-1- MULTIPLE-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 sém 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) aMULTIBLEtBALL WIRE BONRS:ti on pads may conprise
netallized bond sites on a sem conductor chip or on interconnection
substrates. A sem conductor chip can also be wire bonded to a netal

| eadf rane as i FiglanetHennpémini ¢ encapsul at ed devices. 20 A typical nethod
used to bond or weld the wire to a connection pad is through a conbination
of heat, préssure and/or ultrasonic energy. It is a solid phase welding
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30 One type of n uses a ball bond. The process invol ves

( 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
metaliized 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



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 -2- wedge bond that is usually of a crescent shape. Another ball is then
reformed for a subsequent first ball bondZ2Currently, gold ball bonding is
the nost w dely used bonding technique. Its advantage is that once the bal
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form ng a good bond_is conparatively smaller. Therefore, the aforenentioned
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



faults woul d 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
paranmeters not being properly optimzed. 30 In order to inprove the
internmetal lization between the ball bond and the connection pad, one nethod
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
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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



formng a wire bond bonding a wire to a connection pad of an electronic

devi ce 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 ball. According to a second aspect of the
invention, there is provided a wire bond "Oonding a wire to a connection pad
of an electronic device conprising a first 30 bunp ball formed on the
connecti on pad oafl |ﬁveﬁﬁi%ﬁnghé’HHHicQ|%HyJf‘?ﬁé@n‘émf?ﬁbs SREHeABRRG dNeripRsh khat s
contiguous with the first be convenient herelnafter to
describe the i mobiwt bennﬂwswa&%um@mg theyganefalitenthetsoat Weadiientipanyi ng
drawi ngs whi ch i of the invention. The
particularity o h{eﬁﬁ\t’ é&a%’hief@ggﬁgﬁlg@gémst ed description is not to be
under st ood as supersedl ng the generality of the broad identification of the
invention as d ms 5 Brief Description of the Draw ngs An

exanpl e of ‘ d¥brdance with the invention will now be
described with reference to the accorrpanyl ng dravvl ngs, |n which: 10 Figure 1
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bunmp ball with wire extending fromit according first preferred

enbodi ment of the invention; Figure 4 shows a side VI ew of the edged bunp

ball with ag o ré‘H@h’&%sbé‘ V%Qv&aé%mgpl nggag "@E{Ea&' toit as in figure 3;

Figure 5 shows I ew o vvo over hp balls with an
over | appi ng burrp baII and wire extending fromit according to a second

pr{ef erred enbocyié{ﬁgtzoghow;eali‘ q‘s’&ﬁ%in%n\;/ie\%ngf 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 ovetlapping
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 eiectronic 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



25 Figure 6 shows a side view of the two overl appi ng edged bunp balls with
an overl appi ng bunp ball connected next to themas in figure 5. Detailed
Description of the Preferred Enbodinents 30 Figure 1 shows a side view of a
first bunp ball 12, such as a single edged_ bunp ball forned on a connection
pad 18 of an electronic device 10 at a first bondi ng position. The first
bunmp ball 12 is forned by first bonding a bunp created out of a nelted bal
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severed or broken of fromthe By utilizing these notions, the edged

bunp bal | that deyiceds moupted. out of the first bunp ball 12 has a burrp bal |
portion 14 .and a recessed portion 16. If the size of the opening of the
connection pad 18 is |large enough, a second bunp ball 20 in the formof a
second edged bumcedhe capdaryiwsfimematovasikawaywfrom 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 ball
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 ball 20 and the first
bump ball 12. Thereafter, the capiliary is lowered onto the second bump balli
20 that was just bonded and ultrasonic 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



20 the first edged bunp ball 12. Figure 2 shows an isonetric view of two
over | appi ng edged bunp balls 12, 20 fornmed next to each other. To formthe
second bump ball 20, the capillary is positioned above a base of the
recessed portion 16 of the first bunp ball_ 12. As with the formation of the
first bunp ball 12, the capillary is | owe®ed onto the recessed portion 16
and a bunp is 25 bonded at that position. The capillary is lifted and then
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second bunp ball 20 that is edged in addition to the first edged bunp ball
12 is to iAcrease the area of contact between the wire bond and the
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wire at the ti pned tHelase2dh the dbyedsed IpovRinees, and the bump ball 26 is bonded at
that position. The second bump bali 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 feasibie especially for fine-
pitching bonding, such as for wire diameters of less than 50pum) 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



onto the base of the recessed portion 16, and the bunp ball 26 is bonded at
that position. The second bunp ball 26 lies partly on the base of the
recessed 15 portion 16 of the first bunp ball 12 and partly on the
connection pad 18. The capillary is then lifted and the wire 28 is extended
fromthe second bunp ball 26. Subsequently,. the capillary is noved to a
second bonding position in order to connect the wire 28 to a second bondi ng
position fromthe first bonding position on the connection pad 18. 20
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enbodi ment 18f the invention. Generally, there are various positions that
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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 balls 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.



of the connection pad 18 is |arge enough and serves to further increase the
contact surface between the wire bond and the connection pad 18, which in
turn inproves internetallization and adhesion. 10 The first and second bunp
balls 12, 20 in the formof two edged bunp balls are first fornmed as
described in relation to figure 2. Thereatger, the capillary is positioned
above a base of the recessed portion 24 of the second edged bunp ball 20.

It should be appreciated that the recessed portion could be 15 forned in the
first bunp ball instead for receiving the third bunp ball 26. A ball nelted
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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 exampie, 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

resuit, cost savings can be achieved.



-8- As an exanple, it was found that the average ball shear for a bunp bal
formed on a connection pad 18 using conventional w re bondi ng net hods

wi t hout any edged first or second bunp balls 12, 20 according to a
particular 5 set of parameters was 15 grans. That neans that the wire bond
was dislocatable by applying a shearing f.egrce of 15 grans or nore. \Wen
second bunp ball 20 with wire connected to it was bonded on a single edged
bunp ball 12 g§ee figures 3 and 4) using a simlar set of paraneters, the
average ball Jinednvanien dasetred hepsn i susceptible thariggers, W@bepwaﬁomﬂwaﬁddorburrp
ball 26 10 was i i : I 12, 20
(see figures fg gﬁgﬁg?ﬁgg%ﬁoyﬁ %&glrcgi@{a?@%ﬂbggggﬁtlgr@,Bgtlﬁgggg%?}atégt bal |
shear was si grihd invantidryinciudes all sdch gadBiogs.amedififdtioss wasl/at &adgitians whiapher
than that achigved.fr.oma. vent | I thod of.a bunp ball formed w thout
any edged bumysah 1B eei S S50k By oBRAEREPU angt n of 12056 over- ¢ he
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 snaller ball size can be used to bond a wire to
a |larger 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 bonding. Wth the said advantages, paranmeter optim zation
for formng the first bond 25 can be nade sinpler and nore accurate. A

rel ated advantage is that under fine-pitch bonding, a fine wire cannot form
a jvery big ball due to its small wire size. This constraint can al so be
overcone by the preferred enbodi nents of the invention, so that ball shear
strength can 30 be inproved wi thout the need for using thick wire, which
cost nore. As a



result, cost savings can be achieved. -9- The invention described hereinis
susceptible to variations, nodifications and/or additions other than those
specifically described and it is to be understood that the invention
includes all such variations, nodifications and/or additions which fal
within the spirit and scope of the above description. -10- CLAIMS: 1. A

nmet hod of formng a wire bond bonding a mnre to a connection pad of an

el ectroni c device conprising the steps of 105 forming a first bunp ball on

t he connection pad; edging the first bunp ball and form ng a recessed
portion in thggﬁﬁggi ball; and then form ng a second bunp ball on the
connection pa Is contiguous wth the first bunp ball. 10 2. A nethod
as clainmed in clain11 i ncluding extending the wire fromthe second bunp
ball. 3. A net cla int d bunmp
15 bal | part ally 13 BEU aarhahrouts Babadidie due P fhebl® 85T Bhe 11 1o

bunp ball. 4. arfelelting dasice camfEsing thestgpoor of the preceding Cl ai ms
i ncl udi ng severin%the wire fromthe first burrp bal] | prior to formng the

second bunp bal | . T9N5g afirsfRumRibalon 1he GaEResIPNRAR one of the precedi ng

clainms, wherein theedgﬁ@omachrwmn;b%bh ah§ férﬁﬁﬁ@?ﬂ refedsB8 doﬁﬁﬁﬁﬁQHemH on of
t he flrst bunmp bal | . nmet hod as clainmed in any one of the preceding

cl ai s, V\herelbia”l;ﬁ@d“’@il d| ameter of the wire is less than 50 pm
forming a second bump ball on the connection pad that is contiguous

with the first bump ball.
10
2. A method as claimed in claim 1, including extending the wire from the

second bump ball.

3. A method as claimed in claim 1 or claim 2, wherein the second bump
15  ball partially lies on the connection pad and partially lies on the first bump ball.

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.

20
5. A method as claimed in any one of the preceding claims, wherein the
second bump ball is formed on the recessed portion of the first bump ball.

6. A method as claimed in any one of the preceding claims, wherein the
25 diameter of the wire is less than 50 pm.

7. A wire bond formed according to the method of any one of the
preceding claims.

30 8. An electronic device including wire bonds as claimed in claim 7.
9. 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;



7. Awire bond fornmed according to the method of any one of the preceding
claims. 30 8. An electronic device including wire bonds as clainmed in claim
7. 9. A nmethod of formng a wire bond bonding a wire to a connecti on pad of
an electronic device conprising the steps of: formng a first bunp ball on
t he connection pad; -11- form ng a second bunp ball on the connection pad

that is contiguous wth the first bunp ball; edging the first and/or second
bump ball and forming a recessed portiomlh the first and/or second bunp
ball; and then 5 form ng an additional bunp ball that is contiguous with the

i nci udi ng ext endi ng TR GR PR SR EMERE, AhoboRHTER e ByMdtous o o

as clainmed in elithithe QrStbbumbaJam 10, including severing the wire fromthe
second bunp bal |l pri

ormn he addi ti onal hu a 12. A method as
clained in any one 8‘? gipg apﬁsﬁrg% ?ﬁd}ﬂ S&ERRT YR H’@H % gﬂrﬂn'f‘g FhAPSHTRY bal |
is formed on tRertiohqe SeitsPaid/brosecohd buempfbalisandthedecond  bunp bal .
5 forming an additional bump ball that is contiguous with the first and/or

second bump ball.

10. A method as claimed in claim 9, including extending the wire from the
additional bump ball.

10
11. A method as claimed in claim 9 or claim 10, including severing the wire

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

12. A method as claimed in any one of claims 9 to 11, wherein the
15 additional bump balt is formed on the recessed portion of the first or second
bump ball.



