-1- WRE BOND W TH | MPROVED SHEAR STRENGTH Field of the Invention 5 The

I nvention relates to the formation of an electrical connection between a
conductive wire and a connection or bonding pad of an el ectronic conponent,
and in particular to formng a wire bond to attach the wire to the
connection pad. 10 Background and Prior-Art In sem conductor packagi ng and
assenbly, it is sonetines necessary to form an electrical connection

bet ween different electronic conponents using 15 conductive wire, or
between different electrical contacts of an electronic conponent. Wre

bonding is a method CWE‘@ON@W‘THWWV%ﬁ@EK@@Wﬁ@N@T# he el ectri cal
connection. One exanpl® | ' e or r1mntegrated circuit
chip is attached onto a carrier such as a leadfrane. In this case,

el ectrical copn h n haYiento be fornmed between electrical contacts on 20
the die and cg‘gfiéﬁgﬁm ectrical contacts on the |eadfrane. Thus, the
wire needssto be bonded at one end to a |l ead of the | eadfrane and at the
other end to a caonnecti on pad o'b the die. The nost widely used wire
materials ar éhednyentignyelgies ta 10&ifATRaton 9f an glectsical, gpnneslien betvesfhder (u)
are also wuse ; i Grﬂﬂiﬁ’gﬁ' ' &,9,% kies on a
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t ypi cal net hoanddr@attisules el fesming:pdvitenbond ta attach theowire de it cpaidtiont hr ough
a conbination 8& heat, pressure and/or ultrasonic energy. It is a solid
phase wel ding process, wherein the two netallic materials (the wire and the
pad 30 sunface) are brought into intimate contact. Once the surfaces are in
intimate contac el ectran sharing or interdiffusion of atonms takes pl ace,
resulting in bﬁg't(dr%'?‘ﬁﬁ”ggﬂ%‘gﬁa wire bond. The bonding force can lead to
mat eri al deformation,

In semiconductor packaging and assembily, it is sometimes necessary to form
an electrical connection between different electronic components using
15  conductive wire, or between different electrical contacts of an electronic
component. Wire bonding is a method commonly used in the industry to form
the electrical connection. One example is where a semiconductor die or
integrated circuit chip is attached onto a carrier such as a leadframe. In this
case, electrical connections have to be formed between electrical contacts on
20 the die and corresponding electrical contacts on the leadframe. Thus, the
wire needs to be bonded at one end to a lead of the leadframe and at the
other end to a connection pad of the die. The most 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

25 semiconductor chip or on interconnection substrates or carriers.

A typical method used fo 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
30 surface) are brought into intimate contact. Once the surfaces are in intimate
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,



breaki ng up of a contam nation |ayer and snoot hing out of surface asperity,

-2- which can be enhanced by the application of ultrasonic energy. Heat can
accelerate inter-atomc diffusion, thus form ng the bond. One type of prior

art wire bond formation uses a ball bond. The process 5 involves nelting a
sphere of wire material on a length of wi2e held by a capillary, which is

| onered and wel ded to a first bonding position. This results in a bond with
a circular smashed ball shape. The capillary then draws out a |oop and then
connects the Whice qan be sbeReedh b dhgoepRlicalivruef wiragosici engtgpoHeat camt i s
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subsequent first rrently, onding is the nost widely
used bondi ng technique. Its advantage is that once the ball bond is nmade on

t he connecti o d_ of device the re v n,a direction
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too nmuch ultrasonic energy or bond
Current wire bonding techniques depend very much on the area of contact

between the formed ball and the connection pad of the electronic device for
adequately securing the connection. Over the years, the demand for fine-
pitch bonding (such as with bond pads having pitches of less than 50pm} has
increased steadily, thus making effective bonding more difficult since there is
20 a smaller surface area for contact between the wire bond and the connection
pad. Furthermore, probe testing of semiconductor devices has become the
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

25 an effective bond since good intermetaliization is harder to achieve.

Ancther 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
30 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
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



force is applied, this may lead to netal peel or cratering on the surface of
the connection pad. Mreover, in fine-pitch ball bonding, a paraneter

wi ndow for formng a good bond is conparatively snmaller. Therefore, the

af orenentioned faults would have a tendency to occur either due to the
sensitivity of the -3- connection pad of-3he wafer or other sem conductor
device, or due to the paraneters not being properly optimzed. In order to
i nprove the internetal lization between the ball bond and the 5 connection
pad, one net hennestiaro pRA af the evafae op Athersseraiconshictornt deviges| §f, duendo tRg ze of
the ball isr ' ; | - opening offered by the connection
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the ultrasonic energy transmtted to the ball bond during bonding. However,
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nore effective an bl'e.” Using t oresaid prior art ndi ng process
to apply a siingteaspdhe ulicarpnicoengrgy tswmsaiitte foathe baltl bped yduripg dending. adhesi on
of the single ] ' e y nhot
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woul d be tiesi creddmicomdubtoraleviteas semsitivebondi ng nmet hod and a wire bond t hat
has i ncreased shear strength that would neet the needs of fine-pitch wire
bondi ng in nodern wire bondi ng machines. 25 Sumrmary of the Invention It is

therefore an phheatihgdion betHewipatd G behdiid bicdBorRisintrRabem By iicre®dihgd and  a
wire bond that inproves the adhesion of a wire bond to a bondi ng ?ad as

conpared to tHe PN suiface,aieg befween the wire bond and the bonding location, this
would also give rise to increased shear strength. In other words, it would

15  require a greater force to dislodge the bond from the bonding location, so that
the bond is more effective and reliable.

Using the aforesaid prior art bonding process to apply a single ball bond to the
bonding pad, and relying on the adhesion of the single ball bond to the
20 bonding pad to secure the bond, may not achieve sufficient shear strength to
ensure reliability of the wire bond. It would be desirable to develop a wire
bonding method and a wire bond that has increased shear strength that would

meet the needs of fine-pitch wire bonding in modern wire bonding machines.

25 Summary of the Invention

It is therefore an object of the invention to provide a wire bonding method and
a wire bond that improves the adhesion of a wire bond to a bonding pad as
compared to the aforesaid prior art.
30

According to a first aspect of the invention, there is provided a method
for bonding a wire to a bonding surface with a bonding tool, comprising the
steps of: contacting the bonding surface with the wire at a bonding location;
applying bonding energy from the bonding tool to attach the wire to the



30 According to a first aspect of the invention, there is provided a nethod
for bonding a wire to a bonding surface wwth a bonding tool, conprising the
steps of: contacting the bonding surface with the wire at a bondi ng

| ocation; applying bonding energy fromthe bonding tool to attach the wire
to the -4- bonding surface at a bonding point |ying along a central

| ongi tudi nal axis of the bonding tool; noving the bonding tool away from

t he bonding | ocation; contacting the attached wire with the bonding tool at
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portion. 15 Iguﬁg@éld@n%@@,g\b@,ﬁhm@tsuﬁ%@_i nafter to describe the invention in
greater detail by reference to the acconpanying drawi ngs which illustrate

one enbodi nent of the invention. The particularity of the drawi ngs and the
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(ol at o0, descr gk o Bon GaREpIE 31 RANoR ISP AGTB0 o O B6AFT 1Y
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bonding surface; and a length of wire extending from the recessed portion.

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

20

Brief Description of the Drawings

An example of a method of bonding and a formation of wire bond in
accordance with the invention will now be described with reference to the

25 accompanying drawings, in which:

FIG. 1 is a side view of a ball bond formed according to the preferred
embodiment of the invention;

30 FIG. 2 is another side view of the ball bond seen from direction A in FIG. 1
showing the connection of the ball bond relative to the wire along a length of
the wire; and



enbodi nent of the invention; 30 FIG 2 is another side view of the ball bond
seen fromdirection Ain FIG 1 show ng the connection of the ball bond
relative to the wire along a length of the wire; and -5- FIGS. 3(a) to 3(e)
show various stages of a notion profile of a capillary feeding bonding wire
to a bonding location to create a wire bofd according to the preferred
enbodi nent of the invention. 5 Detailed Description of the Preferred
Enbodiment FIG 1 is a side view of a wire bond, such as a ball bond 10,
formed accor dFKES. B@)tiRe3(e) shewr veriaushelapae f amaeties profilenof @ncapiasybal |

bond 101 s wefdlehdXondiid H096 adorRind e Baedhe o WHEbBHABbYorhodo | St

bondi ng position wreTin es a base portion cont act
wi t h and adhetheprefesredrambdstimeninef thewthveatiorand a bal | portion 16 on top of
the base portion 14. The wire bond also includes a recessed portion 18 that
I's substantially at an edge of the bonded wire conprising the base portion

14 and bal 5 poetdiled Descrigtidrestghd Preférrgd Eenbdigeditends from t he recessed

portion 18 of the ball bond 10 towards a 15 second bondi ng position (not
shown) to which another wire bond is made to forma connection. A contact

surface bet veeygtNR ek vRANGF 4 WirdHnB AN YE a Baflbdrd 40 oRHE Scidigihydes the

base portion 14 and underside of the recessed portion 18 in contact with
t he bondi ng péithepprefaieed emmbadimgnpet thednverdiopay! he ball bend 10 iowplded®ra stitch

An FiG 1 et e indid Boll 2 ereralfy of\d R TopiRociERichl *The: e wi re
20 al ong 40 | boydéd eiretineludes e Ee porpdrurdlintopntect mathdany agdizetingl!d thad wire
bonds 10,505 BROHE wab. B o LR Eh R BEE R Bl TP MR
bondi ng  posi tond alsthimcluites i eickssedoportibe 18i that Bosisbsidhtiay &t be edlgeidgre | oop
consisting of the bonded wire comprising the base portion 14 and ball portion 16. A length
of wire 20 extends from the recessed portion 18 of the ball bond 10 towards a
15 second bonding position (not shown) to which another wire bond is made to
form a connection. A contact surface between the ball bond 10 and bonding
pad 12 therefore includes the base portion 14 and underside of the recessed
portion 18 in contact with the bonding pad 12. The recessed portion 18 may
in itself comprise a stitch bond.
20
FIG. 2 is another side view of the bali bond 10 seen from direction A in FIG. 1
showing the connection of the ball bond 10 relative to the wire 20 along a
length of the wire 20. A plurality of bonding pads 12 and wire bonds 10 are
shown. The rectangular bonding pads 12 are arranged in rows on a substrate.
25 One wire bond 10 is formed on each bonding pad at each first bonding
position. The orientation of the wire bond 10 permits a wire loop consisting of

the wire 20 with a relatively low height profile to be formed.

FIGS. 3(a) to 3(e} show various stages of a motion profile of a wire bonding
30 tool in the form of a wire bonding capillary 22 feeding bonding wire 20 to a
bonding location to create a wire bond 10 according to the preferred
embodiment of the invention. Preferably, the capillary 22 is attached to an

ultrasonic transducer (not shown) of a wire bonder machine.



the wire 20 with a relatively | ow height profile to be formed. FIGS. 3(a) to
3(e) show various stages of a notion profile of a wire bonding 30 tool in
the formof a wire bonding capillary 22 feeding bonding wire 20 to a

bondi ng location to create a wire bond 10 according to the preferred

enbodi nent of the invention. Preferably,-ghe capillary 22 is attached to an
ul trasoni c transducer (not shown) of a wire bonder machine. -6- Bonding wire
20 is fed froma capillary tip 24 of the capillary 22. Alength of wre
exposed from Bﬁ@dlﬁﬁmlﬂel%ﬁjﬁf@ﬂﬂf%al capiiiary tip r?élftfébelfy‘?P'ﬁﬁrye??ec rierath |ohne- of
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h th 20 he,.bond | i f
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the remai ni NgLoR@RAi M w& Fe160king ISt t(ﬁmhe&gt ltr{@mcﬁtehqsmhl ﬁés BgeRt X of
the attached wire |lies along a central longitudinal axis Y1 of the

capi | l ary 22. loweretatie tha benp ngwg)andtwiﬁawm eneray has been pravided ipttba to a
hei gh | h ht "
certain hei ght,3 P&g%p 2%&63:‘?.&%8@9\).@192{(1 ‘qué\,\geﬂ? Fn@ I%S{jﬁ EvVel@e ei ght™)

so that the capi ase por 4 and
bal | portil@n Icﬁ'mekirhaél aSbaéR portion Hed anmplblallapphonmﬁ &omhermchnﬂmterma)nlag posi tion

that is horizgontally.o a oth ortion 14 and ball
or tion 16, soSohanY WiAT Eehd oA iy ey 3 BengRaFein X FEBAGeaHLItene bar)

portion 16. Asiesal@ngiacentral |oﬂgm)dunatllaeusc\arﬁﬂttaé cadilldrorgi tudi nal axis Y2 of the
capillary is now offset fromthe bonding point X of the attached wre. This
is so that when the capillary 22 is |lowered again, the capillary tip 24

wll exert a mr%wnﬁmeng(memetdaamarg PEiMNER IiRBd 3 aldeftaPsigtfabovBe bal |
portion 16 as descri bed bel ow.
15 the bonding location (preferably a “search height’} so that the capillary tip 24
is lifted away from the base portion 14 and ball portion 16. In FIG. 3(c), the
capillary 22 is then moved to a position that is horizontally offset relative to the
bonded base portion 14 and ball portion 16 so that a part of the capillary tip 24
is located over the ball portion 16. As seen in FIG. 3(c), the central
20 longitudinal axis Y; of the capillary is now offset from the bonding point X of
the attached wire. This is so that when the capillary 22 is lowered again, the
capillary tip 24 will exert a force upon and penetrate the wire 20 at the edge of

the ball portion 16 as described below.

25 In FIG. 3(d), the capiltary tip 24 is moved with a constant search speed from
the search height until it comes into contact with the ball portion 16 of the
attached wire at the aforesaid offset position, and applies bonding force and
power onto the ball portion 16. Ultrasonic energy is applied to the capillary tip
24 to deform and flatten an edge of the ball portion 16 near to a periphery of

30 the base portion 14 until at least a portion of an underside of the deformation
contacts the bonding pad. However, this action must be controlled so that the
capillary tip 24 does not penetrate the ball portion 16 excessively so as to
sever the wire 20 from the bond. The deformation of the ball portion 16

preferably serves to form a stitch bond at the edge of the base portion 14 and



25 In FIG 3(d), the capillary tip 24 is noved with a constant search speed
from the search height until it cones into contact wwth the ball portion 16
of the attached wire at the aforesaid offset position, and applies bondi ng
force and power onto the ball portion 16. Utrasonic energy is applied to
the capillary tip 24 to deformand flatteén an edge of the ball portion 16
near to a periphery of 30 the base portion 14 untiI at | east a portion of an

under si de of the deformation contacts the bond gwg However, this action
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contact area ggeNgB. to consequently increase the bond shear strength. In

FIG 3(e), after the ball portion 16 of the first or ball bond 10 is
sufficiently 10 depressed and the underside of the recessed portion 18
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types of wire bonds, includin
15 connection between two or more points.

it should be appreciated that although the above description refers specifically
to the formation of a first bond or ball bond at a first bonding position using the
method according to the invention, the invention is also applicable with
20 suitable modification to the making of other types of wire bonds, including
without limitation to the second bond or stitch bond at a second bonding
position to which the capillary 22 is moved after forming a wire bond at the
first bonding position. In this case, the length of wire extending from the
second bond may be severed in order to terminate adjacent to the second
25 wire bond if no further connections from the second bonding positicn are to be

made.

Further, it is generally preferred that the position of the attached wire is
maintained relatively stationary while moving the capillary 22 during the
30 execution of the above bonding method, but it is possible to introduce
corresponding movement of the position of the attached wire during any part

of the above operations.



without Iimtation to the second bond or stitch bond at a second bondi ng
position to which the capillary 22 is noved after formng a wre bond at the
first bonding position. In this case, the length of wire extending fromthe
second bond nay be severed in order to term nate adjacent to the second 25
wire bond if no further connections fromBhe second bondi ng position are to
be nmade. Further, it is generally preferred that the position of the
attached wire is nmaintained relatively stationary while noving the

capi | lary 22 dbei felfoving tajde esandainingnball shear ate eillyslietph g neRRTISOBUt it i s
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cont ai ni ng balprefetrecuembmdiment| of ghe anvemtian sdthpianproved atikesier betweaenaltiet i onal
single ball bgnd, an |l bond created using the preferred enbodi nent of

t he invention%ﬁﬂpﬂngﬁﬁ?g%e%m}fﬁ?%ﬁ%n between the ball bond and the bonding
pad: 5 Balb Shear Strength (gm Ball Shear Strength (gm using invention
usi ng conventd-onal—bonding—Maxipmum 23 1 14 1 Mnimum-17 4-11_1 Mean 20.2
12.5 Standard 1.32 0.83 Deyi 8l @?Pafﬁ{rm (9ol 4r , BaSnRAESYHGHIO™hal t he
average ball [shear for a bunp bal usifginn@dionon a [basiey cugveraidnal Soidgin
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Mean 20.2 125
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Deviation

In particular, it was found that the average ball shear for a bump ball formed
on a bonding pad using a conventional wire bonding method according to a
particular set of parameters was 12.5 grams. That means that the wire bond

10 was dislocatable by applying a shearing force of 12.5 grams or more. When
the ball bond was formed using the preferred embodiment of the invention
using a similar set of parameters, the average ball shear increased to 20.2
grams. The improvement in ball shear strength of the bond from 12.5 grams
to 20.2 grams amounts to about 62%.

15
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
avoided or reduced as compared to the prior art. Another advantage is that a

20 smaller ball size can be used to bond a wire to a larger opening of a
connection pad. Thus, the wire bonds can be wholly located on the
connection pads with greater repeatability during bonding. With the said
advantages, parameter optimization for forming the first bond can be made
simpler and more accurate.

25
Further, this method can obtain very low looping heights as compared to the
aforementioned prior art bonding method. This improvement is advantageous



the ball bond was fornmed using the preferred enbodi nent of the invention
using a simlar set of paranmeters, the average ball shear increased to 20.2
grans. The inprovenent in ball shear strength of the bond from 12.5 grans
to 20.2 granms anounts to about 62% 15 It would be appreciated that an
advantage of this nethod is that no incregse in ultrasonic power for
formng each bond is required to obtain the inprovenent in shear strength.
Therefore, metal peel or cratering can be avoided or reduced as conpared to
the prior art Sinaadh herbanghnenwisgds ?%bere@m@s%eamhl elastisamatesiah e loaverbe used
to bond a wire; i f i Jhus, the wire
bonds can be %%ﬁe@gt‘it?i%ﬁééﬁ%ﬁd’%rﬂgué? g%‘ir(]a ctlgﬁ%ﬂégga\%ﬁgﬁe%r eat er
repeatability during bonding. Wth the said advantages, paraneter

optim zation r.formn he first bond ¢ be mad sinpler,. and re
Sbcurare o5 Fpimeniod fescifer hefn 8 taPie O Sins, MEBEEAI RIS as
conpared tg thaditieiostherihahanest spechicals deseabet 88d MBS fose undidrstobd @Ay enent

i s advantageous -9- since if the bhonding wire is to be encag_s_ul ated with

pl astic mat er thf inventjogjaeludes alb sueh Veratinas Taodifications apgior @AdifenscwhiEnsi ze can
be achi eved. FRwitiy #Ridphit afE S66delidhd S Rletdserigtivhcept i bl e to variati ons,
nodi fi cations and/or 5 additions other than those specifically described
and it is to be understood that the invention includes all such variations,
nodi fications and/or additions which fall within the spirit and scope of

t he above description. CLAIMS: 1. Method for bonding a wre to a bonding
surface with a bonding tool, conprising the steps of: 5 contacting the
bondi ng surface with the wire at a bonding |ocation; applying bonding
energy fromthe bonding tool to attach the wire to the



bondi ng surface at a bonding point lying along a central |ongitudinal axis
of the bonding tool; noving the bonding tool away fromthe bondi ng

| ocation; 10 contacting the attached wire with the bonding tool at the
bonding location at an offset position where the central |ongitudinal axis
of the bonding tool is offset fromthe bonding point; then applying bonding
force and power to deformthe attached wige until an underside of the wire
not already in contact with the bonding surface contacts 15 the bondi ng
surface. 2. thhﬁﬂ.as claimed in claim1, further conprising the step of
extending t fromthe defornmed portion in the attached wire after
deform ng the attached wire. 20 3. Method as clained in claim?2, wherein

t he bonding | ocation conprises a first bonding position, and the bondi ng

tool is nmoved-to Meleebfl hapdinang wifsots 2 ibondiag tserfage ithna hgnding taek ached
wire. 25 4. I\é%ﬂgg ' In any one of the preceding clains wherein the
bondi ng |l ocati o cgﬁ;tp‘?éte%?ggﬁse_cond bondi ng position of the wire to which
the bondisng t ool costaningthe dondingfsurfacenwitinthel wiee Bomtiordinglocatian; bondi ng

ition. 5 h . ) ; e h ¢
Severing 30 the APPEMEtsAUFRCereE e noddlhd BB 1 RERTBL WhelBTEa*h: e
second bondi rigpndmgssurface.at@ bofkdimg point lyingralkeng a certray lonyitudihal fids jaf ecedi ng

cl ai s, vvhere'hnbsai.d urll_dersi de of the wire is bonded to the bonding
surface. -11-t"¢ PORRINGMPLas claimed in any one of the preceding clains,

wherein the step nedvinPme BBnding tes aday SrolPhe banaingiscaioAne bondi ng | ocati on
conprises the step of novi n% the bonding tool to a search heLght,. 5
10 contacting the attached wire with the bonding tool at the bonding
location at an offset position where the central longitudinal axis of the bending
tool is offset from the bonding point; then
applying bonding force and power to deform the attached wire until an
underside of the wire not already in contact with the bonding surface contacts

15 the bonding surface.

2. Method as claimed in claim 1, further comprising the step of extending
the wire from the deformed portion in the attached wire after deforming the
attached wire.

20
3. Method as claimed in claim 2, wherein the bonding location comprises
a first bonding position, and the bonding tool is moved to a second bonding
position after deforming the attached wire.

25 4. Method as claimed in any one of the preceding claims wherein the
bonding location comprises a second bonding position of the wire to which the
bonding teol is moved after forming a wire bond at a first bonding position.

5. Method as claimed In ctaim 4, further comprising the step of severing
30 the wire from the wire bond after forming the wire bond at the second bonding

position.

6. Method as claimed in any one of the preceding claims, wherein said
underside of the wire is bonded to the bonding surface.



8. Method as clainmed in claim?7, including the step of noving the bonding
tool at a constant search speed fromthe search height until it contacts the
attached wire at said offset position. 10 9. Method as clainmed in any one of
the preceding clains, including rmaintaining a position of the attached wire
relatively stationary while noving the bonding tool during execution of the
met hod. 10. Method as clainmed in any oneibdf the preceding clains, further
including 15 the step of first formng a nolten ball at an end of the
bonding wire before attaching the wire conprising the ball to the bonding

| ocation. 11. Method as clained in claim10, wherein the step of contacting

the Dbonding ¢ 00l \dihGdiad éﬁiiﬁn‘éﬁtln | A1y 'tﬁ@'pt%%ﬁwbkkﬁalﬁ#seﬁvlﬁfre|n the

| ocating the 20 bonding tool over an edge of Wre an then
| oweri ng t he siemat mgving e b@f&t@aﬂb@tammomnthebandranl@ag@n osmprigesihe |  of

wre. 12. Newgﬁjo‘%aﬁh@ge g?”%"@g‘{a}a]%?’é’pﬁé' ng the step of forming a

stitch bond at" sai Wre 5 13. Method as clainmed in
any one of5the preceding clains, vvherei n the bonding tool conprises a

capillary attache g{? ni ansduc 0 i I e machi ne. 30
14. A wire bond p%ﬂﬁ%‘gﬁs r{'%g%n% "&é‘ﬁ %ﬂepﬁfmmgﬁﬁegm%%
precedi ng cl apgkat a constant search speed from the search height until it contacts the

attached wire at said offset position.

10 9. Method as claimed in any one of the preceding claims, including
maintaining a position of the attached wire relatively stationary while moving
the bonding tool during execution of the method.

10. Method as claimed in any one of the preceding claims, further including
15 the step of first forming a molten ball at an end of the bonding wire before
aftaching the wire comprising the ball to the bonding location.

11.  Method as claimed in claim 10, wherein the step of contacting the
bonding tool at said offset position includes the step of first locating the

20 bonding tool over an edge of the ball of wire and then lowering the bonding
tool to deform the wire at an edge of the ball of wire.

12. Method as claimed in claim 11, including the step of forming a stitch
bond at said edge of the ball of wire.

25
13. Method as claimed in any one of the preceding claims, wherein the
bonding tool comprises a capillary attached to an ultrasonic transducer of a
wire bonder machine.

30 14. A wire bond produced by the method as claimed in any one of the
preceding claims.



