WIRE FEED SYSTEM FOR A WIRE BONDING MACHINE AND CONFIGURED TO APPLY A
VARIABLE TENSION TO THE WIRE ; METHOD OF OPERATING THE SAME FIELD OF THE
INVENTION [0001]The present invention relates to wire feed systems, and more patrticularly, to
improved wire feed systems for wire bonding machines. BACKGROUND OF THE INVENTION
[0002]In t apd processing of various semiconductor devices, wire bonding machines
are often Eﬁ%%%%%%ﬁéﬂ%%%@%% %1 @é"ﬁéﬁ&é&?‘%ﬁ’&ﬂ VATE BoREthhidehinés Wpieany include a
wire feed system for feeding a wire on a wire ’5618%}?% ShSRTHERY oFtheiife bonding machine. The
bond head of the wire bonding machine typically carries a transducer (e.g., an ultrasonic transducer)

and a bonding tool (e.g., a capillary topr&)\%gqgﬁ mleﬁfam [0003]One function of the wire feed
system of a wire bonding machine is to apply air pressure (or the like) to the wire for controlling the

wire, for exaels, (1) (Rl YEahHGAAGNA0R QUG kL3RS AIOURS, (R) for seating a ballof the

wire in a capi ol etc. The wire extends from the wire feed system to a wire tensioning device
adjacent tr?e %ﬁ%gﬁéé%frf&%%@eg%%ﬁ%& B0 rﬁ%? TN eI fvire Tensioning Apparatus”) to

Frasch discloses wire feed syste i !Wi@g' i o9l 11, stream of air 14, and limit stops 15, 16,
amongst other parts. Stream of arirrb%g'éu['}r%es wir%’y\%? ?(?@ggrhg%ose loop that is limited by limit stops

15 and 16..Wigs -2 ext f ire feed system 10 tq tensioning device 19, where tensioning
device 19 é%\}q)ﬁ%]sl a mu%ﬂ%%ég?rg{rj%cr&cjée{oatg Wﬁ%ﬁﬂgﬁ%ﬁgﬂgﬁg %?B'ﬁﬁg SVWFé’"f&%d system 10.
Tensioning d&ViRE" 1 RS BB RISCH A RITUIRRS RO PR ifrthe sigMi%ss . sBeRthat the force
applied viaMEhSRMiIng Madidees by mealbiackttet i ifegd avstene foofreitigocy etee on a wire

spool to a bond head of the wire bonding machine. The bond head of the wire bonding

machine typically carries a transducer (e.g., an ultrasonic transducer} and a bonding

tool (e.g., a capiliary tool, a wedge tool, etc.).

[0003] One function of the wire feed system of a wire bonding machine is to
apply air pressure (or the jike) to the wire for controlling the wire, for example, (1) to
prevent wire damage during high speed motions, (2) for seating a ball of the wire in a
capiliary tool, etc. The wire extends from the wire feed system to a wire tensioning
device adjacent the bond head.

[0004] U.5, Patent No. 5,402,927 (“Adjustable Wire Tensioning Apparatus”) to
Frasch discloses wire feed system 10 including: wire spool 11, stream of air 14, and .
limit stops 15, 16, amongst other parts. Stream of air 14 urges wire 12 to form a loose
loop that is limited by limit stops 15 and 16, Wire 12 extends from wire feed system
10 to tensioning device 19, where tensioning device 19 applies a much greater force to
the wire than the force applied by wire fead system 10. Tensioning device 19 works in
conjunction with different air pressure sources such that the force applied via
tensioning device 19 may be varied during the wire bonding cycdle.

[0005] Thus, the 927 patent discioses an adjustable wire tensioning device.
Unfortunately, the system disciosed in the ‘927 patent is deficient in providing an
efficient variable tension to the wire in cetrtain applications. For example, because the
tensioning device is supported at the bond head, the systems used to provide
adjustable tension adds weight/mass to the bond head. Because of the high speed
precision motions carried out by a bond head, such additiona! weight/mass is
undesirable, and such a configuration may not be able to carry out the desired number
of wire bonds in a given time period because of the additional weight/mass. Further,



[0005]Thus, the '927 patent discloses an adjustable wire tensioning device. Unfortunately, the system
disclosed in the '927 patent is deficient in providing an efficient variable tension to the wire in certain
applications. For example, because the tensioning device is supported at the bond head, the systems
used to provide adjustable tension adds weight/mass to the bond head. Because of the high speed
precision motions carried out by a bond head, such additional weight/mass is undesirable, and such a
configuration may not be able to carry out the desired number of wire bonds in a given time period
because of the additional weight/mass. Further, 2 - because of the limited wire length between the
bonding tool and the tensioning device, an adequate wire length is not provided for certain looping

morions. Fuglictally @;}M&%&%ﬂ&ﬁ%&%@@ @l gaugﬁ]aragoitftmqfnme%aﬁnaqxesﬁecfg o g]]$h
variaplie tension, wnic ma res INn a Nnon- 1miz SIoN settl r re.ie us,
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S stemior a ere na I? ﬁ]&C ine OVGI’CO ‘ﬁg one or more of the

def|uenmes%ﬁl'?é‘%ﬁd?eﬁfﬁ%whﬁl\ﬂﬁwewﬁfﬁﬁ TW'EW\?TI'@RP FOREAESRSPENT B %N exemplary
embodimentenfigre \phwemtamm;ntton,amm@m@mﬁﬁﬁm&bmmﬁedﬂi’@ﬁ"he is provided. The
wire feed system includes (1) a wire supply, and (2) an air guide for receiving a length of wire from the
wire supply [¥8@6dir guidehbmstarculd irrateferbec Ay ra S svrPEdIAdY T I iRSfeed system is
configured tenappiy aveaddabin Brsiemodbetendthoaie o tdeivedtarthe air guide. [0008]According
to another exemplary embodiment of the present invention, a method of operating a wire feed system
of a wire bonding machine is providecsUMMaARYsURaUH IBivEeg ja¥viding a length of wire to an air guide
of the wire feed system. The method also includes varying a tension applied to at least a portion of the
length of winpomided tadbhwdiiigguide eBRIFFDEHBCRIFRRICRN O ESERUIIRANMIINGIVire

feed system for a wire bonding machine is provided. The wire feed system includes {1)

a wire supply, and (2} an air guide for recelving a length of wire from the wire supply.

The alr guide has an air inlet for recelving a pressurized fluid. The wire feed system Is

conflgured to apply a variable tension to the length of wire received by the air guide.

[0008] According to another exemplary embodiment of the present invention, &
method of operating a wire feed system of a wire bonding machine Is provided. The
method includes providing a length of wire to an air guide of the wire feed system. The
method also inciudes varying a tension applied to at least a portion of the length of
wire provided to the air gulde.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The invention is best understood from the following detailed description
when read in connection with the accompanying drawing. It is emphasized that,
according to common practice, the various features of the drawing are not to scale, On
the contrary, the dimensions of the various features are arbitrarily expanded or reduced
for clarity. Included in the drawing are the foliowing figures:

Fig. 1 Is a front view of a wire bonding machine in accordance with an
exemplary embodiment of the present invention;

Fig. 2 is a front view of certain components of a wire bonding machine in
accordance with an exemplary embodiment of the present invention;

Figs. 3A-3C are block diagrams of a wire feed system in accordance with
an exemplary embodiment of the present invention;



[0009]The invention is best understood from the following detailed description when read in connection
with the accompanying drawing. It is emphasized that, according to common practice, the various
features of the drawing are not to scale. On the contrary, the dimensions of the various features are
arbitrarily expanded or reduced for clarity. Included in the drawing are the following figures:

Fig. 1 is a front view of a wire bonding machine in accordance with an exemplary embodiment of the
present invention; Fig. 2 is a front view. af certain components of a wire bonding machine in
accordance with an exemplary embodiment of the present invention; Figs. 3A-3C are block
diagrams of a wire feed system in accordance with an exemplary embodiment of the present invention;

-3- Figs. 4A-4B ag blackeriag s figitefeamay e jRasrardanaadinanother
exemplary e%ggglmg%gfam% ﬁ%%%?nﬁ‘é%@‘éﬂﬁ!e%‘resept ’nven%@ns,. 5A-5B are block dla_grams_ of.a wire
feed system in accordance with yet another exemplary embodiment of the present invention; and
Fig. 6 is a block diagramyi f ti f e f system |n accaordance with an exemplary
embodiment of the reseﬁrﬁ%}q‘\s‘gn%%%?gDﬂEQf%ﬂ%éég%%%fgIgIYISeI'?ﬁéI %éerHtg "i’ﬁf\?’é‘RPFFdﬂQF 0010]United
States Paterft NO. b 507 637 atBg R AR abiRe\RireFliveMiRY ABfaratus,” and United States

Patent Application Publi Itio(piNo,bU 2006/0065695 entitled "Wire Feed System For A Wire Bonding
Apparatus,” relate to wire Bonding 1achABRHBEY YRy Rl HRAGHAMPTS e FeddHIMdhsioning systems,

and are herdifF RSSOt anR patR iR &EbrdieRnE AfiFBRpresent invention,

DETAILED DESCRIPTION OF THE INVENTION

{0010} United States Patent No. 5,402,927 entitled “Adjustable Wire Tensioning
Apparatus,” and United States Patent Application Publication No. US 2006/0065695
entitled “Wire Feed System For A Wire Bonding Apparatus,” relate to wire bonding
technology, and in particular to wire feed and tensioning systems, and are herein
incorporated by reference in their entirety.

[o011] In the art of wire bonding, sufficient tension is applied to a wire during .

the wire bonding cycle, for example, (1) to help ball seating and {2) to prevent wire

damage during high speed motions, At different portions of the wire bonding cycle, a

desired (e.g., ideal) tension Is different than at other portions of the wire bonding cycle.

For example, during high speed motions (e.g., ascending to a reset height along the Z-

axis, descending to first bond, etc.) a relatively high tension is desirable, for example, o
to be able to pull excess wire back (e.g., during ascension to reset height) and to seat

the ball (e.g., while descending to first bond). In contrast, during certain looping

motions, a significantly lower tension Is desired because excessive tension could pull

out bends made during the fooping motions,

[0012] In a conventional wire bonding system that does not include a variable
tension wire feed system, a single wire tension may be selected at the wire feed
system. This tension may, and likely will be, lower than is desired for certain non -
looping motions, and as such, wire whipping and other wire instability issues may arise.
Further, this type of problern may be compounded because of the machine to machine
tension variation (and perhaps the wire to wire tension variation) that will result.

[0013] According to the certain exemplary embodiments of the present
invention, a wire feed system (e.g., including various control schemes and
corresponding hardware designs) Is provided that provides a variable tension to the
wire depending upon the portion of the wire bonding cycle. More specificaily, the



[0011]In the art of wire bonding, sufficient tension is applied to a wire during the wire bonding cycle, for
example, (1) to help ball seating and (2) to prevent wire damage during high speed motions. At
different portions of the wire bonding cycle, a desired (e.qg., ideal) tension is different than at other
portions of the wire bonding cycle. For example, during high speed motions (e.g., ascending to a reset
height along the Z-axis, descending to first bond, etc.) a relatively high tension is desirable, for
example, to be able to pull excess wire back (e.g4 during ascension to reset height) and to seat the
ball (e.g., while descending to first bond). In contrast, during certain looping motions, a significantly
lower tension is desired because excessive tension could pull out bends made during the looping

motions. [00%@}kon ROBMABYBBRLKEFSIPBF RgRYRISAHBRLFaSFLARLINCILEA Y 3liablg Lgnsion wire

feed system, ¢ GlEQ)e IS GRS IQN DAY 8& nsgelg%gghat the wire feed system. This tension may, and
likely will be, lower than'is desireg or certain non - looping motions, and as such, wire whipping and

other wire inzi@@ilj;y issugg, M,giaewﬁgﬁggrsﬂﬁgyﬁg pJ egr&télt\e,m_i ar”%jagl‘ytg,(]-:‘si(‘::'(l_)|rppounded because of
the machine ton@raﬁhiqﬁgensi?n variation (and per aPs t\f'ne wire to wire tension \)(ariation) that will
result. [0013fAccording 1o the CeTtan EREMPIAFY EniBoHifR A Bffhe BrelantRvErtion, a wire feed
system (e.g. SHFERRIMBNVARSIR (S ifrareinarieea e sonekpn sansgracineirasiasiins) is provided that
provides a varkibteceatvsled varehepoditeudepe ndicipuiportitheipostioguetdhe (irebowmlingnaycle. More
specifically, t® pusl bdansian level may be controlled by software in the control scheme based on

which part of the wire cycle the bonder is going through. [0014]An exemplary wire feed system
provides the LenigYe tensanriplasosispdrdaeavwitedasadiopstanidaandmdcmealiesianpit, guide. Such a

wire feed syHegrdnay 4861Ud . ical se stans, and a motor
controlled wipﬁrgp‘gglemEp%ngrﬁéz%\%?ggaﬁg%l ﬁﬁéi{aﬁ%ﬁggﬁf&%ﬁﬁﬁ%éﬁf Zésﬁ ti‘irﬁack wire.
er

[0015]Exempary steps of o NG SUCH & SyR88Pt AFae W Utin A [§RAIpERpcated near

r intet will control the motor controlled wire spool, thereby controlling the wire -
position. The wire will be kept in the high tension zone until the z-position reaches 1%
bond. Second, at the start of the 1% bond, wire spool will turn to feed wire so that the
wire will approach a stop feed sensor of the air guide which is further away from the air
inlet in comparison to the feed sensor. Thus, the wire enters the Jow tension zone
where the wire will be kept during Jooping (e.g., until 2™ bond is completed). Third,
prior to the start of the z reset mation, the first step tmay be repeated (i.e., the wire
spool will turn to pull back wire until the wire is entered into a high tension zone close
to the air inlet). Using this exemplary method, the amount of the wire spool turning
can be calculated so that the rigﬁt amount of wire is fed out or pulled in to enter the
desired tension zone. For example, this can be a parameter in the wire bonding
machine. Many variations of this exemplary system/method are possible, for example,
a capstan can be added to the top of the air guide so that during looping motion, the
wire touches the capstan which further reduces the air tension.

[0016] Another exemplary wire feed system according to the present invention
provides the variable wire tension by switching a valve between an “on” and an “off”
position. For example, when the valve is on (i.e., open) a higher flow is provided, and
thus, a higher tension is generated. When the valve is off {i.e., closed) a lower flow is
provided, and thus, a lower tension is generated.

foo17] Fig. 1 illustrates wire bonding machine 100. Wire bonding machine 100
includes wire feed system 102 (sometimes referred to as the *upper console”) and
optics housing/bondhead 104 (both wire feed system 102 and optics housing/bondhead
104 are partially covered by a microscope in Fig. 1). A conventional wire tensioner (not



before the start of the reset motion, the wire spool will turn to pull back wire until the wire has entered a
high tension zone close to the air inlet. A feed sensor located near the air inlet will control the motor
controlled wire spool, thereby controlling the wire position. The wire will be kept in the high tension
zone until the z-position reaches 1st bond. Second, at the start of the 1st bond, wire spool will turn to
feed wire so that the wire will approach a stop feed sensor of the air guide which is further away from
the air Inlet in comparison to the feed sensor. Thys, the wire enters the low tension zone where the
wire will be kept during looping (e.g., until 2nd bond is completed). Third, prior to the start of the z reset
motion, the first step may be repeated (i.e., the wire spool will turn to pull back wire until the wire is

entered into 4, 0igh ARARIAR FPAE. HOSRILUG AURIBIAD RS G dsmensyniasy mmaihedrie amount of the
wire spool trping can be calUaled S0 Ak Ik FO I AmOWat of d Qu g Biled in to enter the

WSS
desired tensioITZOHEPEGT exar‘hvfor e, ?ﬂlgsmgaﬁ e a parameter in the w‘fre| onding machine. Many

variations of thi emplary system/method ar ssihle, for.examole. a:Gapsiangay be added to the
top of the ailr%?ﬁ SO thgﬁ'ﬂgr’f’sn% rI’(B‘%)rﬁiéggarﬂeo%tig’r{ﬁ'\(ﬁheé\%%/irae' togch%gg then%%ig%ag Cvsvhﬁ:% further reduces

the air tensiGtFFtER PR ABTHERE s PoR Y SR8y Ka it GASSIARSGT0 e Present invention provides
the variable boieinafisioghBsdsiOitciihg HustRrebernaRteas oS APtsd aite Nt WstRshi ®br example,
when the valierigeonirg. ensipeniadiighe ciiow isprovidedsantirdsos cahighaeaehtionnd generated.
When the valyg isoRffh SeoCiasedhiiQuiapilmtisdpuptidesbwntd thoisitrdawes tensiamds generated.
[0017]Fig. 1g@agmaésam&g%gmrraﬂféapa&w&mwmmngimeem@s Hbineiidas wire feed

system 102 (sometimes referred to as the "upper co[ﬁgle" and optics housing/bondhead 104 (both

wire feed sySREITT T8 RSPRpINe 58@1@%3%%8% Zlgér%e? ‘partially covered by a microscope in Fig.
1). A conventional wire tensioner (not - 5 - clearly. illustrated in Fig. 1) ma ted to optics
hz)using/bon%%jagd 104. %’érﬁa{ﬁ?% o 'E:no%rcl}z ﬁgvr\{ s‘chfc\?vﬁtré%g%ra?r?g'er%c rleril%p’%?%%g not shoF\JNn in Fig.
1 for simplicipriyd FEjrsgs S SPRRHE ARy GReReyF TR R e P SHERPBMAIE B8 ting machine
100 includingite spried) fednd gyiehal 02 dad- (icsrapbiickid o P bitdeHIGs RIp BRI 104. The
lllustrated corpponrnisebaptisabousngihesdbaapbhorsnsicketivirevertsiomes 408irevire clamp
ﬁssem b% 10%}&“59%%&%&?{%%%5%& Rabivire, Rendingtenksehdatiagrioampenents ofhoptlilcs |
ousing/bonghead 104, inclydin ta| iding inter, {l t n the illustrate

compo?lentsﬁtln sémtﬁ%dglﬂgp?s'i#@%%n%e%%%%%%%&% gﬁ%&é&?}ﬂ%}g%ﬁ‘ﬁ%ﬁi&g&p%gg J\{eﬁgg systefn 102 (of
which certairi RRASRCL LB iR 18t AR/ AR HERRIAPd YIS ReGat i]%[% Configured to receive
a wire supplyesneenartaciiie St hlvikkna baingrayed o aEkePsar 124y Hir guide 118, air guide
gauge 120, and tensioner gauge 122. These components are stationary elements of wire bonding
machine 1008920do not fRDEMIRA Shircs RGeLiRY BEMa TP et S BETH Eig. 2, wire 114
extends fromnuéreisposbieowrs w6 feetexstarspidl vadakepplisonefgrresnirte e ot shown) and
rides along ik giitlenatyl ddiaachocRimpenands efmis guidetidiBanttiovatehgibeingesiited to wire
bonding tool 12,{007014 3 RLoid e ADRMRIR AR ) SEFHREYMEMBaRimaRisathemirsent

wire feed system. By providing variable wire tension at the wire feed system of a wire

bonding machine according to the present invention, a number of advantages are .

achieved. For example, the wire tension may be adjusted at the wire feed system

based on the timing of the wire bonding cycle. Further, because the varlable wire

tension system is provided at the wire feed system, in contrast to being provided at the

wire tensioning device, additional weight/mass may not be applied to the bond head

carrying the wire tensioning device.

[0021] Figs. 3A-3C, 4A-4B, 5A-5B, and 6 are block diagram illustrations of
components of wire feed systems illustrating various exemplary features of the present
invention. For example, such components may be used in conjunction with wire feed
system 102 illustrated in FIg. 2, and/or in conjunction with wire bonding machine 100
ilustrated in Fig. 1.



invention relates to a wire feed system with variable tension. For example, the wire feed system may
define multiple tension zones (e.g., high and low tension zones). Further, a fluid pressure (e.g.,
pressurized air) may be applied to the wire path of the wire feed system. By providing variable wire
tension at the wire feed system of a wire bonding machine according to the present invention, a
number of advantages are achieved. For example, the wire tension may be adjusted at the wire feed
system based on the timing of the wire bonding cygcle. Further, because the variable wire tension
system Is provided at the wire feed system, In contrast to being provided at the wire tensioning device,
additional weight/mass may not be applied to the bond head carrying the wire tensioning device.
[0021]Figs. 3fugadA-4Brg5B3@0M Bace Alprklag i Ilstyaions o oBRARSAL of wire feed
systems ilusialgg vBgoUS SYRTRBPLIEA SR L BicSIINEAICN, f of exaie, such
components ay be us dIi conjunction with wire reed § ste_m_lﬁ?jiﬁﬁste@téa i Iflﬁ 3,'and/or in
conjunction with-wird FSTEIRPHAsIna  O6I(red SISt 275 ¢ lugrateo Misdeesayserre block
diagrams of SXErisI4FeCEiTerReMEHiwiieatidecbay S@hi200 diverteniar A, opdieime2BR may replace
wire feed systéf 20indeigoe feRefe gty tspecifically 2osRgd SAv wiadeeshsysiemaamés illustrated.
Wire feed systerms 24 incluaes: Wike,sReGH2A%Md"e GUide- PR HRALS 1t Aivgak bak 204y, and air
guide 206. Ajv@uisle 288 delnralIARIShSINN 268% 208N oHLIRNSIN £ane 230, A gt 212 1S also

illustrated. A(pres%kr’itze fllﬂég (ien.%. air) Is |rr|%ected Into air guide ecause high

tension zone 208 S In relatively ciosd proXinity th Bt 2 H R, Valkifnsioncisse % omparison to
low tension Z&AEYEE YR EHSTEIT e rosurzedilals srorsineraicaviioat sirdmebaddrized fluid
entering air defteesrelir hetatisd RwGensienseiye REC uststoveltedistent Zoneadlitiés 2elatively distant from
air inlet 212 (ietativelatisthydistafijareomaanign e taibigib HaNsign, ZNeRE8) AW tgpsion zone 210
ecenes e BN WERWIAFLLI VG AR AU GE U5 {0023 NS0 shown i

Fig. 3A is feed sensor 214, stop feed sensor 216, and capstan 218. For example, such exemplary

elemer;ts ;nag_obgglg?rovidteﬁjs{@ghg%rﬁggq%ibgglg(\j@ge@ssfgg&@t '951’ g{gg@@t?ssg%rop%si’naﬁbe cont;ol sctheme)
or as stop/g r defining a.boundary of a tension zqne. In the exemplary configuration
illustrated in%gii%éA?}%;c? g@%’%ﬁ?"@i’% ?gﬁgxg&%ﬁ%@eén I%ﬁ%rm & r%a? R of i%‘rj @5:85%56%3djacent stop
feed sensor ?L% ﬁsn%%t%ﬁaﬂ/ﬁ‘ﬁﬁ"ﬁl&%([\‘)fd'éﬁﬂég’a FOHCLENRER LLATSHRLIING BREEEH air guide 206
may be term&H STHEM M IHRNEONETES. INikeavisemstony feutisumtior Rug(atad ioptionally
capstan 218 fagljdéefestopnfoed Sefzedrddlichalyfnksvar poifibat avhichade zespagstagt thegpugh air guide
206 may be tesmeshas beingimdehitnsiamigeng daihdDD2AIN BllvHe sersoFadlgyllustrated in a
given positiofhié i gakaabesrASsaHIEPLL hahis 1R FRNASHIINLING senSpllg define the

posnlon/zon%tg{)t@g seepéorrﬁ% se in ttrilgng?ntrol scheme: etect he position of the

e sensor ma
sensor withouit contact, Where the detectad posinoh i%lasaeq}alﬁeﬂ%ét%r{ﬁ%{%ﬁg%%.g., to cause
rotation of the&(UIRE & PSRt RONRCHROERS RORRYRS IFiRMNIH R sKEfsIER e BE dRTRsst s DPEINS present
invention "capseatisnaire peovidtd. As used herein the term "capstan” refers to a rotatable or a
non-rotatable (e.g., fixed) member. In any event, whether rotatable or not, the capstans are intended to
define a bou[‘%ﬂ‘or a Wile the sensors are illustrated in a given position, a wire may not

necessarily need to be in contact with the sensor to define the position/zone of the
sensor for use in the control scheme: the sensor may detect the position of the sensor
without contact, where the detected position is used in the control scheme (e.g., to
cause rofation of the wire spooi mount motor).

fon25] In various exemplary embodiments of the present invention “capstans”
are provided. As used herein the term “capstan” refers to a rotatable or a non-

rotatable (e.g., fixed) member. In any event, whether rotatable or not, the capstans
are intended to define a boundary for a wire.

[0026] As will be explained below with reference to Figs. 3B-3C, rotation of wire
spool 202 (e.g., using & spool mount motor or the like, not shown) can be utilized to
move a wire fed through air guide 206 between high tension zone 208 and low tension



[0026]As will be explained below with reference to Figs. 35-3C, rotation of wire spool 202 (e.g., using a
spool mount motor or the like, not shown) can be utilized to move a wire fed through air guide 206
between high tension zone 208 and low tension - 7 - zone 210. Thus, depending upon the portion of
the wire bonding cycle, the tension applied to the wire through air guide 206 can be optimized.
[0027]Referring now to Fig. 3B, wire feed system 200 is shown with wire 220 extending through wire
feed system 200. More specifically, wire 220 extends from wire spool 202, over diverter bar 204,
through air guide 206 (in low tension zone 210), and downward towards the bond head assembly (not
shown). If it is desired to move wire 220 from low tension zone 210 as shown in Fig. 3B to a position in
high tension zame2208 asusheswenifgapdhyipeapRek AR2vWManbaiigiainsk falaxample. clockwise,
thus wrapping,BiaariinhOMANGHR QinKesarR 368U Ki's,SReel202 and bringing length of wire 220
into high tension zone 208. When [ength of wire 220 comes in contact with (or in a predetermined
proximity of) fa8gBENSOr R Ihe FRNEOLSY SE TikE AU SRS g%%og‘l,gp%\m%r@%gon of wire

spool 202 be th of wire % has entered high tension zone S opposed to this
clockwise rot%%gﬁ&é%%%ﬁ%r%lteﬁf |v9es\¥v5§ﬁﬁrél %eo TONE)(')% fggﬁtgﬁﬁ\’ﬂdﬂ%ﬁ AP tHIY T8GR0 second
bond motionZP R WSS 83N REAotaneh Qb 94 POBABLI Y LT HIOTBREAMIISNY, if it is
desired to mE9EINREIZOBAVEHING PN hetdrrssemeb OB s istnln I IEig dBSired o pasitiovirin low tension

zone 210 as 3HbfweinoRideBBnveinespoa29dwnay big.retated, fesimmmpian corsitaredpekwise, thus
feeding additioBalswiieute iergiisef wikesgad seehtatdsogth OTMiIg 2201 M iRwdengion zone 210.
yehen lengtiabifie, 220 AR P I EAURGHYADJ 8103 PRSI TIRed ety of) siop feed sensor
216, the con%ﬂol %y%ttlarr@o(q,o shown) stops the counterc oEﬁV\ﬁse rotation offvﬂr sf) 252 because
length of wiré 226 a8 BntareF 18R EHSE AT SoNE 9 D 28] Wi 275505HRS Ut ERBMREHERs, and the
position of th€ft@ BEERREA Bt RESIERNEOPS decHEeityon 2heé, Kighcontohsstasivtnebsimymay be
optimized asSterseiieetpavwisgiventoontigurationoRo2ecathe seasors Wiay 2oambedasased outside of
the air guidethilestidpzonicing. the easised dasticncki@visaiRad swirmaiaviag.an air guide with a
high tension zeng aath &R e48RsIRNAANGILSUERRS DS RY Bie Ustiale i Eigs, 34:3C), the control
scheme (and hgasspgiate e? I‘g\é\/r geg gn%/ e confi t{‘r;ed to position wire 2207 16w tension zone 210
during looping motions (e.g., from 1st E)gn etost?%s?ro% of the loop), and to position wire 220 in high
tension zon r certal -loqpi otions (e.g., high speed z-motions, motions to reset
electronic flz[rﬁg-gog; h,eiq__h%mra%(%%ll $ Ir,f)?m { eé“i%%%gf%gé’ﬁgopet%g&g%t%'ff%?%f@.ﬂg[%Q%O]While wire
feed system D00 1wALLEIbES R PRATEIRR (1 ou dRisiamZen® BHoRs ShaME 8,50 3B 24 move from low
tension zone 2R $9ToRY teh SR S fir 2BNPie, counterclockwise, thus feeding additional wire

to length of wire 220 such that length of wire 220 is in low tension zone 210. When

length of wire 220 comes in contact with (or in a predetermined proximity of) stop feed
sensor 216, the control system (not shown) stops the counterclockwise rotation of wire
spoal 202 because length of wire 220 has entered low tension zone 210.

[0029] The positions of the sensors, and the position of the wire detected by the
sensors as being in the high or low tension zone, may be optimized as is desired in a
given configuration. Further, the sensors may even be located outside of the air guide
while still providing the desired function. In a wire feed systern having an air guide
with a high tension zone and a low tension zone (such as the system illustrated in Figs.
3A-3C), the controi scheme (and the associated software) may be configured to
position wire 220 in low tension zone 210 during looping motions (e.g., from 1¥ bond to
the top of the loop), and to position wire 220 in high tension zone 208 for certain non-
looping motions (e.g., high speed z-motions, motions to reset electronic flame-off
height, motions from the top of the loop to the 1% bond tip, etc.).

[0030] While wire feed system 200 is described in terms of (1) a clockwise
rotation of wire spoo! 202 to move from low tension zone 210 to high tension zone 208,



- 8 - and (2) a counterclockwise rotation of wire spool 202 to move from high tension zone 208 to low
tension zone 210, this design in exemplary in nature. Depending upon the design of the wire feed
system the rotations may be used to provide the opposite result. [0031]Figs. 4A-4B are block diagrams
of wire feed system 300 in accordance with an exemplary embodiment of the present invention. Wire
feed system 300 includes wire spool 302, wire guide bar 304 (e.g., diverter bar 304), and air guide
306. Air inlet 312 is also illustrated. A pressurized fluid (e.g., pressurized air) is injected into air guide
306 at air inlet 312. [0032]Also illustrated in Figs. 4A-4B are sensor 316a, sensor 316b, capstan 318a,
and capstan 318b. For example, such exemplary elements may be provided as detection elements (for

use in the comldqksehemakairaaienEmdn slamesisdrisietning.a homnigivrtrieRson zone. As
lllustrated in j4g téMBSQoW&Sn%Zz%?éﬁ&sC&éEERtiHVQJ?eL% PIGAGIETBINEHMNEXTI.Qf) sensor 316a

(and/or caps an 318a) but nat in contact with (or in a predetermined proximity of) either sensor 316b or
capstan 318%,5' e’ IS é#&%%&ﬁs%% r%r?'er‘).ni? f?’l‘(%ﬁgféag iR “F@e'gﬁr\ﬁ/%ﬁ Wife 320 is in contact
with (or in a Eﬁ%ﬂfetermined proximity of) sensor 316a (and/or capstan 318a), and is also in contact with
(or in a predetermined pro‘ximié%\%g sensor 316b (and/or capstan 318b), wire 320 is in a low tension

zone. [0033[29 At descriféefa P RE AR R 8 R P SYaipB R APBRCEr B §Sresent invention
illustrated inEHjmBExETRiaYFMEpdine e hepresenginuension dine feed dpstetaridn zone (or vice
versa) in wirsdegdssystesmnca08oiustratrodintaigEn 444 B dwisas1ee!38a9, sray-heuaiatess. For example,
in order to swikGhidFaITLa Bk IANSIAREZOAGAASFIAWRAR iy 4AQ.310W J6N8ILane (as shown in
Fig. 4B) wirg 5pQp ﬁggerggggea{rqmé@ql@unterclockwise to feed additional length to wire length 320

(e.g., until wire length 320 contacts or comes in a predetermined proximity of sensor 316b and/or
capstan 318pjoSpverseli i leelaiP P HICL IR 8 W EHPARL AR (FS oW, 0. 4B) to a high
tension zor!e&(L s shawn |Snta|;|%.1g@) wire s ocgl 302 may be rotated clockwise o gﬁaw a certain
(predetermlne%a 1ehgthrom wire lehgti™ 338 e § RETRREERGIRSSURY eV idsiiatts, or is no
longer in a preBEHOMSIREEMONRASEIR bEreatralisherel/oF aaptapiyddesieTsouirigs. SA-5B are
block diagrade§rifgviredertbnysterte 1900 roaecavsl diustraidthiafigxemploey eirdodbrisant of the present
invention. Witeties dvayiemh 400 ndaiehiiesipraiarinyCentadn saspasd sdndnire dpaansystam 300 illustrated
in Figs. 44A4Bhot $hcontact with (or in a predetermined proximity of) either sensor 316b or

capstan 318b, wire 320 is in a high tension zone. As illustrated in Fig. 4B, when wire

320 is in contact with (or in a predetermined proximity of) sensor 316a (and/or capstan

318a), and is also in contact with (or in a predetermined proximity of) sensor 316b

{and/or capstan 318b), wire 320 is in a low tension zone.

[0033] As is described above with respect to the exemplary embodiment of the
present invention illustrated in Figs. 3A-3C, in order to move from a high tension zone
to a low tension zone (or vice versa) in wire feed system 300 iliustrated in Figs. 4A-4B,
wire spool 302 may be rotated. For example, in osrder to switch from a high tension
zone (as shown in Fig. 4A) to a low tension zone (as shown in Fig. 4B) wire spool 302
may be rotated counterclockwise to feed additional length to wire length 320 (e.g.,
untit wire length 320 contacts or comes in a predetermined proximity of sensor 316b
and/or capstan 318b). Conversely, in order to switch from a low tension zone (as
shown in Fig. 4B) to a high tension zone (as shown in Fig. 4A) wire spool 302 may be
rotated clockwise to draw a certain (predetermined) length from wire length 320 (e.g.,
untii wire length 320 no longer contacts, or is no longer in a predetermined proximity
of, sensor 316b and/or capstan 318b).

[o034] Figs. 5A-5B are block diagrams of wire feed system 400 in accordance
with an exemplary embodiment of the present invention. Wire feed system 400 (which
is similar in certain respects to wire feed system 300 illustrated in Figs. 44A-4B)



includes wire spool 402, wire guide bar 404 (e.g., diverter bar 404), and air guide 406. Air inlet 412 is
also illustrated. A pressurized fluid (e.g., pressurized air) is injected into air guide 406 at air inlet 412.
[0035]Also illustrated in Figs. 5A-5B are sensor 416a, sensor 416b, capstan 418a, capstan 418b, and
capstan 418c. For example, such exemplary elements may be provided as detection elements (for use
in the control scheme) or as stop/guide elements for defining a boundary of a tension zone. As
illustrated in Fig. 5A, when wire 420 is in contactguith (or in a predetermined proximity of) sensor 416a
(and/or capstan 418a) but not in contact with (or in a predetermined proximity of) either sensor 416b or
capstan 418b, wire 420 is in a high tension zone. As illustrated in Fig. 5B, when wire 420 is in contact

with (or in a m@@@mm%arwimyeogms%9@64@@.@@@&@@9&%4}@9&,ﬁﬂ%&ﬁ@hﬁ%!n contact with
(or in a predgfermipgdbnLo ém'f#s%z %s."aOfﬁe%%%éé@@! 0 ngap.stgpe“%%?.lavgéfg 2291511 & low tension
di f syste =00 i that wite

zone. Wire feed system 4 ers from wire fee ésdm escfgm 400 also

includes opthﬁoa?' gﬁ%ﬂ%ﬁ%ﬁ@%m@% & contact with wire 420 ad may be used to vary the wire
tension as dﬁggﬁ For example, capstans such as capstan 418c may be provided to provide an
e/te

opposing fo ion toA{ﬁoe'[l!g?%%% BP RSt oy R RE RN 28 RGOl AP FABSHimately provide
the desired t&Hf8ofPBFaRIfE #2GNHOUETAR 43 He STHTRE BBIGY SURItAXEBPIT! P thRNEsEEmphery
embodimentarofidied grdetattioneatrentd] (fetrase dninhieigmtBA-R6=anr(l dedBopngardgier to move from a
high tensioneigmnente Rd@eriensBoLARSQ ¥iehvRrsIE, Wik iR &Ysie Ry 4R, naltaled in Figs.
5458, wire 5gpal 403 ey DR AIPIEY SOICCURILE olB ORI 19 SUNLG Jial g iepsign zone (as
shown In Fig, 34 0 low tension zqne e siown, Inig, bey vire Seeol 02 may be fetated
counterclockwisd to Teed adanional feng h't8 RireTengt A MFRRRE TERYh 448 contacts or
comes in th®preRREE e Brofahif/io A s BnsieoIF 2R/ s ddysstated naly: EBrivaesely, in order to
switch from ¥ dtrisiosadad path<hoinr prddieteEBint atughitzmscrmondi@s(@hdivn in Fig. 5A) wire
spool 402 meapiteat@ied alackuiseitaahitis aieeiaim(pindatesminedplergihitsmsddsedength 420
gfelgb Ung|/ wk@elertagwamﬁyaamg%ﬁm@%t@raﬂﬁatﬂemg%#llz&ere%f@b dfé@H‘%@t@HﬁH@ty of, fensor
and/or in riain exemplar odiments of the presen
invention, thf‘?grc%aﬁgﬁ g&gg‘i‘gg{%laé\r%%&g ngf:hagégfaﬁsyé‘f?fg%% %/i%%}?ﬁ Eg%‘fezf/f—’%é’;"‘ Egpstans 418A,

_ e.g., , :
418B, and 4T8¢ i 155 %@f%ﬁ%ﬁﬁ?&‘a&g@cﬁ%a%m&g YRS e A MYETR AT ONne another
to achieve 178 $&iRdy R SEHNGlRe CBPEENE SHPh e canstaiy M Bamd  Ap SraMigsdaadrsvisienaor(s) (e.g.,
capstan 318treeritarfesniengdibiyithéigssionlfrovitedIB) thayesspositi dloel fastaer from the wire than

the left handueansian (shand/pesresed (Ghtm 8 ortafslang318a and/or sensor 316a in Figs. 4A-4B).
[0038]In the exemplary embodiments of the present invention illustrated in

[0036] As is described above with respect to the exemplary embodiments of the
present invention illustrated in Figs. 3A-3C and 4A-4B, in order to move from a high
tension zone to a low tension zone {or vice versa) in wire feed system 400 illustrated in
Figs. 5A-5B, wire spool 402 may be rotated. For example, in order to switch from a -
high tension zone (as shown in Fig. 5A) to a low tension zone (as shown in Fig. 58) .
wire spool 402 may be rotated counterclockwise to feed additional length to wire length
420 (e.g., until wire length 420 contacts or comes in the predetermined proximity of
sensor 416b and/or capstan 418b). Conversely, in order to switch from a low tension
zone (as shown in Fig. 5B) to a high tension zone (as shown in Fig. 5A) wire spool 402
may be rotated clockwise to draw a certain (predetermined) length from wire length
420 (e.g., untll wire length 420 no ionger contacts, or is no longer in a predetermined
proximity of, sensor 416b and/or capstan 418b).

[0037] According to certain exemplary embodiments of the prasent invention,
the location of the capstans {e.q., capstans 318a and 318b in Figs. 4A-48; capstans
418A, 4188, and 418C in Figs. 5A-5B) and/or the associated sensors may be
asymmetric with one another to achieve the varying tension effect. For example, the
right hand capstan(s) and/or sensor(s) (e.g., capstan 318b and/or sensor 316b in Figs.



Figs. 3A-3C, 4A-4B, and 5A-5B, adjustment of the respective wire feed system from a high tension
zone to a low tension zone is accomplished through rotation of the wire spool in conjunction with
sensors and/or capstans; however, the present invention contemplates any of a number of
mechanisms or methods for adjusting the tension in the wire feed system. [0039]Fig. 6 illustrates one
exemplary alternative mechanism contemplated for adjusting the tension in the wire feed system. Fig.
6 is a simplified block diagram of air guide 600, where air guide 600 may be used in a wire feed
system such as those illustrated in Figs. 3A-3C, 4A-4B, and 5A-5B. In contrast to air guides 206, 306,
and 406 described above, air guide 600 includes selectively operable air inlets 602a, 602b, and 602c.
In order to adinsiggi6nsi3RL ir inclydi i Qulj 00, the, desired operational
configurationsgg s‘%i}1 s'?'fft% GEstgig:Qgnggﬁ%%’?A%iﬁs@gﬂgc@oﬂ%%rlgyg%n%c%,a%slgraf}l 186025 and 602¢ may
be configured to pFowgé dir pressure ftﬁ?o 0grh A Lireamildira Hhd 04c) to provide a low tension in
air guide 60Q. ing such.| nsion. air inlet 602b be selected to be in an "off" or "closed
valve" positi%nd.aﬁggrder fgs%v\%éﬁﬁg%amﬁmt%ﬁé%eﬁ%ﬁ °ai%u'i°o'i%5%'aﬂ?5?”?%%‘555‘:?1‘76{9 be selected to
be in an "on” &F "dpetrvaRES pBRtiAT SPhEd U mERt A tHrossnrsty A dert YStash feerrm of air inlets
602a, 602b, &8 Bosentrrerighadievstensions 808 i 8Gdtwphisik6é Odoygirgatite 60Bswira high tension.
[0040]When $noghén"criorctopemnthalensoposidosy, aisstieis Sekap 0, e AQRs MY be configured to

have the samsen@iipfieseahpisry esevasoRaRRRIAIEAIS AN LE RS- SXARIG 1L AR Sxemplary
embodimentaf ag.REE§RNLIGYENtion shown in Fig. 6, air stream 604D is illustrated as longer than (and

therefore having a higher air pressure than) air streams 604a and 604b. Other arrangements (e.g., all

inlets having me aig;Qr inle j elr%w\g ressure thgg\n'glet 604a/604c, etc.) are
(B397Me AP aSflG{ld RURAAINA RIS TEHIer KA

for.
also contem&l?&ggn%sﬁ\fmhm thﬂei gggge_of }:he present invention. course, al'ipéc}n%te valve

schemes are contemplated. For exampre, oK iletd eldsd rERuilechiod degmmPei #iid in order for
the system (& fPR MERRRIEHIR 508 MAvRe Ypretinicanyrtaedisyiiem(s)anay tfeseive pressurized
fluid in low tsiorEed del Eiomtie- 3B dAinRtés) BB Be daivemressur e guiliid tndhigtstension mode. Thus,
the valves aséciedatbedtatdie inletmagodanswdtenibc Al LiERBRaS ihiskrgessiaps that Fig. 6
provides onlirangexamRRaf @ AL 'S UHEmRE al e A Dils Jgpthe alr guide
may be proviedasany,al &BHRbS gl diferent posiions deperiding Unon e decired desion. For
example, ong or more inl?ts may be provided at the musttated s t ﬂivg%ctﬁeg%{ﬁpﬁﬂdg?{?vhile one or
more other intatermay be prov e et & HfRhPareair edehBrdng ar piessire iteydee, for
example, optbA4FRTEESE2 P2t EC4) Sa eEME0a W Hensinim idelrealiieesdn Fgrit) stbuswhe
pressurized fhrtlomayr lvdadiféetechastis skisitatitbasdd antor” de sigsse[DdAIFpstaanstith a single inlet
(or group of entietsh maycheqpsavitie@diadian ditduide 600, air inlet 602b may be selected to be

in an “on” or “open valve” position. Thus, when air pressure is provided though each of

air inlets 602a, 602b, and 602¢ (through air streams 604a, 604b, and 604c¢), air guide

600 is in a high tension.

[0040] When in the “on” or “open valve” position, air inlets 602a, 602b, and
602c may be configured to have the same or different air pressures associated
therewith. For example, in the exemplary embodiment of the present invention shown
in Fig. 6, air stream 604b is illustrated as longer than (and therefore having a higher air
pressure than) air streams 604a and 604b. Other arrangements (e.qg., all inlets having
the same air pressure, inlet 604b having a lower pressure than inlets 604a/604c, etc.)
are also contemplated as within the scope of the present invention.

f0041] Of course, alternate valve schemes are contemplated. For exampile, not
all inlets need to receive the pressurized fluid in order for the system to be in a high
tension mode. More specifically, certain inlet(s) may receive pressurized fluid in low
tension mode, while other inlet(s) may receive pressurized fluid in high tension mode.
Thus, the valves associated with the inlets may be “switched.”



for both high and low tension, but the fluid pressure passing through those inlets may be varied based
upon the portion of the wire bonding cycle. [0044]Thus, according to the various exemplary variable
tension systems and methods described herein, a number of advantages are achieved. A different
(e.g., desired) tension level can be provided for each part of the wire bonding cycle, thereby providing
improved bonding results. For example, the speed used during certain non-looping motions (e.g., z
reset, descent to 1st speed, etc.) may be Increasgd because of the increased wire tension during
these motions. Often, these non-looping motions are performed at a reduced speed to provide better
looping and ball seating. Additionally, the potential for wire damage and/or wire leaning may also be

reduced bec 5:2' a low, jon,i d i i eed mations wire whipping and/or wire buckle
(amongst ottj?gjrépg;{gntial ﬁ%%g%nga‘gir%ﬂggbﬁ%w%gﬁfﬁg Wﬁ‘eeg'lgmh %ﬁde fe egré%ner. [0045]Further
still, the pres€ALHvertion may PrIvders et tE S AL ARE S RERERR S HSSMRY Variation. This is
because whgf’}‘\‘ﬁzﬁﬁi fsftgfig mﬁmgﬂﬁﬁzﬁmﬁm@@mﬁw@mm@m@ ﬁﬁes to be
sensitive to Variaxenpdd, @SR | i itneiching itde | iffierences or wire
location in theugis, geHteoddse @it berranantiRyaRtinsvibykeepngdhadension sglatively low during

looping motighsickie,RRR NP aOFS: GRURFIERLIGA M e, RrasenLinveplion has been
described préma\tﬂpl){ d“&éﬁﬂg& nt?:ialr%fnyhof a r?umber of pressurize flgjds may be used as is
desired. [004 hile the present invention R¥s Beliids ratea'wri?ﬁyregpé‘a 8 ¢Ertain exemplary

configuratioﬁ?ﬂﬁ%ﬁ?@eg 8B HfRiPAber and position of sensors and/or capstans), alternative
configurations SQ%Ving more or less, or differently positioned, sensors and/or capstans) are

contemplatelP2433 - [00A4TRRL B CriiprlsdPist Qrisere AidYieRe) UBRY keimRYidsd KBRESHthe present
invention, in&@RTH biab Aot i tension phukivitiluie nsseyre pRtatddnwars thaetimtesemeers, etc.
be varied based upon the portion of the wire bonding cycle.

[0044] Thus, according to the various exemplary variable tension systems and
methods described herein, a number of advantages are achieved. A different (e.q.,
desired) tension level can be provided for each part of the wire bonding cycle, thereby
providing improved bonding results. For example, the speed used during certain non-
looping motions (e.g., z reset, descent to 1% speed, etc.) may be increased because of
the increased wire tension during these motions. Often, these non-looping motions are
performed at a reduced speed to provide better looping and ball seating. Additionally,
the potential for wire damage and/or wire leaning may also be reduced because if a low
tension is used during high speed motions wire whipping and/or wire buckle {amongst
cother potentlal Issues) may result between the wire clamp and the tensioner.

[0045] Further still, the present invention may provide a reduced machine to
machine looping variation. This is because when high tension is used on a wire
bonding machine, the looping profile tends to be sensitive to variation of the tension
which could be caused by machine to machine differences or wire location in the air
guide. Through the present invention, by keeping the tension relatively low during
looping motions, the looping will be more consistent.

[oo46] While the present invention has been described primarily with respect to
air, any of a number of pressurized fluids may be used as is desired.

[6047] While the present invention has been illustrated with respect to certain
exemplary configurations (having a certain number and position of sensors and/or
capstans), alternative configurations (having rmore or less, or differently positioned,
sensors and/or capstans) are contemplated.



[0049]While certain exemplary embodiments of the present invention have been described with
respect to a high tension zone and a low tension zone, the present invention is not limited thereto. For
example, there may be more than two tension zones within a wire feed system of the present
invention. [0050]While the present invention has been described primarily in connection with wire feed
systems and methods of operating wire feed systems, it is not limited thereto. For example, the
present invention may be embodied in a wire bo_n%i'n"g machine including a wire feed system as
described herein, amongst other components such as a control system for operating the wire feed
system. Alternatively, the present invention may be embodied as a method of operating a wire bonding
machine. [OO? gioughme (i)rg\éentiogl i]_s i'jlustrated and described herein with reference to specific

embodiments, the Mvention'is not Mtended o be limted (6 ile Gt 2L ARA CRAMBES S ious
modifications TE)PBE MASHETH RS BRYAMESHRmPIoY iy 58 965 SABS BERERVRIBIREOST the claims and
without depaf§figPffoiftthe invention. - 13 - What is Claimed: 1. A wire feed system for a wire
bonding machine, the wire feed system comprising: a wire supply; and an air guide for
receiving a |kRAAf wire YfBIA erEalirexempjiyy, ehbedinitiedi dvirrresardinvietidormeeiving a
pressurized fheieh described Wit wispdeted systarteheingeanfigarehioranply acvalialleiaasion to the
length of wiranaseived Ryrtheiais aldRe, For exampie, there may be more than two tension

zones within a wire feed system of the present invention.

[0050] While the present invention has been described primarily in connection
with wire feed systems and methods of operating wire feed systems, it is not limited
thereto. For example, the present invention may be embodied In a wire bonding
machine including a wire feed system as described herein, amongst other components
such as a control system for operating the wire feed system. Alternatively, the present
invention may be embodled as a method of operating a wire bonding machine,

{oos1] Although the invention is illustrated and described herein with reference
to specific embodiments, the invention is not intended to be limited to the details
shown. Rather, various modifications may be made in the details within the scope and
range of equivalents of the claims and without departing from the invention,



2. The wire feed system of claim 1 wherein the air guide defines a plurality of tension zones, each of
the zones applying a different tension to the length of wire received by the air guide. 3. The
wire feed system of claim 2 wherein the plurality of tension zones includes a high tension zone and a
low tension zone. 4. The wire feed system of claim 2 further comprising a plurality of stop
elements for defining a boundary of each of the plurality of tension zones. 5. The wire feed
system of claim 4 wherein the stop elements inglkj es at least one of a sensor, a capstan, and an air
guide surface. 6. The wire feed system 6t claim 1 wherein the wire supply includes a wire
spool. 7. The wire feed system of claim 6 wherein the wire spool is configured to rotate in
order to mov&!ghteiée gt,trgeof wire from one of the tension zones to another of the tension zones.

8. The wire féeq system of'claim 7 wherein the wire spool is configured (1) to rotate clockwise to move
the length of wire from one of aAhvi‘gh tfengion zonF and a low tension zone to the other of the high
tension zone and the low tensioh'Zonge and (2] to rotE ARIKIBATEEINECS I/ E%He length of wire
from one of (HERGITIERERIPZzone and the low tension zone to the other of the high tension zone and
the low tension zone. - 14 - 9. The wire feed system of claim 1 further comprising a diverter
bar positioned between tA&“{FE8BYpRMEnd the air guide. 10. The wire feed system of claim
1 wherein the air inlet includes a plurality of air inlets for receiving the pressurized fluid. 11.
The wire feed system of @it S8R ARETRANa 4R 8f tisefiom Ete 1desitivelopirable such that
a magnitudeSfin&aeg surpielt it ferreceivied bynssuiregUigédvaries based on which of the air inlets is
selected to receive the pressurized fluid. 12. A method of operating a wire feed system of a
wire bonding machine, th&§1&58 fre¢ GrSERiaiPRj % cosfiqsat to apply a variable tension to the

length of wire received by the air guide.

2. The wire feed system of claim 1 wherein the air guide defines a
plurality of tension zones, each of the zones applying a different tension to the length
of wire received by the air guide.

3. The wire feed system of claim 2 wherein the plurality of tension
zones includes a high tension zone and a low tension zone.

4, The wire feed system of claim 2 further comprising a plurafity of
stop elements for defining a boundary of each of the plurality of tension zones.

5. The wire feed system of claim 4 wherein the stop elements
includes at least one of a sensor, a capstan, and an air guide surface.

6. The wire feed system of claim 1 wherein the wire supply includes
a wire spool,
7. The wire feed system of claim & wherein the wire spool is

configured to rotate in order 1o move the length of wire from one of the tension zones
to another of the tension zones.

8. The wire feed system of ciaim 7 wherein the wire spool is
configured (1) to rotate clockwise to move the length of wire from ane of a high tensian
zone and a low tension zone to the other of the high tension zone and the low tension
zone, and (2) to rotate counterclockwise to move the length of wire from one of the

high tension zone and the low tension zone to the other of the high tension zone and
the low tension zone.



providing a length of wire to an air guide of the wire feed system; and varying a tension
applied to at least a portion of the length of wire provided to the air guide. 13. The method of
claim 12 wherein the varying step indudes moving at least the portion of the length of wire from one of
a plurality of tension zones of the air guide to another of the plurality of tension zones of the air guide.
14. The method of claim 13 wherein the moving step includes moving at least the portion of the length
of wire from one of a high tension zone and a low tension zone to the other of the high tension zone
and the low tension zone. 15. The method of daim 13 wherein the moving step includes
moving at least the portion of the length of wire to be in contact with, or within a predetermined

proximity of, at least one gf a pllrlﬁg%yré)t. st | ts defining, a boundary of at least one of the
plurality of tengil%r,?) zones, 16. th%%§@§%@ c%%gighﬁﬂ%?gﬁnﬁ%g r%g‘{}'i%teé"tg%r includes
moving at ledst the porion oF the 1ERbTHRRMARS t8%¥M§48%tact with, or within a predetermined

proximity of, at least one of a sepsor, a apstan, and an air guide surface defining a boundary of at

least one of the plurality o tension JoRes= system ohciifl Wherrisy et aiaiifes s n the providing
step include BRI YHBIRSh T efaiving fishpresrivézep Beidositioned in the wire feed system. - 15 -
18. The method of claim 17 wherein the varying step includes rotating the wire spool to move at least
the portion of the length dftwire FEHiEhESt Y PRIPARG M B IverBNaS Brthenaipfghriaito another of
the tension ZoleESioFelestirelyairgeable such thag Mhenihethod hEgedrstBaylaidirdiieabtating step

includes at lehstonmidé (dyietbsing tewiita spoel flaslenise dadnruadhe-postigr of the length of wire
from one of ghighAgnsigmzone and a low tension zone to the other of the high tension zone and the
low tension zone, and (2) rotating the wire spool counterclockwise to move the portion of the length of

wire from one of the high{gnsionzemernchiasa ieRrioR20ug:iaihs olet giihsdigh tension zone
and the low %Q&%F&Q%ethpd comprising the steps of:

providing a length of wire to an air guide of the wire feed system; and

varying a tension applied to at least a portion of the length of wire
provided to the air guide.

i3. The method of claim 12 wherein the varying step indudes moving
at least the portion of the length of wire from one of a plurality of tension zones of the
air guide to another of the plurality of tension zones of the air guide.

14, The methed of claim 13 wherein the moving step includes moving
at least the portion of the length of wire from one of a high tension zone and a low
tension zone to the other of the high tension zone and the low tension zone.

15.  The method of claim 13 wherein the moving step includes moving
at least the portion of the length of wire to be in contact with, or within a
predetermined proximity of, at least one of a plurality of stop elements defining a
boundary of at least one of the plurality of tension zones.

i6. The method of claim 15 wherein the moving step includes moving
at ieast the portion of the length of wire to be in contact with, or within a
predetermined proximity of, at least one of a sensor, a capstan, and an air guide
surface defining a boundary of at least one of the plurality of tension zones.

17. The method of claim 12 wherein the providing step includes
providing the length of wire from a wire spool positioned in the wire feed system.



20. The method of claim 12 wherein the varying step includes varying a fluid pressure provided to at
least one air inlet defined by the air guide. 21. The method of claim 20 wherein the step of
varying the fluid pressure includes selectively providing or removing fluid pressure provided to at least
one of a plurality of air inlets defined by the air guide to vary the tension applied to the length of wire.

- 15 -

18. The method of claim 17 wherein the varying step includes
rotating the wire spool to move at least the portion of the length of wire from one of a
plurality of tension zones of the air guide to another of the tension zones of the air
guide.

19.  The method of claim 18 wherein the rotating step includes at least
one of (1) rotating the wire spool clockwise to move the portion of the length of wire
from one of a high tension zone and a low tension zone to the other of the high tension
zone and the low tension zone, and {2) rotating the wire spool counterciockwise to
move the portion of the length of wire from one of the high tension zone and the low
tension zone to the other of the high tension zone and the low tension zone.

20.  The method of claim 12 wherein the varying step includes varying
a fluid pressure provided to at least one air inlet defined by the air guide.

21, The method of claim 20 wherein the step of varying the fluid
pressure includes selectively providing or removing fluid pressure provided to at least
one of a plurality of air inlets defined by the air guide to vary the tension applied to the
length of wire.



