-1- STUD BUMPI NG APPARATUS Field of the Invention 5 The invention rel ates
to an apparatus usable in the stud bunping of sem conductor wafers to form
- conductive termnals on the wafer, and in particular, to stud bunping of
waf ers nmechanically with material that is prone to oxidation, such as
copper. 10 Background and Prior Art Fliplehip mcroelectronic assenbly is
al ready established in the sem conductor industry. The assenbly process

i nvol ves the direct electrical connection of 15 face-down el ectronic
conponents onto substrates, circuit boards or carriers by neans of
conductive bunps on the ch| ol der technol ogy

I nvol ves wire bondi ng of eaéH —¢hi ps to substrates,
circuit boards or carriers. The advantages of f||p chi p packagi ng over

ol der technol ogy include smaller size, better performance, increased 20
erxibiIitﬁE&ig{ﬂﬁﬂnMﬁn&mmnd | ower cost. For exanple, elininating packages
and bggd wi res reduces the required board area by up to 95% and requires
far s height. Wight can be |less than 5% of packaged device weight. In
fact, therhéi pvehtion C?é1a1.*é% %y €8n saﬁd»é.@&ué hﬁ’ébtﬂ?é“ i 3ha! st diagsing( 6FP)
because its size is the size of a hip. Flip chip naterlals are | so
beconi ng neensicondatior ’afersaid mme cqmiuch\ee teowinals orprtbe uwafern anastis. A

conductive b serves sever al ncigions in t

Elect 11 cal PIUCHRE &%ldpmpwg EtsS dcestpoicl i siteReh e o s ac e
The bunp g %g {tﬁgﬁégal | y conductive path to carry heat fromthe
chip to 30 the strate dition, the bunp provides part of the

mechaniCcal m)untl ng of the chip to the substrate. Fi nally, the bunp

provi des a_spacer, .pr evlgnti el ectrical contact between the chip and
substrate M,n Rt ng as a

Flip chip microelectronic assembly is already established in the semiconductor

industry. The assembly process involves the direct electrical connection of
15 face-down electronic components onto substrates, circuit boards or carriers by
means of conductive bumps on the chip bond pads. In contrast, older
technology involves wire bonding of each bond pad of face-up chips to
substrates, circuit boards or carriers. The advantages of flip chip packaging
over older technology include smaller size, better performance, increased
20 flexibility, reliability and lower cost. For example, eliminating packages and
bond wires reduces the required board area by up to 95%, and requires far
less height. Weight can be less than 5% of packaged device weight. In fact,
the flip chip can be even smaller than Chip Scale Packages (CSP) because its
size is the size of a chip. Flip chip materials are also becoming more widely

25 available, further lowering production costs.

A conductive bump serves several functions in the flip chip assembly.
Electrically, the bump provides a conductive path from chip to substrate. The
bump also provides a thermally conductive path to carry heat from the chip to
30 the substrate. In addition, the bump provides part of the mechanical mounting
of the chip to the substrate. Finally, the bump provides a spacer, preventing
electrical contact between the chip and substrate conductors, and acting as a

short lead to relieve mechanical strain between board and substrate.



short lead to relieve nechanical strain between board and substrate. -2-
There are several ways of forning bunps on semi conductor wafers. These

. include sol der bunping, plating and stud bunping. The present invention
relates to stud bunping, which bunps wafer dice by a wire bondi ng techni que
5 that is nodified fromthe ol der wre_ondi ng technol ogy. This technique
makes a ball for wre bonding by nelting the end of a wire to forma sphere.
The ball is attached to the chip bond pad as the first part of a wire bond.
To form bunps instead of wire bonds, wire bonders are nodified to break off
the wre after attaching the ball to the chip bond pad. The ball, or "stud
bump" 10 reABgEayerahwayyef foming limas Pnasemicondaptoryatess ideseo t he
underl yin 2 PiadihAAL LA I d wh.Le.l | n. stud
burmpi ng.  FAFr S0 bUMEY Pialhd) ohd 3R iRy SheTpisself el g

copper W rglatéstestlid inppig, uvigts bbaps wafer biicenby aunide bondiretechaijueased
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of copper oxide, which is non-conductive, result in defects in the final
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desirable to have ggccess {0 ra t I capper..st bunping to
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the capperehiHiRifg HPthelbBrR Ya@brévidesd B\RiiiaPRnt Eohsedtidrr toftReurRfergiigect  of
the invention to seek to provide an inproved apparatus which reddces
exposur e onetal om therghép.t o oxygen in the 30 atnosphere during a stud bunping
process with material that is prone to

Traditibnally, gold wire is used in stud bumping. However, there has recently
been increased interest in using copper wire instead. Copper bumps have

15  been found to offer increased reliability, extended temperature range, greater
mechanical strength, higher connection density, improved manufacturability,
and better electrical and heat-dissipating performance. Nevertheless, a
challenge faced in copper stud bumping is that copper reacts with oxygen and
oxidizes at the high temperatures that stud bumping processes are carried

20 out. The formation of copper oxide, which is non-conductive, result in defects
in the final product, and this needs to be avoided as far as possible. It would
thus be desirable to have access to an apparatus that allows copper stud
bumping to be performed at a high temperature while reducing the risk of
oxidation of the copper bumps.

25

Summary of the Invention

It is therefore an object of the invention to seek to provide an improved
apparatus which reduces exposure of stud bumps to oxygen in the
30 atmosphere during a stud bumping process with material that is prone to

oxidation so as to minimize oxidation of the bumps.



oxidation so as to mnimze oxidation of the bunps. -3- According to a first
aspect of the invention, there is provided an apparatus for forning
conductive bunps on a plurality of sem conductor devices with an oxidizable
material, conprising: a bunp form ng device; a chanber system adapted to
house the sem conductor devices; a gas_gupply for supplying an 5 inert gas
into the chanber system and a support table for supporting the

sem conduct or devi ces during bunping, said support table being operative to

nmove the Aemrdcr@wmrrstobspem@fftm@m\@nlﬁuﬁmhe@e%Fmvudéd)ahfuppanaﬁmefbr system
after bunping. 10 According to a second aspect of the invention, there is

provi ded ®rimiithcenduetive &umnﬁg OfoAdRIEEa it %mcwﬁd uctpr @lexigesywigh an

or ovi di ngoXOaREs ERB Ry fhsig AR oAb uBlice 3 R PbRE SVABLT ' FEF v ng
bunps on higptedNoCROGEE td seARSOMRIIEMNdéVIEes UP Rkt st forsupplPrgPamg site;
and noving the sem conductor 15 devices fromthe bunping site into a chanber

syst erh af hert paspgntey thehichambaipsysiemy aand RnsupPaghidablatfor tswppentingodie syst em

detail by SPERBATReE Yoy Rt amd Byneicoah suprbHahiE R e P ¥ e
enbodi menfnoRt theD Jemsicbnd@dtbr Adbvidde rmta%ﬁmpingysné infe tHeavhambepnd t he
rel ated description is not to be understood as superseding the generality of

t he broadsysient afterdeumping. of the invention as defined by the clains. Brief
Description of the Drawings 25 An exanple of an apparatus and nmethod in
accordance with the invention will now be described with reference to the

accom@nyAeecmrrzgwa%edoﬂdvﬁwé&t of Haivenfion Sthéré’is?‘ﬁrd(ﬁl&é’éi afméathd i ng
assenbly | ocat over a wafer array 30 including an oxidation reduction
4 %\yi ce pofirtriing eadnauictice mumpre obuapbidlitef eseshigonductoe dievices withdan i on
e bun'gg(iﬁgiable material, comprising the steps of: providing a support table for
supporting the semiconductor devices; forming bumps on the semiconductor
devices on the support table at a bumping site; and moving the semiconductor
15  devices from the bumping site into a chamber system after bumping while

supplying an inert gas into the chamber system.

It would be convenient hereinafter to describe the invention in greater detail by
reference to the accompanying drawings which illustrate one embodiment of
20 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 the invention as defined by the claims.

Brief Description of the Drawings

25
An example of an apparatus and method in accordance with the invention will

now be described with reference to the accompanying drawings, in which:

Figure 1 is a plan view of a bumping assembly located over a wafer array
30 including an oxidation reduction device positioned adjacent the bumping

assembly for reducing oxidation while bumping;



-4- Figure 2 is an isonmetric view of a shroud with a detachabl e wi ndow cover
to protect surrounding dice from oxidation during bunping by the bunping
assenbly; 5 Figure 3 is an isonetric view of an apparatus according to the
preferred enbodinment of the invention including a chanber system | ooking
fromone end of the chanber system Figure 4 is an isonetric view of the
apparatus | ooking froman opposite end of 10 the chanber system of figure
3; Figure 5 is an isonetric view of the apparatus of figures 3 and 4 with an
open out Eiguedanigedn (soreetriceriew! ofra sarguehaitala detavhable hamdsw ,colBr kb gure 6
Is an isonetric view of the renovable inner chanber that has been renoved
from the Biptest sHEAWRAINGadiserifigm oxidation, durigndupmpingi Ry the bHBRIRGOVabI e

i nner chag&ﬁ{ B&on1an opposite end to that of figure 6 illustrating its

det achabl €YU g connectors. 20 Detail ed Description of the Preferred
Enbodi ment Figure 1 is a plan view of a bunping assenbly 10 that is usable
for stud _bunping |ocated over a plurality of sem conductor devices, such as

that ©5 Eigweisdel am isomalrisr view & ams apRanatis aeeaifing tretheeprieferre? f or m of

capi 1 aryenporigéaf bt e Sl B reU AL oMbl sFpl 160ehE Hotndhe T or m t e
waf er arrayd b8t cRarbepeypsteri;te 23. An electrical discharge electrode 14 is

positioned next to the bonding horn 12 and capillary to provide electrical
30 sparks to formthe ball bunps. Since wire which is prone to oxidation at

bunpi g, BE BT BT e s s i AR PR E i oghSHESEH 81 1
posi ti@nethe g@émsgﬁ%ygtam solire@; horn 12 to blow an inert gas such as
nitrogen or argon -5-

|
Figure 5 is an isometric view of the apparatus of figures 3 and 4 with an open

outer chamber cover revealing a removable inner chamber;

15  Figure 6 is an isometric view of the removable inner chamber that has been

removed from the outer chamber; and

Figure 7 is an isometric view of the removable inner chamber from an
opposite end to that of figure 6 illustrating its detachable tubing connectors.
20

Detailed Description of the Preferred Embodiment

Figure 1 is a plan view of a bumping assembly 10 that is usable for stud
bumping located over a plurality of semiconductor devices, such as that
25 comprised in a wafer array 18. A bump forming device in the form of a
bonding horn 12 of an ultrasonic transducer wire bonder that includes a
capillary at its end creates ball bumps on the surface of dice that form the
wafer array 18 at a bumping site 23. An electrical discharge electrode 14 is
positioned next to the bonding horn 12 and capillary to provide electrical
30 sparks to form the ball bumps. Since wire which is prone to oxidation at
typical bumping temperatures - in this case copper wire - is used for bumping,
an oxidation reduction device 16 with an inert gas nozzle 17 is positioned

adjacent the bonding horn 12 to blow an inert gas such as nitrogen or argon



gas (or a conbination of nitrogen and hydrogen gas) to the bunping site 23
for reducing oxidation of the copper ball bunps that are forned. A fixed
shroud 20 with a detachabl e wi ndow cover 22 covers a portion of the 5 wafer
18 and is positioned around the bunping site 23 for covering one or nore
bunped sem conductor devices. The detachabl e w ndow cover 22 can be changed
to offer a different opening size based on the area of the bunping site 23
that is required. The detachabl e wi ndow cover 22 is usually made of regular
met al , buyasdgr becombliaatibn a)frm'trogen apdahydragenigas) itd the busnpiegisiled280 10

gener at e |y of . e as h th of the cover 22. It is
pr ef er abl g"'trﬁaﬁc‘%ﬁé’ Beﬁg'g‘ﬁ)ﬁg gf’“ fAM&% bl owi ng i nert gas

onto the wafer 18 and partlcul arIy t he bunping site 23, to further reduce
the risk of oxidation. 15 Figure 2 is an isonetric view of a shroud 20 with
a det achal fixed skioudc20 with 2 Aetachabte adtdamcovendRrpwiirs @ mortibheofwager 18
from OXI dation during bunpin npi ng asse 10. As nentioned
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risk of oxidation.

15  Figure 2 is an isometric view of a shroud 20 with a detachable window cover
22 to protect surrounding dice on the wafer 18 from oxidation during bumping
by the bumping assembly 10. As mentioned above, it is preferable that the
shroud 20 include a number of gas nozzles 24 on its bottom surface to
continuously introduce the inert gas onto the surface of the wafer 18 during

20 bumping to further reduce the risk of oxidation of bumped dice located away
from the bumping site 23.

Figure 3 is an isometric view of an apparatus according to the preferred
embodiment of the invention including a chamber system looking from one
25 end of the chamber system. The chamber system comprises an outer
chamber 30 and an inner chamber 40 that is houseable within the outer
chamber 30 (see figure 5). The outer chamber 30 is enclosed on three sides,
with one open side that enables a support table, which may be in the form of a
wafer table 34, to slide into and out of the outer chamber 30. The outer
30 chamber 30 has a top cover 32 which can be opened to enable access to its

contents.



The wafer table 34 is designed to support and hold a wafer array 18 in a
rel atively fixed position to allow bunping by the bonding horn 12 to be
.carried out. In this enbodinment, bunping is carried out at a bunping site
23 adjacent to an opening of and just outside the confines of the outer
chanber 5 30. The wafer table 34 is opeBative to nove the sem conductor
devices of the wafer array 18 fromthe bunping site 23 into the chanber

system after bunping. The shroud 20 is fixed tocggt her with the bunping
assenbl y Toejwafer tabkesﬁﬂleStdaslwpﬁdm@gswpom@n@m a:meafgean:ay 480h ahat its
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process mneftheowedter kekr i bed. The process starts with the wafer table 34 in
an open position so that the whole wafer is exposed.
15  Figure 4 is an isometric view of the apparatus looking from an opposite end of
the chamber system of figure 3. The wafer table 34 carrying the wafer 18 is
slidable into and out of the outer chamber 30. To control the positions of the
wafer table 34 and thus the wafer 18 relative to the bumping assembly 10, the
wafer table and outer chamber 30 of the chamber system may be coupled to a
20 positioning device, preferably an XY table. The wafer table 34 may be
coupled to a Y stage 36 of the XY table whereas the outer chamber 30 may
be coupled to an X stage 38 of the XY table. Since the wafer table 34 is
slidable with respect to the outer chamber 30 in the Y direction along a first
axis, the Y stage 36 may determine the extent to which the wafer table 34 is
25 retracted into the outer chamber 30. This, together with movement of the X
stage 38 along a second axis perpendicular to the first axis, allows access by
the relatively fixed bumping assembly 10 to every semiconductor device on
the wafer 18.

30 A typical stud bumping process may now be described. The process starts
with the wafer table 34 in an open position so that the whole wafer is exposed.
The wafer table 34 is heated to a temperature of between 200°C and 300°C to
prepare the wafer 18 for bumping. The Y and X stages 36, 38 of the XY table



The wafer table 34 is heated to a tenperature of between 200C and 300C to
prepare the wafer 18 for bunping. The Y and X stages 36, 38 of the XY table

+ -7- position the wafer table 34 and outer chanber 30 respectively such that
the bunping assenbly 10 and wi ndow cover 22 defining the bunmping site 23
are |ocated over an innernost sem conddctor device on the wafer array 18,
that is, the portion of the wafer 18 nearest the outer chanber 30. The Y
position of 5 the wafer 18 is then fixed, and the wafer 18 is noved in the X
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15  protect them from the atmosphere. The next row of dice in the next Y position
is then bumped in sequence by movement in the X direction. This process
will be continued until all rows of dice in the wafer array 18 are bumped. The
whole wafer 18 is then slid into the outer chamber 30 (and inner chamber 40).
The gas supply for continuously supplying an inert gas into the inner chamber

20 40 of the chamber system is required as the wafer 18 is still hot and the
finished copper studs should not be exposed to oxygen.

Figure 5 is an isometric view of the apparatus of figures 3 and 4 with an open
outer chamber cover 32 revealing a removable inner chamber 40. The inner
25 chamber 40 is removable from the outer chamber 30 and another inner
chamber may be put in its place for conducting stud bumping on another
wafer. The usefulness of the removable inner chamber 40 lies in the fact that
the wafers 18 are heated to high temperatures during bumping, and therefore,
the copper stud bumps on the wafer 18 are still susceptible to oxidation until
30 the wafer 18 cools sufficiently. Containing the wafer 18 inside an enclosed
inner chamber 40 prevents exposure of the wafer 18 to the atmosphere until it
has cooled sufficiently. The removal of the inner chamber 40 allows another

wafer to be bumped while a completed wafer 18 is allowed time to cool.



t he copper stud bunps on the wafer 18 are still susceptible to oxidation
until 30 the wafer 18 cools sufficiently. Containing the wafer 18 inside an
encl osed inner chanber 40 prevents exposure of the wafer 18 to the

atnosphere until it has cooled sufficiently. The renoval of the inner
chanmber 40 all ows another wafer to be -lginped while a conpleted wafer 18 is
allowed tinme to cool. -8- The inner chanber 40 may be inserted into or

renoved fromthe outer chanber 30 either nmanually or automatically. Whil st
it may be renovabl e by opening the outer chanber cover 32 first, it may
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for bunping, or fully retracted to protect the heated wafer 18 15 from
oxygen in the atnosphere. The renovable part of the inner chanber 40
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t he waf er fufly cetradtedséfthe wafatdablec34 aragstse fullyosttended ¢o expose the whole
of the wafer 18 for bumping, or fully retracted to protect the heated wafer 18
15  from oxygen in the atmosphere. The removable part of the inner chamber 40
comprises the inner chamber cover 42 and top plate 35 (not including the
heater block) of the wafer table 34 for forming an enclosure around bumped

semiconductor devices of the wafer array 18.

20 Furthermore, in a preferred embodiment, the inner chamber cover 42 has a
number of gas nozzles on its inside surface to blow an inert gas into the inner
chamber 40 onto the wafer 18 when the wafer table 34 is retracted.
Preferably, the inner chamber cover 42 also has a recessed portion on its
inside surface to enable the inner chamber cover 42 to be dropped on top of

25 the top plate 35 before the inner chamber 40 is removed from the outer
chamber, such that the wafer 18 can be set inside the recessed portion for

closer protection.

Figure 7 is an isometric view of the removable inner chamber 40 from an
30 opposite end to that of figure 6 illustrating its detachable gas tubing
connectors 46. These connectors 46 are designed to receive detachable
tubing (not shown) that are attached to outside gas sources and detachably

connectable to the inner chamber 40 to introduce an inert gas into the inner



cl oser protection. Figure 7 is an isonetric view of the renovabl e inner
chanber 40 froman 30 opposite end to that of figure 6 illustrating its
det achabl e gas tubing connectors 46. These connectors 46 are designed to
recei ve detachable tubing (not shown) that are attached to outside gas
sources and detachably connectabl e to-phe inner chanber 40 to introduce an
I nert gas into the inner -9- chanber 40 during bunping. As nentioned, the
reason i s so that stud bunps that have been fornmed do not oxidize while

i nsi de t hehamber 40rdurirgy bddipingThAs eientmnedh e reasenpis esoethabsiud arapsal
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new i mher Otb:ﬁ'éf?rﬁgle.r qurswrd{zbeﬁlgﬁéﬁ‘é%%?ﬂt@% t&wae mﬁ%%@eg'éPPB'é%Ptﬁ odi ment
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Furthed, nachine idling time is mnimzed because no tinme is needed to cool
down the finished wafer or the 20 heater &%%]I((Pb fore remgving it fromthe

machi ne. thehpuldi BReapRiacated athabdne  dassy qdifeeptadr then inmsationo
ngggég'_ﬁo\ﬂﬁé%xﬁeﬂﬁn%@éﬁﬂoﬁ Yor GSPPUrHEE buABIng W BKHAING RingRe e
whole process from stud bumping to finished wafer transferring. The
apparatus can cater for wafers 18 of different diameter and is relatively easy
15  to operate, thereby promoting flexibility and savings in cost. By moving the
chamber system together with an XY table, a relatively compact apparatus
can be obtained. Therefore, a relatively smaller amount of inert gas is
required for the more compact apparatus. Further, machine idling time is
minimized because no time is needed to cool down the finished wafer or the
20 heater bock before removing it from the machine. The finished wafer can be
removed from the outer chamber 30 immediately after stud bumping is

completed, and another wafer can be processed.

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

fall within the spirit and scope of the above description.



The invention described herein is susceptible to variations, nodifications
and/or 25 additions other than those specifically described and it is to be
understood that the invention inc]udes all such 'variations, nodifications
and/ or additions which fall within the spirit and scope of the above
description. Il -10- CLAIMS: 1. Apparatus for form ng conductive bunps on a
plurality of sem conductor devices wi t®h-an oxidizabl e material, conpri si ng:
5 a chanber system adapted to house the sem conductor devices, the chanber
system hm access opening; a bunmp form ng device | ocated at a bunping
site at ' e sem conductor devices are positioned during bunping, the
bunpi ng site being situated so that the sem conductor devices are entirely
outsi de the chanber 10 system and adjacent to the access openi ng during
bunpi ng; ta gad\rpaspiug f tar siepping ngoaductiver t bymps noo t ae Elbeatiber ofyst em
and a suppor.t t(ilblte éor. suw:)[ﬂrti n)gd.t hg sen} conduct or. .devi ces during

bunpi ng, PRIFHGRE %Y]B%% {halhpEdice ‘ﬁe'?f'@ ‘?I%%O'PRE'%J”Qhe chanber system 15
through the acegrsnPReYyEbm AfAptsd 8P Hotsb\iPiet SeriRVAdLE® SRIGANdHst or
devices fromthe bunping site into the chanber system after bunp formation.
2. Appar athasnlzes systamiadving an aceesb, opendh@idi ng an oxi dation reduction device

e cl ai med | n I SHTPLISIIEY RS 1PRRletdihga <DL Sisodtt: MBitH BFound t ne
honie o SRR, GENBEUES: ShepBtuThes U B BAT, RTILAG ARRARS. 7D 1
i nt r oducisityatedsaphgt tife samidongastonayidasease antirehd outside des ichamber
10 system and adjacent to the access opening during bumping;
a gas supply for supplying an inert gas into the chamber system; and
a support table for supporting the semiconductor devices during
bumping,
wherein the support table is receivable into the chamber system
15  through the access opening, and is operative to move the semiconductor

devices from the bumping site into the chamber system after bump formation.

2. Apparatus as claimed in claim 1, including an oxidation reduction

device for introducing a supply of inert gas to the bumping site.

20
3. Apparatus as claimed in claim 1 or claim 2, including a shroud
positioned around the bumping site for covering one or more bumped
semiconductor devices.

25 4. Apparatus as claimed in claim 3, wherein the shroud includes nozzles

for introducing a supply of inert gas onto the semiconductor devices.

5. Apparatus as claimed in any one of the preceding claims, wherein the
chamber system comprises an outer chamber, and an inner chamber that is

30 houseable within the outer chamber.



5. Apparatus as clainmed in any one of the preceding clains, wherein the
chanber system conprises an outer chanber, and an inner chanber that is 30
houseabl e within the outer chanmber, -11- 6. Apparatus as clainmed in claimb5,
wherein the inner chanber is ‘renovable fromthe outer chanber. 7. Apparatus
as claimed in claim®6, wherein the renﬁ abl e inner chanber 5 conprises at

| east a portion of the support table and an i nner chanber cover for formng
an encl osure around bunped sem conductor devices. 8. Apparatus as clainmed in

laim 6 | ai . : P . d bl
Co the i hier chabgratls'cad (RERdn: LRI, “DRkreif e TRt TRIRIRCI 001 ©

from an epdngsvidie fouf e oRer Aha@bet us as clainmed in any one of the preceding
clainms, wherein the support table is coupled to a positioning device that

is operative to nove the support table along a first axis. 15 10. Apparatus
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posi tioni hg dev operative nove the ¢© Syst

second axé@nﬁﬁé@@@ﬂiééwt & pértioh e the Issibpantitable?dnd an iAABRERAMBeRsogé@l Mmed in
any one of the preceding clainms, wherein the bunp form ng device is an

ul t r asoni forfgineing @idenclogure asppad Bumpegssanigonddcton deMigesne of the precedi ng
clainms, wherein the sem conductor devices are conprised in a sem conductor
waf er and the 25 support table is a wafer table.

8. Apparatus as claimed in claim 6 or claim 7, including gas tubings that
are detachably connectable to the inner chamber for bringing an inert gas into

10 the inner chamber from an external source.

9. Apparatus as claimed in any one of the preceding claims, wherein the
support table is coupled to a positioning device that is operative to move the
support table along a first axis.

15
10. Apparatus as claimed in claim 9, wherein the chamber system is
coupled to a positioning device that is operative to move the chamber system

along a second axis perpendicular to the first axis.

20 11. Apparatus as claimed in any one of the preceding claims, wherein the

bump forming device is an ultrasonic wire bonder.

12.  Apparatus as claimed in any one of the preceding claims, wherein the
semiconductor devices are comprised in a semiconductor wafer and the

25  support table is a wafer table.





