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 INVENTION [0002]The present invention relates to wire bonding
of semiconductor devices, and more particularly, to providing a cover gas to certain areas of a wire
bonding machine. BACKGROUND OF THE INVENTION [0003]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) gEe_often used to provide interconnection between a
semiconductor die and contacts on a leadframe. An exemplary conventional wire bonding operation
involves (1) bonding a free air ball to a first bonding location on a diexé% ., using ball bonding) to form
a first bond, (2) exteﬁ&ﬁ&%ﬁ%’f@ﬁﬂﬁ@'ﬁ%‘? ﬁ&ﬁgﬁm\ﬂ’g%m ﬁdfﬂ‘:g%%%ﬂﬁﬂ?on a leadframe,
(3) bonding the end of the extended wire to the ¥&¥MHBYRding location to form a second bond, and
(4) cutting the wire. In such a ball bondi%%%?}eration an electronic flame off (i.e., EFO) wand/electrode

or the like is typically used to formthe e BT é{f-"tﬁé%?i'a%"ﬁ%éw&? Mt step (2).

{0001] This application claims the benefit of U.S. Provisional Application No.
61/060,184, filed June 10, 2008, the contents of which are incorporated herein by
reference.

FIELD OF THE INVENTION

{0002] The present invention relates to wire bonding of semiconductor devices,
and more particularly, to providing a cover gas to certain areas of a wire bonding
machine,

BACKGROUND OF THE INVENTION
{0003] In the manufacturer of varicus 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 leadframe. An exemplary conventional wire
bonding operation involves (1) bonding a free air ball to a first bonding iocation 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., EFQ)
wand/electrode or the like is typically used to form the free zir ball at the end of the
wire at step (1).

[0004] Often, gotd wire (which is substantially non-reactive with oxygen) is used
in wire bonding processes; however, in certain appiications, more reactive metals (e.q.,
copper, silver, palladium, aluminum, etc.) are used. These more reactive metais 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 fof wire bonding.

[D0OC5] In view of such potential oxidation, certain wire bonding systems inciude
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, .5, Patent No. 6,234,376, which is
incorporated by reference in its entirety, discioses 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 example, U.S. Patent No. 6,234,376, which is incorporated by reference in its entirety,
discloses such a system. -2 [0006]Additionally, vagous subsystems of wire bonding machines are
used to provide the cover gas to the bond site area of the wire bonding machine to reduce the

potential for oxid i&p if the QQA}Q{L”Q,WWG in the bond site area Eﬁemgllggx subg;stems for providing a

cover gas in the on.ci5 ite area Inalude U S PAIERE eﬁ‘ iEB Ion Pubfication Nos. 5%53‘?/60284421;

2007/0251980; aA' IS PHRENORFS, BeIBBIALS 252395 1376 BBEIIB D 24Ma 18947857 50007]1t would
be desirable to pPEARR M PSAEH SR BB RIETHP MIBRIKINBESRBAGSH T WiF B RIihg.

subsystems for providing a cover gas in the bond site area inctude U.S Patent
Application Publication Nos. 2007/0284421; 2007/0251980; and U.S. Patent Nos.
5,265,788, 5,395,037; 6,866,182; and 7,182,793.

{00077 It would be desirable to provide improved structures for reducing
oxidation in wire bonding.

SUMMARY OF THE INVENTION

[0008] According to an exemplary embodiment of the present invention, a wire
bonding machine is provided. The wire bonding machine includes a bonding tool and
an electrode for forming a free air balt 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 aiso includes a bond site area for
holding a semiconductor device during a wire bonding operation. The wire bonding
machine also includes a gas delivery mechanism/system (e.g., a gas delivery structure)
configured to provide a cover gas to: {1) the bond site area whereby the cover gas is
ejected through atf 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

{0009] The invention is best understood from the following detalied description
when read in connection with the accompanying drawing. Itis 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 perspective view of a portion of a wire bonding system in

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

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
exempiary emboediment of the present invention;



SUMMARY OF THE INVENTION [0008]According to an exemplary embodiment of the present
invention, a wire 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 site area for holding a semiconductor device during a wire
bonding operation. The wire bonding machine also includes a gas delivery mechanism/system (e.g., a
gas delivery structure) 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 [0009]The invention is

best understood from the follgwing, g%t@gfgeg%g(j@tm& whsrdeaddp; connection with the
accompanying drawing. It is emphasized that, according to common practice, the various features of

the drawing are not to scale.fg thescontranw the siraensians gfdheivarohsdeatires are arbitrarily

expandepl or fed%%gﬁéiﬁw&hﬂﬁ@!&#@ﬁﬂ E'A_m%c‘é&%élmg VAR B*ﬂ%i@”%%#%ﬁﬁ%nt ofthe FIG. llA is a
perspective V|ewp9£5gr99r(yg[@i §f.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.1Cis a

perspective view of a gas defineryrmechanisal iRClUdingAFRYEr fRLSQVENAM aRartiep of a window of a
device clamp in accordance with an exemplary embodiment of the present invention; FIG. 1D is a top

detailed view of a portion of Fi&.15As a perspective view of a bottom portion of a housing of the gas
delivery mechanism for the wire bonding machine of FIG. 1A with an insulator adjacent
a tip end portion of an electrode in accordance with an exemplary embodiment of the
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. 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 yet 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 yet another gas delivery

mechanism in accordance with an exemplary embodiment 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
inciuding gas delivery mechanism elements in accaordance with an exempiary
embodiment of the present invention;

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

FiG. 6A is a front perspective view of g 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;



FIG. 1E is a top view of a portion of the gas delivery mechanism for the wire bonding machine of FIG.
1A in accordance with an exemplary embodiment of the present invention; FIG. 1F is a front view of a
portion of FIG. 1G taken along line 1F-1F; FIG. 1G is a perspective view of a bottom portion
of a housing of the gas delivery mechanism for the wire bonding machine of FIG. 1A with an insulator
adjacent a tip end portion of an electrode in accordance with an exemplary embodiment of the 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. 1A without an insulator adjacent a tip end portion of
an electrode in accordance with an exemplary embgdiment of the present invention; FIG. 2is
a top perspective view of a portion of another gas delivery mechanism in accordance with an

exemplary embodiment of the, present IVERNON: e view df hoRkbh AR BSIIRREHYe view of a portion
of yet another gas deliveﬁ&mechami_sm In accordance with an exemplary embodiment of the present

invention; TR c’lst{aGtoﬁ perspective view of a portion of yet another gas delivery

mechanism in accordance with.ag exemplary, embodiment ofhe Rissentinkenlians e, FIG. 4B1is

a bottom perspecéive view of the orthon 9f tpe asd Aiver. mechanism of FIG. 4A; FIG. 5A is
. BA with ceFain internal details showrl in hiudden tifes; ™ . . .
a front perspective view of elements of a wire'bonding machine including gas delivery mechanism

elements in accordance with 4 QEPIANEITITSAL AL RIESPILIAYENLAR: BIC. 5B Is a botiom
IG.5C i

perspective view é)fh_the elemgrqgnof E 9.6§\A; Is a front view of the elements of FIG. 5A;

FIG. 6A is a front ﬁe\r’g'aenéfﬁ/e V|eW°€) a portion of a gas delivery mechanism integrated with certain

components of a wire bondingmaghineri AGGAdANES It AN SHEMBIary.eMARgiment of the present

invention; ) . .
ention; mechanism integrated with certain components of a wire bonding machine in

accordance with an exemplary embodiment of the present invention;

FIG. 7B s 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 delivery 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 actual formation of wire bonds (i.e.,
bonding or welding a portion of a wire tc 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 clamp of the wire bonding machine, during a wire
bonding operation. In such a case, during wire bonding, the portion of the
leadframe/devices accessibie through a device aperture(s) of the window clamp may be
viewed as the bond site area. Further, as is understood by those skitled in the art, the



FIG. 6B is a side perspective view of a portion of the gas delivery mechanism of FIG. 6A;
6C is a top view of a portion of the gas delivery mechanism of FIG. 6A with certain internal details

shown in hidden lines;
delivery mechanism of FIG. 6A;

FIG.

FIG. 6D is a cut-away front perspective view of a portion of the gas
FIG. 7A 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;
portion of the gas delivery mechanism of FIG. 7A;

delivery mechanism of FIG. 7A with certain interna details shown in hidden lines;
bottom perspective view of a portion of the gas delivery mechanism of FIG. 7A; and

's a cut-away fropLP&rSPRGHVEYIRW:O! & DRTRN 6 DRAaFdSlvVen DECOAUSR AR, 7A. DETAILED
DESCRIPTION QF JHE IMYENTIQN {002 W 0ited, 2ialps hatant i0x0sa3d:ding (S well as United

States Patent

tocation 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 aitered from machine to machine).

[0012] The present invention relates to gas delivery mechanisms/systems that
integrate 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.e., the free air ball formation area), and
(2) the bond site area. In certain embodiments, an EFQ electrode is positioned at least
partially within the gas delivery system without interfering with gas fiow 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., during free air ball formation of copper wire) while
the cover gas provided to the bond site area reduces the potential for oxidation of the
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 multipie 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.

[0013] 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
vidnity 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
bonding operation, a constant (or variable or controlled) 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 potentiai for oxidation of the
wires. Depending upon the gas {and temperature) used, there may also be a reduction
of axide/oxidation already present on the wires, similar to the effect of applying a

reducing gas during formation of a free air ball.

{0014] For example, during formation of free air balls used during ball bonding,
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

FIG. 78 is a side perspective view of a
FIG. 7C is a top view of a portion of the gas

FIG. 7D is a
FIG. 7TE



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
actual 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 clamp of the wire bonding machine, during a wire bonding
operation. In such a case, during wire bonding, the portion of the leadframe/devices accessible
through a device aperture(s) of the window clamp gay be viewed as the bond site area. Further, as is
understood by those skilled in the art, the free air ball formation area is the location where free air
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part of bond site area 108 which is accessible to bonding tool 106 through device

aperture 102a (also known as a window) of device damp 102. As will be explained 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 a wire bonding machine. As
shown in FIG. 1B, in this example gas delivery mechanism 110 is supported by EFO
(electronic flame-off) electrode support structure 100a, which is carried by the XY table

of wire bonding machine 10.

[c016] FIG. 1C illustrates an exemplary embodiment of the present invention in
which cover 112 is provided over a portion of device aperture 102a of device clamp
102. For example, 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



the like. Further, during a wire bonding operation, after completing a wire loop (and prior to forming the
next free air ball) a wire tail (e.g., the end portion of wire suspended from a capillary tip) may be
subjected to oxygen or the like resulting in oxides forming on the wire tail. Such oxides may be
undesirable for bonding, even if the wire tail is later formed into a free air ball. Of course, there are
other phases of the wire bonding operation during which it is desirable to reduce the potential for
oxidation of the wire (and/or wire ends) such as, for example, (1) when forming the second bond in the
bond site area, (2) when lowering a formed free air ball to the bond site area, amongst others. The
present invention addresses these situations by previding a supply of the 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
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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 flows 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 illustrated by the series of

arrows}.



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., 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
controlled gas supply) is provided to first gas inlet 114. The gas flows from first gas inlet 114 along the
path provided by cavity 110a. The path provided by cavity 110a extends 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. 1E, electrode 118 (i.e., an electrode of an electronic flame-off

device used to fogga {Eqe air Q@LSQ&WM@M@%&%?@&V% mqqha@méggmw@t the tip of
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flame-off dewce %/ |ca |ncIu es an éle as elec |c |s used to melt an end of

ctrode
a wire extending romYa’h the ?1“ tsdgl'a(rs.uc(::’ﬁaas1 § mgtg‘g HB% 0?%rs 4 irael ar As shown in
FIG. 1E, gas romfé%?Eu@H‘@ﬁ?nN‘i’ﬁ&aﬁﬂﬂ%@ Bnﬁdﬁﬁrﬁrf’é'(?fj f@%s&ﬁﬁlydd]c‘af’égﬁﬁﬁé %mf‘electrode 118,
thereby providingg#héighs ifr tRkevigsriey of tHesetecdremicRimER G HhEYaldA PIRYGELSTow is illustrated
by the series of aretvs)10f00T@]Adgorshisisnh tin EIGY [E s edeityste 0! Tl Ith Oty defities a gas
delivery path betweea,(1)seconbfas ontet:dd 610 yasssimpply ipipie orgulze 146 trames(2) the vicinity of
the bond site area.@tyawite lbaursing Mrchisestylene apetificallysasisloewn i0d5|G1dksimaby the arrows,
gas flow (e.g., a ¢opHOlIac gasHHPRIWS ISRTAVislRA IRRe¢2BEsgafINet fblB; ThRgasdlows from second
gas inlet 116 along e pail evded b saed 100 JheeRath @Jpam%qqawmnyrégyoa extends 10 a

plurality of through ho.ﬁs 1aJéOo nl%site 1 bredgjb6 andgfg . Ox%b Dno NEIG:1E, gas flows
through cavity 11 B, a%?n tt t rougﬁ)3 roug ‘?eps ) %§ 10 5, 110b6 and 110b7.

The gas then floviRes i fﬁf‘cg‘ﬂ@h holes 110b3, 110b4, 110b5 110b6, and 110b7 downward toward the
bond site area Oﬂip Xgre bop%n%macmrqtewéaeo &}%959 | aq(thea 1Qr9npm§_| %%ea to reduce the
Ion ;i 1 0

potential for oxidAHOR of the Wire andior wire-en IS a rront V|ew a portlon of FIG. IE

taken along line TP HIRIFTIGLRARE 9D B'Fﬂ@ﬁ TR B0 BHs T (RDFYAT delivery
mechanism 110. Hifis BetaRMarisfrprovitesa ol éﬁ’a'BB'PtREﬁaéffti?é\}lf%%aﬂéé%asl"i%’b as well as
a view of a portiors efvroefghehdiesof 0B heicE10883 ARISHORM ifsFiawl ™ Jas owss (as indicated by
the arrows) past tlwaugh inckeset b9 b3:andws] Obd tonvagtl indexdi $ite3aneh 11086(dewickeba 0, to be
wirebonded, is logaieekat boek-aiie @ee 2 Ha])ir0oRIEIA s preatides ahaveatcgasdalajery mechanism 110
includes top portion 110A and bottom portion 110A. FIGS. 1G-1H illustrate two variations of bottom
portion 1106. As giazan in Fl&SrdvisciHbbattgnm guivkonnddaniefings ibditden tportiotict 10al of cavity
110a. Likewise, baiansmpediembhaka dafinesdntionm pariiamnikbl afeavityrkbebripstueing through
holes 110b3, 110%31JpQQﬁoAAQbﬁegnaslll%Z)mﬁ%mw@M%Q%M@JﬂommE@& dG-1H,
defines corresponging Hytm@éea SSEHER bR AN YR L LIS BAILATBRTtATARQA defines
aperture portion 110c aperg{l[gu Q&e%ciqggyr?d 19 ?%8¥ Pl% an% %9!31&6 g.e gg o388 FIG. 18) (top
rtion of A il [so

portion 1108, not shg\;vn héde??mes atorrespon per ur‘e own in FIGS. 1G
and 1H are recessBIotHWERRSIER E)BT%B'H?WFO??'IT@R“%%%’%%? RYRFRHE PP 9N conjunction

with correspondlﬁg%e@é’@@"n%ﬁ?’p@‘t@?ﬂIPéB’(ﬁé?%cﬂRﬁff“Fé@éWé“g%%I%ftépfﬂfﬁﬁdofw (e.g., gas
supply pipes 114canfbirte oGeasiieletsdlrixienh d0B16.- proseel E1§asHol wavitiaten 108Fanet 110b,
respectively. FIG&holé-ditraise ilustrateitypaift@reid eaniigurationsdortbertip Eltd of@kedtrode 118.
That is, in FIG. 1@ insulatedsi2M (a8 deaRensative bushing madeneicaramie ar te lkejns provided at
the tip end of ele@&fﬂﬁ&&&ﬁwJ{ﬁ%ﬁ&@@%&%ﬁ@@g@gmw pirashthespaskdmelectindgad 18 towards
ek s dirociod fla BITRAJIGE BRI AL assq%%ngvy% EL@anﬂr%)iMogﬁdslq%mflca"y, the

spark is directed fr rom the ver ‘of electrode 118 as oppose om}lfa}:ther along the length
&) rov

of electrode 118. FEMHfF*5h F‘i’l‘l;?sv {5tV 22 BB B & 5ﬁ%sw i FIG &-opening of
insulator 120 WhlEﬁ?@@éﬁi@'EQWé‘t{ﬂS‘%ﬁﬂ%‘f BRetfi&'e 180 Hs ﬁ}ﬁhgf‘ et sPaRS R bntrast, in FIG.
1H, the tip end ofl@fettrpderlinidimpbreveiveedh plasirsidachsliith Ermyigrtdr $2616022]While the
exemplary embodimientsof the present inientivovilestadeddnthe spark from eiectrode 118

towards the end of the wire to form a free air ball {the wire is not shown in FIG, 1G).

More specifically, the spark Is directed from the very tip of electrode 118 as opposed to



FIGS. 1A-11-1 includes two gas supply sources (i.e., gas provided through gas inlets/pipes 114 and
116), it is understood that a single gas supply source/pipe could supply gas to gas supply mechanism
110. [0023]As described above with respect to FIGS. 1A-11, a gas delivery mechanism for providing
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 configuration shown in FIGS. 1A-1H. In fact, there are multiple configurations
contemplated within the scope of the present invention. Various additional exemplary configurations
are illustrated in FIG. 2; FIG. 3; FIGS. 4A-4B; FIGS. 5A-5C, FIGS. 6A-6E, and FIGS. 7A-7E.
[0024]Referring to FIG. 2, bottom portion 210A of a gas delivery mechanism is illustrated (the top
portion, which aGisn gimasaes- sighlantadapgition-dd06: desarihad Abmestis-amitiad Jor simplicity). A
gas delivery cavifyisdefiethin e aascalvem meshauism: Wiihihe sauebeingparaly defined by
bottom cavity polion 203 {anhalsa v he 196, O{J;'%t g[ﬁnemﬁmqm KQrtjon 210A receives

of electrode 218 extends into area 210c1

gas from gas |nlet 14 (e ? gas supply p ?an 12 sQé;‘n £ G
where the flame- o?f:topera ioh or ormlng 68 A bafs Sl hé conaruc"ted Bottom portion 210A also

defines apertures 71033, 21054, 71025, zawémggafaazmgw FIoRE e g el o e 0o
delivery mechamsgngwa gasin let/ EI&O as ext n s throu %%ngty and to: (1) area 210c1

for forming free air 27e% gatr foIm t ca\ﬁ?y Féodrga ?ﬁrough a;ertures 212a

s Where s
and 212b, and (2?'ﬁtﬁ§pb‘i?ﬁd %‘Tt@”&r@%blﬁ ‘a‘ib‘@?ﬁﬁ&’é"b%&g SEHSIPS SYRRE SBEAB PO 14T, and 210a8.
[0025]Referring fYIPIGES, thigah st PEFIIBHST1DA of a gas delivery mechanism is illustrated (the top
portion, which acts in a manner similar to top portion 110B described above, is omitted for simplicity).

A gas delivery cdIf93 definktiFPtHRG 28oYENBHFTREEARAIST, Wit tA@EAABBing partially defined
by bottom cavity PGS IO Y4AE%E8S By ThEed|s PO AT hYELSHRHARTS o‘i‘ﬂeﬁfl‘ffbﬂfﬁloA receives
- 10 - gas from gaiestypgiycimett8iel fady2)gasheuiplirpipehs bardBlectiende 8 1¥8eReadids through gas
inlet/pipe 314, amahthiadipsendabelaoinaser 3b8 grtemndsvaicaraadlidstdthene the flame-off operation
for forming free anhglisdsiehmsantidsieth- Bottomaoriar 3L0ARIse definestmpertures 310a3, 310a4,
310a5, 310a6, 310a/mARLSHRAR MR ga5iR prrlvarRddrdlie gasdelivansimeskamien via gas

inlet/pipe 314, the, gas exiends.thiough e Gavily andsiq:; 9 areas3 1Re! ardorping feseir balls,
where the gas trave s(ftrom the cavity to area 310c1 through apertures 312a and 312b and (2) the bond

site area via 310ar§ é Balf\ Da5, 310a6, 310a7, and 310a8.
[0024] Referring to FIG. 2, bottom portion 210A of a gas detivery mechanism is
fHustrated (the top portion, which acts in a 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
210al (and also by the top portion, not shown). Bottom portion 210A receives gas
from gas inlet 214 (e.g., gas supply pipe 214). A tip end of electrode 218 extends into
area 210cl where the ftame-off operation for forming free air balls is to be conducted,.
Bottomn portion Z10A 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 210c1 for forming free air bails,
where the gas travels from the cavity to area 210c¢1 through apertures 212a and 212b,
and (2) the bond site area via apertures 210a3, 210a4, 210a5, 210a6, 210a7, and
210a8.

[0025] Referring to FIG. 3, the bottom portion 310A of a gas delivery
mechanism is illustrated (the top portion, which acts in a manner similar 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 310a1 {(and also by the top portion, not shown). Bottom poertion 310A receives



[0026]FIGS. 4A-48 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 delivery mechanism 410 includes anchoring structure 420 for
anchoring gas delivery mechanism 410 to a support structure of the wire bonding machine. A tip end
of electrode 418 extends to area 410c1 for forming free air balls. Bottom portion 410B defines
apertures 410a3, 410a4, 410a5, 410a6, 410a7, 410a8, 410a9 and 410a10. When gas is delivered to
the gas delivery mechanism 410 via gas inlet/pipe 414, the gas extends through the intemal cavity and
to: (1) the area 410c1 for forming free air balls, whekg-the gas travels from the cavity to area 210c1l
through aperture 414a (see arrows indicating gas flow), and (2) the bond site area via 410a3, 410a4,

410a5, 41026, 410a7, 41028, 410A%.25K 410210, Gas Aslivensmashaniam All.als defines side
opening 430 which gliguis, [Qr.GXAMbIG. eFess [oLan operalgr 3ndlor ot e ongiag tool to be
positioned (e.qg., SWURGQ OF otIHerW?se moveds adjacent area 4iLO_cl for forgwlngdfr%etglr balls.
[0027]FIGS. 5A-SC S AR et eé%tfﬁ%g’ﬁé%é'% LGRS BORMING machine i connaction with gas
delivery mechani8fffs1 8188 §'sarefinemerataperddedr fabifeiRRapet By 1981iGRT. KSR specifically,
transducer 504 (&¥§enansiftrdvrird tastirsal MO BOAYRTY YBOIS0BEEPRS éHH BEIBRhding tool 506 is
configured to extererdwtughiapernanbdBcof (Gasreelivery fodeanisires 20 falls sHowaiin FIGS.
5A-5C) for formatescal freemir tbalsvigas supplyqipedbd sppplies gk togaszdelivéry trechanism
510 via aperture bdhsird dip-ensinbelestnde hi8sextenessinierafressindall forming area of gas
delivery mechanism 510 via aperture 510a. When gas is delivered to the gas delivery mechanism 510
via gas delivery gipe2614, theigas extanidsstaité hpthie isrea msideigasttdelivesydaiesianism 510 for
forming free air ballssaneh(@othribard it amayvin the enlargedapering anitrechetornof gas delivery
mechanism 510 (a3 lustiaiedinFAG-aBldhRfUnelmiaradsidews kgl aas daliveivdpechanism
510 are tapered, and apertiys R106aLIG fon of das delyery NGEARISI 2109 Aallprthan the large
opening al the bofigm of gac delivery echallem 510 (See FIG. R Where glamler, Q1 s cloarly
smaller than diaméter Bﬁ%%uss,”éasr?hoat |§ elec 8 rém gas de ive?y mechanism 16 will mostly exit
through the enlarg8e g at thk BolRERN L ﬁEMFOL%‘?‘FﬁB'éWG%”Bﬁ’ﬁE.%’??ls particularly true
when bonding todPUB st s thPatigh 8asefifecnd Baufthady Hlaran)dstdeaify BBtRATAI gas escape
through aperture /5 #6tve[6ORBIFIGS. BAED rilhebarate vab eisoreivs i peponiche g asenéivery
_mechanism 610, antgtier pertens:ahaandre Hohdingmachinefsifutaite those showrnereFIGS. 1A-1H.
More specifically thgaviravbrneirgraashinesiaalsdesdevisas6lasap /21 4sapsducers04, bonding tool
606, and gas deliygridnechanism S10A IR shRaEIGR- 40058 D) 8 flefitadesods, where a tip of

electrode 618 extends Yyiouoh apsrinie, 6183 of gas Rl shimerhanisn GllyGas delivery
mechanism 610 defines ta ere t {ousgfflerhole 63&90 which is confi L{:ed '%Orrefgregv%rkéondlng tool 606

. . opening 430 w exampie, access for an opefator an .
during a wire bond’mg pération. h Hhig exempl%ry embodinient of the present invention, through hole

610c is the free AP HEIPARFHSRIPATEINRAG RS s SRERRATIONGINIRG TOHFARIPEFA TR A b A, an end of a
wire extending fréffTHSHERAG ERBHS06 is positioned in the free air ball formation area (i.e., in through
hole 610c). A tip end of electrode 618, which is used to form a free air ball on the end of the wire, is

also positioned ifF#98Hee aif i RAMAHbAEHE SRS AAPGIETS BrOVIHE PN FaRFAILESL 4, and the
cover gas travelscaifsdifn *aiAg7p A P2 eatHaekns J0das olnréidppa HREA B igHHole 610c. Thus,
the cover gas prohiges prdtactiten agHivstspedfiation tchimitigeeh@Tdrimatian offenaiair balls in through hole
610c. [0029]During@avie)bergdingrapanatinsobondipgrioet beaiaxtardSoE rthetfigured 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

ball forming area of gas delivery mechanism 510 via aperture 510a. When gas s

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 balls, and (2)

the bond site area via the enlarged opening at the bottom of gas deiivery mechanism

510 (as itlustrated in FIG. 5B). The funnel-shaped sidewalis of gas delivery mechanism

510 are tapered, and aperture 510c at the top of gas delivery mechanism 510 is



downward into (and at least partially past) through hole 610c to form wire bumps or wire loops on a
device to be wirebonded at the bond site area. The cover gas that was ejected from gas outlet 622a
into through hole 610c tends to travel downward through the lower opening of through hole 610c to
bond site area. 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 bonding operation bondihg tool 606 will block a large portion of the upper
portion of through hole 610c, thus substantially reducing the potential for the escape of cover gas
through the top cfrthkautdn hiodesGkOmefing st ithis lohean tiaka feigerportibangnilid C(Beerfias that exits
through hole 610z wilkheaidireeied: islaeatiosmianaanddowanktheohondrsiépgasanathlusepraviding further
protection from gxeRfiRAVERG D8 wiEe hodinganestian[RAINRKER bRl ustiates another gas
delivery mechans%%%lgn@m fo5SRRRRAING ARHIRSOf S Wite 1Y @wmm)gt%t opgrates very

similar to the mechan Q‘sho nip EIG 6@ -60. lle 8 Specifl @ he wire bo gon machine
includes device cramgs%fu? rfsdﬁj(r:eer %OC ‘ ‘“‘Ben |Plagni'ooyl %8§ Tectrode ol 718 (s cfﬂ Ing §1 tip portion

extending througits a{bé?tu}%‘:?lSa) and gas dellvery mechanism 710. Gas delivery mechanism 710
defines through6l[-|6)$§87]100 ('ﬁG frg}@ 95; allf rmation area 7 Oc hICIP gcgeqflwred to receive

Usirate, vanous VIEWS OfF 4 p Oﬂ Q
bonding tool 70 durlr'11 aW|re ond |g? eratlon cover gas is provided via gas |nIet 714, and the
ch a
cover gas travel$ firoUg a\/| Wi afH 29

‘0"3 ‘é&?t‘é"’a b%‘éj 'oatiet a '.’H igrt c’r(t)u ?lshoYé 710c to
provide cover gd8 %Gﬁrdf%&ﬁaﬁﬁiﬁﬁ%ﬁ‘if&éﬂ&f'mﬁﬁg%“&r‘"‘}i‘éﬂ PErAFRAHGA dﬂ‘%‘:ﬁlé@%ed above with
respect to FIGS 58A-BEshisentde ferstighen RO 10908 Setvar(anertrsisn §&%of Alse P&l blockage of
the top portion oftAi@tigit166le ZeOrddy bhairg dedliy 06)artordeCo¥ ertgagswoodditepettgeexit through

hole 710c at the distienyibasiaérthedopntheraloy peevidingcavengas dimcieshtawakdethe bond site
area. [0031]FIG&réhinv Foidlepoilwpitmte anmdedidenalgrs baiedifd &b uprayidesa cover gas through
cavity/path 624, @89&'3? &@ﬁqgl'vwa@%f;bamwemb%&@@@o@uxl@&@élﬁ rﬁé&.wtkﬁﬁoﬁgﬁa is provided
on a bottom surf % grzyrrggpp Z:rle% S‘A{%'PJQS‘& pcaigx@n%g%r%(agg‘,? ls directed toward

foili
a bond site area of the I;/vhre mac 'Q% i Eomqjg%%raa}o esexem gﬁbodlment of the
present invention sen?)'\'}vna haﬁ@go x ere‘the cover rov ed ? S|fe area was the

same cover gas ?5?('5’\‘?|H@H’1?§’ﬁ‘é%r%ﬁr(b%ﬂ 'fb?ﬁf’é'ﬁar?%?e%%ioé V\H”ﬁeﬁ ‘@cﬁ{%‘ar%‘?%ﬁléme tHrdugh a bottom
portion of area 64B€)tagasdelive ajrrRibPAHIS AT T 2ORE R RIEsPaRtiRarisae §6a/¢e I cover gas to
the bond site ardarwtigasréalet 846 cavity fpathidRda aaigestdatiet®@@aoldness &ddtional protection
On addition to therpugtectiay prmvide d dayeie gamexiertargdaverwandoriiobiloe fraesatndall formation

area) against potgiial:@pdaiien pbihedondisic.atRads Aiavided {ORSdT benrigusexemplary gas
delivery mechaq§m§ggi§&p§ﬁﬂ_herein may be supported by various structures of a wire bonding
machine, for example, the bond head of a wire bonding machine. For example, the gas delivery

mechanisms mayoBgsgUPPOTRH HYathe I tsl etk EoRPRARGS EENEH8 extends further
downward into (and at ieast partially past) through hole 610c to form wire bumps or
wire loops on a device to be wirebonded at the bond site area. The cover gas that was
ejected from gas outlet 622a into through hole 610c¢ tends to travel downward through
the lower opening of through hole 610c¢ to bond site area. More specifically, because
through hole 610 is tapered, the diameter of through hole 610¢ 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 bonding operation bonding tool 606 will block a large
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 through hole 610c will be directed



- 13 - contemplated, because of the close proximity of the gas delivery mechanism to the sparking
from the EFO electrode, it may be desirable to form the body of the gas delivery mechanism from an
insulative, and perhaps heat resistant, material such as ceramic, polyimide, amongst others.
[0034]The flow of cover gas from a gas supply source (e.g., via a gas supply tube/pipe or the like) may
be a continuous flow of cover gas during the entire wire bonding operation. Alternatively; the flow may
be a controlled flow (e.g., controlled using a controller integrated with the wire bonding machine) that is
provided, for example, during periods of greatest concern regarding potential oxidation (e.g., during
free air ball formation, etc.). [0035]The drawings prowided herein illustrate exemplary 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,ghiRe: BN SR BrRa-AE aruireopaing: RAGchRe heweyeh-dReivapiion is not

limited to the |Ilusémp%ql%%ﬁ‘gggﬁgggggpg he present invention contemplates any type of structure,
system or process for providing cover gas to both (1) the vicinity of the electronic flame off operation of

a wire bonding masgyiae, and-{e3 the- viGiRity-Rtsha deanid sita-aled pleanwirarborrding machine. Further,

the gas delivery mechanisy gan,aﬂgl&ddwsemﬁ%qm@m@&ﬁe(stgs ml,e;;gmaremé) to provide the
desired gas flow an%dlstrll%ggotg to the Ege airha ormatlo Ca]reakhe \d th the band site area. [0036]When

ec:
the present |nvent|on IS used In COﬂﬂECtIOI’l with a ere me of’a reactive meta eg in copper,

aluminum, etc.) tHS E57&FY 5% T TR AT 1HBHFE A8H B MRS hatal SR Thdy bEYeduting. For
example, the covBFBEY TARF BN SREHERGIADETER G-k RN &% r‘?ﬁ%ﬂéﬁ“ﬁfrﬁ‘r‘bﬁﬁ 7A0re%ﬁcmg gas
(e.g., hydrogen) rfdiyfeperasties feaeeNvin thrpyexyeier 1Raf malfisepieddatMaBoie/ér, the cover gas
system of the preséal wivent oonfinayeb e utidized Honeirgl treke &l flomathevibohehdite eperatigithout the need
for hydrogen in thecoavergasrdhisdsia dastinet advaiiage: abthegpresenisinveniioabagause of the
difficulties of usingplasgeQuantiias.ofiichly flammaiie idroger. PO Thatgashings«t the present
invention may alsp heUilized nGANESIOR WiFRARRER ALY G.QOBEING. WU G.ihUEkL88 gold Wire. For
example, the Covsgﬁgaé;\reeyb%&gg"'&erd 18 pigvids  shieldoLelaan e tibe e daligyea. thereby

prowdlng a desir environment for ormatlon (0] wire ?9(')5
te top portion of through hole 710c¢ by bonding to 6) more cover gas would

tend to exit through hole 710¢ at the bottom than at the top, thereby providing cover
gas directed toward the bond site area.

[0031] FIGS. 7A-7E also iliustrate an additional gas inlet 716 which provides a
cover gas through cavity/path 624, exiting gas delivery mechanism 710 at gas outiet
624a. Gas cutlet 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 610c), gas delivery mechanism 710 also includes an
additional source of cover gas to the bond site area via gas iniet 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 ball 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 example, the bond head
of a wire bonding machine. For example, the gas delivery mechanisms may be

supported by the £EFO structure, amongst others.

[00331 The various exemplary gas delivery mechanisms disclosed herein may be
formed from a number of different materials. While metals (e.g., stainless steel) are



- 14 - [0038]Although the present invention has been described primarily with respect to cover gases
such as nitrogen and argon (with or without a forming gas such as hydrogen), it is not limited thereto.
Any gas may be utilized so long as it does not react undesirably with the metal used as a bonding
wire. [0039]lt is understood that the present invention may be applicable to a wire bonding machine
that forms wire loops, a wire bonding machine that forms conductive bumps (a bumping machine or a
wafer bumping machine), a machine that forms both wire loops and conductive bumps, etc.
[0040]Although the invention is illustrated and described herein with reference to specific
embodiments, the invention is not intended to be limited to the details shown. Rather, various
modifications may be made in the details within the scope and range of equivalents of the claims and

without departingefismpiriednirsatRse 15 Exteirproximity of the gas delivery mechanism to the
sparking from the EFO electrode, it may be desirable to form the body of the gas

delivery mechanism from an insulative, and perhaps heat resistant, material such as
ceramic, polyimide, amongst others.

{00341 The flow of cover gas from a gas supply source (e.g., via a gas supply
tube/pipe or the like) may be a continuous flow of cover gas during the entire wire
bonding operation. Altematively, the flow may be a controlled fiow {e.g., controiled
using a controlier integrated with the wire bonding machine) that is provided, for
example, during periods of greatest concern regarding potential oxidation (e.g., during
free air ball formation, etc.).

{0035] The drawings provided herein illustrate exemplary 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 fimited to the ilustrated configurations. The present
invention contemplates any type of structure, system or process for providing cover gas
to both (1) the vicinity of the electronic flame off operation of a wire bonding machine,
and (2') the vidinity of the bond site area of a wire bonding machine. Further, the gas
delivery mechanism can include any number of gas iniets (e.qg., inlet gas pipes) to
provide the desired gas flow and distribution to the free air ball formation area and the
bond site area.

{00361 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 metai and may be reducing. For exampie, the cover gas may be an effectively
inert gas such as nitrogen or argon. A reducing gas (e.g9., 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 exclude 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.

[0037] The teachings of the present invention may aiso be utilized in connection
with non-reactive 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

desirable environment for formation of gold wire ioops.



I.A gas delivery mechanism configured to provide a cover gas in connection with a wire bonding
operation, the gas delivery mechanism comprising: a body portion defining a through hole
extending from a top surface of the body portion to a bottom surface of the body portion, the body
portion being configured to receive an electrode, the body portion defining an aperture coincident with
the through hole configured to receive a tip portion of the electrode; and a gas inlet for providing a
cover gas to the body portion, the body portion defining a cavity for receiving the cover gas from the
gas inlet, the cavity including a gas outlet at the through hole. 2. The gas delivery mechanism of claim
| wherein the through hole is tapered between the ta surface and the bottom surface. 3. The gas
delivery mechanism of claim 2 wherein a diameter of the tapered through hole at the bottom surface is

larger than a diamglgygqf the 1aREIRH HNQHIBHRQIGALSHS J0BsH AL 0. THAR @3S deluprymechanism
of claim 2 wherein.s, ameler 015 tabetedIOHaR Rl & isdan sukiase saigetdhan a diameter

of the tapered througro%en eitartstrlbot n?}gg hsepert.*gcgny gas rna\gglésu |?“Vc?sx mf%casalgl(?o@s (%f any one of the
preceding claims Wh
react undesirably with the metal used as a bonding wire.

[0039] It is understood that the present invention may be applicable to a wire
bonding machine that forms wire loops, a wire bonding machine that forms conductive
bumps (a bumping machine or a wafer bumping machine}, a machine that forms both

wire loops and conductive bumps, etc.

(00403 Aithough the invention is illustrated and described herein with reference
to spedfic embodiments, the invention is not intended to be limited to the details
shown. Rather, various modifications may-be made in the details within the scope and

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



portion of the cavity adjacent the gas outlet follows a curved path. 6. The gas delivery mechanism of
any one of the preceding claims further comprising a second gas inlet, the second gas inlet configured
to provide a cover gas to a second cavity defined Pé/ the gas delivery mechanism, the second cavity
including a second gas outlet at the bottom surface of the body portion. 16 7. The gas delivery
mechanism of claim 6 wherein a portion of the second cavity follows an angle from (1) an area of the
body portion between the top surface and the bottom surface, and (2) the second gas outlet at the
bottom surf@iaindd: The gas delivery mechanism of any one of the preceding claims wherein the body
portion is fooned of a polyimide material.

I. A gas delivery mechanism configured to provide a cover gas in connection
with a wire bonding operation, the gas delivery mechanism comprising:

a body portion defining a through hole extending from a top surface of the
body portion to a bottom surface of the body portion, the body portion being
configured to receive an electrode, the body portion defining an aperture coincident
with the through hole configured to receive a tip portion of the electrode; and

a gas mlet for providing a cover gas to the body portion, the body portion

defining a cavity for receiving the cover gas from the gas inlet, the cavity including a

gas outlet at the through hole.

2. The gas delivery mechanism of claim 1 wherein the through hole is tapered

between the top surface and the bottom surface.

3. The gas delivery mechanism of claim 2 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.

4. The gas delivery mechanism of claim 2 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.

5. The gas delivery mechanism of any one of the preceding claims wherein a

portion of the cavity adjacent the gas outlet follows a curved path.

6. The gas delivery mechanism of any one of the preceding claims further
comprising a second gas inlet, the second gas inlet configured to provide a cover gas
to a second cavity defined by the gas delivery mechanism, the second cavity including

a second gas outlet at the bottom surface of the body portion.
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7. The gas delivery mechanism of claim 6 wherein a portion of the second cavity
follows an angle from (1) an area of the body portion between the top surface and the

bottom surface, and (2) the second gas outlet at the bottom surface.

8. The gas delivery mechanism of any one of the preceding claims wherein the

body portion is formed of a polyimide material.



