-1- APPARATUS FOR DELI VERI NG SHI ELDI NG GAS DURI NG W RE BONDING 5 Field of
the Invention The invention relates to the formng of electrical connections
on electronic conponents, and in particular to the bonding of wires to

el ectroni c conponents during wire bonding. 10 Background and Prior Art Wre
bonding is used to connect electrical contact points of different devices,

or different electrical contact pointk-of the sane device. 15 FIG 1 is a
side view of a conventional wire bonding tool and an el ectronic flane- off
(EFO) device. The wire bonding tool includes a horn 10 and a capillary 12
attached to the horn, and al so ot her conponents such as an ultrasonic

transducer (not shown) for ADPARATUSFORDELIVERMGIY. The EFO device, 20
conprising an EFO torch 14, 1s positioned adjacent to the capillary 12 of
the vire bonding t ool SHEELDING BAS DURING WIRE.BONBING (o {ravel bet ween a
first height adjacent to the EFOtorch 14 for sparking, and a second hei ght
for bonding. Bonding wire (not shown) is threaded through a
centr & | yFietteftthe Ifagdndionn t he 25 capillary 12 and extends fromthe narrow
tip of the capillary 12. The bonding tool is arranged over an electronic
device to be bonded. The electronic device typically conprises a die 16
mount ed onRE iAverRA raRs 1R tﬁéwromhg 69@1@5?ﬁ¢é?%nn%bﬁoh§%' leleci@fR bet ween

the die 16 and the |eadfrane . A window cl anp 2
components, and in partlcular to the bonding of wires to electronic components

during wire bonding.

10
Background and Prior Art
Wire bonding is used to connect electrical contact points of different devices, or
different electrical contact points of the same device.

15

FIG. 1 is a side view of a conventional wire bonding tool and an electronic flame-
off (EFO) device. The wire bonding tool includes a horn 10 and a capillary 12
attached to the horn, and also other components such as an ultrasonic
transducer (not shown) for generating bonding energy. The EFO device,
20 comprising an EFO torch 14, is positioned adjacent to the capillary 12 of the wire
bonding tool. The capillary 12 is configured to travel between a first height
adjacent to the EFO torch 14 for sparking, and a second height for bonding.

Bonding wire (not shown) is threaded through a centrally-located hole in the
25 capillary 12 and extends from the narrow tip of the capillary 12. The bonding tcol
is arranged over an electronic device to be bonded. The electronic device
typically comprises a die 16 mounted onto a leadframe 18, and wire connections
are usually made between the die 16 and the leadframe 18. A window clamp 20
clamps and secures the electronic device to a worktable. The window clamp 20
30 has an opening to expose a bonding area on the electronic device at which wire

bonding is to be conducted, for access by the capillary 12.



cl anps and secures the electronic device to a worktable. The w ndow cl anp 20
30 has an opening to expose a bonding area on the el ectronic device at which
wire bonding is to be conducted, for access by the capillary 12. -2- During
operation, bonding wire hangs fromthe tip of the capillary 12. The end of
the wire is prepared for bonding by locating the EFO torch 14 at a
predeterm ned distance fromthe end vf"the wire and emtting an el ectrical
arc between the end 5 of the wire and the EFO torch 14. The arc forns a
nolten ball at the end of the bonding wire. By varying the intensity and
the duration of the electrical arc, the size of the ball that is fornmed can
be adj ust edrihg opeeatidn, bodﬂih‘?mﬂimgs'l?r@nméﬁﬁmftﬁmbépiila)'ytﬂienﬂﬁ eadbed to the
[

bondi ng surface by the capillary 12 using force and power. Thereafter, the
wire i s elteWHeds PeramA ﬁ&boaamiwglogﬁtmgatt@ kRO fiench ¢ atip Pededimingfhd.  Wen
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used for wre bonding, there 1s a tendency oxl dat1on e nolten ball
to ocBur oftenwira@nddhe &k Orderehildl. Theatsfoningla owitge ipall mt tie end b $eher e.

Oxi dation 15 of t.he lten ball .deteriorates,the quality of.the subsequent
bal |- bond PPRARS G B eiind s itnaly i rEgbliel i he HeBistl s 1R er i ng
gas conpr isgedbhfthe Ball ﬂﬂt?éfovmbd c!aﬁ@étache@ttﬁbp@cﬁﬁd\dihre%m.spl‘rh%rrﬁ@lfergas to
cover and protect the wire during ball formation. 20 A sinple way
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gas is

When bonding wires made of reactive materials such as copper or aluminum are

used for wire bonding, there is a tendency for oxidation of the molten ball to

occur when the melted material reacts with oxygen in the atmosphere. Oxidation

15  of the molten ball deteriorates the quality of the subsequent ball bond that is
formed. Therefore, it is necessary to provide a shielding gas comprised of a
relatively inert gas such as nitrogen or argon gas to cover and protect the wire

during ball formation.

20 A simple way of supplying such shielding gas would be to position one or more
gas nozzle tubes adjacent to the capillary 12 to envelope the end of the bonding
wire during molten ball formation. The problem is that, if done in the open, this is
not very effective and the results are inconsistent because much of the gas is
able to immediately escape into the atmosphere.

25
An apparatus for containing shielding gas when supplying the gas to 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 tube to
direct shielding gas to the bonding wire. Transverse in-line orifices are made in

30 the tube to allow the capillary of the bonding tool to enter the gas-containing tube



able to imedi ately escape into the atnosphere. 25 An apparatus for
cont ai ni ng shi el ding gas when supplying the gas to bonding wre is

di scl osed in US Patent Nunber 6,234,376 entitled "Supplying a Cover Gas for
Wre Ball Bonding". The apparatus includes a gas-contai nment tube to direct
shielding gas to the bonding wre. qfsverse in-line orifices are nmade in
30 the tube to allow the capillary of " the bonding tool to enter the
gas-contai ning tube -3- for ball formation, and then to pass through the
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effective supp a shieldi I ng i ng bal
bondi ng tbommngsuﬂamhe nol t en baII fron1oxygen in the atnosphere, the
contai nment tube itself is an inpedinent to viewing the wire bondi ng process
because the contai nment tube fully encloses the tip of the capillary and
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t her et®r eob%eru@me e hadl faaning epetationp pkireasaidinf ofrthe [rhiSP Yarah relative i ng
the capillary and the containment tube is also difficult because the tip of the EFO

torch is located within the containment tube. Thus, the alignment between the
EFO tforch, capillary and containment tube can only be done with some difficulty
by looking through the transparent tube, which also tends to become more
15 opaque over time. Inaccurate alignment among the items can create reliability

issues and an erroneous set-up may cause ineffectiveness of the apparatus.

It would therefore be desirable to develop an apparatus for supplying shielding
gas to a bonding wire that does not fully enclose the tip of the capillary in order to
20 make it easier to align the various components of the wire bonding tool and also

to make it possible to directly view the ball forming operation.

Summary of the Invention

25 ltis thus an object of the invention to seek to provide an improved apparatus for
supplying a shielding gas to bonding wire during ball forming operations that

avoids some of the aforesaid shortcomings of prior art apparatus for this purpose.

Accordingly, the invention provides an apparatus for supplying a shielding gas
30 during wire bonding with a bonding tool comprising a2 horn and a capillary, the
apparatus comprising: a main body; an elongated slot having a width that extends



gas to a bonding wire that does not fully enclose the tip of the capillary
in order to 20 nake it easier to align the various conponents of the wire
bondi ng tool and also to make it possible to directly view the ball formng
operation. Summary of the Invention 25 It is thus an object of the invention
to seek to provide an inproved apparatus for supplying a shielding gas to
bonding wire during ball formng oper&iions that avoids sone of the

af oresai d shortcom ngs of prior art apparatus for this purpose.
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- Brief Description of the Drawings

15  Examples of preferred embodiments of a gas supplying apparatus in accordance
with the invention will now be described with reference to the accompanying

drawings, in which:

FIG. 1 is a side view of a conventional wire bonding tool and an electronic flame-
20  off (EFO) device;

FIG. 2 is an isometric view of a gas supplying apparatus according to a first
preferred embodiment of the invention with part of the apparatus removed to
show a position of a tip of a capillary relative to an EFO torch;

25 '
FIG. 3 is another isometric view of the gas supplying apparatus as shown in FIG.
2;

FIG. 4 is an isometric view of a gas supplying apparatus according to a second
30 preferred embodiment of the invention with part of the apparatus removed to
show a position of a tip of a capillary relative to an EFO torch;



drawi ngs, in which: FIG 1 is a side view of a conventional w re bonding
tool and an electronic flane- 20 off (EFO device; FIG 2 is an isonetric
view of a gas supplying apparatus according to a first preferred enbodi nent
of the invention with part of the apparatus renoved to show a position of a
tip of a capillary relative to an EFO torch; 25 FIG 3 is another isonetric
vi ew of the gas supplying apparatus as®shown in FIG 2; FIG 4 is an

i sometric view of a gas supplying apparatus according to a second 30
preferred enbodi nent of the invention with part of the apparatus renoved to
show a position of a tip of a capillary relative to an EFO torch; -5- FIG 5
I s anot heF|G.s®igedriotisenis@webic vidwe of dte gapplppiviog apparatsias showhanFiGn FI G

4, 5 FIG 6 is a top view of the gas supplying apparatus according to the
second eftbodi nent of the invention further illustrati ng the paths of
respecti ve vacuum channels within the apparatus; and FIG 7 is an isonetric
vi ew of a gas supplying apparatus according to a third 10 preferred

enbodi srenFlGf Btisea tapygiew oh the ghs papplyiig Bhpambysa racerdingeto thed seeondshow a
position of .a tip, of capill ar el ative.to, an O torch, .Detail ed
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| somet ri ccoNarfEIPwithindRe appaiityd; d@dappar at us 22 according to a first
preferred enbodi nent of the invention with part of the apparatus renoved to

FIG. 7 is an isometric view of a gas supplying apparatus according to a third
10  preferred embodiment of the invention with part of the apparatus removed to

show a position of a tip of a capillary relative to an EFO torch.

Detailed Description of the Preferred Embodiment of the Invention

15 FIG. 2 is an isometric view of a gas supplying apparatus 22 according to a first
preferred embodiment of the invention with part of the apparatus removed to
show a position of a tip of a capillary 12 relative to an EFO torch 14. The
apparatus 22 comprises a main body which may be in the form of a block of
material that is suitably shaped so as to allow the horn 10 of the bonding tool to

20  be located close to it without contacting it during ball formation as well as during

actual bonding of a molten ball.:

In particular, the apparatus 22 includes an elongated slot 24 having a width that
extends into the main body from a side of the main body generally in a first direction
25 and that extends from a top surface fo a bottom surface of the main body in a
second direction perpendicular to the first direction for the width of the slot. The

slot 24 is generally in the shape of a U-shaped recess.

This slot 24 is sized to be wide enough to receive a tip of the capillary 12 in the
30 slot 24, and the capillary 12 is operable to pass through the slot 24 vertically in

the second direction. A main gas inlet 26 is located on the apparatus 22 in order



show a position of a tip of a capillary 12 relative to an EFO torch 14. The
apparatus 22 conprises a nain body which may be in the formof a bl ock of
material that is suitably shaped so as to allow the horn 10 of the bonding
tool to 20 be located close to it mﬁthout contacting it during bal

formation as well as during actual 8d|ng of a nolten ball. In particular,
the apparatus 22 includes an el ongat ed~Sl ot 24 having a width that extends
into the main body froma side of the main body generally in a first
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capillary 12 also helps to minimize the air space surrounding the end of the

bonding wire at the tip of the capillary 12. The small confined space retains and
maintains a high concentration of shielding gas consistently throughout the ball

15 formation process.

FIG. 3 is another isometric view of the gas supplying apparatus 22 as shown in

FI1G. 2. It shows the complete slot 24 of the apparatus 22 in the shape of a U-
shaped recess. The slot 24 has an opening on the side of the main body of the

20 apparatus that is preferably aligned with a longitudinal axis of the horn 10 such
that the first direction that the slot 24 extends is generally parallel to the
longitudinal axis of the horn 10. Furthermore, the slot 24 may comprise side

. walls extending in the first direction that are substantially parallel. Positioning the
opening of the slot 24 in front of the horn 10 has the advantage that an operator

25  standing in front of the bonding tool is able to have an unencumbered view of the
capillary 12 from the side of the main body that is not blocked by a part of the

main body throughout a range of motion of the capillary 12 during wire bonding.

It also facilitates the aligning of the capillary 12, EFO torch 14 and gas supplying
apparatus 22 by the operator since the operator can easily see all the respective

30 components.



capillary 12 also helps to mnimze the air space surrounding the end of the
bonding wire at the tip of the capillary 12. The small confined space
retains and nmintains a high concentration of shielding gas consistently

t hroughout the ball 15 formation process. FIG 3 is another isonetric view
of the gas supplying apparatus 22 as own in FIG 2. It shows the conplete
slot 24 of the apparatus 22 in the shapé of a U shaped recess. The slot 24
has an opening on the side of the main body of the 20 apparatus that i's
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accor di ng® '952‘;'“5%@83'&03199@1’%9‘# rTlErrbodi nment of the invention with part of

t he apparatus renoved to show a position of a tip of a capillary 12
relative to an EFO torch 14. The difference between the first and second
enbodlGrent3.i & i Arpthehisomedithview eibediasesirriYing RePatadup 2R Assshovgeondar y

gas inletpgd 4 hfntthissvié\n, fabt fhan one secondary gas outlet 32 can be seen. Again,
the opening of the slot 24 is aligned with the longitudinal axis of the horn 10 and

preferably faces the operator. The amount of shielding gas supplied through the

gas outlet 28 and secondary gas outlets 32 respectively should preferably be

15 independently controllable in order to meet the specific process requirements for

wire ball formation and oxidation protection.

FIG. 6 is a top view of the gas supplying apparatus 22 according to the second
embodiment of the invention further illustrating the paths of respective conduits
20 or vacuum channels 34, 36 within the apparatus 22. The capillary 12 is
advantageously located near an end of the slot 24 that is furthest away from the
side of the main body. The main gas inlet 26 is linked to the gas outlet 28 by way

of a main vacuum channel 34.

25 There are multiple secondary gas outlets 32 in the illustrated embodiment, and
they may all be linked to the secondary gas inlet 30 by way of secondary vacuum
channels 36 as shown in dotted lines in FIG. 6. At least two of these multiple
secondary gas outlets 32 may advantageously be located at the opening of the
slot 24 next to the side of the main body so as to ensure that the bonding wire

30 may be more thoroughly enveloped by the shielding gas during ball formation by
blocking oxygen from the surrounding atmosphere from entering the slot 24



communi cation with at | east one secondary gas outlet 32 which is preferably
formed inside the slot 24. This is useful to introduce nore shielding gas
into the slot 24 if the application requires it. 10 FIG 5 is another

i sometric view of the gas supplying apparatus 22 as shown in FIG 4. In
this view, nore than one secondary ga§squtlet 32 can be seen. Again, the
opening of the slot 24 is aligned wwth the |ongitudinal axis of the horn 10
and preferably faces the operator. The amount of shielding gas supplied

through t hgrougRStsBPdntfromGrRN dASRERIMAAICY BeR viiErbehe o?%rét@ﬁi%%blkiﬁﬁ'a‘! shoul d
preferably be 15 independently controllable in order to neet the Specific
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enbodi nent of the invention further illustrating the paths of respective
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It should be appreciated that the narrow slot 24 confines the shielding gas within
a small space and is operative to isolate the space from the surrounding air. In
this way, the oxidation protection of the end of the bonding wire during molten

15  ball formation can be more consistent than prior art gas supply methods.

Additional secondary gas outlets 32 surrounding the siot 24 supply shielding gas
for further protection of the bonding wire without requiring a full enclosure to
cover the capillary 12 and bonding wire as in the prior art. The need for requiring
20 a full enclosure can further be avoid by locating at least some of the secondary

gas outlets 32 near the front open end of the slot 24 to block the same.

As a result, the preferred embodiments of the invention makes it much easier for
an operator to align the capillary 12, EFO torch 14 and gas supplying apparatus
25 22 while maintaining a supply of shielding gas to prevent oxidation. Therefore, a
more consistent set-up and oxidation protection can be achieved as compared to
the prior art as a result of the better alignment. Having multiple gas outlets 28,
32 further allow greater flexibility to control the amount of shielding gas that is
supplied. The preferred embodiments of the invention further avoid the need for
30 expensive transparent high temperature material for enclosing the capillary and

bonding wire during bonding.



through its open front end. A position "0" fromwhere the operator is

| ooking at the capillary 12 is also shown. FIG 7 is an isonetric view of a
gas suppl ying apparatus 22 according to a third 5 preferred enbodi nent of
the invention with part of the apparatus renoved to show a position of a
tip of a capillary 12 relative to an Otorch 14. In this enbodi nent, each
secondary gas outlet 32 is replaced by"nultiple smaller secondary gas
outlets 32'. The other features of the third preferred enbodi nent are
simlar to those described in the second preferred enbodi nrent shown in FIG
10 4 and no further explanation is necessary. It should be appreciated that

t he narr ohhe lintentian sisstiivask heredn ihisusetiplipegiasvatiatinng, madifpatianssgafer and i s
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Addi tional  secondary gas outlets 32 surrounding the slot 24 supply shielding
gas for wihinike S@F'eg@f%%qo@ﬁ abthe FROVESIECTHRHARKE re wi t hout requiring a full
enclosure to cover the capillary 12 and bonding wire as in the prior art.
The need for requiring 20 a full enclosure can further be avoid by | ocating
at | east sone of the secondary gas outlets 32 near the front open end of
the slot 24 to block the same. As a result, the preferred enbodi nents of the
invention makes it nuch easier for an operator to align the capillary 12,
EFO torch 14 and gas supplying apparatus 25 22 while nmaintaining a supply
of shielding gas to prevent oxidation. Therefore, a nore consistent set-up
and oxi dation protection can be achieved as conpared to the prior art as a
result of the better alignnment. Having nultiple gas outlets 28, 32 further
allow greater flexibility to control the amount of shielding gas that is



supplied. The preferred enbodi nrents of the invention further avoid the need
for 30 expensive transparent high tenperature material for enclosing the
capillary and bonding wire during bonding. -9- The invention described
herein is susceptible to variations, nodifications and/or additions other
than those specifically described and j4_is to be understood that the
invention includes all such variations, nodifications and/or additions which
fall 5 within the spirit and scope of the above description. -10- CLAI M5 1.
An appar atgyifaer supplying a shielding gas during wire bonding with a
bondi ng tool conprising a horn and a capillary, the apparatus conprising: 5
a main body; an elongated slot having a width that extends into the main
body fromsa si i e 2 £r i i d that
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di r ect i on bpadipgabl comprising & Hen fand st capiliare the appdratustcompnsidigh of t he sl ot

t he sl gt bei ng _si Ze% t.o receive a tip of the capillary 10 which is operable
to pas? through MHBDPOM%: in the second direction; and a gas outlet operative
to supply shi ebdidshgas $16f Ravififa Hidth that extehels AR M ilah BodyehrarhBsaé n cl aim
1, wherein the gas outlet is forned inside the slot. 15 3. The apparatus as
cl ai med i ®f Seamaindhodygengeally doapstsiiragtion gadthahpdendsmifomediamsurfacetored i n

the main t%oﬁjé‘ttotnb§hrf§6eeof:9\%r|ﬁ§itn%cfyqnt§1§e&%§l d?*étciigrtt perpendicular to the first
direction for the width of the slot, the slot being sized to receive a tip of the capillary
10  which is operable to pass through the slot in the second direction; and

a gas outlet operative to supply shielding gas into the slot.

2. The apparatus as claimed in claim 1, wherein the gas outlet is formed inside
the slot.

15
3. The apparatus as claimed in claim 2, further comprising a gas inlet and

conduit formed in the main body that are connected to the gas outlet.

4, The apparatus as claimed in any one of the preceding claims, further
20 comprising an electronic flame-off torch located in the main body such that an end

of the electronic flame-off torch protrudes into the slot.

5. The apparatus as claimed in claim 4, wherein the end of the electronic
flame-off torch is coincident with and protrudes out of the gas outlet.

25
6. The apparatus as claimed in any one of the preceding claims, wherein the
slot has a narrow width that is not substantially larger than a width of the capillary to

minimize the air space surrounding the tip of the capillary.



4. The apparatus as clainmed in any one of the preceding clains, further 20
conprising an electronic flanme-off torch located in the main body such that
an end of the electronic flame-off torch protrudes into the slot. 5. The
apparatus as clainmed in claim4, wherein the end of the electronic

flame-off torch is coincident with anq protrudes out of the gas outlet. 25
6. The apparatus as clained in any one of the preceding clains, wherein the
slot has a narrow width that is not substantially larger than a width of the

capillary7to mhaidppbatidas @larmé@maw bhe GINEE Peedelimgl diBinf, wheseif i [ | ary.
-11- 7. The apparatus as clainmed in any one of the p recedh}ag clains, wherein

the firsfirsiidireetianothat g slehextends iscganerally nasalleb i adongituginek pxis|of e a

| ongi tudi pgl, axis of the horn. 5 8. The apparatus as claimed in any one of
t he precedl ng clainms, wherein the slot is configured such that an
operat or' s vi ew of the capillary fromthe side of the main body is not

bl ocke t of the mai t hroughqut a range qf, notion f the
capt | Lary &ar | AeAPPEonEs SEMES o an RBS.48 1o Rr<reRe SRaFmateren 306 one of
the pr eCG@!dﬂ‘i‘a EbrifigiFed $ubht tREF an ©RBRIGS ewBflthée ehgi||§|<9cmﬂﬁaﬁe/saas:f% lets
operative to suppl’y shielding gas into the slot. The apparatus as

cl ai med i main §pdy & neitiecked tth@pgémﬁmmlma@dmtmm&muhaéang@ﬁ meied i nsi de
t he sl ot. H're E@ﬁlaﬂpﬁﬂ'fngtvb’i? c{iré%' med in cl a! m 10, wherein at | east two
7 0Ca

secondary “gas at an opening of the slot next to the
side of the main body.

10 9. The apparatus as claimed in any one of the preceding claims, further
comprising multiple secondary gas outlets operative to supply shielding gas into the
slot.

10.  The apparatus as claimed in claim 9, wherein the secondary gas outiets are

156  formed inside the slot.

11.  The apparatus as claimed in claim 10, wherein at least two secondary gas

outlets are located at an opening of the slot next to the side of the main body.

20 12. The apparatus as claimed in any one of claims 9 to 11, further comprising at

least one secondary gas inlet that is fluidly connected to the secondary gas outlets.

13. The apparatus as claimed in claim 12, further comprising a plurality of
conduits formed in the main body for connecting the at least one secondary gas

25 inlet to the multiple secondary gas outlets.

14.  The apparatus as claimed in any one of claims 9 to 13, wherein an amount
of shielding gas supplied through the gas outlet and secondary gas outlets
respectively are independently controllable.

30



20 12. The apparatus as clainmed in any one of clains 9 to 11, further
conprising at |east one secondary gas inlet that is fluidly connected to
the secondary gas outlets. 13. The apparatus as claimed in claim12,
further conprising a plurality of conduits formed in the nmain body for
connecting the at |east one secondaryqgas 25 inlet to the miltiple
secondary gas outlets. 14. The apparat us as clained in any one of clains 9
to 13, wherein an anount of shielding gas supplied through the gas outl et
and secont®iry pesappirhssas ce!ammlwun@bether&ep@dldgmdumsmnérrem ihabl e. 30
-12- 15. Thea aratus as clained in any one of the gﬁ icl]ﬁjfcﬁ

wher ei n t Pl 3(% iqon lg;eﬁéogg,lﬁqaéqﬂwrtaaqﬂgqf&eaglgag 05 &t fifughesthe

el ongat edaghpholié sigs df e M8 bodyMifink W8 Udpairy de of the main body during
wire bonding. 5 The apparatus”as clained in~-any one of the preceding
clainms, wherein the elongated sl ot conprises side walls extending in the
first dirgcti t are st anti al | |l e a rat us as
clai méd i nany %qra’r[Uﬁeas &%p 'Hgar@’l %‘?‘?35{&\% S?C#ZQ I‘f’sa"%i’o\gg‘?g% ed sl ot
isin theelbﬁgafe@fslﬁt Uoﬁipﬁ@@ didke egdlls extending in the first direction that are

substantially parallel.

17. The apparatus as claimed in any one of the preceding claims, wherein the

10  elongated slot is in the form ofa U-shaped recess.



