WO 02/ 27781 PCT/ SG00/ 00161 1 A Ball Form ng Process The invention rel ates
to a ball formng process, and especially a ball formng process for use
with a wiweoborieer. 5 Recently, the use of copper wre forPCWsGa/masidi ng
during assenbly and packagi ng of sem cpnductor devices has becone
attractive for manufacturers of central processor units (CPUs) to adopt.

This is due to copper's fasteregc%lﬁggﬁﬁﬁﬁgggg% better conductivity and

| ower heat accumul ation than 1 wire. However, one of the
problens with using copper wire to formthe wires on a packaged CPU is
that there is a tendency for the copper wire not to bond properly to the
contact pad of the die, or for the bonding process to cause 15 cratering
of the contReinvestionrelatas tgiabalifasmingpisisesasand especialiya bapfomingre are
mainly due to (i) the difference in hardness between the copper of the
copper w rgroaess fdreisei witpadvicd bohderdevi ce, and (ii) oxidation of the
copper ball during the glow discharge which forns a ball 20 of copper netal
on the £nd of the wire which is then bonded to the die pad. The presence
of an oxide |ayer on the ball reduces the quality of the bond between the

copper  bal Readithyt ffe G88bRAESpRAMWIRL tdrWird58Adiflg during assembly and

packaging of semiconductor devices has become attractive for manufacturers of
central processor units (CPUs) to adopt. This is due to copper’s faster
conduction speed, better conductivity and lower heat accumulation than

10 conventional gold wire.

However, one of the problems with using copper wire to form the wires on a
packaged CPU is that there is a tendency for the copper wire not to bond
properly to the contact pad of the die, or for the bonding process to cause

15  cratering of the contact pad on the die.

These problems with using copper wire are mainly due to (i) the difference in
hardness between the copper of the copper wire and the die pad of the device,
and (ii) oxidation of the copper ball during the glow discharge which forms a ball
20 of copper metal on the end of the wire which is then bonded to the die pad. The
presence of an oxide layer on the ball reduces the quality of the bond between

the copper ball and the contact pad of the device.

In accordance with a first aspect of the present invention, a ball forming process

25 for forming a ball of metal on a metal wire in a wire bonder comprises



In accordance with a first aspect of the present invention, a ball formng
process 25 for formng a ball of netal on a netal wire in a wire bonder
conpri sewow/@28L7781 PCT/ SGOO 00161 2 generating a gl owdi/SGhmrgel bet ween
an el ectrode and an end of the netal wihe to forma ball of netal at the
end of the wire, the ball being formed in a gaseous atnosphere conprising
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Typical ly,, the gaseous a here h a tenperature in the range of

sﬁgst ant ?/a’fq @f@%tg?@i%&a@aigherﬁad pg?hle Ve 3t bring iorinéeféﬁb%%?ﬁﬁ@'ﬂﬁ usef ul
where the netal wire is not a precious netal. However, the invention can
be used wi 8tnespherg semprising: areatetithan 96¢e hy yolugagppknitfrogeoréingi um gol d or
any other netal wire suitable for formng electrically conducting wres
bet ween a sulbvstaotimllyaiohydiiogeand a substrate on which the die is nmounted.
15 In accordance wth a second aspect of the present invention, a nethod of
bondi ngs an end of a netal wire to a contact surface of a sem conductor die
conprises formng a ball of nmetal on the end of the wire using a ball

formng  preferably, the gaseous atmosphere has a temperature of at least 55°C.

Typically, the gaseous atmosphere has a temperature in the range of

substantially 50°C to 250°C.

10 The ball forming process is especially useful where the metal wire is not a
precious metal. However, the invention can be used with any type of metal
wire, such as copper, aluminium, gold or any other metal wire suitable for -
forming electrically conducting wires between a semiconductor die and a
substrate on which the die is mounted.

15
In accordance with a second aspe‘ct of the present invention, a method of
bonding an end of a metal wire to a contact surface of a semiconductor die
comprises forming a ball of metal on the end of the wire using a ball forming
process in accordance with the first aspect of the invention, contacting the ball

20 formed with the contact surface of the semiconductor die and bonding the ball

to the contact surface.

Preferably, the temperature of the gaseous atmosphere is such that the

hardness of the metal forming the ball at that temperature matches, or is



process in accordance with the first aspect of the invention, contacting
the ball 20 formed with the contact surface of the sem conductor die and
bondi ng We@obzl7B1 to the contact surface. Preferably, thePCBAGer@ter e of
the gaseous atnosphere is such that the; hardness of the netal formng the
ball at that tenperature matches, or is WO 02/ 27781 PCT/ SGOO/ 00161 3
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by an uItrﬁ)sonl) Id| ng 5 process. Typically, the di arret er of the wire on
whi ch the A% Ppade QJI‘de may be in the range fromsubstantially 0.5 mil
(approximately 12.7m) to 3 mls (approximately 76.2n). 10 In accordance
with a third aspect of the present invention, wire bonding apparatus
conprises a ball formng region having a discharge el ectrode adapted to
gener at e aTgpioallyitlse ball gebdrdedtonthelmontdct curfade byrah dltrasenid wdlding Wi r e
positioned in the ball form ng region adjacent the el ectrode, a heating 15
devi ce adapigeds§ o be coupled to a gas source, to heat gas fromthe gas
source to a tenperature greater than 50C and to apply the heated gas to

t he ball

Typically, the diameter of the wire on which the ball is formed may be in the
range from substantially 0.5 mil (approximately 12.7pm) to 3 mils
(approximately 76.2um).

10
In accordance with a third aspect of the present invention, wire bonding
apparatus comprises a ball forming region having a discharge electrode
adapted to generate a glow discharge between the electrode and the end of a
wire positioned in the ball forming region adjacent the electrode, a heating

15 device adapted to be coupled to a gas source, to heat gas from the gas source
to a temperature greater than 50°C and to apply the heated gas to the ball

forming region.

Preferably, the wire bonding apparatus further comprises a temperature sensor
20  to sense the temperature of the gas applied to the ball forming region, the
temperature sensor providing a feedback to a controller which controls the

heating device in respohse to the temperature sensed by the temperature

s$ensor.



formng region. Preferably, the wire bonding apparatus further conprises a
tenperature sensor 20 to sense the tenperature of the gas applied to the
bal | forwag@2ewgi on, the tenperature sensor providing a PepdGerd1slo a
controller which controls the heating glevice in response to the
tenperature sensed by the tenperature sensor. WO 02/27781 PCT/ S0/ 00161

4 Typicall ; | | erature in the
regt on of TRiEdB A heRhEES @%%*é‘ﬁ%%b%%ﬁ?%?tefr%ﬁa@ﬁ?ﬁh@%crlgsfoafe& s
adapted to_he,cqupl edg gurce of nitrogen 5 gas. An exanple of netho
of \I?\n re boﬂgﬁsﬁ?ﬁ(!ﬂ%% {:30%&§d¢ng apparatus in accordance with the
i nvention will now be described with reference to the acconpanying
drawings, in which: 10 Figure 1 is a schematic view of a wire bonder for
bonding wires to a sem conductor device; Figure 2 is a schematic view
showi ng a bgpicaltyotheheating gevieens adagted do bervoepled to a beuricevefmitregen 15
Figure 3 is a block diagramof closed | oop tenperature controller for use
5 gas.

An example of method of wire bonding and wire bonding apparatus in
accordance with the invention will now be described with reference to the
accompanying drawings, in which:
10
Figure 1 is a schematic view of a wire bonder for bonding wires to a
semiconductor device;
Figure 2 is a schematic view showing a ball formation system in
accordance with the invention;
15 Figure 3 is a block diagram of closed loop temperature controller for use
with the system shown in Figure 2;
Figure 4 is a perspective view showing a nitrogen heater assembly
mounted on a bond head of the wire bonder shown in Figure 1;
Figure 5 is a graph showing shear strength versus nitrogen temperature
20 for 70 um bond pad pitch (BPP) bonding using copper wire;
Figure 6 is a graph showing ball lift versus nitrogen temperature for

70 um BPP bonding using copper wire;

Figure 7 is a graph showing shear strength versus nitrogen temperature

for 50 um BPP bonding using copper wire; and

25 Figure 8 is a graph showing ball lift versus nitrogen temperature for



with the systemshown in Figure 2; Figure 4 is a perspective view show ng a
nitrogen heater assenbly nounted on a bond head of the wi re bonder shown
in Figurevap2/Fi7gure 5 is a graph show ng shear strength VBEBESOMINI§IOgEN
tenperature 20 for 70 m bond pad pitchg(BPP) bondi ng using copper wire,
Figure 6 is a graph showing ball lift versus nitrogen tenperature for 70 m

BPP bondi ng usis‘t?gﬁpgpybgpdiﬁ' ugfngggoﬁpébwr a graph showi ng shear strength
or

versus nitrogen npér at ur e Sondi ng using copper wire; and 25
Figure 8 is a graph showing ball [ift versus nitrogen tenperature for WD
02/ 27781 PCT/ S&0/ 00161 5 50 m BPP bondi ng using copper wire. Figure 1
shows a wire bonder 20 which has a bond head 21 nounted on an XY table 22
whi ch i s nibigarg & shawsra wirgibander 20 vitSictahds a bordl head Rdrm@untedidreanXy to 5
the bond head 21 are an optical system?25, a wire clanp 8 and an ultrasonic

t ransducertadle Zhevhigh isanovalsietin ansUuieestich 2@ ana Peritedton 2al AtERMEEALY
known as a capillary 10, nounted at the opposite end fromthe bond head

21. The WhesdpRNId 24 Bfe bﬂ(ﬁgggtﬁﬁsry%aéém 1% LS e%?ﬁepn gi%onr?‘eéh gﬁl%spﬂicv"i re 26,

such as a copper wre, extend: _the wre t _ € wire
f;?lrmSB antgar?sdjug:e]; g.r Gltf%hulprgégnib'?raﬁwgﬁugé?}pé hlag raybolnodiﬁé] gogl,eéorpnrrﬁ%tn yskrImQNr‘?l wre
as a capillary 10, mounted at the opposite end from the bond head 21. The
wire bonder also includes a wire tensioner 34. In use, a wire 26, such as a

copper wire, extends through the wire tensioner 34, the wire clamp 8 and a

10 through bore in the capillary 10 and terminates in a wire tail 5.

The wire bonder 20 is used to bond wires between contact pads 27 on a

semiconductor device 28 and a contact area 29 on a substrate 30 on which the

semiconductor device 28 is mounted. During the wire bonding operation, the
15 substrate 30 and device 28 are supported on a top plate 31 on the wire bonder

20.

Prior to ultrasonically bonding the free end of the tail 5 to a contact pad 27, the
free end of the wire tail 5 is formed into an approximately spherical ball of metal

20 32 by generating a glow discharge 11 between the free end of the wire tail 5
and an electrode 4 on the wire bonder 20, as shown in Figure 2. During
formation of the ball 32, the transducer 9 and the wire clamp 8 are displaced
vertically upwards from the top plate 31 in a Z direction 33 so that the wire tail 5
is adjacent the electrode 4, as shown in Figure 2.

25



The wire bonder 20 is used to bond wires between contact pads 27 on a

sem conduct or device 28 and a contact area 29 on a substrate 30 on which
the semwonzewsobr device 28 is nounted. During the w re bOWEGHOdEEr at i on,
the 15 substrate 30 and device 28 are sgpported on a top plate 31 on the
wire bonder 20. Prior to ultrasonically bonding the free end of the tail 5

to a cont ? |sfo nmed into an
appr oxi mﬁ'ﬁ?gggﬁéhaég?‘ %’ﬁft‘%rﬁ ?§§E?\§f| i ggglgl% ngc@gﬁéraa?'ﬂﬂdc’ a%‘F ow ﬁi schar ge
11 betweenthe the w.re tai Iectrode on the wire
bonder 20,9%¥"@ vﬁwﬁlﬁ’?‘ﬁ%Qegat"&ﬁ"ﬁ'ﬁ‘alﬁar%ﬁ?ﬁ'ﬁﬂ| Yofoymad ffhe 32, the
transducer 9 and the wire clanp 8 are displaced vertically upvvards from
the top pléelesirgde Arang a pesitive temninadt2 electiinally isoupleddotthe wig clampadlj acent
the el ectrode 4, as shown in Figure 2. 25 WD 02/27781 PCT/ SG00/ 00161 6 The

bal | for rraTIhe)elazymdem isesupplocted byra Btajnless 8teehbhr@e $Whemtighwireldarge 8
generator 1 which has a negative termnal 41 electrically coupled to the

el ect r03de dadipd theRdfd D6 ViPeliFEROM m‘@e@ﬂri@ﬁF édrﬁébﬂ Witts HEPh tl\Fé)térHﬁ'lé(l" re
clanp 8 The el ectrode 4 is supported by a stainless steel bar 3. Wen the

wire cl arrp ct
W th the bt TSLADRS i Hsifiokpy Hih %’*“e‘ﬁmépwﬁcé'!‘yf MRk gt
potential tgetwgeenathe e?’rﬁl\r{a s 415 arY& 4b,sa%%)w dlscharge 11 is formed between the

end of the electrode 4 and the wire tail 5. The glow discharge 11 heats the wire

tail 5 and causes the metal at the free end of the wire tail 5 to melt and surface

10 tension effects cause the molten metal to form the ball 32.

However, there are problems associated with the formation of the ball 32. In
particular, if the metal of the wire 26 is not gold or platinum, during the ball
formation process, the surface of the molten metal is prone to oxidation which
15 results in an oxide layer on the surface of the ball 32. This oxide layer reduces
the quality of the bond when the ball 32 is bonded to the pad 27, as the oxide
layer forms an interface between the pad and the ball 32 and reduces the
integrity of the bond. This can lead to subsequent bond failure, such as by the
ball 32 lifting off the pad 27 after the bonding process, or by shear failure of the

20  bond between the ball 32 and the pad 27.

In addition, if the metal of the wire 26 has a different hardness to that of the
metal of the contact pad 27, or the contact area 29, this can also affect the

quality of the bond. This is especially so where the metal of the wire 26 is



between the termnals 41 and 42, a glow discharge 11 is fornmed between the
end of the electrode 4 and the wire tail 5. The gl ow di scharge 11 heats the
wire taiwobzzrgl causes the netal at the free end of the RPET/BGOEINGIS t O
melt and surface 10 tension effects cauge the nolten nmetal to formthe ball
32 However, there are problens associated with the formati on of the ball

32 b0 DRI Rl el of I ABITbBle bRE Y. €118 Olscliblh Bl

prone to oxd tE}atlo ich is results in an oxide |layer on the surface of the
bal | 32. ‘| ayer reduces the quality of the bond when the ball 32
I s bonded to the pad 27, as the oxide |l|ayer forns an interface between the
pad and the ball 32 and reduces the integrity of the bond. This can |ead
to subsequent bond failure, such as by the ball 32 lifting off the pad 27
af ter the lHoweveq tipe ooessors dravb fousibtrat tleedeup@biems ban B@ rhitigdtdeeif ween t he
ball 32 and the pad 27. In addition, if the netal of the wire 26 has a

di fferent thar 8peskedtedididingdhe ol forMatiin Bocke anard: a6 bQHiQZ 3d forffed: he
contact area 29, this can also affect the quality of the bond. /Thl 8/68 61
especi al | é@% f the wire 26 is WD 02/27781 PCT/ SGO 1

7 Iﬁarder %/ t hat tﬁgﬁfrtr@g of the pad 27, as this nmay cause wear or
cratering of t he pad 27. However, the inventors have found that these
probl ens can be mtigated if the

Figure 2 shows a combined heater/blower 6 which is coupled at an inlet 43 to a
source of nitrogen gas 7. The nitrogen gas 7 is heated by a heater 44 (see

10 Figure 3) within the heater/blower 6 and expelled from the heater/blower 6
through an outlet 45 which directs the Hééted'nifrdgéh gas to the ball forming
region of the wire bonder where the wire tail 5 and electrode 4 are located
during the glow discharge 11. The heater/blower 6 also includes a temperature
sensor 46 which senses the temperature of the heated nitrogen 47 expelled

15 from the outlet 45. The sensor 46 outputs a signal corresponding to the sensed
temperature to an amblifier 47 which amplifies the signal. The amplified signal
is output to a signal converter 48. The output from the signal converter 48 is fed
to a comparator 49 which compares the output from the signal converter 48 with
a preset temperature Tinput and outputs the result of the comparison to a

20 controller 2. In response to the output from the comparator 49, the controller 2
controls the output temperature Toutput of the nitrogen heater 44 to maintain

the heated nitrogen gas 47 at the preset temperature Tinput.



5 ball 32 is heated during the ball formation process and/or the ball 32 is
formed in an atnosphere of nitrogen. Figure 2 shows a conbi ned

heat er / bivoower2681whi ch is coupled at an inlet 43 to a sSouPCESGHN/WILEr Ogen
gas 7. The nitrogen gas 7 is heated by heater 44 (see 10 Figure 3) within
t he heater/blower 6 and expelled fromthe heater/blower 6 through an

outl et 45" -mhi l.rec reat I trogen s to.the hall formng

regi on of fﬁg?%ﬂrsgo%n%éﬁs&ﬁgﬁ\gea\/%@(&ﬁtbgcﬁ% itefrg'%o‘é{ﬁﬁesérll%%q?g(ﬁ)g tﬁeare | ocat ed
during the gl aqw di s rge,. 1 The h er/ plower 6 aJso includes a

t errpe?at urlégnﬁgg,g@ﬁg% g&ﬁ"@#'&%ﬂ%"é’é‘?%és gﬁﬁﬁ\éﬁa{?W@@S@nq adiagent tedhai t r ogen
47 expelled is fromthe outlet 45. The sensor 46 outputs a signal

cor r espondireg end of the sapilay 1@ whishriatmoeunted oarthatfanistileer A7 which anplifies
the signal. The anplified signal 1is output to a signal converter 48. The

output fromthe signal converter 48 is fed to a conparator 49 which
conpares the output fromthe signal converter 48 with a preset tenperature

Ti nput sandSﬁé'ér%tF@gtH‘i'@nﬂ%‘aﬂﬂﬂﬁWérét@@te%l%?ﬁrrhﬁ%brté?vﬂreZQoﬁtl‘Ps‘l.“é/él%gEer 2. In
response to the output fromthe conparator 49, the controller controls

heat od. i 1 Piode AahBeB @ bR bon g g bR PRER TSR o BB DhEs)

PCT/ SG00/ 00161 _ 8 Figure 4 shows a perspective view of the heater/blower 6
nount ed onY$iRg 70Uﬁ'ﬂdﬁ’1‘f§e’¥%§f& copper wise. Resulisiopthe tests aregshowdt iad t owar ds
and adj acent to the

Figures 5 to 8. Figure 5 shows shear strength in (g/um?) versus nitrogen

temperature in (°C) and shows that the maximum shear strength 50 is obtained

10 ata nitrogen temperature of approximately 120°C. Figure 6 shows a graph of

ball lift, as a percentage of bonds which lifted, versus nitrogen temperature (°C)

for bonding using the 70 pm BPP copper wire and shows that at approximately

80°C 51 and above, the ball lift is zero percent. Therefore, these results

indicate that for bonding using the 70um BPP copper wire, maximum bond

15 strength is achieved when the ball 32 is formed in a nitrogen atmosphere with a

temperature of approximately 120°C.

Figures 7 shows shear strength (g/um?) as a function of nitrogen temperature in
(°C) for bonding using the 50/um BPP copper wire and Figure 8 shows ball lift,
20  as a percentage of the total bonds, versus nitrogen temperature (°C) for
bonding using the 50um BPP copper wire. Figures 7 and 8 show that the
maximum shear strength 55 and the minimum ball lift percentage 56 were
obtained at a temperature of approximately 140°C. Therefore, these results

indicate that for bonding using the 50pm BPP copper wire, the maximum bond



free end of the capillary 10 which is nounted on the transducer 9. 5 Shear
strength and ball lift were tested for a nunber of wre bonds versus

ni t rogenwenpezrat ure for bondi ng using 50 m BPP copper w peT/aaa/dwosidi ng
using 70 mdiameter BPP copper wire. Regults of the tests are shown in
Figures 5 to 8. Figure 5 shows shear strength in (g/nR) versus nitrogen

10 8t ni romth ' afiEyed Wen HBkad ST SRoR ABDreIRAE o oraph

of ball Ijft. as a percentage of bonds which |ifted, versus nitrogen
t enper at ur nz@ratsqr%ro'?ﬁéﬁ(](?.ng using the 70 m BPP copper wire and shows that
at approximately 80C 51 and above, the ball lift is zero percent.

Therefore, these results indicate that for bonding using the 70m BPP copper
wire, maxi num bond 15 strength is achieved when the ball 32 is forned in a
ni trogen alhesghantageiaf forming dine baliruae athospiperexafmitreden A&t this gures 7
shows shear strength (g/nR) as a function of nitrogen tenperature in (C

for borgdi needusksthd bridafibMoBitR SRR ofthedalBD. FTiss havantahe\ws nkating | 1 f,
20 as a percentage of the total bonds, versus nitrogen tenperature (C) for

bondi ng usi 0 1 i % t
maxi mj% sh\!gzét!"(rg()éslI’Er52 eﬁg@;@@ gﬂgﬁﬁ@g%ﬁ ﬁIlr(rJr(fljén# ggfﬂﬁatltp??) g’IE)I(%rZ(S:en a%ggégec{/]\g’r e

bt ai ned t f i ly 1 . Ther.ef , . L : | t
Pndicate tRIEMPSIRTSRHTR e BB Ba b metalTiaur Wiicte et WirerdBsrmum bong
Vo 02/ 2778%%%-5/0%%%82&? %nore closely to the hardness of the metal of the pad 27 or

contact surface 29.



9 strength is achieved when the ball 32 is formed in a nitrogen atnosphere
at tenperature of 140C. The advantage of formng the ball in an atnosphere
of nitrogemor/g778hat this 5 reduces the oxidation of the spef/acer/@iot he bal l
32. The advantage of heating the ball 32 during the ball formation process
is that the ball 32 can be heated to a tenperature at which the hardness
of the nmetal fromwhich the wire 26 'b;_f“fwgmed corresponds nore closely to
t he hardness of the netal of the pad or  contact surface 29. WO 02/27781
PCT/ SG00/ 00161 10 CLAIMS 1. A ball form ng process for formng a ball of
metal on a netal wire in a wre bonder, the process conprising generating
a gl ow discharge between an 5 el ectrode and an end of the netal wire to
forma bal1- of Adediforpingigoeess fer farming @ihall ofimetabania metal avireinged in a
gaseous at nosphere conprising greater than 96% by vol unme of nitrogen and
subst ant i awirg booday dhe geoces®. compising genaratiog di gigwt dischargebbtwadreaai n t he
gaseous atnosphere has a 1o tenperature of at |east 55C. 3. A process

according éleciebde and andred 6f thet Metad amed Forth BOSHINGT RetRat the dRIBEIHAL Ure i n
t he range of substantially 50C to 250C.
wire, the ball being formed in a gaseous atmosphere comprising greater than

96% by volume of nitrogen and substantially no hydrogen.

2. A process according to claim 1, wherein the gaseous atmosphere has a

10 temperature of at least 55°C.

3. A process according to claim 2, wherein the gaseous atmosphere has a

temperature in the range of substantially 50°C to 250°C.

15 4. A process according to any of the preceding claims, wherein metal wire

not a precious metal wire.

5. A process according to claim 4, wherein the metal wire is copper wire.
20 6. A process according to any of the preceding claims, wherein the

diameter of the metal wire is in the range from substantially 0.5 mil (12.7um) to

3 mils (76.2pm).

7. A method of bonding an end of a metal wire to a contact surface of a

25 semiconductor die, the method comprising forming a ball of metal on the end of



15 4. A process according to any of the preceding clains, wherein netal
wWre not a precious netal wire. 5. A process according to claim4, wherein
t he net alwow?/z7788 copper wire. 20 6. A process accor di ngpeosanmyoonsl t he
preceding clains, wherein the dianeterqqof the netal wire is in the range
fromsubstantially 0.5 ml (12.7m) to 3 mls (76.2m. 7. A method of

bondi ng a e 1 f . . .conduct or

di e, the nopnace usfarbah ot bibols Beb ARG W 2Bt e e beriEHAGE d
02/ 27781 PCT/ SG00/ 0016 11 the wre usi bal I formn rocess according
Lo any of CHLAGHELER 1) fofehivin reniadt SyRre o 419 Seiapdueior e Agd
contact surface of the sem conductor die and bonding the ball to the

cont act supengieg the Ball 1o the spsdacieeiaeeng to claim 7, wherein the
tenperature of the gaseous atnosphere is such that the hardness of the

metal formng the ball at that tenperature nmatches, or is approxi mately
equal to, the hardness of the contact surface to which the ball is to be

bonded.s 108.9. AAmeéthed sxesring toclhin 7 Aihvein @he fémf)@mure%fqheig@sé?gs b\é/l\!/ ! ei s
. r

bonded to the contact surface by an ultrasonic wel ding process.

bondi ng appgay iv-Si : L : schar ge
el ectrode ada%?ggr(f%@g%dr@rh gtgtelﬂ%a}pﬁphsvéﬁl{)?g %ﬁé@@?‘v‘xﬁ@%ﬁ?ﬁ%@at fhet
temperature matches, or is approximately equal to, the hardness of the contact

surface to which the ball is to be bonded.

10 9. A method according to claim 7 or claim 8, wherein the ball is bonded to

the contact surface by an ultrasonic welding process.

10.  Wire bonding apparatus comprising a ball forming region having a
discharge electrode adapted to generate a glow discharge between the

15 electrode and the end of a wire positioned in the ball forming region adjacent
the electrode, a heating‘ de‘vic':é‘aaapt'ed to be coupled to a gas source, to heat
gas from the gas source to a temp;erature greater than 50°C and to apply the

heated gas to the ball forming region.

20 11.  Apparatus according to claim 10, further comprising a temperature
sensor to sense the temperature of the gas applied to the ball forming region,
the temperature sensor providing a feedback to a controller which controls the
heating device in response to the temperature sensed by the temperature
sensor.

25



15 el ectrode and the end of a wire positioned in the ball form ng region
adj acent the electrode, a heating device adapted to be coupled to a gas
source, tWOhz2t781 gas fromthe gas source to a tenperat ur epgr/8ao0igthan 50C
and to apply the heated gas to the bal{, form ng region. 20 11. Apparatus
according to claim 10, further conprising a tenperature sensor to sense

the tenpergjure | 10 | 4 4f ! eqi t he

t enper at ur?'senégéa%?lgsv?%fsoﬁgmg t#’ gcg%@a%igf 8%?nc1gn%r$®rthﬁﬂ\e%ﬂn%8lﬁy I61 s the
heating device . in response to the tenperature sensed by phe tenperature
sensor . ZSh%S(SfQ? Q‘?‘?ggag@ﬂpgfﬁﬁf%@l@f re@@”l‘%f.sui?ﬁi]ﬂ%@mgoagé%?gpré- to claim
10 or claim 11, wherein the heating device heats the gas to a tenperature
in the region of substantially 50C to 250C. 13. Apparatus according to any

of claims 10 to 12, wherein the heating 5 device is adapted to be coupl ed
to a sourc&3.of Appambeshacasding to any of claims 10 to 12, wherein the heating

5 device is adapted to be coupled to a source of nitrogen gas.



