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application clains the benefit of U'S. Provisional

%I i cation No. 61/060,189, filed June 10, 2008, the

dAYS of which are incor porated herein by PATENT

reference. FIELD OF THE | NVENTI ON [ 0002] The present

invention relates to wire bondi ng of sem conductor
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gas to certain areas of a?% 8’%{?' ng machi ne.

BACKGROUND OF THE | NVENTI 'f‘grd In the manufacturer

of various sem_conductor devices, wre bonding ‘

t echni ques are B@?%HEEER@HCFJOWE%Q ABWH@WS in the
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e¥erakary conventional w re bonding operation invol ves
(1) bonding a free air ball to a first bonding

| ocation on a die (e.fELDOsiTH§ INGENTIONNdi ng) to forma
first bond, (2) extending a wire fromthe first bond
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auachinag the wire. In such a ball bondi ng operation, an
electronic flame off (i.e., EFO wand/el ectrode or the

like is typically psexGRouNmORTHEeNYENG®ORI r bal | at
the end of the wire at step (1). [0004] Oten, gold

%663:‘ whi Cllﬂ thé HQ%EL%FHr o@%%u@%@mrcg cto\F%er:és, w%%gﬁa)mg

i's used in wre bonding Frocesses owever, in certain
é‘ffﬁf“iq&%& rgpéten Hﬁ‘?detorcéﬁ'&‘ic GMpRReatsdn the ‘bev'ce%offﬁee?‘amp'e wire
Dohas(or wpalldo@d) ammoftah usadniomprovedeCinjerana@ecdi®e hetwkae ae

%Eorﬁcﬁﬂfbﬁ* Yeoaxrmegoﬁ a%tsgﬁya Iegﬂf:atmedesrj OWP %on\)entugrﬁég wire

presence o q form oxi _
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W%g)gielctsrode or the like is typically used to form the free air ball at the end of the
wire at step (1).

[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.



i ncorporated by reference in its entirety, discloses
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TeHW4A for oxidation of the bonding wire in the PATENT
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cover gas in the bond site area include U S Patent
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%I&%te@ﬁ&%du@l afle8stk ab@rt@@%k the §A3 delterg ARRLK Y td the bond site
eatures are arbitrarily

AR dpe ettt 5P o Rh TRy 1 nel uded I n ¢ he
draw ng are the follown gures: FIG | Ais a
per spective vi e\/\ﬁ%EFQ%G%PTH?N ef THEWRAWINGRdi ng syst em

i n accordance with an exenpl ary enbodi nent of the
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et dondrary, 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 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 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 present invention;



exenpl ary enbodi nent of the present invention;

KSI -517W0 PATENT - 3 - FIG | Dis a top detailed view
wobkiaigosd i on of FIG 1A FIG | Eis a top vipea/o$2089/046535

portion of the gas delivery mechanismfor the wire

bondi ng machine of FIG | A in accordance with an

é‘?@éTﬁngpy embodi ment of the present invention; FIG PATENT

Fis afront view of a portibn of FIG | G taken al ong

line 1F-1F; FIG | Gis a perspective view of a bottom

portion of @ heush ip RkaifehSicdAs [ARidresri@eahani sm for
the wire bonding machine of FIG | A with an insulator
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portion of yet another gas delivery nechanismin
RESPIAVRECN t h an exenpl ary enbodi ment of the present
invention; FIG 4A is a top perspective view of a

portion ofFigetH grbérepectjesvieh of § @pfrommortiomi of mhonsing of the gas

AeRRAW ARG for 81k WXEPRHIHYm SRR FRE L1 A0kt i a P FRSRRr
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bondi ng machi ne i ncl udi ng gas delivery mechani sm
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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
including gas delivery mechanism elements in accordance with an exemplary
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;

FIG. 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;



FIG 6B is a side perspective view of a portion of the
gas delivery nechanismof FIG 6A;, FIG 6Cis a top
woe@wisdoe@ portion of the gas delivery nmechani Bom/u$2009/046535
FIG 6A with certain internal details shown in hidden
lines; FIG 6D is a cut-away front perspective view of
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with an exenplary enbodi nent of the present Invention;
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RUchaddh of Fis. Wl € bondi ng rrachl ne where the actual
formation of wre bonds (i.e., bond| ng or wel di ng a

portion of ! bo n t on) ,occurs

banl e, _dFiPe il Er T e fre a8t e S8 tigmaliom of o,
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rame/ i ces accessi bl e through a device
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bond site fAFesdE SAFURYAY fraat PeSSReRE WewaGa ByrtiphaEEe gas
gkliviehyeslethantsheofefiG, 74.heKSI - 517W0 PATENT - 5 - free air
ball formation area is the |ocation where free air

bal I s are for magrdHEDNESRIETON 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 skifled 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 may be
viewed as the bond site area. Further, as is understood by those skilled in the art, the



bondi ng. Such a location tends t o be defined by other
conponents including the |ocation of the tip of an
webmetiswee for formng the free air balls, therdDUSI00DMG6S3S
of the bonding tool, the location/length of the wire
extendi ng fromthe bond| ng tool, etc. (which |ocations
nE3l-i7Mer or be altered from machi ne to machi ne). PATENT
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FWﬁHf'P%H“eo‘f'“‘abcfr\dé@ Oé’iefat'Balt'i‘ere rsoi')fl?&‘]icqﬂo‘?‘)t%}%'éh%r g@xidation of the
eMires.n Qepandivgt upon tiod gdsr (@ed aanipdoatited udsk dhetd maygaldaaid a reduction

kalot'ﬂguié}gxidation already present on the wires, similar to the effect of applying a
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[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



it is desirable to provide a cover gas to reduce the
potential for oxidation of the wire/free air ball
whemaus®ecuch oxi dation may result in an undesPCEDE®09/046535
wi re bond andKSI -517W0 PATENT - 6 - the like. Further,
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[ustrated I ncl transducer 04 bondi n
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of wire bonding machine 10.

[0016] 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 k
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
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Eleetronic 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).
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inlets 114 and 116 (e.g., gas supply pipes 114 and 116). Gas inlets 114 and 116
provide gas to cavities 110a and 110b, respectively. FIGS. 1G-1H also illustrate two
different configurations for the tip end of electrode 118. That is, in FIG. 1G insulator
120 (e.g., an insulative bushing made of ceramic or the like) is provided at the tip end
of electrode 118. Insulator 120 is provided to direcf 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).
More specifically, the spark is directed from the very tip of electrode 118 as opposed to
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[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 310a1l (and also by the top portion, not shown). Bottom portion 310A receives
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5C) for formatlon 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 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 balls, and (2)
the bond site area via the enlarged opening at the bottom of gas delivery mechanism
510 (as illustrated in FIG. 5B). The funnel-shaped sidewalls of gas delivery mechanism
510 are tapered, and aperture 510c at the top of gas delivery mechanism 510 is
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gas dellvery mechanlsm 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, itis
clear that a large portion of the cover gas that exits through hole 610c will be directed



mechani sm 610, and ot her portions of a wi re bondi ng

machine simlar to those shown in FIGS. 1A-1H More
wepmeitfioe@l | y, the wire bondi ng machi ne i ncl udecT/US20w@46535

clanp 602, transducer 604, bonding tool 606, and gas

delivery nechani sm 610. Al so shown in FIGS. 6A-6D is

B 7Ode 618, where a tip of el ectrode 618 extendsPATENT

t hrough aperture 618a of gasielivery mechani sm 610.

Gas delivery nechanl sm 610 defines tapered through
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[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.

[0033] The various exemplary gas delivery mechanisms disclosed herein may be
formed from a number of different materials. While metals (e.g., stainless steel) are



correspondi ng portions of a wire bondi ng machi ne) that
operates very simlar to the nechanism 610 shown in
wWo-b@%15%66 6D. More specifically, the w re bondP@mus2009/046535
machi ne i ncludes device clanp 702, transducer 704,
bondi ng tool 706, electrode 718 (including a tip
glt318W0Oext endi ng through aperture 718a), and gas PATENT
del i very mechani sm 710. Gas ‘el ivery mechani sm 710
defines through hole 710c (i.e., free air bal
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[0037] The teachings of the present invention may also 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 loops.



contenpl at ed, because of the close proximty of the
gas delivery nechanismto the sparking fromthe EFO
webmetisoee, it nmay be desirable to formthe boelgT/US200$1€46535
gas delivery nmechanismfrom an insul ative, and perhaps
heat resistant, material such as ceram c, polyimde,
AFdr’d2WO0ot hers. [0034] The flow of cover gas from aPATENT
gas supply source (e.g., via% gas supply tube/pipe or
the like) may be a continuous flow of cover gas during
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ondlng machi ne; however, the
Hrdnitecnc Pandiivd Syt o tho i 1 ustr at oq
configurations. The present invention contenplates any
tPPEODLf stAlthouah Bhe isyantierisgHusyiebrsesl deseringd digred] wih reference
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&3 Of "a“Wire
nmmmqﬁequamthef thetchpgmgard uéw\técg»artm@:ffamu therinvamtion.
i ncl ude any nunber of gas inlets (e.g., inlet gas
pi pes) to provide the desired gas flow and
distribution to the free air ball formation area and
the bond site area. [0036] Wen the present invention
is used in connection with a wire forned of a reactive
netal (e.g., copper, alumnum etc.) the cover gas is
desirably non-reactive with the netal and may be
reduci ng. For exanple, the cover gas may be an
effectively inert gas such as nitrogen or argon. A
reduci ng gas (e.g., hydrogen) may be added to react
wi th any oxygen that may be present; however, the
cover gas system of the present invention may be
utilized to exclude air fromthe bond site area
wi t hout the need for hydrogen in the cover gas. This
Is a further advantage of the present invention |
because of the difficulties of using |arge quantities
of highly flamuabl e hydrogen. [0037] The teachings of
the present invention may also be utilized in
connection with non-reactive bonding wre, such as
gold wire. For exanple, the cover gas may be utilized
to provide a shield of clean gas at the bond site
area, thereby providing a



desirabl e environnment for formation of gold wire

| oops. KSI -517WD PATENT - 14 - [0038] Although the
w@e@sastoeé nvent i on has been descri bed pri mari | BCTUE1909/046535

respect to cover gases such as nitrogen and argon

(with or without a form ng gas such as hydrogen), it

iKSIRdTWPi mited thereto. Any gas may be utilized so PATENT

long as it does not react undesirably with the netal

used as a bonding wire. [0039] It is understood that

et r @56l i nvention may be applicable to a wire

bondi ng machine that forns wire | oops, a wre bondi ng

machi ne that fqorns conductiye bunps (a bunpi ng nachi ne

or a vvaferla!bu ne Pr?{'@fﬂgn@?%{"'be ﬁ?gg’ﬁf'ﬁ%' that forms both

w re | oops and conductive bunps, etc. [0040] Although

t he i nventd Bding telf yst rat ed and described herein with

reference to specific enbodi nents, the invention is

not i nt endeckléadrode fdriforntiegla free bindaltien an lesd shawire extending
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S Wit He scope and range of equivalents o
Pheedyics bRYIRAIA ' Rout departing fromthe

i nvention. KSI -517W0 PATENT - 15 - Wat is dained: 1.
A W re boredbong sita@hearfer tadipg iesemgonduchuigviag dutd a win
8h&sitd Oslati Pl ah@rmng a free air ball on an end of a

wi re extendi ng through the bonding tool, the free air

ball being forped at a free air ball forpation area. of
the wire Bk ROvemmsChisT ogirioyredicp praylds edder st fy the
horgbsitecaipivibergby thevdover adgrs eigetad Wirpwghpairetishgne aperture of the

gReHAl b MechBAls to@Fe BRI St aYedYBEN ) itRETrEQ Bl bEM FRfhatiéh area.
provi de a cover gas to: (1) the bond site area whereby

the cover gas kg, Wirg%gﬁﬂn%magMﬁQoa{I]aiLnbe?§/her%meth@§§£ bNEry
of the gas delivery mechanismto the bond site area,
geghqrogm defines pdarogph helg|font dEqpesuifare ¢rtbagapdeliypry Mpghanism to
b@n&bmguﬁa@d"t%f_rme 6és @dliaémrﬂem@mfraj ﬁhe&lhﬁu@&ﬁoléebiin?QbMigu]fed to
S i.nes r a top surface o
?%éaggllée @enl%ﬁ‘\?et@ dﬁ‘@gﬁ%gr‘{‘ﬁ éégm&tng%g%gé{aﬁ {;qu surface of the
gas delivery nechanism the thr ou{_gh ‘hol e bei n%
configuredto MBEMTGLOPHRI BBRRINAET B 2 WirrRghg thergh hole
befimad vy thg gasaddlioery ndechdmiem widieleb oediraegaimead hormeattin area.
claim2 wherein the through hol e defined by the gas

del i very necharhs ik BehdA§mathife bf &8mad WhdRlN the through hole is
formati on area.

tapered.
5. 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 tapered

through hole at the top surface.

7. The wire bonding machine of cilaim 3 wherein the gas delivery
mechanism includes a first gas inlet, the first gas inlet providing the cover gas to the
free air ball formation area, whereby at least a portion of the cover gas provided by the
first gas inlet exits the free air ball formation area and is directed toward the bond site

area.



4. The wire bondi ng machine of claim3 wherein the

through hole is tapered. 5. The w re bondi ng machi ne
wobkooehsioss 4 wherein a dianeter of the tapered pdr/osmng/ 046535

hole at the top surface is larger than a dianeter of

the tapered through hole at the bottom surface. 6. The

WiSle1BWRdi ng machi ne of claim4 wherein a dianeter SATENT

the tapered through hol e at” ¥he bottom surface is

| arger than a diameter of the tapered through hol e at

the top sugf acerhezv.reraﬁd.\A/brn%chm@qf A9 RGRERG Bk ook Bbillery

3 wherein the as Ivery mechani smincludes afirst
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inlet exlt free alr formati on area and
$oF Brgt&yits H\%"tﬁ't\t e BAH 8Ct§‘i" foévaé‘? 5 .Oraf s63 9Rp PATENT -
16 - 8. The wire bonding machine of claim7 wherein

t he gas de%.i verlyenweh@niismmagtinadedaim sederih et least one
'aBler%&re ok iR g%@@@%rﬁﬁ}%dﬁd’hhs@ﬁ ineILB&d £Api0ehIigONpedas tifodgh which
gg defi ned g¥ Etg é del.i very nmechani sm the

§FTY" 88 R PHCLPRET Yy B TIE A%e air ball formation
area, whereby at least a portion of the cover gas
provi ded bip-t hd@hs aderigngiag mashiae obestains® whereiaie triurality of
laBeriire & 6letidfih @GV & bbtiem ROMSteSr HR: Gs@RIivedy mEBRanMdnt.€
bondi ng machi ne of claim1 wherein the at | east one

aperture of; t h%h@%re%%hhlﬁg%c g\ﬂ@@%ﬁ%hﬂgrle%dﬁﬁigs delivery

plurality of a?ertures e cover
EPeebaruen defines d1x dErshemdty e r@C%Y'@%lthef@Ve"IWé fepit @t least One gas
hoaobnugorrmehmn@ tied cavkengdn 19 thdBsrei sitetabe §pkaugalthé yt 1@dst one
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a first cavity for receiving the cover gas from at
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a secon cavity for recelivin e _cover
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cover gas to the free air ball formation area. 12. The
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Het Sarep a8 ey et Eroughin G i Bo R e gl & access the

s@wicbnyductor device to perform the wire bondmg 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 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

formation area.



13. The wire bondi ng machine of claim1 further

conprising a device clanp for securing the
w@esmpasmeact or device during the wire bondi ng PCT/US2009/046535

operation, the device clanp defining a device aperture

t hrough which the bonding tool can access the

d&ixddW@uct or device to performthe wre bonding PATENT

operation at the bond site at%ea, the wire bonding

machi ne further conprising a cover for covering at

| east a poyg.i onygf ,Je%n%glne.%hﬁ,e%fag.wlwrxe,lengthteiz_,%s%mry

bondi ng operati on. W re bondi ng _machi ne
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pdretdinthecfletioge gasndiethirough yhergashialei.sm such that a tip
of the electrode is positioned at the free air bal
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glomobaitirelly surratidotihe doedndBiol BATMADhPNTENPNdIng Pperati@.
The wire bondi ng machine of claim1l wherein the gas
delivery rmhamham;&e%huudgsna@higa%f tiginet wf"n@xfeirftﬂhﬁ@ayhélg/ery
t rom a i ,
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rasg@h@btsarb@t&fm BESedusiellshppe BbOpstichfot BRtticH ceM@tdver gas

Q Warg%heggosndd Ielav%ry mechani sm do not entirely surround

tn ond during the wire bondi ng operation.

18. The wire bondlng machi ne of claim1 wherein the

gas delivety nefpaniediending magaise &f ¢eiAhet waersindae fedppening
pas bisonlletefiarnetbgthbd a diarhéteSdf thP eddong@ opdnirgg.t op of t he
funnel shaped body portion to receive the bonding

tool, and ) &héaﬁ@%n&ﬁsmaagm@tof BaiRP1d AR thbSecond

f unnel shaged body portion for ejection of the cover
R RH IR 'Pﬂlé*rﬂti’mft%ﬁtf‘@” %F@ﬁ"et%’f e sy#Re8iNgondi ng
machi ne of claim 18 wherein the first opening has a
smal | er diZnet dhewirarpoadidg arashiee obflairhE8 weeremdhe funnel shaped

®B&NpdHen %Qma(ﬂ]@pwea 2idhRa JL‘JGh malcna%n&ér &r"tﬁé FOnk& shaped body
g@ rein the s en n

a smal di anet
O plae” 6f TERED 71 PUTP LM Damster ahitls thHPE Bobebay
wacienne of claim 18 wherein the funnel shaped body
portion includes tapered sidewalls such that a
di anmeter of the funnel shaped body portion is |arger
at the top as conpared to a dianeter at the bottom of
t he body portion.



