-1 MULTI PLE-BALL WRE BONDS Field of the Invention 5 The invention rel ates
to the formation of an electrical connection between a conductive wire and
a connection pad of an electronic device, and in particular to formng a
wire bond to attach the wire to the connection pad. 10 Background and Pri or
Art Wre bonding is a nethod used in the sem conductor industry to attach a
fine wire, conmmonly 1 to 3 mls in dianeter, fromone connection pad to
another to conplete an electrical connection between el ectronic devices.
The nost 15 widely used wire materials are Gold (Au) and Al um num (Al ), but
Silver (Ag) and Copper (Cu) MUETIRPLEBABEWIRE'BONDR®IECti on pads nmay conpri se
netallized bond sites on a sem conductor chip or on interconnection
substrates. A sem conductor chip can also be wire bonded to a netal

| eadframe as F’tigldcg;% indeigisti c encapsul ated devices. 20 A typical nethod
used to bond or we Wre to a connection pad is through a conbination
of heat, pressure and/or ultrasonic energy. It is a solid phase welding
process, whergin. . | C ' (the .wir . the . pad _surface)
B e brougnt 1 VAT rRRIETEL e rOPRREE B an SR B RBeh ok PRt 2
contact, el ectandactdeaminegand anéanectidrugiadn obfaratetstirohzk @evipéaaad inesul ting
in the formation, of wi.re bond. The bondjng force can |lead to materi al
def or mat i on, P%P%’éﬁ‘(i‘ﬂ@”ﬂ]&‘%? “ﬁregiﬂwgﬂiaﬁa{;\? hW%'é%/&jrtﬁﬁﬁang?f’g@f‘maﬂg out of
surface asperity, which can be enhanced by the application of ultrasonic

energy. Heat can accelerate inter-atomc diffusion, thus formng the bond.
30 10  Background and Prior Art

Wire bonding is a method used in the semiconductor industry to attach a fine
wire, commonly 1 to 3 mils in diameter, from one connection pad to another to
complete an electrical connection between electronic devices. The most

15  widely used wire materials are Gold (Au) and Aluminum (Al), but Silver (Ag)
and Copper (Cu) are also used. The connection pads may comprise
metallized bond sites on a semiconductor chip or on interconnection
substrates. A semiconductor chip can also be wire bonded to a metal
leadframe as is done in plastic encapsulated devices.

20
A typical method used to bond or weld the wire to a connection pad is through
a combination of heat, pressure and/or ultrasonic energy. It is a solid phase
welding process, wherein the two metallic materials (the wire and the pad
surface) are brought into intimate contact. Once the surfaces are in intimate

25 contact, electron sharing or interdiffusion of atoms takes place, resulting in the
formation of a wire bond. The bonding force can lead to material deformation,
breaking up of a contamination layer and smoothing out of surface asperity,
which can be enhanced by the application of ultrasonic energy. Heat can
accelerate inter-atomic diffusion, thus forming the bond.

30
One type of wire bond formation uses a ball bond. The process involves
melting a sphere of wire material on a length of wire held by a capillary, which
is lowered and welded to a first bonding position. The capillary then draws

out a loop and then connects the wire to a second bond position using a



One type of wire bond formati on uses a ball bond. The process invol ves
nmelting a sphere of wwre material on a length of wire held by a capillary,
which is |lowered and welded to a first bonding position. The capillary then
draws out a |oop and then connects the wire to a second bond position using
a -2 wedge bond that is usually of a cres¢ent shape. Another ball is then
reformed for a subsequent first ball bond. Currently, gold ball bonding is
t he nmost  wi del sed, bondin echni que. . 1ts adyantage |sS.that once the ball
bond is rradew%#etu%@dctgﬁﬂ'éé{sﬁﬂ% ?Ja?dcrgfcee{‘tﬁbe‘?%e,xn? ngll'é theR refemastied in
any 5 directifonansifsequernst firss dabibohbie BurrentiyMydid ban asindingf RCihel dkes
automatic wire Ibondi % Current. wire bonding techni ques gepend very nmuch on
the area of cYRENSedRRAiNthiachRIHs, sgadyantagenis thakorehieckalobohis of t he
el ectroni ¢ dayhge dnOthelCortlBARHaLYOISE TeNicBY thd)GiifcORRY é?r{bve@"ﬁr%ry‘e years,
the demand for fine- pitch bonding (such as with wres having ofla ters of

| ess t han S50ptjechar withagt slEgasdor ttleeaviney Whichu gresadly i faglitateiscautpmatioaviti ng nor e
difficult si difiere is a smaller surface area for contact between the

wi re bond and the“connection pad. Furthernore, probe testing of

sem conduct or devices has becone the 15 norm Probe testing may cause the

surfaces of the conpection ds to he da ed, | eavi probe, marks on the
connection pa Lérr%{ﬂiv&lhe h{)@ﬂp&ﬁ%&}n&b&ﬁ d%ﬂenﬁz\&éyﬂu% 8%?8? éi'{leear Of&PUAFY
exposed, thusbeaddemend forinee bdillfdricciet gonhectionr pad antief électronie devivd f&i nce good
I nt er met a{pl I zation is harder to achieve. 20 Another problem asso&i ated with
fi ne-pitct bdf qHateﬂys§$%pgitf1eaqpninﬁgmi Qventhe ;xﬁ%r&nﬂh%ﬂemaﬂﬁaf% N ener gy
or bond forcepiich rMalrgeGueN Hsnitte Wirds Havingadibmletdrs of 964sUthan Vdbgim)t i adheri ng
force between the ball” bond and the connection pad is not strong enough.
Conversel y, iicregeedhiiendily. thus@akiogaiiectye bendiemmore oiftalt Inegolpterets, this
may |ead to nptabideghtath aféid? doRfhcPBefndndHE hAebdtd 4fPthe connection

pad. Furthermore, probe testing of semiconductor devices has become the

15 norm. Probe testing may cause the surfaces of the connection pads to be
damaged, leaving probe marks on the connection pads which might be rough
or have an under-layer material exposed, thus adding to the difficulty to form

an effective bond since good intermetallization is harder to achieve.

20 Another problem associated with fine-pitch bonding is that if an insufficient
amount of ultrasonic energy or bond force is applied during bonding, ball lift
occurs when the adhering force between the ball bond and the connection
pad is not strong enough. Conversely, if too much ultrasonic energy or bond
force is applied, this may lead to metal peel or cratering on the surface of the

25 connection pad. Moreover, in fine-pitch ball bonding, a parameter window for
forming a good bond is comparatively smaller. Therefore, the aforementioned
faults would have a tendency to occur either due to the sensitivity of the
connection pad of the wafer or other semiconductor device, or due to the
parameters not being properly optimized.

30
In order to improve the intermetallization between the ball bond and the
connection pad, one method is to increase the ball size. Unfortunately, the
size of the ball is restricted to the size of the opening offered by the

connection pad which is smaller for smaller devices. Another method is to



25 connection pad. Mreover, in fine-pitch ball bonding, a parameter w ndow
for formng a good bond is conparatively smaller. Therefore, the

af orenentioned faults would have a tendency to occur either due to the
sensitivity of the connection pad of the wafer or other sem conductor
device, or due to the paraneters not be‘i3h'g properly optim zed. 30 In order
to inprove the internetallization between the ball bond and the connection
pad, one net ' ' ,J;etp%, ' f t#dﬂﬁ? . size of
the ball is pgg???%?%dut?%rs?ﬁge%l z E)}?h%rﬂgﬂeéggntyﬁg%f er egb%@g %Egd'n@onnection
pad whi ch i s Howevesrthisonethodlinaseastsvihe gisk ofmetdl @eehert dretdring iftthe waafémcr ease
the ul trasoni . 1.ite he ball bond during bonding. However,
t his met hod ioﬁg‘;@géogéu%%gaé%gs&%n Vel peel or cratering if the wafer or
sem conductor device is sensitive. 5 As nentioned above, probe marking on
the die surface also reduces internetallizatjon. Thus, rectangul ar pad
openi ng deési AEHONG eﬂb%vc?op?@he BAHING L rife y digy §u§%ce[ r?jﬁO Hgﬁ\dﬁ‘ﬁg on the
probe mark Caﬁtehﬁeﬂaﬂi&éﬂi@U%@Y%dﬂ@@ular@é@rbpfé@ingtdlﬁ%siHiav@cbe%ﬂrafdébféfdy t hat

t he probe mark can be sufficiently avoided during bonding in order to
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face obstacles in inproving the duality of adhesi on to the

af or esai d | i rduriagi kendingSnnerder taoincraase| the eentash anga betweendhe digjlldmindof t he
I nventi on o ' h LOGr eas _stren a . wre bond
SO as ton]iotrrpreg{/dgt\ﬁ%a ﬂ%ngﬁgroh ’%/)éjdofbT ?ﬁﬁg\ﬁeoﬁgﬁé}ﬁp t%?ﬁ@%}{g? {?éarf thﬁeﬁr{a * B¥°"t he

i nventi on to arhboretisge methadsdacebbstacles ot iniprovieg theaqualityeofomordl adhesion

due to the aforesaid limitations.

Summary of the Invention

15
It is an object of the invention to provide a method of increasing shear
strength of a wire bond so as to improve the quality of the bond. It is another
object of the invention to increase an area of contact between a wire bond
and a connection pad of an electronic device so as to create better adhesion

20 between the wire bond and the connection pad.

According to a first aspect of the invention, there is provided a method of
forming a wire bond bonding a wire to a connection pad of an electronic
device comprising the steps of forming a first bump ball on the connection pad

25 and then forming a second bump ball on the connection pad that is
contiguous with the first bump ball.

According to a second aspect of the invention, there is provided a wire bond
bonding a wire to a connection pad of an electronic device comprising a first
30 bump ball formed on the connection pad and a second bump ball formed on

the connection pad that is contiguous with the first bump ball.

It would be convenient hereinafter to describe the invention in greater detail

by reference to the accompanying drawings which illustrate one embodiment



and a connection pad of an electronic device so as to create better adhesion
20 between the wire bond and the connection pad. According to a first aspect
of the invention, there is provided a nethod of formng a wire bond bondi ng
a wre to a connection pad of an electronjc device conprising the steps of
formng a first bunp ball on the connection pad 25 and then form ng a second
bunp ball on the connection pad that is contiguous with the first bunp

bal 1 . Accor diding vantiC TRE paRRERKINDG e BrdviINGlLh@the (ehREFdbSRligY Isied a
wire bond bonding a wire to a connection pad of an electronic device
conprising a qutﬂ%gewdstﬁ*ﬁp%@% pupespeing d1e generaldyvéthe lieagadendifigationsecond

bunp bal I fordyeg f?vgenﬁd?weascé’éﬂh%ﬁtﬂtyme RRfht hat is contiguous with the first

bunmp ball. It wou be conveni en erelnafter to describe the invention in
greater detail by reference to the acconpanying drawi ngs which illustrate
one enbodisne rie'f[be% i tf&‘ﬁ Jf'{’lYee é R The particularity of the drawi ngs and

the related T i e understood as superseding the

generality of the broad identification of the invention as defined by the

clainms. 5 Brigf Descrinption, of the awi ngs An exanpl.e of g nethod of
bondi ng i n_ ackbPEATRE QARETRE o ROBRDEdh sararRensan T ed@uentioBatil fovh
reference to B&@es@ﬁ@@d@ﬂﬁ%f@&rﬁé%\ﬁtﬁw&coh{%a\%ﬂh@Qf{avliﬂgE,liQWhﬁi;hl shows a side
view of a single edged bunp ball; Figure shows an rsonetric view of two

over | appi ng edged bunp balls fornmed next to each other; 15 Figure 3 shows a

t0p Vi eW f 2Figha0l SR SabiER, B Linkfelduga AT pPI N bump bal | with

wre extending"fromit according to a“first preferred enbodi nent of the
invention; Figure 4 shows a side view of the edged bunp ball with an

over | appi ng bﬁ@@re 2 shows an isometric view of two overlapping edged bump balls

formed next to each other;

15 Figure 3 shows a top view of a single edged bump ball with an overlapping
bump ball with wire extending from it according to a first preferred

embodiment of the invention;

Figure 4 shows a side view of the edged bump ball with an overlapping bump

20 ball connected next to it as in figure 3;

Figure 5 shows a top view of two overlapping edged bump balls with an
overlapping bump ball and wire extending from it according to a second

preferred embodiment of the invention; and

25
Figure 6 shows a side view of the two overlapping edged bump balls with an
overlapping bump ball connected next to them as in figure 5.
Detailed Description of the Preferred Embodiments

30

Figure 1 shows a side view of a first bump ball 12, such as a single edged
bump ball formed on a connection pad 18 of an electronic device 10 at a first
bonding position. The first bump ball 12 is formed by first bonding a bump

created out of a melted ball of wire at a position that is slightly offset from a



20 ball connected next to it as in figure 3; Figure 5 shows a top view of
two overl appi ng edged bunp balls with an overlapping bunp ball and wre
extending fromit according to a second preferred embodi ment of the

i nvention; and 25 Figure 6 shows a side v éew of the two overlapping edged
bump balls with an overl appi ng bunp bai’l” connected next to themas in
figure 5. Detailed Description of the Preferred Enbodi nents 30 Figure 1
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formed on a connection n electronic device 10 at I rst bonding
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center of a connectio re connec made. The
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pr edet er ni ned BYSPARIEES c é‘ﬁéﬂ?veé%er? 58N RERCBIFYRY &S RY BYVeBF¥ent  of
the capillar wf&ﬁél/c@blllbrg]éﬁﬁl@rfwfrn&fenﬂenw st @bH@aE onhivkibh tthe efdc@ehiconi ¢
device is nounted. 10 ce the capillary has been nmoved away fromthe bunp

by the said dle¥icgieBountede capillary is | owered onto the bunp and ultrasonic
energy isggenerated while applying pressure onto the bunp. The wire is then

severed or broken
Once the capillary has been moved away from the bump by the said distance,

the capillary is lowered onto the bump and ultrasonic energy is generated
while applying pressure onto the bump. The wire is then severed or broken
off from the bump. By utilizing these motions, the edged bump ball that is
15 formed out of the first bump ball 12 has a bump ball portion 14 and a

recessed portion 16.

If the size of the opening of the connection pad 18 is large enough, a second
bump ball 20 in the form of a second edged bump ball can be formed next to

20 the first edged bump ball 12. Figure 2 shows an isometric view of two
overlapping edged bump balls 12, 20 formed next to each other. To form the
second bump ball 20, the capillary is positioned above a base of the recessed
portion 16 of the first bump ball 12. As with the formation of the first bump bail
12, the capillary is lowered onto the recessed portion 16 and a bump is

25 bonded at that position. The capillary is lifted and then moved relatively for a
predetermined distance away from the second bump bail 20 and the first
bump ball 12. Thereafter, the capillary is lowered onto the second bump bail
20 that was just bonded and uitrasonic energy and force are applied to this
bump. The wire is then severed from this bump.

30
In this manner, the second bump ball 20 is formed which also comprises a
bump ball portion 22 and a recessed portion 24. An advantage of having the
second bump ball 20 that is edged in addition to the first edged bump ball 12

is to increase the area of contact between the wire bond and the connection



off fromthe bunp. By utilizing these notions, the edged bunp ball that is
15 forned out of the first bunp ball 12 has a bunp ball portion 14 and a
recessed portion 16. If the size of the opening of the connection pad 18 is
| ar ge enough, a second bunp ball 20 in the formof a second edged bunp bal
can be forned next to 20 the first edgedEbUnp ball 12. Figure 2 shows an

I sonetric view of two overl apping edged bunp balls 12, 20 formed next to

each ot her. f og Mt u I pi ' j.tioned
above a base-lao%fd ﬁie tﬁgggﬁ%%oﬁ {ﬁgpr{ €é6ogggglhéea}%lsfbﬁtéttéu%tygglmé)ﬁe As with
t he formati orpopfl. tihehduld be rintegthahithe bask of the sexpnd bamp bhall 2@weerdapsont o t he
recessed porty , i . { | L capillary
is lifted an(}hgﬂ%crj?grsr%@/gaﬂp glu@tj?fvt@? ﬁétl gﬁ&g%%g?@dée(?@ra%g%ég'cafgqng-#gg\/@my from
t he second busmdirathine@ Getwakntthe fifstaat sebengpblrap ball12, Boer eaft er, t he

capillary s lowered onto the second bunp ball 20 that was just bonded and
ultrasoni @ energy and force are applied to this bunp. The wire is then

severed fromegigire Dehbws 3 tdp1vielw 6f BBdviRs ,ed'gb@ e bell erithal kecdhd s for med

whi ch al so conprises a. bu bal | portion 22 and a recessed portion 24. An
advantage of MR Ryl 2R thestasmafAThevesi@ppingdPumiball ¥ith yers28 exieddingi on to
the first edgrgh RUEBoRM to st &e?égréfg&ﬁﬁ}tﬂcﬁﬁehh&‘ltﬁé?ﬂeﬁﬁorﬁ%ﬁ@%co@ﬁt ween the

wi re bond and the connection -6 ga Thi's would tend to I nprove overall
adhesi on st r dngiimhbalt 26 frefoRined oniioe gonnection paddanseis wentiglausawith the fissise of t he

second bupp [alh, %Qllof’fﬁﬁéé‘p\ﬁ?s tf@r?t;/éo‘?pel%s?&np?ﬁé ioge%%g;magge r?hpﬁ;ef)'?liﬁ,siheb“”p bal |

12 so that electrical conductrivi I S mal ntai ne rst and
second bunp b=piliarylig poiion&d Bveyar kase afteveecasseppanttieny6fof thesfira@dgeddged bunp
ball 12 wth babn?pegglqu A ball melted on the wire at the tip of the capillary is lowered
onto the base of the recessed portion 16, and the bump ball 26 is bonded at
that position. The second bump ball 26 lies partly on the base of the recessed
15 portion 16 of the first bump ball 12 and partly on the connection pad 18. The
capillary is then lifted and the wire 28 is extended from the second bump ball
26. Subsequently, the capillary is moved to a second bonding position in
order to connect the wire 28 to a second bonding position from the first
bonding position on the connection pad 18.
20
Figure 4 shows a side view of the edged first bump ball 12 with an
overlapping second bump ball 20 connected next to it as in figure 3. This
view further illustrates that the contact area between the wire bond
(comprising the first bump ball 12 and the second bump ball 20) and the
25 connection pad 18 is substantially increased as compared to just forming a
single bump ball on the connection pad 18. Adhesion strength can therefore
be increased without resorting to prior art methods of increasing pad size or
bump ball diameter (which is not efficient or feasible especially for fine-
pitching bonding, such as for wire diameters of less than 50um) or increasing
30 ultrasonic or bonding energy during bonding (which might damage the surface

of the connection pad 18).

Figure 5 shows a top view of first and second bump balls 12, 20 in the form of

two overlapping edged bump balls with a third bump ball 26 in the form of an



bunp ball 20 in the formof an overlapping bunp ball wth wire 28 extending
fromit according to a first preferred enbodi nent of the invention. The
second bunp ball 26 is forned on the connection pad and is contiguous wth
the first 10 bunp ball 12 that was formed. To formthe overl appi ng bunp
ball, the <capillary is positioned over -& base of the recessed portion 16 of
the first edged bunp ball 12. A ball nelted on the wire at the tip of the
capillary is lowered onto the base of the recessed portion 16, and the bunp

bal | 26 i s bOYBEIPRRI PumR: bl with Wite 25 gxtepdingnfoutBcesifingde 4 peeodartly on

the base of tohrefreg @niRAiMéntRAtid PReAR P GERG aly, tSdre RitENaRGd pdsttighd partly
on the connection p The capillary is then |ifted and the wire 28 is

ad 18.
ext ended fronhatiBedbiEdmympubgll BaImay Pe. piakass 8@ @srieIBe centiguedpiwithathg i s noved
to a second bhegngi i ' r : ] econd
bondi ng position %‘?ngﬁlﬂft'eh?’inzr%t%ucﬁon |yn50?gg§il]l?ﬁ%;r(\t ttgﬁﬁ%a\méétg%n e?:)tglll’g%rspad 18.
20 Figured54 skoord dusipddalli ewinfbatweerdbedirsi apd $reopd baurhp lsallgi t Msan
over | appi ng 2 t o . ' igure. 3. This
U ow furt ner T TOHRE 4BB e i BB REL Eo BE Ko fdnelied B i g
(conpri si ng tdfichd comiedionpadald islargenendugh srerserded torfurther linc2€aseatnd t he 25

Cinal o bump BAMIEChATARE BYRRER (B HSRE EEs AU RSCTBIELeT AR BIF Rer ef o o
be i ncreased tuintimprdvesasterhetalizatbridnddadssionTet hods of i ncreasing pad size

or bunp ball dianmeter (which is not efficient or feasible especially for
fine- pi i ng bondi ng, such as for wire dianeters of |ess than 50pm or

i ncreasi ng 30rHgl firsPsRNEEcHd BIRREbEs §PE2@ He' foRl dP ANEicaged \Mahf baisght
damage the surface of the connection pad 18). Figure 5 Shows a top view of
first and sec@adrshipmedas descibedm refationdo figure 2f Thargaftesy kel eaplianyisedged
bunp ball's WidRitignbdidbdv® W Bablck tRE rbledsBE JfidR 9% &the second edged
bump ball 20. It should be appreciated that the recessed portion could be
15 formed in the first bump ball instead for receiving the third bump ball 26. A
ball melted on the wire near a tip of the capillary and the ball is lowered to
partially contact the base of the recessed portion 24 and partially contact the
connection pad 18. Ultrasonic energy and force are applied to the ball to form
the third bump ball 26, which partially lies on the base of the recessed portion
20 24 and partially lies on the connection pad 18. The capillary is then lifted and
the wire 28 is extended from the third bump ball 26. The capillary is moved to
a second bonding position whereat a second bond is formed, thus completing
an electrical connection from the first bonding position to the second bonding
position.
25
Figure 6 shows a side view of the first and second bump balls 12, 20 in the
form of two overlapping edged bump balls with a third bump ball 26 in the
form of an overlapping bump ball connected next to them as in figure 5.
Again, it illustrates that the contact area between the wire bond (comprising
30 the first, second and third bump balis 12, 20, 26) on the one hand, and the
connection pad 18 on the other, is increased. The intermetallization and
adhesion would thus be greater than simply having a wire bond comprising a
single bump ball, or a wire bond comprising a bump ball with wire formed next

to a single edged bump ball as shown in figure 4.



-7 overlapping bunp ball with wire 28 extending fromit according to a
second preferred enbodi nent of the invention. Generally, there are various
positions that the third bunp ball 26 may be placed so as to be contiguous
with the other bunp balls 12, 20, such as by formng it next to the first
bump ball, or 5 second bunp ball, or in-lgetween the first and second bunp
balls. As nentioned above, the third bunp ball can be forned if the size of
t he opening of the connection pad 18 is | arge enough and serves to further
i ncrease the contact surface between the wire bond and the connection pad

18, which inadHh rb%aﬁ’tb’l@%?%vds“fd%ﬁﬂhﬁt tHeZ aldrahe as a%%sfbpa boAp T first

and second bump balls 12, 20 in the formof tw edged bunp balls are first
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third burrp ball 26. The cap |IIar¥ Is noved to a second bondlga% osition
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shows a side View o st and secon bunp b 20 In
significantly increased to 33 grams. This was 18 grams higher than that
achieved from a conventional method of a bump ball formed without any
edged bump ball, or an increase of adhesion strength of 120% over the

15 conventional method.

It would be appreciated that an advantage of this method is that no increase
in ultrasonic power for forming each bond is required to obtain the
improvement in shear strength. Therefore, metal peel or cratering can be
20 avoided or reduced as compared to the prior art. Another advantage is that a
smaller ball size can be used to bond a wire to a larger opening of a
connection pad. For example, a ball size of 26um can be used to bond on a
pad pitch of 50um. Thus, greater precision can be achieved during bonding.
With the said advantages, parameter optimization for forming the first bond

25 can be made simpler and more accurate.

A related advantage is that under fine-pitch bonding, a fine wire cannot form a
very big ball due to its small wire size. This constraint can also be overcome
by the preferred embodiments of the invention, so that ball shear strength can
30 be improved without the need for using thick wire, which cost more. As a

result, cost savings can be achieved.



formof two overl appi ng edged bunp balls with a third bunp ball 26 in the
form of an overl appi ng bunp ball connected next to themas in figure 5.
Again, it illustrates that the contact area between the wire bond
(conprising 30 the first, second and third bunp balls 12, 20, 26) on the one
hand, and the connection pad 18 on the -®dher, is increased. The
internetallization and adhesion would thus be greater than sinply having a

wire bond conprising a  single bunp ball, or a wire bond conpri si a bunp
bal | vi th wi r 0% BYSHEN AEREnbe0heseis i SiseBilal KRIIRoBS ToUCalhER AT 11 gur 6
4. -8 As an exRifidhe otfer thdsSthbes! BPedifitally HBscrib¥E aAg &t ibab besmadFstddarthat bunp

ball formed on a connection pad 18 using conventional wre bonding nethods

wi t hout any dhgdwventiensinchides & sigh ygrpliangl Medifisatiopg analQs asidiigns avhic

particul ar S @ehifih (RASTHIRBIsobE St the BbABesclibiidn. leans that the wire bond
was dislocatable by applying a shearing force of 15 grans or nore. \Wen
second bunp ball 20 with wire connected to it was bonded on a single edged
bunmp ball 12 (see figures 3 and 4) using a simlar set of paraneters, the
average ball shear increased to 26 granms. Furthernore, when a third bunp
ball 26 10 was bonded together with first and second edged bunp balls 12, 20
(see figures 5 and 6) using a simlar set of paraneters, the average bal
shear was significantly increased to 33 grans. This was 18 grans hi gher
than that achieved froma conventional nmethod of a bunp ball forned w thout
any edged bunp ball, or an increase of adhesion strength of 120% over the
15 conventional nethod. It would be appreciated that an advantage of this
nmethod is that no increase in ultrasonic power for form ng each bond is
required to obtain the inprovenent in shear strength. Therefore, netal peel
or cratering can be 20 avoided or reduced as conpared to the prior art.

Anot her advantage is that a



smal | er ball size can be used to bond a wire to a |arger opening of a
connection pad. For exanple, a ball size of 26m can be used to bond on a

pad pitch of 50m Thus, greater precision can be achi eved during bondi ng.
Wth the said advantages, paraneter optim zation for formng the first bond
25 can be made sinpler and nore accuratel0A rel ated advantage is that under
fine-pitch bonding, a fine wire cannot forma very big ball due to its
small wire siﬁe. !his constraint can also be overconme by the preferred
enbodi nent s si nvention, so that ball shear strength can 30 be inproved
w t hout the need for using thick wire, which cost nore. As a result, cost
savi ngs can be achieved. -9 The invention described herein is susceptible to
vari ations, npdi f AcREihedSf eraning a wigdaddhiendingrewireiad qonpseiongad efi cal | y

descri bed and, i : : t t he i nvention includes all such
%61' Il?étﬁarﬁ@daﬁcé@lgﬁﬁr% dﬂ.e s oft

vari ations, I cat1 ons and/or rgg)dltl ns which fall within the spirit and
scope of ®Hhe abovéoroiga figst bomp ball®nChakch®rection padeambtheof forming a wire

bond bonding a w . i : o i nprising
the steps of: 5t S8 EROREBUERAESH Mo aheEEE RaaM 1S SRR hen
form ng a seadthdhedingt boalpbalin t he connection pad that is contiguous wth
the first bunp ball. 2. A nethod as clainmed in claim1l1, including extending
the wire fromthe 10 second bunp ball. 3. A nethod as clained in claim1l or
claim 2, wherzin heefeaaidclbinigd intedim pantiuaingyextérkiingthet Wite GroANget i on pad
and partially Iirgqs on tbh? first bunp ball. 15 4. A method as clained in any
one of tHE praccerd RymeiPallng, incl uding

3. A method as claimed in claim 1 or claim 2, wherein the second bump

ball partially lies on the connection pad and partially lies on the first bump ball.

15 4. A method as claimed in any one of the preceding claims, including
severing the wire from the first bump ball prior to forming the second bump
ball.

5. A method as claimed in claim 4, including edging the first bump ball
20 and forming a recessed portion in the bump ball prior to forming the second

bump ball.

6. A method as claimed in claim 5, wherein the second bump ball is
formed on the recessed portion of the first bump ball.

25
7. A method as claimed in any one of the preceding claims, including the
step of forming an additional bump ball that is contiguous with the first and/or

second bump ball.

30 8. A method as claimed in claim 7, including extending the wire from the
additional bump ball.

9. A method as claimed in claim 7or claim 8, including severing the wire

from the second bump ball prior to forming the additional bump ball.



severing the wire fromthe first bunp ball prior to formng the second bunp
ball. 5. A nethod as clained in claim4, including edging the first bunp

ball 20 and form ng a recessed portion in the bunp ball prior to formng
the second bunmp ball. 6. A nethod as clainmed in claim5, wherein the second
bump ball is fornmed on the recessed portiton of the first bunp ball. 25 7. A
net hod as clainmed in any one of the preceding clains, including the step of
form ng an additional bunp ball that is contiguous with the first and/or
second bunp ball. 30 8. A nethod as clainmed in claim7, including extending

the wire fromg he a atHdd Snahinfuymn 473/ éne & clﬁin{?f ho9 Agiualy éﬁn j fhec! @l m 7or

claim8, including severing the wire romthe second bunp~b rior to
form ng the ditshi and/arisepend bbaipl ball and1formiagnatreoessed portiomen the fisly one of

claims 7 to 9,4 i i - ¢ : unp ball and
formng ar ecaggé%}géeggﬂ]lg%ﬁg?)ﬁﬂ% Hép@i frOFs'JF'Eatgﬁ%lggér'%s%azgﬁﬁ%%ﬁnp ball prior to
formng the additional bunp ball. 5 11. A nethod as clained in claim9 or

claim 10, wherein the.,additional , .bu bal|l i,s. fqrmed on the recessed
Cont i om of rECE A a5l b i, 18 B8 o b8 30t R ln BF AREERRN any one
of the precediungp balbisfermedhéen tetetéssed Portibrodrahe firsdbr sévdndibueng Ball. ess t han

50pm 13. A wire bond bonding a wire to a connection pad of an electronic
device conprising a first bunp ball formed on the connection pad and a

second bunp {8l | A Bt & chaltfed MNAREbhE bf ﬂﬁadprtebé&inbscléiﬁgff WHERIStH th the
first bunp _ o
10  diameter of the wire is less than 50pm.

13. A wire bond bonding a wire to a connection pad of an electronic device

comprising a first bump ball formed on the connection pad and a second

bump ball formed on the connection pad that is contiguous with the first bump
15 ball.

14. A wire bond as claimed in claim 13, wherein the wire extends from the

second bump ball.

20 15. A wire bond as claimed in claim 13 or claim 14, wherein the second
bump ball partially lies on the connection pad and partially lies on the first

bump ball.

16. A wire bond as claimed in any one of claims 13 to 15, wherein the first

25 bump ball comprises a recessed portion.

17. A wire bond as claimed in claim 16, wherein the second bump ball is

positioned on the recessed portion of the first bump ball.

30 18. A wire bond as claimed in any one of claims 13 to 17, including an

additional bump ball that is contiguous with the first and/or second bump ball.

19. A wire bond as claimed in any one of claims 13 to 18, wherein the wire

extends from the additional bump ball.



15 ball. 14. A wire bond as clainmed in claim 13, wherein the wire extends

fromthe second bunp ball. 20 15. A wire bond as clainmed in claim13 or
claim 14, wherein the second bunp ball partially lies on the connection pad
and partially lies on the first bunp ball. 16. A wre bond as clained in

any one of clainms 13 to 15, wherein the f2rst 25 bunp ball conprises a
recessed portion. 17. Awire bond as clainmed in claim16, wherein the second
bunmp ball is positioned on the recessed portion of the first bunp ball. 30
18. A wire bond as clained in any one of clains 13 to 17, including an
additional b bal d bunp
ball. 19. A \?\nmr)e ﬂw'cft as c %Fl%e%d yo%gnép%%h% L:? fr??gléﬁﬁjér&f tﬁgv\ﬁ%r ein the
wire extendsrsecond hwnadxdilltqommlsebmcbsﬁdd perlign 20d thewddddiopanburag cl ai ned

comr ses o Pakiiopay bRt 1scHSEREbdbBr bl e, B B0 T oned on

the recessed portion of the first or second bunp bal





