AUTOMATIC WIRE TAIL ADJUSTMENT SYSTEM FOR WIRE BONDERS 5Field of the invention The
invention relates to wire bonders, and in particular to a wire-feeding system for wire bonders. 10
Background and Prior Art Wire bonders are used during semiconductor assembly and packaging for
making electrical wire connections between electrical contact pads on a semiconductor chip and a
substrate, or between electrical contact pads on 15different semiconductor chips. Wire is fed from a wire
spool containing bonding wire to a bonding tool such as a capillary for performing wire bonding at the
bonding tool. The most widely used wire materials are gold, copper and aluminum. The electrical contact
pads may comprise metallizeg‘ﬁ?agglzi't'eig %’E{?'Sﬁm! 'ﬁ%@gﬁﬁ{%ﬁ%fhe interconnection
substrates. 20 A typical meth pad is through a
combination of heat, pressure and/or ultradtfi: WHREGBONRBERSH|id 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 cg,n‘acti iS electron sharing or interdiffusion of atoms takes place, resulting in the
formation oPa i ; ing 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, HiEab AR ARSI AL IterIRRRIS diffsiopatus dorBnGithe IR P LPLerm 2 -

for wire bonders.

10 Background and Prior Art

Wire bonders are used during semiconductor assembly and packaging for
making electrical wire connections between electrical contact pads on a
semiconductor chip and a substrate, or between electrical contact pads on

15  different semiconductor chips. Wire is fed from a wire spool containing bonding
wire to a bonding tool such as a capillary for performing wire bonding at the
bonding tool. The most widely used wire materials are gold, copper and
aluminum. The electrical contact pads may comprise metallized bond sites on
the semiconductor chip and on the interconnection substrates.

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 contact,

25 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 wire bond.

30



One type of wire bond formation uses a ball wire 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 bond
that is 5 usually of a crescent shape, commonly called a wedge wire bond. Another ball is then reformed
for a subsequent first ball wire bond. Currently, gold 8rcopper ball bonding is the most widely used
bonding technique. Its advantage is that once the ball wire bond is made on the connection pad of a

device, the wireomaytjsenoeviaek ibcHy fdrastion usdioatEiresBopdhe Witts wicksg et éacilitates
10automatic wire t“)ndin . urinoq ball bondin orperratio S ¥he secan bond is,in the form of the wedge
mellin %8n on a Eb’o wjre (L

wire bond at the Second P%r%osiwgﬁ.%? &rthe we éEq orma{lon,et e goangaﬁglg(rjy W\ffplr%r(])\'/se upwards

when the wire idatifredranscreeldedtiie étkdwidnpamsidach thee eerillsmdgtieoidiaresiowaid out between
the capillary anqgih)e smadagrimitn Reis b @ o sl heacowd! tsb?ﬁiétfo%i%h hriagtPesiipmavhereat a wire

clamp of the wire bopding apparatus will close as the hond heag moves to an Electric Flame-Off ("EFQO")
evel. During theTRRPL A AR HhOREPEWHa S e B e U S AR IR ot at the
wedge wire bonthéocatiom)etdoebystisamepat Viise dall RDevtoict. eXterat fraolg outoppletdpillary. An EFO
device will prodyee a-3pRrkG o Ml {ige iﬁ‘f‘s&%i'GBrQﬁRQ‘{QPnﬁiE[E@FeHstéivé{Hﬁ‘é@% i sadipiforming the

next ball wire bond. The wire tail has to be of a sufficient length in order to produce a proper molten 25
ball for the next BEIPSENYHEREVIS MRS AR s FRERAEHEAR B O dFABYRiEM Y it Y fious reasons.
For instance, if theJandingryaciraetiens fohde wedge torniaioni@rewiathvelleplynizettasshe material
being bonq%d isa%(g I‘%%@%cbén& i_re may break off from the wedge wire bond prematurely. The wire
may then unexpectedly fly out from the wire path or the capillary itself. If there is a 30short tail or no tail at
all, a molten ball cannot be properly produced to make the next ball bond. If the apparatus detects that a

proper wire tail ipuHHg®EN®dndidg operations, the second bond is in the form of the wedge wire
bond at the second bond position. After the wedge formation, the bond head will

move upwards when the wire is still connected to the wedge wire bond such that

15 alength of wire is paid out between the capillary and the wedge wire bond. The

bond head will rise to a tail height position, whereat a wire clamp of the wire

bonding apparatus will close as the bond head moves to an Electric Flame-Off

(“EFQ”) level. During the further upwards motion when the wire clamp is closed,

the wire will break off at the wedge wire bond location, thereby forming a wire tail

20 which extends freely out of the capillary. An EFO device will produce a spark to

melt the wire tail to produce a molten ball, which is used for forming the next ball

wire bond.

The wire tail has to be of a sufficient length in order to produce a proper molten
25 ball for the next ball bond. However, the wire tail may be too short or be missing
due to various reasons. For instance, if the bonding parameters for the wedge
formation are not well optimized or the material being bonded is contaminated,
the wire may break off from the wedge wire bond prematurely. The wire may
then unexpectedly fly out from the wire path or the capillary itself. If there is a
30 short tail or no tail at all, a molten ball cannot be properly produced to make the
next ball bond. If the apparatus detects that a proper wire tail is not formed



indicating an operational error, the machine will stop and manual intervention by a human operator is
generally required such as to rethread the bonding wire through the capillary. Accordingly, such errors in
the formation of the wire tail lead to unnecessary machine downtime and reduce productivity. 5 Summary
of the Invention It is therefore an object of the invention to seek to automatically prevent and/or recover
from an inadequate wire tail extending from a capilla?y'during wire 10bonding operations to reduce human
intervention and to increase productivity of a wire bonding apparatus. It is a related object of the

invention to seemniatingal®gevdfioriall @endn i e waRiasyaia enshiigl thednidatinagyappropriate
length to facilitate hsubs%qgent Swire bond ogeragons. Acsc%dlrngrlﬁ‘/é ége%]%v%ntﬁg rovides a wire

ing
bonding methooaforch}?minaeéavﬂ?elsl gpceéﬁfr&ecr: i wrﬁ]clalé?rqgaa wedge wire ort1 thod comprising

the steps of: usitigoa@apieasardlfoym Aesadiogy . viverberaruiinga faireationdpighiewite 20l located above

a wire clamp angihecapitanstiasantedifedaiativaleninecwie Praictypen and not clamping onto the
wire; lifting %lve wire clamp and the capillary relative to the wire in a direction away from the wedge wire

bond and towards the wire holding device so as to pay out a length of wire from the capillary; at a
predetermined KiigmaiythEticapiNantioriosing the wire clamp to 25 clamp onto the wire; and thereafter
moving the capillary and wire clamp further away from the wedge wire bond to cause the wire to break
away from the wedge wire bond so as to form the wire tail with a desired length extending from the

capillary. - 4 - inlvEnfiSre eIfeasapRierhalyot IRLCAQRIHRSes iR FRIBRAA SIGHEBhAEHRL to be
unqlerstood as supeveedingthm gendsalinteftie hrladxidentificdton of dupinvgndiomgswiesined by the
claims. 10  bonding operations to reduce human intervention and to increase productivity of

a wire bonding apparatus.

It is a related object of the invention to seek to measure a wire tail extending from
a capillary to ensure that it is of an appropriate length to facilitate subsequent
15 wire bonding operations.

Accordingly, the invention provides a wire bonding method for forming a wire
interconnection including a wedge wire bond, the method comprising the steps of:
using a capillary to form the wedge wire bond; using a wire holding device

20 located above a wire clamp and the capillary to secure the wire while the wire
clamp is open and not clamping onto the wire; lifting the wire clamp and the
capillary relative to the wire in a direction away from the wedge wire bond and
towards the wire holding device so as to pay out a length of wire from the
capillary; at a predetermined height of the capillary, closing the wire clamp to

25 clamp onto the wire; and thereafter moving the capillary and wire clamp further
away from the wedge wire bond to cause the wire to break away from the wedge
wire bond so as to form the wire tail with a desired length extending from the
capillary.

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



5Brief Description of the Drawings An example of a preferred embodiment of a wire bonding apparatus
and method in accordance with the invention will now be described with reference to the accompanying
drawings, in which: 10 FIG. 1 is a perspective view of a wire bonding apparatus according to the preferred
embodiment of the invention;  FIG. 2 is a schematic illustration of how a length of bonding wire may be
15controlled to reduce the likelihood of occurrence ofa short wire tail; FIG. 3 is a side view of the wire
bonding apparatus of FIG. 1 illustrating a wire tail length measurement system according to the preferred

embodiment of theeliantiThe2shFikalAitp @f$iféeovmhgttbﬁd/\m@ mgtdmgemﬂgr@w%q{oﬂ@ 1 illustrating a

first method of rBIeasmeqrq len tQ gavxélrrseet at |&stuck on é:”blro 4 ?c ?]on X Fematlc
illustration of a secon me? of Ten easmg ng?ﬁ OF Wirk at 1S&tUCK he cap ary; FIG. 6is a

schematic illustiauention tae: gsiyied yuhefdirimging wire to an approprlate tall length for subsequent wire
bonding operations; and - 5 - Detailed Description of the Preferred Embodiment of the Invention FIG. 1 is

apers ectlve Vi wire bondi aratus 10 according to the
Persp Eneﬂ:)escr{ptlon 0 th% %Dgw{nqs g

An example of a preferred embodiment of a wire bonding apparatus and method
in accordance with the invention will now be described with reference to the
accompanying drawings, in which:

10
FIG. 1 is a perspective view of a wire bonding apparatus according to the

preferred embodiment of the invention;

FIG. 2 is a schematic illustration of how a length of bonding wire may be
15 controlled to reduce the likelihood of occurrence of a short wire tail;

FIG. 3 is a side view of the wire bonding apparatus of FIG. 1 illustrating a wire tail
length measurement system according to the preferred embodiment of the
invention;

20
FIG. 4 is a side view of the wire bonding apparatus of FIG. 1 illustrating a first
method of releasing a length of wire that is stuck onto the capillary;

FIG. 5 is a schematic illustration of a second method of releasing a length of wire
25 that is stuck onto the capillary;

FIG. 6 is a schematic illustration of the paying-out of bonding wire to an
appropriate tail length for subsequent wire bonding operations; and

30 FIG. 7 is a schematic illustration of how a new tail may be created in case a
correct wire tail length cannot be properly paid out.



5 preferred embodiment of the invention. Bonding wire 12, such as gold or copper wire, is fed from a wire
spool (not shown) into a pneumatic device 14 which is operative to apply vertical vacuum suction forces
upwards or downwards to urge movement of the bonding wire 12 in these directions. A wire holding
device 16, which may be in the form of a wire clamp, is located below the pneumatic device 10 14 and is
operative to secure the bonding wire 12 and to contrél the movement of bonding wire 12 along the wire
feeding route. The wire holding device 16 may also comprise a solenoid energizing mechanism,
pneumatic mechanism or any other mechanism that may serve the function of providing a holding force to

hold the wire in BO§'t|0n Igurlnr% ,[\{vdrr]e g%nd]gﬁgfe%; Aé%'be 81 mn 1? !IS IPcated below the wire holding device
16 to clamp ont wire 12 is to be restrained

or movement of the bonding wire being fed is to be controlled. The wire holding device 16 is operable

separately fromthg wirg (é%@%é&twe\/@vb&”@mé’vtﬁ@% Hﬁ%ﬁrﬂﬁ%‘?@d %&PGR@ fApidary 20

underneath the Wwﬁ?ﬂ[ﬁéz%“kp 8. The ca hgrg 20 is general cat at o end c{)a transducer horn 22.
Wire bondiré isRlG JEsh PYRRY zﬂ‘}dlgi? V?’S/E QII§UB PWHR DBhERPRAG wedge wire
bonds may be fommembkfydﬁeouapllmry Bﬁo%mntlﬁb@tmhlotEIarpeeOrﬁﬁa(ﬂElé@/)cmﬂcmvzhidB lecated next to
the bottom tip offe-GaRilia %169 %Hf&ﬁf'@&cﬁlﬁﬁtgﬁé\‘iérp?&#ﬁ%é%gl% i35 B G- Ahe Renrjeg wire 12 for

the purpose of wire bondl(ﬁ Re tail end of the bonding wire 1 also referred to as a wire tail. Molten
bonding wire 12TOYSTIFOINE20BANNHIER @ﬂﬁetﬁeﬁ‘@nﬂe?ftdﬁﬂ% aft WieR eldee&Gde2E%y the capillary
20 to create a firghiddbomdef ia wwaomem(mneemﬁhle fﬂﬁtbdrnélm/\pméqm&lmamaﬂemlce bond. The

capillary Z%hen| £4 f% (ﬁ}eréﬂl] qg‘@e\é’ 3% | WI %qu éo%egtggm %%“f‘éezg?.ﬁé??,“ Sg]enﬂrst bond.

Thereafter, a secon form o a we bond is ma at a second
bonding posﬂmrb@@@ﬂﬁwm&e@ RiPBgrike cFm &SR ERNIB e nT THe Wit *é\‘?id'%é@r‘{d?%dt@dfﬁ@]yposmons.

5FIG. 2is a schew&sﬁwﬁéaﬁ%ehbmad@gﬂg Qﬁ@@faﬁ@ngﬁr@m%aﬂamﬁmymlIendatﬁyreduce the

likelihood of occ%renme(%fa ShO{télere talslef%t e secq ﬂ%% ndl%g ﬁ%s'th thefge |I ary j: is in contact
with the electromic deVice hererea ing a We ge wire sord’ & me BeWire h |ng device 16 is

closed to securdhg@iveitdiegitdredupngndreneondtiegzlamp 18 is open so as not to
15

A wire clamp 18 is located below the wire holding device 16 to clamp onto the
bonding wire 12 when relative movement of the bonding wire 12 is to be
restrained or movement of the bonding wire being fed is to be controlled. The
wire holding device 16 is operable separately from the wire clamp 18. The

20 bonding wire 12 is then passed through a capillary 20 underneath the wire clamp
18. The capillary 20 is generally located at one end of a transducer horn 22.
Wire bonding is conducted at a bottom tip of the capillary 20. Typically, ball wire
bonds and wedge wire bonds may be formed by the capillary 20.

25 An Electronic Flame-Off (“EFQ”) torch 24 is located next to the bottom tip of the
capillary 20 to provide electrical sparks to melt a tail end of the bonding wire 12
for the purpose of wire bonding. The tail end of the bonding wire 12 is also
referred to as a wire tail. Molten bonding wire 12 is in the form of a ball which is
then bonded onto an electronic device 26 by the capillary 20 to create a first

30 bond of a wire interconnection. The first bond is preferably a ball wire bond. The

capillary 20 then extends the bonding wire 12 to form a wire loop extending from



10 clamp onto the bonding wire 12. After the wedge wire bond has been created, the capillary 20 is lifted
and moves upwards together with the wire clamp 18 relative to the bonding wire 12 in a direction away
from the wedge wire bond and towards the wire holding device 16 to pay out a length of wire from the
wedge wire bond when the wire is still connected to the wedge wire bond. This action 15extends a
sufficient length of bonding wire 12 to create a wire 1&it. When the capillary 20 and wire clamp 18 are
moving upwards to pay out wire from the capillary 20, the wire holding device 16 should clamp onto the

bonding wire 12tte siesiuseribe hra@caagewi@ detai sertrel teFoRiion sovddidrweaspdhe 40 bonding wire
12 breaks prematurel from the >d ond the bo od qgn |re 12 d gs ot defl c{ from the wire feeding
route. The said con ngtt Bo%(f ere p05| o would reddcBthe fikelihaod ot dediation of the bonding
wire 12 from thenigreoreediie roeuenndhe, tist @ﬁﬁé@@@ﬁd@%ﬁﬁlﬁ@sﬁtgmage 25 After the capillary 20
has risen to a predetermined height and an adequate wire tall Iength is formed, the wire clamp 18 closes

onto the bondln el2 Whe as the yire holdln dewce 16 ow be o ened on further upward
motion of th2 capﬁa& Soanh W@t&? mﬁtﬁi 80\/:9y RO #nET9 g Wﬂg 'H8n 'rﬂﬁé é‘*at?ﬁof a desired

length breaks_awytrbtlm ttoe raciaigpe therdikedind azh theeteoiooic F0deshod 2@rer Itmlmn@tmbwnh a desired
length extending frapytB6 ARy BEK; t’r@n'sthe TPy 29X FF? p@nfﬁ@l‘%ﬁf@ﬁ@@l&ﬁ@nﬁ?&&ﬁc@' to form a ball

for creating the next ball wire bond. FIG. 3'is a side view of the wire bon mgéreppparatus 10 of FIG. 1
illustrating a erg%wgﬁ”e?{ﬁﬂ{'?ﬁeaamﬁé’ﬂf%m At e R VB R R PR SIRYERIAREISE of the
invention. Wire taddeangjrw@eaesmemmlm\mrg usefndwhe wizestiant paiBissdipen\sered asidtdhe wire

bonding angaraad0 afe RIS aNIMArelb: diguine UndTshaNdnA e A Je gy outn order o

obtain a wire tai equat to continue a wire bonding operation without operator intervention.
10 the capillary 20 is Ilfted and moves upwards together with the wire clamp 18

relative to the bonding wire 12 in a direction away from the wedge wire bond and

towards the wire holding device 16 to pay out a length of wire from the wedge

wire bond when the wire is still connected to the wedge wire bond. This action
15  extends a sulfficient length of bonding wire 12 to create a wire tail.

When the capillary 20 and wire clamp 18 are moving upwards to pay out wire
from the capillary 20, the wire holding device 16 should clamp onto the bonding
wire 12 to secure the bonding wire 12 and control its position so that in case the

20 bonding wire 12 breaks prematurely from the wedge bond, the bonding wire 12
does not deflect from the wire feeding route. The said control of the bonding wire
position would reduce the likelihood of deviation of the bonding wire 12 from the
wire feeding route and avoid unnecessary machine stoppage.

25  After the capillary 20 has risen to a predetermined height and an adequate wire
tail length is formed, the wire clamp 18 closes onto the bonding wire 12 whereas
the wire holding device 16 can now be opened. Upon further upward motion of
the capillary 20 and wire clamp 18 away from the wedge wire bond, the wire tail
of a desired length breaks away from the wedge wire bond on the electronic

30 device 26. The wire tail with a desired length extending from the capillary 20 is



A contact detection device 28 is used in association with the wire bonding apparatus 10 to detect a length
of the wire tail. When a possible short tail or missing tail is discovered by the system, typically when the
wire bonding apparatus 10 detects that the bonding wire 12 had broken off from the second or 15 wedge
bond prematurely, the length of the wire tail that remains should be determined. To do this, one electrode
of the contact detection device 28 is electrically conhécted to the bonding wire 12 whilst another electrode
of the contact detection device 28 is electrically connected to the electronic device 26 or some other

electrically-condusitiveslyrfaas Mkiesadsiy ey, BIY atedcspitabiRd £lngtnicatsemingrinaayehe electrically
connected to th% tfPVr\}%nQ Wci]re 12 and to the electrically-conductive surface respectively for detecting
contact between the bon&ng’ wire 12 and the electrically-conductive surface. These connections form an
electrical circuit loop. The said circuit loop is open when the bonding wire 12 is not in contact with the

el_ectron_ic _devicg@@ 9'@3’59@1860\‘)@6 6‘%3_ WQYOMQHEHF&&M fﬂSEFFG‘.d1 if1GipeRd ) Wﬂ_éhe bonding
wire 12 is in_cont ,c} with the same. At thlssfomt, some of th%t%Pgrtlo&%e§on |n§% vEre 12 may be
hanging fregly fFai ﬁqgtﬂp”b?%ﬁ%f%ﬁﬁﬁﬁaﬁy BLAGTUEL N B R %rﬁe 28IR5Et $bdR%ection device
28 is open. Theioa@iliary 20WhE diag rgtiontkaguereeb? is tvem pesitibivetbat @ phedeteitm$ned height, and
is gradually lowgfed,ipydsdnfe RirPlRHIMYGPEYISRE ISR VRICALROTIQR 8f i capillary 20 or

other suitable part of the bond head is being monitored. The capillary 20 is lowered until the bonding wire
12 first contacts'¥ BYeciBRIGEEE I8 & BRYIULIBAFRENIP -8RI &NES IR R ENANER-A®N the circuit
loop of the contéaigieteatmmicieyeiz8 bbruvigldde atlosedindtlisapaint iteeveerttiwal position of the
capillary 20 or other relative point on the bond head is noted. Since a height of the electronic device 26 or
other electrically-conductive surface is known, the length of the bonding wire 12 protruding from the tip of
the capillary 20 Gafdhéagkeetpaien. dexiieceshis lengeh ibf B qsistiMgbARING dikeNING determined,

the system can ggjeitate an agdditeraldapagmobthecbanding wivgHbatngsesisde Radaidiput (or retracted)
in order to obtain the de§ir|ecllswid’.e tail Iengttf)l tthontin;fje further tﬁondiﬂgqo%erations without operator

intervention. Aftel & ddsifed ere'st%ﬂvleerr?gth Has'Bed Sc()abrr'[]air%odc 8r it theWire ?ainfé%gl%ﬁr}g'\r}\ﬂthin a
predetermined raprsatys 10 detects that the bonding wire 12 had broken off from the second or
15 wedge bond prematurely, the length of the wire tail that remains should be
determined. To do this, one electrode of the contact detection device 28 is
electrically connected to the bonding wire 12 whilst another electrode of the
contact detection device 28 is electrically connected to the electronic device 26
or some other electrically-conductive surface. Alternatively, any other suitable
20 electrical sensor may be electrically connected to the bonding wire 12 and to the
electrically-conductive surface respectively for detecting contact between the
bonding wire 12 and the electrically-conductive surface. These connections form
an electrical circuit loop. The said circuit loop is open when the bonding wire 12
is not in contact with the electronic device 26 or some other electrically-
25 conductive surface, and is closed when the bonding wire 12 is in contact with the

same.

At this point, some of the tail portion of the bonding wire 12 may be hanging
freely from the tip of the capillary 20 such that the circuit loop of the contact
30 detection device 28 is open. The capillary 20 holding the bonding wire 12 is then
positioned at a predetermined height, and is gradually lowered towards the



15 spark from the EFO device 24 melts an end of the wire tail to produce a molten ball so as to make a
subsequent wire bond. In certain instances, the bonding wire 12 may be stuck to the capillary 20 such
that it cannot be further paid out despite maneuvering the wire clamp 18 relative 20 to the bonding wire
12. FIG. 4 is a side view of the wire bonding apparatus of FIG. 1 illustrating a first method of releasing a
length of bonding wire that is stuck onto the capillaryazo, typically at the tip of the capillary 20. In this first
method, the tip of the capillary 20 is moved adjacent to the EFO device 24. One or more sparks 30 are

then produced fepsotibaiEdVicerE oRife ans0, HitcRPpekng Miie e dabiRarprdestotie t therpart of the
bonding wire 12 that is stuck tq the tip of the capillary 20.-After the bonding wire 12 melts, it becomes
unstuck and ma alr)%oéseﬂt%aecﬁ%n fboer% ﬁseq%%{Bﬁlgr]yrﬁ%’éﬁ%hﬁgt%glnﬁ&ﬁ)(ga\avi'r%q Iﬂ’?rr]%(i %%ﬁb%% out and wire
bonding operatifagdingy woatitridirst Fontretd ricorieeiztinigirdayisied 26 adreathepreldelinady by pre-bonding

it on a dummy asgRRAERE IaGeakNiGheseud belocAtar BB BT YRkIesHtRarHsR&ldhasiretmnic device 26 or
some other urfacehg it is determ'neﬁghat,the onding wire 12 is stuck ontcﬂtheéié: of tft}z capillary 20, the

capillary 20 rinHQLf b&oﬁ'Sﬁ'?éjwi PRNA/08 He ﬁhﬁ?ﬂgﬂréﬁfa{ﬁﬁ tre! rﬁfil )?58 ef)ositioned on
top of the bumprbkiiB2 pdine araiikargrRDhbanh iattetepts $oberdhaighatisite tlecttutk bevidng wire 12 to

the bump ball 336sychias bY@ RRMBIBARRHQE Wlipkah WIHASARICGHIDIEAR. SoiHrbihiRgick wire is
separated from the capillary 20. 10When the tip of the bonding wire 12 is'sticking onto the bump ball 32,

the capillary 20 Y4'ftba RUPHEciRe (A Biaimol 81 Gty 20¢31 R A8IF el Once a wire tail of an

adequate length is obtained, the wire clamp 18 is closed. Upon further lifting of the capillary 20 and wire

camp 18. e v el o TPTLIE P B0 52 A et sl ol e st onath wil be

available 15tor further bondihg operations. IS a“schematic illustration of the paying-out of bonding

wire 12 to an api6piRgcamrfsiinRalde aatbsettienboneing oMt Ypesadene tormachqshih of

retracted) in order to obtain the desired wire tail length to continue further
bonding operations without operator intervention. After a desired wire tail length
has been obtained or if the wire tail length is within a predetermined range, a

15 spark from the EFO device 24 melts an end of the wire tail to produce a molten
ball so as to make a subsequent wire bond.

In certain instances, the bonding wire 12 may be stuck to the capillary 20 such
that it cannot be further paid out despite maneuvering the wire clamp 18 relative
20 to the bonding wire 12. FIG. 4 is a side view of the wire bonding apparatus of
FIG. 1 illustrating a first method of releasing a length of bonding wire that is stuck
onto the capillary 20, typically at the tip of the capillary 20. In this first method,
the tip of the capillary 20 is moved adjacent to the EFO device 24. One or more
sparks 30 are then produced from the EFO device 24 onto the bonding wire 12 in
25 order to melt the part of the bonding wire 12 that is stuck to the tip of the capillary
20. After the bonding wire 12 melts, it becomes unstuck and may be detached
from the capillary 20 such that bonding wire 12 may be paid out and wire bonding

operations may continue.

30 FIG. 5 is a schematic illustration of a second method of releasing a length of
bonding wire that is stuck onto the capillary 20. In this method, a bump ball 32 in



the tail wire has been determined, the wire bonding apparatus 10 will know how 20 much bonding wire 12
needs to be paid out in order to arrive at the desired length. To pay out bonding wire 12, the wire clamp
18 will first clamp onto the bonding wire 12 while the wire holding device 16 is open and the bonding wire
12 is released from being secured by the wire holding device 16. The wire clamp 18 will then pull the
bonding wire 12 downwards in a direction away fromshe wire 25 holding device 16 and towards the
capillary 20 so that more bonding wire 12 is fed from the wire spool. Thereafter, the wire holding device

16 closes onto tite beadisicawie Wi eiave rirsauepiend inyethpyosecboaditeillen angligyire clamp 18 is
opened. The Wiraer clagpp 1r§awill \tN en move L?DV\@&% egj\évr?réjﬁ Hﬁ% v'\a/idre hﬂllging qﬁvi% elt(?otr%)repare for

another pulling ACtion, Alterthe Wire cfamp 8 a5 been raised relative to {he%on ing wire 12, it closes
onto the bondingaviee 28 agahimenetiikesuaogirdf Holelideierevites 18aktopdveding releade e bonding - 10

- wire 12 from beifgk sy therwiee ElaimpyLBopwis £agiRapdiosbMier e dMamg aragain away from
the wire holding device t‘]eh6 and toggljds the c%%lllar ,\%o until the correct wire tail Ifen t?? is reached. If not,
the cycle may b@%gﬁ g & t¥5tR%h d‘fﬁg' r6 4% ISReRAIoned 213 AR RLHE ifYRPation of how a

new tail may belaiat dlimeczege!larg@vabewataraipie hytio ndandtabiagir tdpe sty Eaim adingMites attempts to
adjust a length qitheirg f3lh hayesbegmads, e rpkR L@ﬂié%ﬂﬂFBd?ﬁ)ﬁlﬁ%@&% bpAsRieved, or a

shape of the wire tail may be deformed by the sgrarks 30 produced 10 to detach a stuck bonding wire 12
from the capilla§P2021{% SitayFdsraneealss Tomeihe varilgateSive wire tail and to form a new wire tail

to ensure smooth continuation of the bonding operations. In this case, a dummy bond may be created. 15

The capillary 20,js.fifst/mo 0, d r icl . n rtj f electronic
device 26%?500%@%&%@5% i f%e?%hg%@é%gﬁgg%%%ﬁ% %rﬁst%afr’igtw t%%fapv%ﬁ)é {Q{ﬁ and form a
molten ball. A fit&PBHalyvifeihdHedsuiitn theeier] anive 1quih PRearE CTRRPaEN thé e apilllary 20 moves

upwards .and eX@méSéhﬂeramiGQaWiQ%é@JmWﬂi@@wi§%&8ﬂ&ﬂﬂﬁ&@il§@§iﬁﬁfﬂ)@8&@ glesde. a second,
wedge wire bon .Ir}]tp%er:tﬁ)é(r)ﬁﬁlsrs%g{\{\ﬁre loa 34é8 formed. After th1e wire loo %ﬂ aswt()eeﬂ formed, the

bonding wire 12 18 BroKENORT T he Wet g']eanond AnaR e ilte ?aiiho L& eswecf?enat?l extending from

the capillary 20 teforihe dumiréaoddiagtoperyiorike daih ohérecdgsirpeeenoite withdethkaible

15 for further bonding operations.

FIG. 6 is a schematic illustration of the paying-out of bonding wire 12 to an
appropriate tail length for subsequent wire bonding operations. Once a length of
the tail wire has been determined, the wire bonding apparatus 10 will know how
20 much bonding wire 12 needs to be paid out in order to arrive at the desired
length. To pay out bonding wire 12, the wire clamp 18 will first clamp onto the
bonding wire 12 while the wire holding device 16 is open and the bonding wire 12
is released from being secured by the wire holding device 16. The wire clamp 18
will then pull the bonding wire 12 downwards in a direction away from the wire
25 holding device 16 and towards the capillary 20 so that more bonding wire 12 is
fed from the wire spool. Thereafter, the wire holding device 16 closes onto the
bonding wire 12 to prevent movement by the bonding wire 12, and the wire
clamp 18 is opened. The wire clamp 18 will then move upwards towards the wire
holding device 16 to prepare for another pulling action. After the wire clamp 18
30 has been raised relative to the bonding wire 12, it closes onto the bonding wire
12 again and then the wire holding device 16 is opened to release the bonding



Alternatively, instead of forming a wire loop 34, a bump ball 32 may be created and after bonding wire 12
has been extended from the bump ball 32, the bonding wire 12 can be immediately broken off from the
bump ball 32 to form a new wire tail of a desired length extending from the capillary 20 as shown in FIG.
5. In this 30 way, there can be savings in bonding time, or sometimes, make it easier to detach a stuck
wire. However, in this case, the ball bump must be bthded strongly enough so that it is not dislodged
from the dummy area when the bonding wire 12 is being pulled to break it off from the ball wire bond. The

invention descriliad hereioris BopeeREbIRIE. VaTiRliank Madiicagons anddmaraficdtians ofber than those
specifically descyibed,and i 5 1o be yndersiood inat e Invenon includes sl sued variations.
modifications and/or additions WRICA fall within the splrngn scope 8F'the hove aeescﬂpﬂc}ln. -12-
CLAIMS: 1. A wiPeupbiritiegarieehadreoreibleniig i veeshaterdonelettiosyinleiuemida iwedgedvire bond, the
method comprisingdfestarsdbonding wire 12.

5
FIG. 7 is a schematic illustration of how a new tail may be created in case a
correct wire tail length cannot be properly paid out. After attempts to adjust a
length of the wire tail have been made, the correct tail length may still not be
achieved, or a shape of the wire tail may be deformed by the sparks 30 produced

10 to detach a stuck bonding wire 12 from the capillary 20. If so, it may be
necessary to remove a defective wire tail and to form a new wire tail to ensure
smooth continuation of the bonding operations. In this case, a dummy bond may
be created.

15  The capillary 20 is first moved to a dummy area, which may be on an unused
portion of the electronic device 26 or some other surface. The EFO device 24
produces a spark to melt the wire tail and form a molten ball. A first, ball wire
bond is then created on the dummy area. Thereafter, the capillary 20 moves
upwards and extends the bonding wire 12 towards a second bonding position to

20 create a second, wedge wire bond. In the process, a wire loop 34 is formed.
After the wire loop 34 has been formed, the bonding wire 12 is broken off from
the wedge bond and a new wire tail of a desired length extending from the
capillary 20 is formed. Wire bonding operations can then continue more
smoothly.

25
Alternatively, instead of forming a wire loop 34, a bump ball 32 may be created
and after bonding wire 12 has been extended from the bump ball 32, the bonding
wire 12 can be immediately broken off from the bump ball 32 to form a new wire
tail of a desired length extending from the capillary 20 as shown in FIG. 5. In this

30 way, there can be savings in bonding time, or sometimes, make it easier to
detach a stuck wire. However, in this case, the ball bump must be bonded



5using a capillary to form the wedge wire bond; using a wire holding device located above a wire
clamp and the capillary to secure the wire while the wire clamp is open and not clamping onto the wire;
lifting the wire clamp and the capillary relative to the wire in a direction away from the wedge wire bond
and towards the wire holding device so as to pay 10out a length of wire from the capillary; ata
predetermined height of the capillary, closing the wirk!clamp to clamp onto the wire; and thereafter
moving the capillary and wire clamp further away from the wedge wire bond to cause the wire to break

away from the vsedagiyvisadid so aataifesmdbthecgedaiionithta desiied largihwedending from the
capillary. 2. The wire honding methaod as clajmed in claim 1, further comprising the step of releasing the
wire from being?%%%ﬂpg%?m%e'\s/v%r%%'?@h%da %\ﬁrgea lélﬁeorﬁtrl{gmvﬁ]ee (ﬁglrﬁlvﬂréoé:?gggd. 20 3. The wire bonding
method as claimed in claim 1, further comprising the steps of: after the formation of the wire tail,

positioning the cailiane ich RisselissR Nediheighiskegitradpalbyilayesing saevutisnih faygards an
electrically- ZSCog%uctive sri?rface; determiping a Jength of thg{wire ta&%ﬁﬁ%{@ from the capillary;

and thereafter 2 P@Qﬁnﬁ rsm RS R T R Pl & 6t[5?ot8 8D4iLo as to make a

subsequent wirghteoimstention includes all such variations, modifications and/or additions which

fall within the spirit and scope of the above description.



-13- 4. The wire bonding method as claimed in claim 3, wherein the step of determining the length of the
wire tail extending from the capillary further comprises the step of using a contact detection device to
detect a vertical position at which the wire tail contacts the electrically-conductive surface, and
5determining a length of the wire tail based upon the said vertical position at which the wire tail contacts
the electrically-conductive surface. 5. The wire bondifig method as claimed in claim 4, wherein the
contact detection device comprises a first electrode which is electrically connected to the 10bonding wire
and a second elecEpds:which is electrically connected to the electrically-conductive surface. 6. The wire
bonding method as claimed in claim 3, wherein the step of detecting the length of the wire tail extending
from the capillary further comprises 15the steps of: connecting an electrical sensor to the wire and to
the electrically-conduchiveisutiaodirgs perifiogiyan foiming cirauiitel doferednaeshiomensikediitdodp is open when

the wire is not ineegtagiwitd AheiriesisinBty-sRPRYF B SUttRReANd is closed with the wire is in contact
with the electrically-conductive sLi[face; 20 n‘lgvin% qthe c,ag)glar ‘gradually towards the
[

electrically- onductive S IREIRAME JArD LA LeTIsnE&I8aH ally-conductive surface to close the circuit
loop; and thereafter usindeteviraringlitiee devigthl ot ates alveviaih extendangpfianm thépabitlaeycapillary to the

electrically-condyclive sHiachalsieHeal posiian ¥ hirsapliant WhARiAg RSl ilgop is closed.
lifting the wire clamp and the capillary relative to the wire in a direction
away from the wedge wire bond and towards the wire holding device so as to pay
10  out a length of wire from the capillary;
at a predetermined height of the capillary, closing the wire clamp to clamp
onto the wire; and thereafter
moving the capillary and wire clamp further away from the wedge wire
bond to cause the wire to break away from the wedge wire bond so as to form
15 the wire tail with a desired length extending from the capillary.

2. The wire bonding method as claimed in claim 1, further comprising the
step of releasing the wire from being secured by the wire holding device after the
wire clamp is closed.
20
3. The wire bonding method as claimed in claim 1, further comprising the
steps of:
after the formation of the wire tail, positioning the capillary at a
predetermined height and gradually lowering the wire tail towards an electrically-
25 conductive surface;
determining a length of the wire tail extending from the capillary; and
thereafter
creating a spark to melt an end of the wire tail to produce a molten ball so
as to make a subsequent wire bond.
30



7. The wire bonding method as claimed in claim 1, further comprising the step of paying out an additional
length of wire from the capillary, which comprises the steps of: 30releasing the wire from being secured
by the wire holding device; - 14 - pulling the wire with the wire clamp in a direction away from the wire
holding device and towards the capillary; using the wire holding device to secure the wire; moving
the capillary and wire clamp relative to the wire in a dftection 5 towards the wire holding device after the
wire clamp is opened to pay out wire from the capillary; and thereafter clamping the wire with the wire

clamp and releasing thvivgré asoriamareesise o ciiieadrenelging lewiesrekD8hbeflepdas claimed in
claim 1, wherein,i Lin the the even thq erﬁk o?t%:k to.the c?plll§\rxdthe eth furth comprhses the steps of

wire .
producing one or more elgctrlcal s& s onto the ere w ck 'on the &8 PQ/ 0 meIt the wire and

then detaching Genprésesd iérestan fROnIsiNG o%tmﬂat'%tlggtméﬂﬁbd%c@laﬁmdétﬁﬁblalrY\e_thlqﬁhereln in the
event tgel:’\’ifﬁ iEéhﬁﬁtféEt%tt%%p{HQfm@Qﬂ%@}?gcﬁ@rihéfé#?%ﬁﬂ?%m%ﬁ% Qur:]%%éti%cﬁze stuck vyire
onto a ball which has been on.a sur, ttaching the stuck wire to.t and separating
the stuck wie {1 OHEAR RG0S hEh BB RS SHAPRD AT CAAeR) AHO IFR AHF breaking the
wire from the bate2@rd GilMetitasab e lelrniidatyetamd uctivd eveiacm the event the wire clamp is unable to

pay out further wire from the capillary to lengthen a wire tail or the wire tail is not suitable to form a normal

ball wire bond, the method further comprises the steps of forming a wire loop comprlsmtg a first wire bond
and a second The wire bonding method as claimed in claim 4, wherein the confact

detection device comprises a first electrode which is electrically connected to the
10 bonding wire and a second electrode which is electrically connected to the

electrically-conductive surface.

6. The wire bonding method as claimed in claim 3, wherein the step of
detecting the length of the wire tail extending from the capillary further comprises

15  the steps of:

connecting an electrical sensor to the wire and to the electrically-
conductive surface respectively to form a circuit loop, wherein the circuit loop is
open when the wire is not in contact with the electrically-conductive surface and
is closed with the wire is in contact with the electrically-conductive surface;

20 moving the capillary gradually towards the electrically-conductive surface
until the wire contacts the electrically-conductive surface to close the circuit loop;
and thereafter

determining the length of the wire tail extending from a tip of the capillary
to the electrically-conductive surface at a vertical position of the capillary when

25 the circuit loop is closed.

7. The wire bonding method as claimed in claim 1, further comprising the
step of paying out an additional length of wire from the capillary, which comprises
the steps of:

30 releasing the wire from being secured by the wire holding device;



25 bond, and breaking the wire from the second wire bond to form a new wire tail of a desired length
extending from the capillary. 11. Method as claimed in claim 1, wherein in the event the wire clamp is
unable to pay out further wire from the capillary to lengthen a wire tail, the 30method further comprises
the steps of forming a ball wire bond, extending a length of wire between the capillary and the ball wire
bond, and then breaking the - 15 - wire from the ball fvire bond to form a new wire tail of a desired length
extending from the capillary.  12. Method as claimed in claim 1, wherein the wire holding device

comprises 5 a wire clasping tHe wive appataIsvies wikepandingireeiprising: adapilarweperative to form
wire bonds at it%tip Wirei clamg {Rcated above the capillary for controlling wire being fed to

; . a )
10the capillary; a%ging dgv\}\%?eaﬂgI&Wargevigecf%%g\%yd above the wire clamp and the capillary, the wire

holding device being d{sétaiihe sdisanateinofesyiahéosreuctating Wingl being operative to secure the wire
relative to the wire clamp\ang #he caRiltaly ahaldilbhe anparaliindoowine BprdingAgirkaiped in claim 12,

further comprising a contact detection device operatjve to detect a moment when a wire tail extending
from the capillary ¥3FHad a’Hr«S@eﬁﬁ)% S| gﬁ{/él@uwggeqﬁamp 's opened to pay out wire

from the capillary; and thereafter
clamping the wire with the wire clamp and releasing the wire from being

secured by the wire holding device.

10 8. Method as claimed in claim 1, wherein in the event the wire is stuck to the
capillary, the method further comprises the steps of producing one or more
electrical sparks onto the wire which is stuck on the capillary to melt the wire and
then detaching the melted wire tail from the capillary.

15 9. Method as claimed in claim 1, wherein in the event the wire is stuck to the
capillary, the method further comprises the steps of locating the stuck wire onto a
ball which has been pre-bonded on a surface, attaching the stuck wire to the ball
and separating the stuck wire from the capillary, then extending the wire from the
capillary and thereafter breaking the wire from the ball.

20
10. Method as claimed in claim 1, wherein in the event the wire clamp is
unable to pay out further wire from the capillary to lengthen a wire tail or the wire
tail is not suitable to form a normal ball wire bond, the method further comprises
the steps of forming a wire loop comprising a first wire bond and a second wire

25 bond, and breaking the wire from the second wire bond to form a new wire tail of
a desired length extending from the capillary.

11.  Method as claimed in claim 1, wherein in the event the wire clamp is
unable to pay out further wire from the capillary to lengthen a wire tail, the
30 method further comprises the steps of forming a ball wire bond, extending a
length of wire between the capillary and the ball wire bond, and then breaking the



15. The apparatus for wire bonding as claimed in claim 13, wherein the 20 contact detection device
comprises a first electrode which is configured to be electrically connected to a bonding wire and a
second electrode which is configured to be electrically connected to the electrically-conductive surface.
16. The apparatus for wire bonding as claimed in claim 13, wherein the wire 25holding device comprises
a wire clamp. - 1o+

wire from the ball wire bond to form a new wire tail of a desired length extending
from the capillary.

12. Method as claimed in claim 1, wherein the wire holding device comprises

5 awire clamp.

13.  An apparatus for wire bonding, comprising:
a capillary operative to form wire bonds at its tip;
a wire clamp located above the capillary for controlling wire being fed to
10  the capillary; and
a wire holding device located above the wire clamp and the capillary, the
wire holding device being operable separately from the wire clamp and being
operative to secure the wire relative to the wire clamp and the capillary.

15 14.  The apparatus for wire bonding as claimed in claim 12, further comprising
a contact detection device operative to detect a moment when a wire tail
extending from the capillary contacts an electrically-conductive surface.

15. The apparatus for wire bonding as claimed in claim 13, wherein the
20 contact detection device comprises a first electrode which is configured to be

electrically connected to a bonding wire and a second electrode which is

configured to be electrically connected to the electrically-conductive surface.

16.  The apparatus for wire bonding as claimed in claim 13, wherein the wire
25 holding device comprises a wire clamp.



