-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 pointg$-of the sanme device. 15 FIG 1l 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 other conponents such as an ultrasonic

transducer (not shown) for A%‘ﬁﬁ &ﬁgﬁ&a&ﬂﬁy The EFO device, 20
conprising an EFO torch 14 N.L.u..b to the capillary 12 of
the wire bonding tool sﬁggmléAsmﬂmgwmmmto travel between a
first height adjacent To the EFOtorch I4 tor sparking, and a second hei ght
for bondi ng. Bonding wire (not shown) is threaded through a

centra 1 %I % Ny the 25 capillary 12 and extends fromthe narrow
tip of th T The bondi ng tool is arranged over an electronic
device to be bonded. The el ectronic device typically conprises a die 16

nmounted onto a | eadfranme 18, and wire connections are usually nade between
the die 16hgninverton gglttesaie the. fosmint dwelertispl sonnections on  électronic

components, and in particular to the bonding of wires tc electronic components

IJI

during wire bonding.

T 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-
L " 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 tool
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 6f2the 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
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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 fo
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 nnent tube to direct
shielding gas to the bonding wire. Transverse in-line orifices are nade in
30 the tube to allow the capillary of -Bhe bonding tool to enter the
gas-contai ning tube -3- for ball formation, and then to pass through the
tube to bond the bal| onto a bonding surface. Al t hough the a Paratus S
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bondi ng thﬂﬁﬂgﬁﬁhﬁk%e nolten ball from oxygen in the atnosphere, the
contai nment tube 1tself is an inpedinent to viewing the wire bonding process
because the contai nment tube fuIIy encloses the tip of the capillary and
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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 torch, capiltary and containment tube can only be done with some difficuity
by looking through the transparent {ube, 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 It is 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 a hormn 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 form ng operayi-ons that avoids sone of the

af oresai d shortcom ngs of prior art apparatus for this purpose.

Accordingly, the invention provides an apparatus for supplying a shielding
gas 30 durintagheimandmayifram i site f tﬂmmaﬁgbodpgenemﬁy irs arfystadirestion and a

capillary,, the ratu body. an_el.on at ed sl ot havi ng
S0 e n 1 ot e BREERA e TRk 30 Rhorisl s factort bedfal SRS hE soRnody
general | y difecfior Péﬁiendicm%ﬁ‘té gt At dirédtiah f@%tr%miﬁitﬁ bPRe3slbQ fhé diot Beipgt 0 a
bottom surface of the main body in a second direction perpendicul ar to the

first dirctgadole eeeive metlimplithe epillanewbichtis apeeabtie & Pass Hyough thegsleldnr ecei ve

2,110 8 08 sSAd SRctoN I L3 QRRE BBLENLO AR HIUAD dlanBlBE off 5 the

second di rectr on as i'ng gas into
the slot. It mould be convenient hereinafter to descrlbe the invention in
greater detall reference to the acconpan¥|ng drawi ngs which il lustrate

preferred EH@GM pogverjent Rarejinafiente descrbretheaiveptionain gieater defail dyawi ngs
dth 0 iegrad th
ggner alel [%@‘gﬂ%@ﬁf}r oa%dogg)d@?“jgc%'?%r#ﬂ%vpﬁpﬁe [ nveﬁﬁgﬁégswﬁﬁl ne d@gy tﬁe

cl ai ns. Brofdrhe[i)e\s&ntnopt iTha pta‘rtchﬂmtDrcﬂ\Khelgisa\&lﬁgEmdplhesrelﬁteqbrdesemptmm is

TR A TR T N T TR

the invention as defined by the claims.

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 isometfric 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
view of the gas supplying apparatus as9shown 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
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second enrhodi ment of the invention further illustrating 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
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I sonetric yiew of .a.gas supplyin pparatus 22 according to a first
preferred %&%88‘3%%#@?‘* W@?%\?eg?&on 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 {orch.
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 hom 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.
L

In particular, the apparatus 22 includes an elongated slot 24 having a widih 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 to 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 operabie 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 without contacting it during bal

formation as well as during actual bonding of a nolten ball. In particular,
t he apparatus 22 includes an el ongatedbsl ot 24 having a width that extends
into the main body froma side of the main body generally in a first
direction, 25 and Egat extends froma top surf m surface of the

ce to a bott
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o' ocat edtishcomaijssEiph; fEn e ifeig: 85 a0 26 P er ConitBich 3t o' a
gas suppl yasRihGhahRelt PROYREIIR ghd bRPEREHEE e JR! Altley 2BYodclsiet tidi el di ng
gas, such as nitrogen or ar&on gas, into the slot” 24 via a gas outlet 28

that is pseaes bothg siéirddeand displaces aay okygerpwithimiiee gagceut l et 28 is in fluid
comuni cation with the main gas inlet 26 through a conduit such as a 5
vacuum channel . The shielding gas emtted fromthe gas outlet 28 occupies

the spac@réferdbig thk®BF Q4oeAd disRicddasidenye appaefusR? ind theengsidle
Pr ef er abl the EFO torch 14 is fitted inside the apparatus 22 and the end
of the ERDQ kel 144orpiruties gightly inignthesietngdy Mese preferaply. theeadgfdper apl v,

the. ong PR Sorgh EROch kit ik RGHARAL ot bhuRNgag Thndes ehé of (he
| ar ger t haarrawwviith offthehsdot 24 that is not substantially larger than a width of the
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

FIG. 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 hbrn 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
re 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 isonetr
of the gas supplying apparatus 22 as showmn in FIG 2. It shows the conplete

bondi ng wi

slot 24 of the apparatus 22 in the shage of a U shaped recess.

has an opening on the side of the main body of the 20 apparatus that
preferably_al iﬁﬁned with a_longitudinal axis of the horn 10 such that the
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FIG. 4. In this view, more than 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
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 inventidn further illustrating the paths of respective conduits
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 iniet 26 is linked to the gas outlet 28 by way

of a main vacuum channel 34.

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 mulitiple
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
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 gas outlet 32 can be seen. Again, the
opening of the slot 24 is aligned with8-he |ongitudinal axis of the horn 10
and preferably faces the operator. The amount of shielding gas supplied

t hrough the §, outle 8 and,secondary, gas outlets 32 respectjvely should
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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 slot 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 EFOtorch 14. In this enbodi nent, each
secondary gas outlet 32 is replaced by9nultiple 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
the narr owhs!ifenfibn SRAGHBES nbfhn 3811sGLCIIBIORS VMBS, nfbafiBldnsSARger and IS
operative to isolate the space from surrounding alr. In thrs way, the
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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
r$5ult of the better alignnent. Having nultiple gas outlets 28, 32 further
allow greater flexibility to control the amount of shielding gas that is



supplied. The preferred enbodi nents 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 if,is to be understood that the

i nvention includes all such variations, %Ddifications and/ or additions which
fall 5 within the spirit and scope of the above description. 10- CLAIMS: 1.

An appar at mé.wi re bondi ng conprising: a bonding tool conprising a horn
and a capig%—y—éttached to the horn; and 5 an apparatus for supplying a
shi el ding gas during wire bonding, the apparatus for supplying shielding
gas conprising: a nmain body; an el gngated sl ot that extends into the nmain
body from & si dBNAPPAFEUSERTWIrgBaYding MRS di recti on and having a wi dth,

the slot also e j L f ] t he
mai n body. i n adbenan gl Bl a oty SEsplian RrbaTh W hBGE B

di rectison, fromahhapsErdisofort bepmiping bodicalingngaseridrio wirkebwvhdihh, dhet he
slot to the other end of the wdth of the slot, the slot also having a wall
ext endi ng #pBAREYRSOr SHPRIMINCelding 9as eRINPBSGur f ace of the mai n body, the
sl ot being si ZeQnﬁeﬂ rb%(&gi ve a tip of the capillary which is operable to pass
through 15 the AP °PiYt he second direction; and a gas outlet operative to

suppl y shi el di ngn@#snhdatéd sidiéhatl @itends into the main body from a side of the main
body in a first direction and having a width, the slot also extending from a top
10  surface to a bottom surface of the main body, in a second direction generally
( | perpendicular to the first direction, from the side of the main body at one end of
the width of the slot to the other end of the width of the slot, the slot also having a
wall extending from the top surface to the bottom surface of the main body, the
slot being sized to receive a tip of the capillary which is operable to pass through
15  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 cutlet is formed
inside the slot.

20
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
25 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.
30



2. .The apparatus as clainmed in claim1, wherein the gas outlet is forned
inside the slot. 20 3. The apparatus as clainmed in claim2, further

" conprising a gas inlet and C conduit.forned in the nain body that are
connected to the gas outlet. 4. The apparatus as clainmed in any one of the
preceding clains, further 25 conprisipgkgn el ectronic flanme-off torch

| ocated in the nmain body such that an d of the electronic flane-off torch
protrudes into the slot. 5. The apparatus as claimed in claim4, wherein the

end of thegel eC’rﬁé’ngaréﬂéggcﬁ}%eehgﬁ%gy;@l?gﬁtﬂ% EBédf b idhiARIAWRERLA YhEs out

of the gas outl et alrre in any one of the
precedi ng slbahma nsinexveividth leat is Inot shbﬁaatlaﬂyr lagyervha b widét oi theroapillary
substantially, larger than a width of t agéllara}l/qqto mnimze the air
space surr IRiZE the ik $Page SWewsing h&r the capillargppar at us as cl ai med in
any one of the preceding clains, wherein the first direction that the sl ot
extends is generally parallel to a longitudinal axis of the horn. 8. The

appar atdus As cl fheagparatasys afeimet! ih mymmeﬁﬁhegprebedimg claitme; aiherdih¢he 10
slot is confiqured such that an operator's view of the capillary fromthe

si de of t hirst ?@F'%b’iﬂ‘?t the siet eﬁﬁﬂ@%éﬁjgﬁiﬁ@"bﬁﬂfa"@f tq %@%‘iuﬁ"@béiff'stq{ﬂ%ghout
a range of tion of the capillary during wire bonding. 9. The apparatus as
clainmed in any one of the preceding clains, further 15 conprising nultiple
secondary gas outlets operative to supply shielding gas into

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

10 slotis configured such that an operator's view of the capillary from the side of the
main body is not blocked by a part of the main body throughout a range of motion
of the capillary during wire bonding.

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

10. The apparatus as claimed in claim 9, wherein the secondary gas outlets
are formed inside the slot.

20
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.

12.  The apparatus as claimed in any one of claims 9 to 11, further comprising
25 at least one secondary gas inlet that is fiuidly 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

30 inlet to the multiple secondary gas outlets.



the slot. 10. The apparatus as clainmed in claim9, wherein the secondary gas
outlets are fornmed inside the slot. 20 11. The apparatus as clainmed in
‘claim'10, wherein at |east two secondary gas outlets are |located at an
opening of the slot next to the side of the main body. 12. The apparatus as
claimed in any one of claims 9 to 11, fusther conprising 25 at |east one
secondary gas inlet that is fluidly connécted to the secondary gas outlets.
13. The apparatus as clainmed in claim12, further conprising a plurality of
conduits T g4MedThe AfEariRisnaBOSineY if AEEhENsH Liimal 9! €295, gRrERCaRdar Y
gas 30 inlet to the nultiple secondary das outlets. 12- 14. The apparatus
as cl ai nedamouahyoforbietfing | gasrsupptied 1throwdiertbé ngas owtlatuand othes mwligleng gas
supplied through the gas outlet and the nulti pl secondary gas outlets
Coobect | veryoRliary Bes BuleBHergecbir ot areenderil CoGoIaBar ot us as ol ai med
in any one of the preceding clains, wherein the capillary is configured to
be | ocated near an end of the elongated slot that is furthest away fromthe
si de of5 t hé5mai Mhbappachtus ag olaineddioraliyngne dbthelprecapiparcitints, ashettiaithed i n
any one of the preceding clains, wherein the 10 elongated slot conprises

si de wal | sCaiflandisnePnigured teinesjocgied derbRn: AR Qfrtee Slapeeies sial fRat is

herei n § ntgrERYRPEREE B8 o i bBar BUnAB R philing: C0CC) N0 <1 &1

16. The apparatus as claimed in any one of the preceding claims, wherein the
10 elongated slot comprises side walls extending in the first direction that are

<., substantially paraliel.

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

elongated slot is in the form of a U-shaped recess.



