr%egirmb ucragsele(;god 18) which Is Used fo rielt ah €nd of 2 wire

1

extending from a bo tool (sUch as bont Ow?ogl 108) IS TPéJ@iQ#SH’éﬁWﬂ%%HSWH"iﬁ FIG. 1E,
gas flows through cgvrstﬂ/ngfibé ar%%rﬁf%%%ﬁrﬁ@?ﬁi%@ﬁﬂ*&&lf&é&*ﬂ%@‘ﬁﬁ%‘? efa¥ertiev118, thereby
providing the gas inEXicifity BrethrieRsstitndi& fizme dHospekenisriqethe gad-flefvtinithdtested by the
series of arrows). WE'Z00PPE2066PC TP 57000/0:76 535 K8k 1 PN OR AFRE N0 48AIso shown in
FIG. IE is cavity 110BviGavitp, 148indedites shgasdelivenh path betveeercil) seasnd gas,isket 116 (a
gas supply pipe or tulie 16)e andt(2) thevieinityof Hra:hond;site, area.of aipire barding machine.
More specifically, as:3aowWewnEHS:\Fin By BQﬁdasﬁEQ\é’n%a%%nﬂ%é%cﬂd:@g%ﬁ%‘ée%%ﬁysupp|Y) IS

provided to second gasdeh LG AbB.gasdlaws o It 116 alon ath provided by
cavity 1106. The paitfb ro‘)lgm d ﬁyt cavalty flOa exte%@%@%ﬁftg gf t%)rgl%g nrg(f)%es %l%bS 110b4,

110b5, 110b6, and 110b7. As shown in FIG. 1E, gas flows through cavity 110b, leading to (and

though) through nalgss31003. 401005, 14006, 890N The gas e flgns flom hrougr

holes 110b3, 110b4,.110b5,, 110 1% and 11 d wn ard towar e bond sjte area of the wire
bonding machine, thereby. gtroavgr"gl b 9as 1o tﬁgg 3% e area 10 re%cegﬁﬁse RN ATSET 5% dation of

the wire and/or wire ends. %) SERCEIRBAN ?@(/\?foaf Rt B et e et Port 1ile 1E-1E
which illustrates toﬁsp?)?’ffa'hc’ffd’grﬂﬁrd%gff%qrb’ﬂﬁ’ﬁéﬁlfféﬁ’ﬁfjd&§§ie’fﬁ/§?9“métﬁ%|§?ngﬂo This
sectional view proviti¥s Biadirard poftrorrerehvise ool s 11015 @ wilbaseavaieheof a portion of
through holes 11058a#dal 1BhBleks SlEOwWn ba FiGhdEeqas!fions @edndicateckbydiie arrows) past
through holes 110b3 and 110b6 toward bond site area 108 (device 120, to be wirebonded, is located
at bond site area 16823021 A8 previtisdatyeveagydaivhetivesshameohatisneldds fnelertitisntop portion
110A and bottom pdifoant 1O FIGSied GHaM iHiEstrde twoivariations afibottersf porianpb Q. As
shown in FIGS. 1G-1¢#, bsttbmvportiors1 168 definesdheitmn patiesnidOsk:ohGrvilyn110a; bikewise,
bottom portion 110&dgfines boitemspassian:1dMad af 68vityk1@BLIAC ARG thERyaR holgs 11003,
110b4, 1105, 11%@%449@?9@@m&%&éﬂﬁog@t SRAYA I3 150! HRIRES

corresponding porgggg %Fﬁ:‘@&ﬁ? lF’I!g'gl q %19 urther, bottom portron 110A |nes aperture
portion 110c1 of ag 15 re 1;&00 con Ognure to rec‘*e.OeeSB%?a"aS?F”?b”c?r ?L(S%O(' S éf C%‘étéer":ﬁé ?L@’i (top portion

1108, not shown, définés 4 corfeaponding porich SF Ki5eARFEUd BYY RIdd ShOWAPSHERES04 G and 1H
are recesses Al, A‘fﬁfé‘rﬁji‘é%tﬁfﬁ?ﬁf’&ﬂ%ﬁ’ﬁ%‘r‘?oii@‘A(ef‘Preé%er@@eé@é@‘ml REWEPA2 188 cisjunction with
corresponding recEbYy Ret8 s Foitio R (A GeSiRoveA pPRstEh/E §as Mietshatd iarfécs16Jery., gas
supply pipes 114 dritk1e18FeGas Ahletd defidednd tel@provitte gasato tavitieseidla ancd14L0in
respectively. FIGScon@rttbalgonltustipientmg diffesent-cepfigurationssfothadimendef elestrode 118.
That is, in FIG. 1Grinsulatoed20:6eg o aghinsiiative,bushingdnads ofceramic,arthe;like) is provided at
the tip end of elecrAfid 48 dnsslatar120 éﬁoor%rﬂegsﬁgc@lrsw thesnark from ﬁ!S&FQQSN“S towards
the end of the W'r%ﬁ%@rﬁm&%%‘?a%n?% g]h}wgr?%lgfre?égmge {(}? E&gt I%i‘% More SEENCIfICGU y, the

spark is directed fr the ver of electro as oppose
P %@( ¥n lative bushing made of cergm:c or the like) is provrded at the tip end

of electrode 118. Insulator 120 is provided to direct the spark from electrode 118
towards the end of the wire to form a free air ball (the wire is not shown in FIG. 1G).
Mare specifically, the spark is directed from the very tip of electrode 118 as opposed o



some point farther along the length of electrode 118. Further, an insulative sealant or adhesive may be
provided at the opening of insulator 120 which receives the tip end of electrode 118 to further direct
the spark. In contrast, in FIG. 1H, the tip end of electrode 118 is not received by an insulator such as
insulator 120. [0022]While the exemplary embodiments of the present invention illustrated in FIGS.
1A-1H includes tWOtHEEGHR sources (i.e., gas provided through gas inletspipesdmbaansk 116), it is
understood that a single gas supply source/pipe could supply gas to gas supply mechanism 110.
[0023]As described abpyerwith respect to FIGS. 1A-1L, a gas delivery mechanism fq;rApEﬁ\fiding gas (1)
in the vicinity of the electronic flame off operation of a wire bonding machine, and (2) in the vicinity of
the bond site area of a wire bonding machine, is provided. However, the present invention is not
limited to the configuratiomshemneinaFiG Shelibndi offasbdhere. arg-mustiple, canfigrrations,
contemplated withiniesseopgyokhe preaantin VRIRD. Ao 2d9WiRnal exeInaI, confgnrations
are illustrated in FIGu2:/GhG: 3 &GS 4B FIGS, PADE . FIGS, ??ﬁ??ﬁf %E‘éjt!é'%%'o ATE.
[0024]Referring to FlGz.24bottom r%tgrrg%}v%%% apff agas de |\éer¥'_mec anigm is Tiustrated (the top
portion, which acts in a manner similar to top \EJortlon f%ﬂcdgsé"}%%ﬂ%gﬁle, is omitted for simplicity).
A gas delivery cavitydggafined i, ihe:gas delivery meshanism. tWithEQ% %aVitXtE,%i{E.% E_aEtiaI,I defined

by bottom cavity pogiga 239a%.(and also by the top portion, not shown). Bottom por ion S10A receives
gas from gas inlet 214 (e, ¢ W8 ol S?”fﬁg\?’ ﬁrceségde P TR O A8 Ei8Hds into area 210c1

%’és%?{% SHEQ%&)}#@% ndarst IcP ir I i

where the flame-off operation for forming free ST BAEIERS heMBnatRtLer BERHY PSrHI210A also
defines apertures ziitggi P24 21HRY, D96E8591047, and 210a8. When gas is delivered to the gas
delivery mechanis iy&gﬁas inlgtlgggél , Ehe gas extends through the cavity and to: (1) area 210cl
for forming free air balls, where the gas travels from e Cality 1 arsa2 19e1 {Rgtgh apertures 212a
and 212b, and (2) theBond sits AR F VR ERIRE D 168, 21DaslerToHs 21046, PEOHT) afel 210a8.
[0025]Referring to FfE.2871KE BEEYRTFMiIEoN BrdA dintyaktietivetysitnectasismiis Hlustrated (the top
portion, which acts WafaifrRipSitedlaHtoveepr portionst 08 deseribedtalaona, istagmitted for simplicity). A
gas delivery cavity feiefinedintiher gasideliveryinechanigmewith-i0r savityrgiagorartially defined by
bottom cavity portienngdfad{andtalsodyctae pmOprIR: ANLRRAWIL-BAIRM RATIQRAHYA receives
WO 2009/152066P&ilddkwd@¥Q4RBRted in FIG. 2; FIG. 3; FIGS. 4A-48; FIGS. 5A-5C, FIGS. 6A-6E,

and FIGS, 7A-7E.

[6o24] Referring to FIG, 2, bottom portion 210A of & gas delivery mechanism is
fllustrated (the top portion, which acts in a manner sirnilar to top portion 110B
described above, is omitted for simplicity). A gas delivery cavity is defined in the gas
delivery mechanism, with the cavity being partially defined by bottom cavity portion
210al (and also by the top portion, not shown). Bottom portion 210A receives gas
from gas inlet 214 (e.g., gas supply pipe 214}, Atip end of electrode 218 extends into
area 210cl where the flame-off operation for forming free air balls is to be tonducted.
Bottom portion 2104 also defines apertures 210a3, 210a4, 210a5, 210a6, 210a7, and
210a8. When gas is delivered to the gas delivery mechanism via gas inlet/pipe 214,
the gas extends through the cavity and to: {1) area 210cl for forming free air balls,
where the gas travels from the cavity to area 210ct through apertures 212a and 212b,

and (2} the bond site area via apertures 210a3, 210a4, 210a5, 210a6, 210a7, and
210a8,.

[¢025] Referring to FIG. 3, the bottom portion 310A of a gas delivery
mechanism is ilustrated (the top portion, which acts in & manner similar to top portion
1108 described above, is omitted for simplicity). A gas delivery cavity is defined in the
gas delivery mechanism, with the cavity being partially defined by bottom cavity
portion 310al (and also by the tap portion, not shown). Bottom portion 310A receives



KSI-517WOPATENT - 10 - gas from gas supply inlet 314 (e.g., gas supply pipe 314). Electrode 318
extends through gas inlet/pipe 314, and the tip end of electrode 318 extends into area 310c1 where
the flame-off operation for forming free air balls is to be conducted. Bottom portion 310A also defines
apertures 310a3, 310a4, 310a5, 310a6, 310a7, and 310a8. When gas is delivered to the gas delivery
mechanism via ga8UaYEies314, the gas extends through the cavity and teedtivsren/8&8edl for
forming free air balls, where the gas travels from the cavity to area 310c1 through apertures 312a and
312b and (2) the bond;sitearea via 310a3, 310a4, 310a5, 310a6, 310a7, and Bloa%A[l(%%G]FIGS.
4A-4B illustrate gas delivery mechanism 410. Gas delivery mechanism 410 includes top portion 410A
and bottom portion 410B which collectively define an internal cavity for receiving gas from gas

inlet/supply pipe 414.:Gas-dekivensmechanist 410:ncides anshoring.struaiyrg 420 far anchoring gas
delivery mechanismihl oy sinof stiveliie:f thewdis bonding ma ﬁ@n%sﬁéépaﬁniféig'ectfode 418

oxends o a2 106D A el BRI I A0S IR G shoas, sicas

410a5, 41026, 4108‘7’:“{%.}1:‘1%%& ! rt W @

mechanism 410 via gas Inletpipe. ﬂ TheP§aL extdits Hratght e |F‘if§ﬂ§a?&%ﬁ7nﬁ%ﬁlﬁ9ﬁ(l) the area
410c1 for forming freg QlPﬁéﬂgeWﬁ‘é%tfh@@g%g fleVER RemAHECEdigpto iadrre Foé1Hsrdtsgh aperture
414a (see arrows inAiCaHHG§LE BRTERP(S) thEDord Sitechreaf vinind 0as ait bow 2Gabe 410a6,
410a7, 410a8, 410895 yk10un GheSasiddtivery Mechansonr 4d60atee Tiefines side spemingd30 which
allows, for example beccess:er an pperattrcandionforaonie: landing taok4o0 be positioned (e.g.,
swung or otherwise moved) adjacent area 410c1 for forming free air balls. [0027]FIGS. 5A-5C illustrate
certain components 8f4fivire boidintmBdhisicein ooriectiomadthgas dalivesy meatanism 510 (e.g.,
including a tapered reecfanisel 4stiapeddes thy portion) 1 dMore! spesificallyoiransouser 504«48gy, an
ultrasonic transducesjioldshondiag it obisR6siAnyR &b ef hendiigippl 508 i sorfigurd.tg extend
through aperture 5}0¢ehgas deliveny NeKABRITRSM0 BEEIGUA LIS 5. 281 &) IRt farmation of free
air balls, Gas Uik S1hsvaRles 3 i0.4as dslieprmechanspy 240 apetlfe,>100. Atip

end of electrode 518 extends int e air ball forming area of gas delive mechanism 510 via
aperture 510a. Whent% égglsai;e%gfe e ? e ¢ 'Irege Lﬂ/garl mechaRi ?ﬁt'g'lﬁ%% HiEGelivery pipe 514,
the gas extends to: Ff& the are33fns%8%4 éjsoa%lf\‘/]éﬁﬁ éEWarﬁé?ﬁ%fé%? 18AiNG PedvanHEts, and (2)

the bond site area \ﬁﬁﬂ@"éﬁ&@@ﬁ@dﬁﬁ?@%ﬁﬁ@'ﬁaﬁdﬁ? gfagees eaeiRg ridcHarismeStodas
illustrated in FIG. SB1Ph&MuiitRanaltapedasitiewélstef yas Hdlivdry fmeshanismisidianertapered, and
aperture 510c at théaopsdfegels telivbr/caverhanisae Si0 isrddH-ElANORARENT Stealler than the large
opening at the bottorcatrgasdelivErynmeshanisin sk 4S£0if Yoo BC Wheresdiametenpl is clearly
smaller than diametesa2)cEBs: @as:Haaliisciecied diana-gasdalivery.meshanisn i will mostly exit

through the enlardggAngainaAldhe bALA 20FALIhIOLAN Apsture S105, ThIS 5 partioularly true
when bonding tool&Q@n%toeorﬂgosghrough aQ?rture 5100 th&lre% artlé:ﬁ b ockln otentlal gas escape

e postoned (e SWiINg 6 o move
through g., g ad}acent area 410c] for
forming free air balls.

(00271 FIGS. SA-5C illustrate certain components of & wire bonding machine in
Connection with gas delivery mechanism 510 (e.qg., inciuding a tapered or funnel-
shaped bedy portion). More specifically, transducer 504 {e.g., an ultrasonic
transducer) holds bonding tool 506, A tip end of bonding tool 506 is configured to
extend through aperture 510c of gas delivery mechanism 510 (as shown in FIGS. 5A~
5C) for formation of free air balls. Gas supply pipe 514 supplies gas to gas delivery
mechanism 510 via aperture 510b. A tip end of electrode 518 extends into a free air
bait forming area of gas delivery mechanism 510 via aperture 510a, When gas is
delivered to the gas delivery mechanism 510 via gas delivery pipe 514, the gas extends
to: {1} the area inside gas delivery mechanism 510 for forming free air balis, and (2)
the bond site area via the enlarged opening at the bottem of gas delivery mechanism
510 (as illustrated in FIG. 5B). The funnei-shaped sidewalls of gas delivery mechanism
510 are tapered, and aparture 510c at the top of gas delivery mechanism 510 is



aperture 510c. [0028]FIGS. 6A-6D illustrate various views of a portion of gas delivery mechanism 610,
and other portions of a wire bonding machine similar to those shown in FIGS. 14-11-1. More
specifically, the wire bonding machine includes device clamp 602, transducer 604, bonding tool 606,
and gas delivery mechanism 610. Also shown in FIGS. 64-6D is electrode 618, where a tip of
electrode 618 ext&H&HiSHEh aperture 618a of gas delivery mechanism 610cGas:celivesys
mechanism 610 defines tapered through hole 610c which is configured to receive bonding tool 606
during a wire bondingwpeegion. In this exemplary embodiment of the present inventL%qEﬁprrough hole
610c is the free air ball formation area. More specifically, during formation of a free air ball, an end of a
wire extending from bonding tool 606 is positioned in the free air ball formation area (i.e., in through

hole 610c). A tip endsof:slecteadedd@ewhishisusrdia-iorm s.fragialrpall Ao he end of the wire, is
also positioned in thedier.aikbal0mIALIoNALEa, AGANKE! 9a5 Is.Proxided via gas inlef 614, and the

cover gas travels throygh.cayity/ . Is.at.gas outlet 622a into fhrougﬁtﬁso?ée%%c. Thus,
the cover gas provi%g%gg%%ti%%‘géﬁ'%ﬁ%fﬁgﬁ dusﬁ\ﬁ Eﬁ'ﬁé“ Qrﬁna%ﬁ BIREE R BYIR fi¢hrough hole

610c. [0029]During & Wire' hon |r%%lop ratfon bonding too! B8 e it BRI % (and at
least partially past) through hole BIGE ¢ kv HIFSBY AiF&e8r tindiRsopssestisawie vie o theovgirebonded
at the bond site are&P¥HE CH\Er gas that was ejected from gas outlet 622a into through hole 610c
tends to travel dow W g throu%hgthe lower opening of through hole 610c to bond site area. More
specifically, becausé t ro{lgh hol6 510 B TAPEVEIE YR umAReer sT PRFRIH Resl@diver is smaller at the
top of gas delivery IECHANER 818N ABRT COMHpRT €l ey R elidinTeterchithenhrotghdelshatthe bottom
(i.e., diameter DI is Sriiferthalh digmerecitcelly. K16 w60 oThins, morecovergaseweLlt tgnd to exit
through hole 610c &°thé dotiersr ten taintie topl Kdditienallyydusingeartaibpertionsetibhgwire
bonding operation bofingstoeh GOBeuilbdiaak avarge: perion-ef-the sRPsiRRLIAR.fHrugh.hole 610c,
thus substantially redusing shecpalaniialfanihececans alexeraasifipudn s op.ol ihjough hole

' ole 6

610c. Thus, it is clegrdhat daeggRHtion of as that exits th ( ¢ will be directed
WO 2009/152066Pﬂ%géqu@éegé%Eggi-%&?%gérg%E“ﬁT%”?‘xﬁg;t&%@§§9§?8%®§%§the bond site
10n. . : it §6d:me

area, thus providing Jpré@gr_grtgtefctlon_ om oxidaton darng %%f\ﬁ?ﬁ?é’ﬁéﬂﬁiiﬁ’é%ﬁ%’?&%ﬁf%OBO]FIGS.
7A-7E illustrates another gas delivery macFAMER"AG atare sprekisaheitisipbreiorsien ef wire bonding
machine) that oper3fe<VER)- ARAAF thanEfistansiafionn braiowFrehGOFGSo GMBE? Marefspecifically,
the wire bonding nchifiécritiaesraedice dhiprabrolrsn8duck ii@dyd boreingdtoe! 06 ielectrode 718
(induding a tip portitsadegterimé¢hrduegl ap Srtured 7 8) waedigasdaliveryemechanisni/ 39 Gas
delivery mechanisriviBaefines Ahougiehaleélidedie. o fanais halbiormation agsa,£19¢) which is

configred (o receivediondingy pel 761 dutiea:a isehnCing ANRIAND, FOLSYGas n,prqyided via

gas inlet 714, and the-covergasdravals.dhy ' th, /22 and exits at gas outlet /22a into
through hole 7100&9&53%35@ g%gr%gas to [?F%%gcs% %gggn%%&iﬁ% i%ﬁdgﬁ??r%o regé 57 BLIP35#Ration. As

described above with respect to FIGS. 6A-6D, because through hole 710 is tapered (and because of

the partial blockagggb#hie top parhen Qfthraual, Qg@azigig%olgﬁigoncgoip& ogl 706) more cover gas would
L

tend to exit through hale., 710g, al eatqott?g] : 3[% at th)et op oo tends’fu
als

e iner (f()j{] roviding cover-gas directed
toward the bond nglerea]ro%ap.S [003 FIGS. 7A- B SRS A e oHHPGAL IR 7PE Bihich provides
a

n a device to be wirebonded at the bond site area. The cover gas that was
ejected from gas outlet 622a into through hole 610¢ tends to travel downward through
the lower opening of through hole 610c to bond site ares. More specifically, because
through hole 610 is tapered, the diameter of through hole 610c is smaller at the top of
gas delivery mechanism 610 when compared to the diameter of the through hole at the
bottom (i.e., diameter D1 is smaller than diameter D2 in FIG, 6D}. Thus, more cover
gas would tend to exit through hole 610c¢ at the bottom than at the top. Additionally,
during certain portions of the wire bording operation bonding too! 606 will block a targe
portion of the upper portion of through hole 610c, thus substantially reducing the
potential for the escape of cover gas through the top of through hole 610c. Thus, it is
clear that a large portion of the cover gas that exits th rough hole 610c will be directed



cover gas through cavity/path 624, exiting gas delivery mechanism 710 at gas outlet 624a. Gas outlet
624a is provided on a bottom surface of gas delivery mechanism 710 such that the exiting cover gas is
directed toward a bond site area of the wire bonding machine. Thus, in contrast to the exemplary
embodiment of the present invention shown in FIGS. 6A-6D (where the cover gas provided to the bond
site area was the W& ¥EeFsgas provided to free air ball formation area 61@¢vwhighogxitad area 610c
through a bottom portion of area 610c), gas delivery mechanism 710 also includes an additional
source of cover gas {@the-hpnd site area via gas inlet 616, cavity/path 624, and gas gutlet 624a. Thus,
additional protection (in addition to the protection proviged by the gas extending downward out of the
free air ball formation area) against potential oxidation at the bond site area is provided. [0032]The

various exemplary gas.deiNen.meshanisms.disclosed hersinmawhe superted by various structures
of a wire bonding maghine, for, example.J %Q@apgrpd head of a wire bondlng machine. For example, the
gas delivery mechanisms may be supported by the EFO structure, amongst others. WO

2009/152066PCT/UfR809/0465385K 51517 \WARA TENT L3 ae,muéemm%%% begayse of the close

proximity of the gas g%gggydmggg,%g@@govmg t%g%r}gmga ifelul t O §Iectrode l% may, be desirable to
form the body of the as dgllvg{gs gvgrpary%n %?3 an insu atlve an er ap p< fea reS|srfant material
such as ceramic pol"% amongst others. JoU34fT heoﬁeoﬁ\?%:fﬁcﬁvért'beag‘fFotFﬂ”g BRag'S Wy source
(e.g., via a gas supp fu%e‘?p‘lﬁ')c((ee % ﬁﬁesr?ﬂa%’é aeohtiliisLiet FRPof VR gAS dirfike e entire
wire bonding operat?gﬁ> Wﬁ%‘i’hﬁ’fﬂ?@f&f‘%@ifﬂﬁl RSy 4 Eontrolies fleivee. gedentyolidd usisg a
controller integrated /iR fHeeqai o Athrigiineichimelthatds Provide dreforiexanmplerduriangaperiods of
greatest concern reg#rdingigotertit oxidatiene(e: hyrdiringdreesaithal Lfarraton,ete-J0035] The
drawings provided hersier Bhssirpievexemplasyistsiurasden diReling a-sRveiaaiaslhhgyicinity of
the electronic flameyeff ppesation @fsagmeyb@gmmtm@ﬂlﬂaea@@c@&ae Yicipiy: gl ihe band site area
of a wn;e bono:mg %@W&Qﬁxm{'\éﬁ‘—mfmrFQ%Q\éWHH%M%JE'mﬁ?&'eﬁ?rﬁ@% Ustrated O“fcgwa“ons 'tl'he
present invention ¢ ny type of struc ste rocess for providing cover gas to
both (1) the wcmﬂy%?tghrggeleébgrgz%%/Sﬁyﬁn%o qu et?g R M haaRg ?ﬁ&cﬁw‘?ﬁg‘a%&?{é‘?%e vicinity
of the bond site area of a HONC orrf’ac‘hcl’ﬁ?enlgﬁrjfﬁg?“ﬂ‘f@é%‘g mmwerﬁ%‘@ﬁé’ﬁ%‘fﬁ%%n include any
number of gas inlet§78 1§ SHIBY g BﬁS"eg 120 BroGider R Hesirb g P fidw endPeiv¥ibutonsto the free
air ball formation a4 4TI G EREAFEEe area.

[0031] FIGS. 7A-7E also illustrate an additional gas inlet 716 which provides a
cover gas through cavity/path 624, exiting gas defivery mechanism 710 at gas outlet
624a, Gas outlet 624a is provided on a bottom surface of gas delivery mechanism 710
such that the exiting cover gas is directed toward a bond site area of the wire bonding
machine. Thus, in contrast to the exemplary embodiment of the present invention
shown in FIGS. 6A-6D (where the cover gas provided to the bond site area was the
same cover gas provided to free air ball formation area 610¢, which exited area 610c
through a bottom portion of area 610¢), gas delivery mechanism 710 also indudes an
additional source of cover gas to the bond site area via gas inlet 616, cavity/path 624,
and gas outlet 624a. Thus, additional protection {in addition to the protection provided
by the gas extending downward out of the free air bal! formation area) against potential
oxidation at the bond site area is provided.

[0032] The various exemplary gas delivery mechanisms disclosed herein may be
supported by various structures of a wire bonding machine, for exam ple, the bond head
of a wire bonding machine. For example, the gas defivery mechanisms may be
supported by the EFO structure, amongst others.

(0033} The various exemplary gas delivery mechanisms disclosed herein may be
formed from a number of different materials. While metals {e.qg., stainiess steel) are



[0036]When the present invention is used in connection with a wire formed of a reactive metal (e.qg.,
copper, aluminum, etc.) the cover gas is desirably non-reactive with the metal and may be reducing.

For example, the cover gas may be an effectively inert gas such as nitrogen or argon. A reducing gas
e added to react with any oxygen that may be present; however, the cover gas

(e.9., hydrogen) may %09/1:.2 66
system of the presen% IvEAtion may be utilized to exclude air from the bond BiE @& Wigidut the need

for hydrogen in the cover gas. This is a further advantage of the present invention because of the
difficulties of using ldfefe>guiéftities of highly flammable hydrogen. [0037]The teachingsrefithe present
invention may also be utilized in connection with non-réactive bonding wire, such as gold wire. For
example, the cover gas may be utilized to provide a shield of clean gas at the bond site area, thereby
providing a desirabl&@HiRyFAde peFosformiationse Pgoichimirg tbopss d@ery mechanism to the
2009/152066PCT/US2009/046585 K8 HeIBWO R AREDEi=140id 00B8FAhaugh the.present invention
has been described qtivaarihewithisespeckiocouek gaseeuebasnitaenand.aaea (yith or without a

forming gas such as:fyaiogen)rikis Rebligitegdhereto. Any gas may be utilized so long as it does not
react undesirably with the metal used as a bonding wire. [0039]It is understood that the present

invention may be afdghcable to ahwinewobslingeaahinesthal fRms wikelepsi.a wiehanding machine
that forms conductivedbrpps-(@bumping Racking-Aha waler bUmRing Machingl.a machine that forms
both wire loops andseagAye¥E RHMRS. AEI4ARGUINhe avention, s ilustrated and described
herein with referen%iﬂg a controller integrated with the wire bonding machine) that is provided, for

exarmpie, during periods of greatest concarn regarding potential oxidation {e.g., during

free air ball formation, ete.).

[G03E] The drawings provided herein illustrate exernplary structures for directing
a cover gas to (1) the vicinity of the electronic flame off operation of a wire bonding
machine, and (2) the vicinity of the bond site area of a wire bonding machine;
however, the invention is not limited to the illustrated configurations. The present
invention contemplates any type of structure, system or process for providing cover gas
to both (1) the vicinity of the eiectronic flame off operation of a wire bonding machine,
and (2) the vidnity of the bond site area of a wire bonding machine. Further, the gas
delivery mechanism can include any number of gas inlets (e.q., inlet gas pipes) to
provide the desired gas flow and distribution 1o the Free air bail formation area and the

bond site area,

[0036] When the present invention is used in connection with a wire formed of a
reactive metal (e.g., copper, aluminum, etc.) the cover gas is desirably non-reactive
with the metal and may be reducing. For example, the cover gas may be an effectively
inert gas such as nitrogen or argen. A reducing gas (e.g., hydrogen) may be added to
react with any oxygen that may be present; however, the cover gas system of the
present invention may be utilized to exciude air from the bond site area without the
need for hydrogen in the cover gas. This is a further advantage of the present
invention because of the difficulties of using large quantities of highly flammable

hydrogen.

fo0o37] ‘the teachings of the present invention may also be utilized in connection
with non-reactive bonding wire, such as gold wire. For exampie, the cover gas may be
utilized to provide a shieid of clean gas at the hond site area, thereby providing a

desirable environment for formation of goid wire loops.



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. AMENDED CLAIMS received by the International
Bureau on 12 March 2010 (12M310) - 15 - What is Claimed: 1. A wire bonding machine comprising: a

bonding tool; WO 208 8&trode for forming a free air ball on an end of a winetesetesrdirgthrough
the bonding tool, the free air ball being formed at a free air ball formation area of the wire bonding
machine; a ensh sitg area for holding a semiconductor device during a wire hgarging
operation; and a gas delivery mechanism configured to provide a cover gas to: (1) the bond

site area whereby the cover gas Is ejected through at least one aperture of the gas delivery
mechanism to the band:site areayBbeh(2hiheder air-hadhioEnAUANArBed primarily vAmTREre
bonding machine of glaimedgadiergin the.gas delivensmeshanismesfines.atyoyoh hele from a top

surface of the gas deljygaemEChANISRHIAARaLAM,SWTTace.of N6 gas fAelivery mechanim, the through
hole being configured 19 receiye.fhe, Ronding tgol. diiring,a wire bonding operation. 3. The
wire bonding machine of claim 2 wherein the ﬁﬁrougﬁ hole geﬁn"gdeby the gas delivery mechanism

indudes the free air %@%ma“qgi?{ﬁ@ersmod that the present invention may be applicable to a wire

bonding machine that forms wire loops, a wire bonding machine that forms conduckive
bumps (a bumping machine or a wafer bumping machine), a machine that forms both
wire toops and conductive bumps, etc.

[G040] Although the invention Is llustrated and described herein with reference
to specific embodiments, the invention is not intended to be limited to the details
shown. Rather, varicus modifications may be made in the details within the scope and
range of equivalents of the claims and without departing from the Invention.



4. The wire bonding machine of claim 3 wherein the through holeis tapered. The wire
bonding machine of claim 4 wherein a diameter of the tapered through hole at the top surface is larger

than a diameter of the tapered through hole at the bottom surface. 6. The wire bonding
machine of claim 4 wherein a diameter of the tapered through hole at the bottom surface is larger than
a diameter of the tapeneshthtesigh hole at the top surface. 7. The wigg-pending, oachine of

claim 3 wherein the gas delivery mechanism jnel é@fg&% inlet, the first gas Inlet providing the
cover gas to the free ajball (o By AHERMORIPRGALIET 3 PRTIRR b fae poysr gas provided by
iS €'bon

the first gas inlet exits the free aif ball formation area andﬁ irected towar site area. - 16 -
8. The wire bonding machine of claim 7 wherein the gas delivery mechanism includes a second gas
inlet, the second gas inlet providing cover gas to a cavity defined by the gas delivery mechanism, the
cavity being distinct from the free air ball formation arel whereby at least a portion of the cover gas
provided by the second gas inlet exits the cavity and is directed toward the bond site area. 9.
The wire bonding m4&Rire<5eRdm 1 wherein the at least one aperture of the gas delivery mechanism
includes a plurality of apertures through which the cover gas is ejected toward the bond site area.

10. The wire bonding machine df claifh $ W& e Pl &RtYA6Fapertures are defined by a bottom
surface of the gas delivery mecgl ni%m. tool: 11. The wire bonding machine of claim 1 wherein the
gas delivery mechanism defines %ﬁ' é'ﬁrs?oc’avity for receiving the cover gas from at least one gas inlet
and for providing the cover gasp Je.hud sie,area thiough e 2t east pne aperturg, and (2) a
second cavity for regelyina ibg.caver ggs JIOMLING at jsast one g et antt fof FOVIAIRG the cover
gas to the free air ball formation ' ormation ares

rea.
he wire ond?hg machine;

2 bond site area for holding a semiconductor device during a wire
bonding eperation; and

a gas dellvery mechanism configured to provide a cover gas to: (1) the
bond site area whereby the cover gas is ejected through at least one aperture of the
gas delivery mechanism to the bond site area, and (2) the free air ball formation area.

2. The wire bonding machine of cfaim 1 wherein the gas delivery
mechgnism defines a through hole from a top surface of the gas delivery mechanism to
a2 bottom surface of the gas delivery mechanism, the through hole béing configured to
recelve the bonding tool during a wire bonding bper‘aﬁon.

- 3. The wire bonding machine of clalm 2 wherein the through hole
deflned by the gas delivery mechanism incudes the free air ball formation area.

4, The wire bonding machine of clai'm 3 wherein the through hole is
tapered.

5. The wire bonding machine of claim 4 whereln a dlameter of the
tapered through hole at the top surfaceris larger than a dlameter of the tapered through
hole at the bottom surface.

6, The wire bonding machine of claim 4 wherein a diameter of the
tapered through hole at the bottom surface is larger than a diameter of the tapered
through hole at the top surface,

7. The wire bonding rnachine of claim 3 wherein the gas delivery
mechanism includes 3 first gas inlet} the first gas Inlet providing the cover gas o the
free air ball formation area, whereby at least a pbr‘tion of the cover gas provided by the
first gas inlet exits the free air bail formation area and is directed toward the bond site
area,

AMENDED SHEET (ARTICLE 19)



12. The wire bonding machine of claim 11 wherein the at least one gas inlet includes a first gas inlet
for providing the cover gas to the first cavity, and a second gas inlet for providing the cover gas to the
second cavity. 13. The wire bonding machine of claim 1 further comprising a device clamp
for securing the semiconductor device during the wire bonding operation, the device clamp defining a

device aperture thraughexaigh the bonding tool can access the semlconductpépr%&%gg}{% &)_grform the
wire bonding operation at the bond site area, the wire bonding machine further comprising a cover for

covering at least a portion of the device aperture during the wire bonding operation. 14. The
wire bonding machine of claim 1 wherein the electrode extends through a portion of the gas delivery
mechanism such that a tip of the electrode is positionethat the free air ball formation area. 15,The wire
bonding machine of claim 14 further comprising an insulator surrounding a portion of the tip of the
electrode adjacent the free air ball formation ataaing &fnik Fhewirehendingnashine.ef claim 1
wherein the gas delivery:mechanises includesa gas 'N@%&B&Q%@%Vm& Qvﬁf?r\’ﬂ&%? from a gas supply,
and wherein the elegiiadaxiangdsibrough;ihe,0asinlatyL rd cavt Ife;Dondin: %:lpac hine of cIa|m 1

wherein the gas del%qr%mm@m@f@ aside openin hat si ewalls as deélivery
mechanism do not %gy;:%{ suEﬁ und th b%c} g toof:P% %fﬁee\?\ﬁ% ShEfiRG S br”é%r}?rg *i%Fhe wire

urin
bonding machine of claim 1 wherein the §as delvery tr%"éacrﬁ?tﬁ?s?ﬁriﬁé'lﬁd’é%aa funnel shaped body

portion defining (1) a first openigg at 100, ,%fgg%]‘%% %%gq Sg‘qy “};‘ortlon to recel\t/e the bonding

tool, and (2) a seco om of the funne shapec orPonefor ejectlon of the cover
gas toward the bonéi%ﬁ%%meaéa% Qﬁqt\’eﬁ’ mechanism includes a plura r%:v of apertures through which

cover gas is ejected toward the bond site area.

18, The wire bonding machine of claim 9 wherein the plurality of
‘ apertures are defined by a bottorn surface of the gas delivery mechanism,

11. The wire bonding machine of claim i wherein tha gas delivery
mechanism defines (1) a first cavity for recelving the cover gas from at least one gas
iniet and for providing the cover gas to the bond site ares through the at least one
aperture, and (2} & second cavity for recelving the cover gas from the at least one gas
inlet and for providing the cover gas to the free air ball formation area,

. 12, The wire bonding machine of clalm 11 wherein the at least one
Vgas indet includes a first gas inlet for providing the cover gas to the first cavity, and a
second das infet for providing the cover gas to the second cavity.

13. The wire bonding machine of clalm § furthar comprising a device
clamp for secunng the semiconductor device during the wire bonding operation, the
device clamp defining a device aperture through which the bonding tool can access the
semiconductor device to perform the wire bonding operation at the bond site area, the
wire bonding machine further comprising a cover for covering at least a porttcn of the
device aperture during the wire bonding operation,

i4, The wire bonding machine of clairn 1 wherein the electrode
extends through a portion of the gas delivery mechanism such that a tip of the
electrode is positioned at the free air ball formation area.

15, The wire bonding machine of claim 14 further comprising an
. insulator surrounding a portion of the tip of the electrode adjacent the free air ball
forration area, '

AMENDED SHEET (ARTICLE 18)



19. The wire bonding machine of claim 18 wherein the fiftt opening has a smaller diameter than a
diameter of the second opening. 20. The wire bonding machine of claim 19 wherein the
second opening has a smaller diameter than a diameter of the first opening. 21. The wire
bonding machine of claim 16 wherein the funnel shaped body portion includes tapered sidewalis such
that a.diameter of h& T8 &haped body portion is larger at the top as compared b 4 diameter at the
bottom of the body portion. AMENDED SHEET (ARTICLE 19)

- 3% -

16, The wire boading machine of cabm 1 wherein the gas delivery
mechanism includes a gas intet for receiving the cover gas from & gas supply, &nd
wherein the slecirode extends through the pas intet,

17. The wire bonding maching of ciaim 1 whereln the gas delivery
- mechanist defines & side opening such that sidewalls of the gas delivery mechanism
do not aﬂtiraly surround the bonding ool during the wire bonding eperation.

i&. The wire boading machine of claim 1 wherein the gas delivery
mechanism includes & funnel shaped body portion defining (1) 8 first opening &t a top
af the funnel shapead body portion to recelve the ponding tool, and {2) & second
opening at o bottom of the funnel shaped body portion for sjection of the cover gas
toward the bond site area, :

i9, The wire bonding machine of catm 18 wherzin the fifst opening

has a smalier diameter than a diameter of the secont opening.

' 20. The wire bonding machine of claim 15 wherein the sacond
opening has a smalier diameter than a diameter of the first opening.

21. The wire bonding machine of daim 18 wherein the funnel shaped
bady portion includes tapered sidewalis such that & diameter of the funnel shapad body
part}an is targer at the (op Be compared to 8 diameter at the bottom of the body

portion.

AMENDED SHEET (ARTICLE 19)



