- 1 - APPARATUS FOR | NCREASI NG COVERAGE OF SHI ELDI NG GAS DURI NG W RE
BONDI NG 5Field of the Invention The invention relates to the
formng of electrical connections on electronic conponents, and in
particular to the connection of wires to electronic conponents during
wi re bonding. 10 Backaround and Prior Art Wre bonding is used to
connect electrical contact points of _different devices, or different
el ectrical contact points of the sane device. Wen bondi ng wires made
15 of reactive materials such as copper or alum numare used for wire
bonding, there is a tendency for oxidation of the wire to occur when
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gas conprised of a relatively |nert gas such as nltrogen 20 hydr ogen
or argon gas to cover and protect the wire during ball formation of a
wire bd | -Felddif frip ovewtess. The conti nui ng enphasi s on better

shi el ding of copper w re during bonding by providing nitrogen and/ or
hydrogen gas to shield the wire is driving the 25 devel opnent of

systens t IEfe émeutien trbtatesi e thasformingapit eleettical icbhmedtibes spearrckdctgnic
region of the wr re e Is for.med fromthe wre for
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when supplgoniigriehs dutietwigasoriding.
10
Backaround and Prior Art

Wire bonding is used to connect electrical contact points of different devices, or
different electrical contact points of the same device. When bonding wires made

15  of reactive materials such as copper or aluminum are used for wire bonding,
there is a tendency for oxidation of the wire to occur when the heated material
reacts with oxygen in the atmosphere. Oxidation of the wire deteriorates the
quality of the subsequent wire bonds that are formed. Therefore, it is necessary
to provide a shielding gas comprised of a relatively inert gas such as nitrogen,

20 hydrogen or argon gas to cover and protect the wire during ball formation of a
wire ball-bonding process.

The continuing emphasis on better shielding of copper wire during bonding by
providing nitrogen and/or hydrogen gas to shield the wire is driving the

25 development of systems that ensure that the gas is captured within the sparking
region of the wire, where a molten ball is formed from the wire for copper ball
bonding.

An apparatus for containing shielding gas when supplying the inert gas io
30 bonding wire is disclosed in US Patent Number 6,234,376 entitled “Supplying a
Cover Gas for Wire Ball Bonding®”. The apparatus includes a gas-containment



30bonding wire is disclosed in US Patent Nunber 6,234,376 entitled
"Supplying a Cover Gas for Wre Ball Bonding". The apparatus includes
a gas-containnment - 2 - tube to direct shielding gas to the bondi ng
wire. Transverse in-line orifices are nmade in the tube to allow the
capillary of the bonding tool to enter the gas-containing tube for
ball formation, and then to pass thraygh the tube to bond the ball
onto a bonding surface. 5 Another prior art apparatus for containing
shield gas is disclosed in US Patent Nunber 7,628,307 entitled
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A shortcoming of conventional approaches to deliver shielding gas to the
capillary is that prior art systems focus on preventing the wire from native
oxidation mainly during the sparking of the wire io form a molten ball. There is
20 loss of gas at the openings of the tubes or apparatus such that oxidation
protection is not possible cutside these openings. Thus, they do not effectively
provide gas coverage to prevent oxidation when wire bonding is being periormed,
or when moving the capillary sideways to various locations unless the capillary is
always located inside the gas containment tube during such movement. This
25 limits the versatility of such systems.

It would therefore be desirable to develop an apparatus for supplying shielding
gas to a bonding wire that ensures that the wire is protected by shielding gas not
only within the sparking range but also along the travelling path of the capillary to

30 the bonding pad, and thus ensuring the quality of the moiten ball both before and
during bonding of the same is achieved.



gas to a bonding wire that ensures that the wire is protected by
shielding gas not only within the sparking range but also along the
travelling path of the capillary to 30t he bondi ng pad, and thus
ensuring the quality of the nolten ball both before and during
bondi ng of the same is achieved. - 3 - Sunmary of the Invention It
is thus an object of the invention toaseek to provide inproved gas
coverage to bonding wire in order to prevent oxidation of the wire
not only during sparking, 5but also during novenment of the capillary
and in pardummestofdbe invgntiemdi ng. Accordingly, the invention provides
an apparatus for delivering shielding gas during wire bonding of an
el ectronic device, conprising: a main body; a through- hole in the
mai n body lisitbhs iap abjectaf fherinegrtionitn geek tapravideripproyedagasacdyeratieri
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operative to direct an inert gas in a direction towards the

el ectronic device; and at |east one gas inlet in the main body
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i denti fi cadrieogasodutlet on a bottom surface of the main body and located adjacent to the
through-hole, the gas outlet being operative to direct an inert gas in a direction

towards the electronic device; and at least one gas inlet in the main body
operative to supply the inert gas to the through-hole and the gas outlet.
15
It would be convenient hereinafter to describe the invention in greater detail by
reference to the accompanying drawings which illustrate preferred embodiments
of the invention. The particularity of the drawings and the related description is
not to be understood as superseding the generality of the broad identification of
20 theinvention as defined by the claims.

Brief Description of the Drawings

Examples of preferred embodiments of a gas supplying apparatus in accordance
25 with the invention will now be described with reference to the accompanying
drawings, in which:

FIG. 1 is a sectional plan view of a gas supplying apparatus according to a first
preferred embodiment of the invention illustrating its internal gas channels for

30 providing shielding gas during wire bonding of an electronic device;



20t he invention as defined by the clains. Brief Description of the

Dr awi ngs Exanpl es of preferred enbodi nents of a gas supplying
apparatus in accordance 25 with the invention will now be descri bed
with reference to the acconpanyi ng draw ngs, in which: FIG 1is a

sectional plan view of a gas supplying apparatus according to a first
preferred enbodi nent of the inventionglJlustrating its internal gas
channel s for 30providing shielding gas during wire bondi ng of an

el ectronic device; - 4 - FIG 2 is a sectional side view of the gas
suppl yi ng Rgpa? d¢ us seftidiai side iidwistriaei gas isupplying eapradratyasofc Rihingdl s

and a nove L Ar ' Y. ' ' i_re f i ng
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suppl yi ng lappingaviesfoofspark@g dnd wWireisonding;ng its internal gas channel s;
FIG 4 is a sectional plan view of a gas supplying apparatus

according to a second preferred enbodi rent of the invention having
first a&hd Bl€cdhds iantsectimlal Xfgasviehasinlesgad-lsGopplpingSapparetisi on&lG.phan

view of the gas s l.yi ng apparatus of the second preferred
enbodi mntlﬁ%ﬁrﬂﬁﬂgﬂgﬁ\}éﬂ?ﬁ%pﬁﬁnug rating gas outlets such as nultiple
hol es along its shower ring; 15 FIG 6 is a sectional front view of
| yj t f . Fl 5 illustrating its internal gas
Eﬂgnggfs.sulplg.yt{ Psgaage%%ﬁalup ar? view %f a gés sldgplyr/ing apparatus accordllnng toga
second preferred embodiment of the invention having first and second internal

10 gas channels;

FIG. 5 is a sectional plan view of the gas supplying apparatus of the second
preferred embodiment of the invention illustrating gas outlets such as multiple
holes along its shower ring;

15
FIG. 6 is a sectional front view of the gas supplying apparatus of FIG. 5
illustrating its internal gas channels;

FIG. 7 is a sectional side view of a gas supplying apparatus according to a third

20 preferred embodiment of the invention illustrating its internal gas channels;

FIG. 8 is a seclional front view of the gas supplying apparatus of FIG. 7

ilflustrating its internal gas channels;

25 FIG. 9 is a sectional plan view of a gas supplying apparatus according to a fourth
preferred embodiment of the invention which includes an outer ring;

FIG. 10 is a sectional side view of the gas supplying apparatus of FIG. 9
illustrating the outer ring;
30



FIG 7 is a sectional side view of a gas supplying apparatus
according to a third 20preferred enbodi nent of the invention
illustrating its internal gas channels; FIG 8 is a sectional front
view of the gas supplying apparatus of FIG 7 illustrating its
internal gas channels; 25FIG 9 is a sectional plan view of a gas
suppl yi ng apparatus according to a fogrth preferred enbodi nent of the
i nvention which includes an outer ring; FIG 10 is a sectional side
view of the gas supplying apparatus of FIG 9 illustrating the outer
ring; - FIG Hids @133@'Oaals§@'ﬂtl wAw| off fhengagiewpbing: ARPFalSseipplGi Rg
appar at us Hﬁ#{ ng the outer ring; and FIG 12 is a
secti onal ﬂséﬁt%}%v?dé% eaggs suppl yi ng apparatus including a gas 5
tubi ng which is detachably affixed to a main body. Detailed

Descripti of »t: f =1ofe)e It

sectional qﬂ aglz\}?gwégrgﬁ&gél ﬁg)gtsupp yin S%QPQFISSAB?% P%?‘r?@“?‘c? &dﬁ rst
10 prefer rtebinglwtmlﬂllaﬂﬂtacbablylaﬁtxed\t@atrmain body.ustrating its internal
gas channels 14 for providing shielding gas during wire bonding of an
el ectroni c device. The gas supplying apparatus conprises a main body
10 havi ng Retaitedbbesoribbdre ofithe pasierned Eomddirabhtyof i wghticnthe mai n body,
to which is connected a gas inlet which may be in the formof a
network of internal gas channels 14. The gas channels 14 are 15
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hole 12 and to gas outlets located adjacent to the through-hole 12.

FIG. 1 shows the network of gas channels 14 having three separate gas paths,
20 one gas path leading directly to the through-hole 12 and two gas paths at least
partially encircling the through-hole 12. Two gas nozzles 18 comprised in the
gas outlets are located near or at an end of the main body 10 at an opposite side
of the through-hole 12 to where the gas channels 14 are located, and are located
on the bottom surface of the main body 10 adjacent to the through-hole 12.
25 Further gas nozzles are preferably located throughout the gas paths that at least
partially encircle the through-hole 12. The gas nozzles are connected to the
respective gas paths of the gas channels 14. The gas nozzles 18 supply the
inert gas 20 externally of the main body 10 and direct the inert gas 20 in a
direction towards an electronic device below the main body during wire bonding.
30 An electrode rod 16 is arranged inside a main gas inlet or gas channel 14 and is
parallel thereto. The electrode rod 16 terminates close to the through-hole 12.



25 Further gas nozzles are preferably |ocated throughout the gas
paths that at |east partially encircle the through-hole 12. The gas
nozzl es are connected to the respective gas paths of the gas channels
14. The gas nozzles 18 supply the inert gas 20 externally of the main
body 10 and direct the inert gas 20 in a direction towards an

el ectroni c device bel ow the main body gduring wire bondi ng. 30An

el ectrode rod 16 is arranged inside a main gas inlet or gas channel
14 and is parallel thereto. The electrode rod 16 term nates close to
the through-hole 12. - 6 - FIG 2 is a sectional side view of the
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i nert gas iR@dies2ahannel ed in the through-hole 12 towards top and
bottom surfaces of the main body 10 so 20that the tip of the
capillary 22 is protected by the inert gas 20 throughout its range of
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capillary tip primarily receives inert gas 20 WhICh is introduced from the gas
channels 14 and fed into the through-hole 12 to protect the bonding wire from
oxidation during sparking. As illustrated in FIG. 2, the inert gas 20 is channeled
in the through-hole 12 towards top and bottom surfaces of the main body 10 so
20 that the tip of the capillary 22 is protected by the inert gas 20 throughout its range

of movement within the through-hole 12.

Inert gas 20 introduced from the gas channels 14 is also fed to the nozzles 18
located at the bottom surface of the main body 10. The nozzles 18 direct the
25 inert gas 20 towards and onto the die 24. Therefore, the tip of the capillary 22
primarily receives the inert gas 20 supplied from the nozzles 18 at its bonding
position 22b outside the through-hole so that the inert gas 20 protects the
bonding wire from oxidation during wire bonding. Multiple nozzles 18 connected
to the gas channels 14 may be formed surrounding the through-hole 12 to
30 increase gas coverage at the tip of the capillary 22 at its bonding position 22b.
Hence, the tip of the capillary 22 can be protected by the inert gas 20 even when



| ocated at the bottom surface of the main body 10. The nozzles 18
direct the 25 inert gas 20 towards and onto the die 24. Therefore,
the tip of the capillary 22 primarily receives the inert gas 20
supplied fromthe nozzles 18 at its bonding position 22b outside the
t hrough-hole so that the inert gas 20 protects the bonding wire from
oxi dation during wre bonding. Miltipl7e nozzles 18 connected to the
gas channels 14 may be forned surrounding the through-hole 12 to

30i ncrease gas coverage at the tip of the capillary 22 at its bonding
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capillary 22 is lowered towards the die 24, the bonding wire at the

tip of the capillary 22 continues to be protected by inert gas 20
ej ect a@ f ripsn yhs 20 MswslBwas the nozzles 18 at the bottom surface of the main

body 10 through connectors such as slots 26 formed in the main body 10 leading
from the gas channels 14 to the nozzles 18. When the capillary 22 is lowered
towards the die 24, the bonding wire at the tip of the capillary 22 continues to be
protected by inert gas 20 ejected from the nozzles 18.

20
FIG. 4 is a sectional plan view of a gas supplying apparatus according to a
second preferred embodiment of the invention having first and second internal
gas channels 30, 32. Instead of having one network of internal gas channels 14
supplying the inert gas 20, the second embodiment makes use of the first internal

25 gas channel 30 to supply inert gas 20 to the through-hole 12 and the second
internal gas channel 32 (which is unconnected to the first internal gas channei 30)
to supply inert gas 20 to gas outlets on a shower ring 34 which surrounds the
through-hole 12. The supplies of inert gas 20 to the first and second internal gas
channels 30, 32 respectively are independently controlled. Therefore, this

30 embodiment has the advantage that there is greater control of the supply of inert
gas 20 into the through-hole 12 and towards the die 24 respectively.



FIG 4 is a sectional plan view of a gas supplying apparatus
according to a second preferred enbodi rent of the invention having
first and second internal gas channels 30, 32. Instead of having one
network of internal gas channels 14 supplying the inert gas 20, the
second enbodi nent nakes use of the first internal 25 gas channel 30
to supply inert gas 20 to the throughghole 12 and the second internal
gas channel 32 (which is unconnected to the first internal gas
channel 30) to supply inert gas 20 to gas outlets on a shower ring 34
whi ch surrounds the through-hole 12. The supplies of inert gas 20 to
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of the gas supplying apparatus of FIG 5 illustrating its internal
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the electrode rod 16 generates a spark to nel Wre at
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rod 16 generates a spark to melt the bonding wire at the tip of the capillary 22,
the bonding wire located in the through-hole 12 is protected from oxidation by the
20 inert gas 20.

Inert gas 20 also flows towards the shower holes 36 at the bottom surface of the
main body 28 via the shower ring 34 which is formed inside the main body 28.
The shower ring 34 receives its supply of inert gas 20 from the second internal

25 gas channel 32. When the capillary 22 is lowered towards the die 24, the
bonding wire at the tip of the capillary 22 continues to be protected by the shower
of inert gas 20 ejected from the shower holes 36.

FIG. 7 is a sectional side view of a gas supplying apparatus according to a third
30 preferred embodiment of the invention illustrating its internal gas channels. In
addition to the gas channels 14 which are also found in the first preferred



20i nert gas 20. Inert gas 20 also flows towards the shower holes 36
at the bottom surface of the main body 28 via the shower ring 34
which is forned inside the nmain body 28. The shower ring 34 receives
its supply of inert gas 20 fromthe second internal 25 gas channel
32. When the capillary 22 is |owered towards the die 24, the bonding
wire at the tip of the capillary 22 cantinues to be protected by the
shower of inert gas 20 ejected fromthe shower holes 36. FIG 7 is
a sectional side view of a gas supplying apparatus according to a
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generally lost to the surroundings. This further ensures that the quality of the
20  bonding wire under the tip of the capillary 22 is maintained during such sideways
movement. Increased protection of the bonding wire from oxidation during

sparking can thereby be achieved.

FIG. 9 is a sectional plan view of a gas supplying apparatus according to a fourth
25  preferred embodiment of the invention which includes an outer ring 50. The
outer ring 50 may be formed in a main body 48 of the gas supply apparatus next
to the network of internal gas channels 14 as described in the previous
embodiments. The outer ring 50 forms a circular gas path that substantially
surrounds the internal gas channels 14 and the through-hole 12. The outer ring
30 50 may include an outer ring outlet 52 comprising a single uninterrupted slot
which communicates with the aimosphere adjacent to the main body 48.



FIG 9 is a sectional plan view of a gas supplying apparatus
according to a fourth 25 preferred enbodi nent of the invention which
i ncludes an outer ring 50. The outer ring 50 may be forned in a main
body 48 of the gas supply apparatus next to the network of internal
gas channel s 14 as described in the previous enbodi nents. The outer
ring 50 forns a circular gas path thajgsubstantially surrounds the

i nternal gas channels 14 and the through-hole 12. The outer ring 3050
may include an outer ring outlet 52 conprising a single uninterrupted
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20 to the RMEES Wire goaiest oxideliothert gas 20 is projected downwards from
the outer ring outlet 52 to forma curtain around the wire bonding
area. This curtain fornms a shield which inhibits air in the
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gas 20 during sideways movement of the capillary 22 to different bonding

locations is also reduced, which assists in maintaining the quality of the bonding
wire at the tip of the capillary 22 during such sideways movement.
25
FIG. 12 is a sectional front view of the gas supplying apparatus including a gas
attachment such as a gas tubing 54 which is detachably affixed to a main body
58. Unlike the gas supplying apparatus as described in FIGs. 8-11 wherein the
outer ring 50 is formed inside the main body 48, the gas tubing 54 which has an
30 outer ring is detachably affixed to the bottom of the main body 58. The outer ring
of the gas tubing encircles the through-hole 12 and gas nozzles 18. The gas



30outer ring is detachably affixed to the bottom of the nain body 58.
The outer ring of the gas tubing encircles the through-hole 12 and
gas nozzles 18. The gas tubing 54 has an opening 60 or nultiple

hol es or slots projecting inert gas 20 downwards fromits outer ring
to forma curtain around the wire bonding area. The gas tubing 54
receives a supply of inert gas 20 threygh a connecting tube 56. 51t
shoul d be appreciated that the gas supplying apparatus according to
the preferred enbodi nents of the invention inprove the efficiency of
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surfaces can generally be improved by greater protection of the bonding wire

15 from oxidation. Moreover, betier control of the inert gas flow is possible by
introducing multiple gas channels 14, secondary gas conduits 40 and other gas
paths.

The invention described herein is susceptible to variations, modifications and/or
20 additions other than those specifically described and it is to be undersiood that
the invention includes all such variations, modifications and/or additions which

fall within the spirit and scope of the above description.



5a mai n body; a through-hole in the main body which is sized
for allowng a capillary tip of a bonding tool to be insertable

t hrough the main body when perform ng wre bondi ng; at | east
one gas outlet on a bottom surface of the main body and | ocated

10adj acent to the through-hole, the gas outlet being operative to
direct an inert gas in a direction toyacds the el ectronic device;, and
at least one gas inlet in the main body operative to supply the inert
gas to the through-hole and the gas outlet. 152. The apparatus as

cl ai med i rClcAlMSnh 1, wherein the gas inlet conprises a gas channel
connected to the through-hole, and gas paths that at |east partially
surround the through-hole. 3. The apparatus as clained in claim 2,
wher ei n t he gadrpappsaratuse farndgliveriddfshialdioff gassdosivey wirendpohdiay of an

encircles éIQ&ro %@%o%‘lpsﬂ%ﬁ The apparatus as clained in claimS3,

further conpris @s located on the bottom surface of the
mai n bd&dy whi cla ragie bodpnected to the shower ring for ejecting the

inert gas from_the s r.ring. .2 5. The. apparatus_as cl ai ned i.n
cl'ai m 3t urt nér R R gduaResy At st B AlRTRAc SRR e n
body | ocatgfch bbnding g as beensdrii@leothréuyh thermaiehoda®|vendropa@iing Weegas
inlet is | oc%t ed. -13-
bonding;
at least one gas outlet on a bottom surface of the main body and located
10  adjacent to the through-hole, the gas outlet being operative to direct an inert gas
in a direction towards the electronic device; and
at least one gas inlet in the main body operative to supply the inert gas to
the through-hole and the gas outlet.

15 2. The apparatus as claimed in claim 1, wherein the gas inlet comprises a
gas channel connected to the through-hole, and gas paths that at least partially
surround the through-hole.

3. The apparatus as claimed in claim 2, wherein the gas paths are in the
20  form of a shower ring that encircles the through-hole.

4. The apparatus as claimed in claim 3, further comprising shower holes
located on the bottom surface of the main body which are connected to the
shower ring for ejecting the inert gas from the shower ring.

25
5. The apparatus as claimed in claim 2, further comprising gas nozzles
located at an end of the main body located at an opposite side of the through-
hole to where the gas inlet is located.

30 6. The apparatus as claimed in claim 1, wherein the gas outlet comprises an

elongated slot formed on the bottom surface of the main body.



7. The apparatus as claimed in claim1l, wherein the at | east one gas
outl et conprises at | east one nozzle formed on the bottom surface of
the main body. 58. The apparatus as clainmed in claim1, further
conprising an electrode rod that is arranged inside the gas inlet and
parallel to the gas inlet, wherein the electrode rod term nates cl ose
to the through-hole. 9. The apparayys as clained in claim1,
wherein the capillary tip has a 10 sparking position inside the

t hrough-hol e where it primarily receives inert gas supplied into the
t hrough- hol e, and a bondi ng position outside the through-hole where
it primaridy r [ I.ner. I f : I

out | et | 10 tha S ER0E'ss eI MREla, Wi 1 Bt 16a5PShe 09 ol

i nl et furtdoanprises at lmapt oreesozzle forréed pntter natony agriadeaofiied main leddy.
supplies inert gas to the through-hole and a second internal gas
channel unconnected to the first internal gas channel which supplies
inert das 8.0 tdegapaeatus et .cldirhed Tinelagppafathes caspebiay rapdeleciraeaioon
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i nternal gslectajtenoelerminaté clodde thpparcayksoks clained in claiml,

further conprising a secondary gas conduit formed separately in the
mai n body on top of the gas inlet and connected 25to the through-hole
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where it primarily receives inert gas supplied from the at least one gas outlet.

10. The apparatus as claimed in claim 1, wherein the gas inlet further

15 comprises a first internal gas channel which supplies inert gas to the through-
hole and a second internal gas channel unconnected to the first internal gas
channel which supplies inert gas to the gas outlet.

11. The apparatus as claimed in claim 10, wherein a supply of inert gas {o the
20 first internal gas channel is controlled independently from a supply of inert gas to

the second internal gas channel.

12. The apparatus as claimed in claim 1, further comprising a secondary gas
conduit formed separately in the main body on top of the gas inlet and connected
25 to the through-hole for increasing a supply of inert gas towards the through-hole.

13. The apparatus as claimed in claim 12, including a gas well connected to
the secondary gas conduit which is located on top of the through-hole and which
has a larger cross-sectional area than the through-hole.

30



-14- 14. The apparatus as clainmed in claim1l, further conprising an
outer ring substantially surrounding the through-hole and gas outl et,
which is operative to generate a curtain of inert gas that
substantially surrounds the capillary tip. 515. The apparatus as
claimed in claim14, wherein the outer ring includes a single
uninterrupted slot on the bottom surfage of the main body through
which inert gas is expelled to generate the curtain of inert gas
outside the main body. 16. The apparatus as clained in claim 14,
wher ei n t het.outTdre apprgatuacdsudiesned I0plaimal,i futhed coropddies aor osteotrisgon

the botto f t he. naj d hr ou which inert gas iS.
expel | ed Fgoﬁéé%g%g’t §Jr{%@%g§%§itﬁ%ﬁhm&,? §8s &Hp‘%ti’ . '°ihh'g W‘%Wﬁc}ﬂy.
17. The apgarcadtas astam afiimetigasithat substddiallyder®ings thecapitzey tipi ng i s
formed in the main body. 15 18. The apparatus as clained in claim
14, wherein the outer ring is forned in a gas attachnment that is

det achabl yi&f f ithedagpardtbe aswailaimeddy .claim 14, wherein the outer ring includes a
single uninterrupted slot on the bottom surface of the main body through which
inert gas is expelled to generate the curtain of inert gas outside the main body.

16.  The apparatus as claimed in claim 14, wherein the outer ring includes a
10 plurality of nozzles or slots on the bottom surface of the main body through which
inert gas is expelled to generate the curtain of ineri gas outside the main body.

17.  The apparatus as claimed in claim 14, wherein the outer ring is formed in
the main body.

15
18.  The apparatus as claimed in claim 14, wherein the outer ring is formed in

a gas attachment that is detachably affixed to the main body.



