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The invention relates to a wire-bonding systemfor bonding the contacts of
sem conductor chips to | eadfranes, and i particular, to w re-bonding
systens with nultiple bond heads. 10 Background and Prior Art In the
process of form ng a sem conductor integrated circuit package, w re- bonders
are commonly used to bond wires, for exanple, copper or gold wires on

el ectrical contacts on MUkiTtRIcHIEAD WIREEBONDINGSBYSERMNdi ng | eadf rame 15

| eads in order to electrically connect the contacts on sen conductor chips
to the |eads on | eadfranes. Thereafter, the sem conductor chip is

encapsul at ec¢Fieldiof thedpvefifionesi n to form sem conduct or packages and t hen each
package }SS si ngul ated. The wi re-bonders include bond-heads conpri sing
ultrasonPc transducers, that use high-frequency vibrations to affix the

wires to theaheZdvestinaistesnd d aaeidonamg. sybterflifoi @BAdihY . theM doptdeender s have
used single bond-heads due to the sinplicity of inplenmentation. Single

bond- heads &#81¢PNAxEtopLRIPE denleadiramesy ard Bhearticidar, s wirgspanding syistenbond- heads,
whi ch woul d ), tiBlel JdRaHeLat € bonding if 25 vibrations caused by one

bond- head worlﬁtd lgr? one work hol der reverberates to an adjacent bond-head
and work hol der. Further, a single bond-head leads to a |ess conplicated

design iR t i and work-flow. Neverthel ess, the use of single
bond- hea11 S 2 '%fun F'H il om ngs. One 30 disadvantage is that
singl e-head wire-bonders |lead to greater footprints if several w re-bonder
machi nes are_t,0o be inpl nted. Thus, if nultiple wire- bonders are
|l ement ed 17N PrGEsE; o) BB LA SSTiPHFEr tsgplesh it Bakadecuiress o
result of tintefsage donrhomy LBéd tdbbridRires, oy exgmplenebspeb @n goltpaniss S| ows

on electrical contacts on semiconductor chips and corresponding leadframe

15 leads in order to electrically connect the contacts on semiconductor chips to
the leads on leadframes. Thereafter, the semiconductor chip is encapsulated
with epoxy resin to form semiconductor packages and then each package is
singulated. The wire-bonders include bond-heads comprising ultrasonic
transducers, that use high-frequency vibrations to affix the wires to the

20 contacts and leadframes.

Traditionally, wire-bonders have used single bond-heads due to the simplicity
of implementation. Single bond-heads avoid the problem of interference
caused by multiple bond-heads, which would lead to inaccurate bonding if

25 vibrations caused by one bond-head working on one work holder reverberates
to an adjacent bond-head and work holder. Further, a single bond-head leads
to a less complicated design in terms of machinery and work-flow.

Nevertheless, the use of single bond-heads have certain shortcomings. One
30 disadvantage is that single-head wire-bonders lead to greater footprints if
several wire-bonder machines are to be implemented. Thus, if multiple wire-
bonders are implemented in an in-line system, valuable floor-space is wasted
as a result of the larger foot-print. Further, having single bond-heads slows
down the wire-bonding process if, for instance, different bonding processes



down the w re-bonding process if, for instance, different bonqgmAQrm%sses
17 NMAY 2006 -2 like alternate patterns different wire sizes are to be
performed on the same |eadfranme. |If the& w re-bonder has multiple bond-heads
on the same system that are substantially adjacent to each other, the

different b [ ; sar i o&gﬁﬁ WV | | ess
transport at ?%b?&ﬁéf{éﬁtﬁﬁgr ?@@r@?ﬁ%&%ﬁa@ﬁé t%ea rg‘tﬁg r%‘%v%ﬁl% bond- head
t o anot her . |€adifnaeney fthe Ivdre-bansier inaa Mbltiple hdnd-headeran the sapesystenpr ovi de an

i nproved W ge- [ em; | S| | t.i.0l - avoi d
some of theﬁrﬁﬁtgaig\ggﬁglgé@&o%&?#gt %grglg Qj} %gﬂr%tg @gn&é#%?ﬁtnggﬁﬁngﬁ%%ég%%nd- head
systens. Accanderghayied bet consstutively pwithv iebsstransgiortatitro rtthen gequupsar & us f or
formng _electrical connections between a sem conductor chip and a

| eadf r an®, frgn %H&% Igadirarae b’pm%ﬂqel?cgp SpeahiR ERtEls associated with a
plurality of work holders on said wire bonding apparatus for holding a
plurality of |eadfranmes, wherein each bond-head of the apparatus is capable
of i ndependS¥MMBYN LI he INKeRIOR | on si nul t aneously with the ot her bond- heads,
Wi t hout synchronization of novenment with the other bond-heads. 20 It wll
be convenient to hereinafter describe the invention in greater detail by
ref erence t dhtde the dovaidiagi peeksr i RTgWdenha Hmprovest witeebansinge ieydiémrent of

the inveRti : Leu i f Araw : scription
s not o BampraneaALihe bakdhdadt 1 dfoif e aF 1A HissbiarENel BF
i denti fi cat ipdar a2 onsistingeofisingénbérehhead sistemed by the clains. 30 Bri ef
Description of the Drawings Figure 1 is a front elevation view of a

si ngl e-head wi re-bonder of the prior art. Figure 2 is a front elevation

vi ew of a twcoefiiragy, wiheeirventiter paoidesdian@irecbamding apparatus for forming
electrical connections between a semiconductor chip and a leadframe,
15 comprising a plurality of bond-heads associated with a plurality of work
holders on said wire bonding apparatus for holding a plurality of leadframes,
wherein each bond-head of the apparatus is capable of independent bonding
operation simultaneously with the other bond-heads, without synchronization
of movement with the other bond-heads.
20
It will be convenient to hereinafter describe the invention in greater detail by
reference to the accompanying drawings which illustrate one embodiment of
the invention. The particularity of the drawings and the related description is
not to be understood as superseding the generality of the broad identification
25 of the invention as defined by the claims.

Brief Description of the Drawings

Figure 1 is a front elevation view of a single-head wire-bonder of the prior art.
30

Figure 2 is a front elevation view of a twin-head wire-bonder according to a

preferred embodiment of the invention.



preferred enbodi nent of the invention. 17 MAY 2006 -3 Figure i H?A?Oid nt
el evation view of two twi n-head w re-bonders configured adja (Z each
other as part of an in-line systemfor tthe assenbly of sem conductor
packages accordi ng to anot her enbodi nent of the invention. 5 Figure 4 is a
front view gq e GRIIEANt SIaRIiBn WidW of oW Réde dir8BAbREBbguPla L he

i nvention. Figure I's a schematic plan view of a tw n-head W re-bonder that
i |l ustrat es ad@meentvty leachoothe@bi parnt afi am in-dne tsystem rfer omdisagmbdly btadf r anes

according t I i ; L e- di ng system
Froure 6 s Sgmicpblgor BEgRaeRHBLciing s SRRt o fHent B iAERR:
illustrates another work-flow configuration for the wre-bonding of

| eadf r anes an, altgrnative ,.to Figure 5 15 Detailed description of the
preferred eliie AR BPMY Y Oh gy I G9erisghleavil e Brefarist SoPads™h vi ew of
a singl e- heagitha ihgeriopder 100 of the prior art. The single-head w re-bonder
100 has a work hol der 102 | ocated 20 substantially centrally on the

si ngl e-head wire-bonder 100 for holding and indexing |eadframes during the
wi 1 e-bondi NG RreeeRSa sWhERSHAPRNARBNEH d RvinBSd VRRUSSRIZR Shatsiigrdaand- head
104, commonly an ultrasonic transducer, in a process referred to as wedge
bondi ng. Thensiwejkdlomegenfiguratiopdiet dhe wire-hanging efsleppirarmes saceardings ta

st and- alkgne I-gHratd Ih&s AT 4! 6, 25 108 can be used
to storéeunéﬁé;%%dgggﬁ%fgﬂg\gleﬁ{bgg pré?fég{segﬁ'rﬁg@bigr‘z%%' Unpr ocessed

| eadfranes may be stored in the | eft magazi ne 106 supported by a left

mmgazi ne 1058 HFTE GRERE Blon, EH 1A o188 s iRl e ety a ser
of conput er anothet owsrkFibdv configurationr fdrhthepwirgbendingf of dzelfrantes- horgh ng as
well as to a sisi. i{’n |§.ettié’|g the paraneters for the wre-
alternative to Figure 5.
15

Detailed description of the preferred embodiment of the invention

Figure 1 is a front elevation view of a single-head wire-bonder 100 of the prior
art. The single-head wire-bonder 100 has a work holder 102 located

20 substantially centrally on the single-head wire-bonder 100 for holding and
indexing leadframes during the wire-bonding process. Wires are bonded to
the leadframes using bond-head 104, commonly an ultrasonic transducer, in a
process referred to as wedge bonding. The single-head wire-bonder 100 that
is illustrated has a stand-alone configuration, and therefore, magazines 1086,

25 108 can be used to store unprocessed as well as processed leadframes.
Unprocessed leadframes may be stored in the left magazine 106 supported
by a left elevator 110, whereas processed leadframes can be stored in the
right magazine 108 supported by a right elevator 112.

30 There is optionally a set of computer monitors 114 to monitor the progress of
the wire-bonding as well as to assist in setting the parameters for the wire-
bonds. The foregoing components sit on a lower chassis with a cardcage
116.



bonds. The foregoi ng conponents sit on a |lower chassis with a m 116.
-4 17 MAY 2006 Figure 2 is a front el evailon view of a tw n-he1 onder
10 according to a preferred enbodi nent of the invention. The w re-bonder 10
has two work holders 12, 14 positioned adjacent to each other. The work

hol ders 12, Fldure®a8 £fént dslatloRNRbw Gﬂ@Mlﬁ-Heﬁad\flfeaB@m%r'QB dceaiding® 4 eadf rames
may be 5 processed si mul t aneously. The work ders can _be indexed in the

x-axis. Thorefeged empedinaat ﬁ%ﬁ!?s"'&’@nt'% Té'&cW"@'beWH?'bﬂol haspeq Wovhed above
a work hol %da%nzl%a rt.owea 'd?d%ctehﬁtosggér?%ﬂ@fmtﬂ{e Wamoao: grajgdipn each

| eadf r ane. ond- hea are novable in the x- y-axes. Although
for ease ofcannqmthahidan@ Iml@( ianleadframe, s y\atmmbmframgr@yebe

illustra edl dﬂﬁ I c d that the
appar at u§ c&h %etsQSd nu@gag}eﬁpgelg' W %%B{dﬁéé E?H\%lé ﬂdgf%oggﬁgh%agggg ated with
nore than t vitherevarek twm bdred-beadsath, mra:hchezthmﬂ'; |§L603|tsorcaninahfaylel ooy a

separate contr oard.so i is.c i ent bondi ng
operati on, %J%h@h rfeiep h@a%%n'ﬁpré st Gy %S(F;F |‘B’hﬁ%§h%a§9 afus t he
bond- heads Jme B&daﬁéadsmrmhbear@fmoxﬁabwintm@e@las\dmaﬁbngmﬁo@hffberegﬁ types of
wi res. For exanple, one bond- head coul d conduct bonding with gold wires and

anot her bond® HEKigrddndivg tae ryedingo Qalyy W RETENEBEH @R d l\'/ﬁt'iaFchdfbﬁ@ W res,
or wiresoof glefefred eémbé’d?m@harmwuﬁi beu J%raaaféaeﬁ\awhéﬂafpfpsrﬁm caﬁrwé heads at

the sane tine. Further eac ond- cou conduct bondin

di f ferent patl@fwfaptwlgdemtfbmoh%thﬂfbﬁ\'\@tb@ﬁshQa@tamglaéﬁ%wlt@mQEgh@Um t he
si mul taneou%&kﬁgﬁgrsng bondi ng processes, it is desirable to | eave a gap
bet ween t he wor ders 25 12, 14 so that vibration caused on one work
hol der will not affect the accuracy of bonding on the other. Each of the

wor i ol der s gkf nobiSp! 7o, 8 ARPBGH By PBRarAb UHBbiL: s SbngAE" Dase

platformis
15 is capable of independent bonding operation, although the bond-heads are

operated simultaneously. Thus the bond-heads 16, 18 are capable of
simultaneous bonding of different types of wires. For example, one bond-
head could conduct bonding with gold wires and another bond-head could
simultaneously conduct bonding with copper wires, or wires of different
20 diameters could be used by different bond-heads at the same time. Further,

each bond-head could conduct bonding with a different pattern.

Due to the vibrations that would be generated by the simultaneously ongoing
bonding processes, it is desirable to leave a gap between the work holders
25 12, 14 so that vibration caused on one work holder will not affect the accuracy
of bonding on the other. Each of the work holders 12, 14 rests on a separate
base platform, wherein each base platform is separated from another by a
gap. Each base platform is in turn separated from direct contact with a
common lower chassis on which it rests by a vibration-insulating material to

30 minimize transmission of vibration from one base platform to the other.

Figure 2 illustrates the wire-bonder 10 with a stand-alone configuration, such
that storage means, such as magazines 20, 22 can be used to store

unprocessed leadframes in one magazine 20 as well as processed



gap. Each base platformis in turn separated fromdirect cont ﬁ ﬁ}qaﬁ
common | ower chassis on which it rests by a vibration-insulati dwﬁ‘é{t al to
30 minimze transm ssion of vibration frrom one base platformto the other.
Figure 2 illustrates the wire-bonder 10 with a stand-al one configuration,

such that o 05 300 RIS bbb B IB0RZHACEAZ000 D030 P8 SRl g SLOT ©

unpr ocessed rames in one gazine S proc Ay 2006
-5 | eadf r amisft elevatbe 24 tahdrtherighzmagaZige 22hHe sLppdrtetiloynairipht amvamr @8pported by

Sl evator oo ERcR pAdali 2bng2 RS STRART ot S 4nt SBFILoEhed iy el

aligned w t bntarhtat.orordfem ddddWands when It tareaasifm gWrgrispoited, esch BEtH
transported each of the 5 slots bei nrga esigned to store a | eadframe. The

left andSri §lefs 56100 4510509 40 SIUS 21 3P erEnG TREVES 0REONEFEValRs #tt
mRgazi nes 20aisdBng AR tie |aesi AGR dadizAbs Jo abhavrEgadk AR Lbred evated to

register with the work hol ders ki cker mechani sm pushes t he
| eadf rame oin ths magazingf 20 rt%t@!f—z/???é’ toregisderowits the orkdialdeierie. Hdl der 12. The

| eadframe Myl ACheSRURRLE ek ShE LK IAEAGSELA 8ha i bondi ng

to be perf ere. After wre- been or e IS
anot her Ki clﬂmr Ierﬁlaamtmc&dnra‘tﬂ atbeatleadirameemay giiso e mhoveldotodbe right workpush t he

process I int.o t sIo n t igh 22 for

B o age eaaer o iy Wik BRagEE i o5 Serred L e "Mt BFRBRPEGRAT T g

el evat or 26 bte@n rpegbﬁnh@cr tMérehs tahether gickewmékhdmérd@rdjabéncwmecnght weky 15
until the rrﬁgﬁéine 22 is filled. ion the W re-bo der ginclude
conput er nm F 4t Pushniig PERcess "?ﬂdg' sintgfan gy slot H?)ﬁQﬁ Aghts wel | as
assisting i 'ﬂtaﬁﬁtztrier@ foretdragenehen Sslotfof’[het r"ih@g%é‘bﬁ@?bqg‘é%va@aetnftefne&pl ng
conmponents sit” on a | ower chassis with a 20 cardcage 30. |t woul

appr eci at ed teaght plevaigh26pto rRIiier Witk thwfﬁhhé@& Rplder 1190%@90%)/9035

determ ged t ”91‘3% dhe lower chassis) is substantially simlar
to that r1§f ?ﬁte" t@lgn %t? \s/’\n(ﬁrl% bonder 100 al t hough the

Optionally, the wire-bonder 10 may include computer monitors 28 to monitor
the progress of the wire-bonding as well as assisting in setting the parameters
for the wire-bonds. The foregoing components sit on a lower chassis with a

20 cardcage 30. It would be appreciated that the foot-print of the twin-head wire-
bonder 10 (as determined by the base area of the lower chassis) is
substantially similar to that of the single-head wire-bonder 100 although the
capacity of the wire bonder 10 has been increased, thus reducing the footprint
that would previously be required for two single-head wire-bonders 100.

25
Figure 3 is a front elevation view of two twin-head wire-bonders 10, 11
configured adjacent to each other as part of an in-line system for the
assembly of semiconductor packages according to another preferred
embodiment of the invention. The difference between an in-line system and a

30 stand-alone system is that in the in-line system, leadframes are transported
directly from one processing machine (such as a die-bonder, wire-bonder,
moulding machine and inspection machine) to another. Therefore, magazines
are not necessary to store leadframes for transportation between one
machine or set of machines to another.



capacity of the wire bonder 10 has been increased, thus reduci
footprint that would previously be required for two single- helggwt“%()%

wi re-bonders 100. 25 Figure 3 is a front- elevation view of two tw n-head

Wi re-bonders 10, 11 configured adjacent to each other as part of an in-line
system for the assenbly of sem conductor packages according to another
preferred enbodi nent of the invention. The difference between an in-line
syst em and ah@0sexoaddwin-bead syretkandes 1t hzas simitahevark-Haldess shdst1émand eadf r ames

are transporgt i t . i hj (sHC i e- bonder,
W re- bonder coniear g, 1err AR b REIE BB HoRBR S35 THHRle B s

Ther ef ore, ropfazallgele comepuiet nmonitemss adytot enciitor ¢he qadfreasesf ther wire-
transportation between one, . machi ne or set .of machines 1o another. -6 17 MAY
2006 The se@&ﬁ&'“ﬁﬂ”ﬁ-tﬂééa'%’}%QEB&BQP eTRder e RTPSESSnol e FITBRNINS3, 15 and
bond- heads kfe sikfllaR@Suppcrieicorad Rveer chessioakd balddags 313, 15. There may al so
optionally be conputer nonitors 29 to nonitor the progress of the wire 5

bondi ng and to assist in setting paranmeters for the process. The conponents

are simil af'%vmepqﬁftrﬁgiirpnh@cérmgﬁraﬂsh%é;esismge%fsﬁ%;a i?ﬂgsz pgweygf, in this

in-line configuration, there is no need for nmagazi nes 20 or the left
and right eltee defbraod2ight Z8evaiorsh2sr 26 whighe aegh Ipeeferablehén sheastangtalore 10

(i (i end ) . . . .
corice B ronTaaheD el 8 1hE IAPABONET ae fhee Fulg 8L BuaIng SREHEL T2 1 ne
t o anot her. of@llees 3Py 3% ssusedgo ok pord eadfratries fram loneendctate ®havaternoul d

preferably e simlar line tra or t. 8 to receive or transfer
Peadfranes (3 5ePReERaas anchhes ATREI-URE Ract sricr) S rflErar i ARV e
':)r ?nsport padimildrdinetttehspeorelsra8esreceise bﬁtr\ghkﬂer lnaganmai toed ﬂ)mcg?ﬂed det ?i I
el ow, transport ar 4, 35, 36, 37 na e used,t ar eadfranmes from
one transpo S|b§t;p{ef%atﬁﬁéo g?YF’eF'"'.O“Fﬁ'@ﬂ’rcg}le4tr?r§p8rtfqagh?Or\c;li‘%l'ﬁyaghaﬁ‘eéa‘?%cage 30
usabl e wist h fiin@eR@fdidEth more detail below, transport arms 34, 35, 36, 37 may be
used to carry leadframes from one transport path to the other.

Figure 4 is a front view of a cardcage 30 usable with the preferred
embodiment of the invention. There is a main computer 60 with a

20 microprocessor for controlling the functions of the various components that
are stored in the cardcage. The components will be described in turn.

The cardcage 30 includes a right Z-movement driver 62, a right XYZ board
with an embedded computer 64, and right input/output Bond Quality

25 Monitoring board 66 to control bonding on the right side. Correspondingly,
there is a left input/output Bond Quality Monitoring board 68, left XYZ board
with an embedded computer 70 and left input Z-movement driver 72 to control
bonding on the left side. The advantage of having embedded computers (not
shown) on the XYZ boards 64, 70 is that the processes can run faster and

30 more efficiently, and take up less space as compared to having a separate
dedicated personal computer to control the boards.

In addition, the cardcage 30 includes a work holder board 74 with embedded
computer, an AC and stepper board 76, two Low Voltage quad stepper



enbodi nent of the invention. There is a nmain conputer 60 with 0
m cr oprocessor for controlling the functions of the various c 2006 p 5t

are stored in the cardcage. The conponents will be described in turn. The
cardcage 30 includes a right Z-novenent driver 62, a right XYZ board wth

an enbedded [ RpRuUtAgr a & ' [ t u Quphd b Yis?2 itoring
board 66 to contrglg gﬁé]ldal ﬁg&hogb% Iﬁi[]gﬁtgtg‘l%cfg.B%éo??péetépond%r%gllsy,élsyfﬂere is a
| eft i nput/ colensid Bover &iand tayswiteti modenrpvirssuppBsd4.| dinerexere irfiadd with an
enbedded co [ Lo LRRUL Z- ] 72nt t bondi ng
on the Ieftrrglj‘élg.d r'\f%gaéé%\/slgﬁ\&'ghgéggtfé'ﬂé\?ﬁgsggﬂ;ﬁ@aggﬁ @%%é?’e@%%o@é&shom) on
t he XYZ boarsitsks6ahd [é@t andl ridratY-dinerp O ces svith heah sinks. AalybrtagaousBheror e

efficiently, and take u SS, spa s .conmpared to havi separate
dedi cat eté péztaéq)‘??&?%boﬁﬁ?mdeﬁs‘? Begbﬁ?ﬂeilrealw'ﬁ?en}‘)% $1Y cop %%g?%son, t he cardcage
30 includes a work hol der board 74 with enbedded conputer, an AC and

st epper board 76, two Low Voltage quad stepper -7 17 MAY 2006 boards 78 and
a high vol t A geedi fait bpaetnisouith 18e. drivees 86196 and goglings HNsndB Briges ver 82

and a switc V, e il =l iyers 86,
88 with hea{bégigﬁ%,gp\lfg féﬁgﬁg&_r? gh " §(§jg{rei (\:/%gga%eg?b'Qgﬂ\%r?ﬂbﬁ%gteélgg% r?ls and
| eft and ri dhe cerdhageed® tbe dryerswivere tasatedsawky fromlihkacarfisege |30 anthe 5

d 30 I he | d 2w ' 98. Th
need 1 orCnod 1o Rt ABHRG coMHPehES richBy HEUIER0 S 0 DRGRIgRAL 0 e
because of ttbhecontaipacftfiictss ihgrdvedrettheup aoregcage-b8ader nNomwetheresmdstsbgns of

t he cardcage e drivers were |located away.framthe card e 30 and 10
clloser Lo mUTTST Tramsolos RIC Mo-fenagr el e Tosieliley Son6BpGBReME only had
to contain HHfahtiiei gevierbretidand ethkocsdling OBsten ! RedddNderbe NRWespbedigglyrust be
sufficient hardware to run two w re-bonders. Therefore, considerably nore
heat is gené’f"’zﬁ’f‘é’d’datﬁo‘g?ﬂ%at@d?ﬂait Ryay i the, caticaps J0-and, the cyBRANGHS v

i mprovedst o jf4igs harky ahaaificieny. from the cardcage 30 and the conponents

Figure 5 is a schematic plan view of a twin-head wire-bonder 10 that
ilustrates one work-flow configuration for the wire-bonding of leadframes 40
according to the second preferred embodiment of the wire-bonding system.

20
Leadframes 40 enter the twin-head wire-bonder 10 via direction A onto the
line transporter 38 having rollers 32 that are controlled by pulleys operated by
a central microprocessor overseeing the whole assembly process. At this
point, there is an option of transporting the leadframe 40 to the work holders

25 12, 14 for wire-bonding or allow the leadframe 40 to proceed directly along
direction E. The latter situation would be preferable where, for example, in an
in-line system with a plurality of wire-bonders (as in Figure 3), a leadframe 40
has already been processed by another wire-bonder. If a leadframe 40 is to
be processed at this wire-bonder 10, the transport arm 34 lifts the leadframe

30 40 from the line transporter 38 and moves it in direction B towards a left
input/output transporter 42.

The work holders 12, 14 may each have a track on which a leadframe 40 is
slidable and an indexer 48,50 adjacent the track to grip and position the



15 inside quickly and efficiently. Figure 5 is a schematic pI
tw n-head wire-bonder 10 that illustratgs one work-fl ow confi &Mﬁ[‘iy\%@q‘ or

the w re-bonding of |eadframes 40 according to the second preferred
enbodi mrent of the w re-bonding system 20 Leadfranes 40 enter the tw n-head
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32 that are control by pul l'eys operated by a central m croprocessor
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associ at ed denwirerbaading, 18, and to slide the |eadframe 40 across each work
hol der , 14. At the left input/output transporter 42, the |eadfrane 40 is
gripped by a left indexer 48 and is noved across the track of the left work
hol der 12 t Aftee puwessiogiethairieadfrarhe 4@fis besteds thethd Bightt amputioutpubondi ng to

proceed. Alt veI y t l.eft

i ndexer and tgafggé y Vﬁgg { i}nﬁﬁ‘{oaggx |gg€¥r9§§%o‘£{ %ﬁg@&%g@r@ggéq N track of
t he right wdfidectiend Deto tﬂéeﬁorofmd inebivantipogte$8.t Mae prod¥ssbo ehdfiaeded4d8. 1 so,
fM-h?el_ g;;drﬁég tngrlm dcearrle away %h% (N?r%ebon%e nl%t Pnerdlregt?o%f rEartrg tﬁg nefx '

15  machine in the in-line system.

Figure 6 is a schematic plan view of a twin-head wire-bonder 10 that
illustrates another work-flow configuration for the wire-bonding of leadframes
40, as an alternative to Figure 5. It illustrates that the wire-bonder 10 is

20 capable of achieving more than one inputoutput path. In particular,
leadframes 40 may be moved in direction B1 or its reverse direction B2 by the
left transport arm 34, or in direction C1 or its reverse direction C2 by the
indexers 48, 50 of the work holders 12, 14, or in direction D1 or its reverse
direction D2 by the right transport arm 36.

25
One advantage of this capability is that, if one of the work holders 12, 14 is
not functional, the other work holder may be used to process leadframes 40
with no need to shut down the whole wire-bonder 10. For example, if the left
work holder 12 is down, leadframes 40 entering the line transporter 38 from

30 direction A do not have to be moved in direction B1 to the faulty left work
holder 12. Instead, the leadframes 40 may proceed further down the line
transporter 38 and be moved by the right transport arm 36 to the right work
holder 14 via direction D2. The leadframes 40 are then transported to the
right work holder 14 via the right input-output transporter 44 in direction C1.



10 After processing, the leadframe 40 is pushed to the right i t/ t
transporter 44 where it is lifted by a r%ght transport arm361§ﬁﬂ“r¥gﬁg’§uin

direction Dto the end of the line transporter 38. The processed | eadfrane
40 is then carried away fromthe wire-bonder 10 in direction E to the next
15 machi ne | AhekWirel BorldiisSooiteReat reUeafarhés A0%#6 $ABIddCinRhalevdrgy of a

tw n-head wire-bonder 10 that illustrates another work-flow configuration
for the wirdingstenisfg? and Ddaand bassto the lingiransposter 8Bnative to Figure 5. It
illustrates that the wire-bonder 10 is 20 capabl e of achieving nore than one
i nput/output path. In particular, [|eadfranmes 40 may be noved in direction
Bl or its rdt/esheelddbe eappreniatéd thyt tiee deberﬁhect eaeponéntaointtis inventiom
directio% r its _reverse al rtect @ IC;{Z hy y t he |ndexersd48r 50_of the work
hol ders T2, 2H'VEP @R dTYLEPPEN SEUBPIeEaS RAPNG  WSIIB: i9%R19B2 BYY t he ri ght
transport arlmeﬁérenzébawemdrv@mﬂagle)dmﬂ Hdaids icmjramidedt y is that, if one of the
wor k holders 12, 14 is not functional, the other work hol der may be used to
process |leadframes 40 with no need to shut down the whole w re-bonder 10.

For exanpl e THefmIré]ﬂlohQi%%cnbéﬁrﬁérélﬁ||§|§uscb§tlﬂ>lé t6lQ¥atioh€ aRbaiAeaPNE Angidk er i ng t he
line transporter 38 from30 direction A do not have to be noved in direction

Bl to the faAdditipns sfher frarkthosr peegificelly desasibed @ndiitis tpggwndenstgodithatmy
proceed fgurt e b t |ght
P anapor ' Jn/etSh sk B <h RRRRGSE morfficaibhs hd By At Wiieh

| eadf r anes 4ol wiﬂmntthaespmtraadspopeefdheabomdescrlgﬁm wor k hol der 14 via the
right input-output transporter 44 in direction ClL. -9 17 MAY 2006 After
wi re-bonding is conpleted, the | eadframes 40 are noved in the reverse
directions C2 and D1, and back to the line transporter 38. It should be
appreci ated that the described enbodi nent of the invention



5 achi eves an independent nultipl e-head bondi ng system desi gn,lrﬁgl% 06
interference between individual bond-heads is mnimzed. The i ‘1%?1
described herein is susceptible to variations, nodifications and/or

addi ti ons other than those specificallyl@escribed and it is to be understood
that 10 the invention includes all such variations, nodifications and/or

addi ti ons whighaM& | within the spirit and scope of the above description.
17 MAY 2006 IU0 CCATMS: 1. A wire-bonding apparatus for form ng el ectrical
connections between a sem conductor chip and a lead frane, conprising: 5 a
plurality of bond-heads;, a plurality,of rk _hol der each associated with a
respective on1e o] thebt?)(?ﬂ??'Fﬁaaag?a%H‘bs c‘)@’ﬁf F%[U?' 9 Fﬁécéfdﬁ?goPP”ae?‘é%{ﬁ frame in
an operati veyet@bahiaserhieohBEctdF eRipl aHES |éémﬂaﬁn@adomtphieir§@nd heads and the

work hol ders being assenbled into a 10 single integrated structure; and a
control | e which isplraliy ahhend-deadsoper at e each bond-head of the apparatus

i ndependently to perfo bhondi W [ .Semc ctor _chip and
a |l eadframe si nul t%ﬂ@é%'?Yf?M‘%’Eq}‘ﬁ‘ier8t ﬁg?h %%%ﬁf&g%ggwgﬁ%{e%%%ﬁx%tone
synchroni zat idfnth@‘ popdeR&sts, b@lﬁa\e@c_ﬁhf@uf?e@ot@dshppdﬁ- alkead flamér gr pndi ng
apparatus according to claim1, which includes a gap between the work

hol ders on t Iepesgler lation to the @sspeiatesthongdihradhol der fromthe vibration of
anot her work hol d 0. 3. A WIe: ' r at ccardi t.g. claim 2,
wherein each wor k%ﬁot%%(f f}egg?‘sériqf?ﬁg‘éﬁ% ﬁ@g’%(gtb;%’@raos%egwgq 'ﬁg)s@s by a
gap and e@ch siﬁ%gaﬁt@ggtéggﬁueﬁﬁé;sam a common | ower chassis, the each
separ at e base ei ng separated fromthe comon | ower chassis by a
vi brati on-i nsul at igngontroller which is programmable to operate each bond-head of

the apparatus independently to perform bonding of wires between a

semiconductor chip and a leadframe simultaneously with the other bond-

heads but without synchronization of movement between the bond-heads.

15
2. A wire-bonding apparatus according to claim 1, which includes a
gap between the work holders on the apparatus to isolate each work

holder from the vibration of another wqu holder.

20 3. A wire-bonding apparatus according to claim 2, wherein each work
holder rests on a base separated from other bases by a gap and each
separate base rests on a common lower chassis, the each separate base
being separated from the common lower chassis by a vibration-insulating
material.

25
4, A wire-bonding apparatus according to any one of the preceding
claims, wherein each work holder includes a track on which a leadframe
is slideable, and an indexer adjacent the track to grip and position the
leadframe relative to each associated bond-head and to slide the

30 leadframe across each work holder.

5. A wire-bonding apparatus according to any one of the preceding
claims, including a storage device in which leadframes are storable and

which is operatively connected with the apparatus to automatically



material. 25 4. A wire-bondi ng apparatus according to any one
preceding clains, wherein each work hol der includes a track ﬁ%ﬁqg%o%

| eadfrane is slideable, and an i ndexer adjacent the track to grip and
position the |eadfranme relative to eact associ ated bond-head and to slide
the 30 |eadfrane across each work holder. 5. A mﬁre-bonding appar at us

accor ding L0 giyuNEagfatide B ShEUdknofleh! Harcl 16! HlMthtafl YelRedevi ce in

whi ch | eadfr are storable and which Ts opera el’y conn cte Wi th the

appar at us t oleadfcamés thedt Ihavé beldhpra086sedl provi de | eadfranes to the
wor khol der and/or to automatically receive |eadfranmes that have been
processed. 6. A wire-bondi ng apparatus according to any one of the preceding

5 ol ai ms. 1 ngl ud! DO els SRR R Al SR ING AR SOR & heNrcbeangPorter

havi ng roI | ers that nove rames a t hel’r designate ction
travel . & Aclaims; hnn’mhhng apparrsapbdatian&wstbmgcdmpmtlagrm Binewhranspontarl udes a

10 transport arm for tin | eadf rgne away fr e line transporter to a
desi gnat ed | H@é(ﬂgo'i?ug[&{{‘ H’g‘?VQ Hee ?%M%ar ‘3‘?1?'9%?*@9 dits é@@m t he
wor k hol der, F}ra veransfer to the work hol der. 8 A Wi r e- bondi ng appar at us

a

accordi ng toclaimeé or claim 7, wherein 15 the transportation systemis
capabl e of transporting a Ieadfrarre to each vvork hol der for processing and

of transport ng egch.processed | eadf rane fraom hol r wi t hout
passing thr ough a%b i Q/QSﬁ'P(g RPPRER usgccp\r H“é‘?‘l‘ﬂ”l %g%%ér’%‘i' €%8cor di ng
to clai my O'Era%?bmeﬁm melffﬁhg? a Eadeapde b%@sﬂ?@tﬁt the' & klaPepoRér & Kect i onal
novenment of | eadfranes awa rom and/ or towards the |line transporter.
designated Iocatlon such that the leadframe is substantially adjacent the

work holder, for transfer to the work holder.

8. A wire-bonding apparatus according to claim 6 or claim 7, wherein
15  the transportation system is capable of transporting a leadframe to each
work holder for processing and of transporting each processed leadframe

away from a work holder without passing through another work holder.

9. A wire-bonding apparatus according to claim 7 or claim 8, wherein
20 each transport arm allows bi-directional movement of leadframes away

from and/or towards the line transporter.

10. A wire-bonding apparatus according to any one of the preceding
claims, which includes a cardcage for storing electrical and/or electronic
25 components of the controller and devices to drive mechanical

components of the apparatus.

11. A wire-bonding apparatus according to claim 10, wherein each
bond-head is controlled by a separate controller board housed in the

30 cardcage.

12. A wire-bonding apparatus according to claim 11, wherein each

controller board includes a heat-sink.



10. A wire-bonding apparatus according to any one of the preced i s,
whi ch includes a cardcage for storing electrical and/or el ect ﬁ?n%‘@gbﬁ

conponents of the controller and devices to drive nmechanical conponents of
t he apparatus. 11. A wire-bondi ng appar us according to claim 10, wherein
each bond-head is controlled by a separate controller board housed in the

30 cardcage. 132. A \)Mréfb_o?@lﬂﬂj SFpaih A %é&dﬁ@%r&iw&né of elath§1blto Merei n
each controller board includes a heat-sink.” 17 NMAY 2006 12 13. A

Wi r e- bondi ngwhepeinathes cacdeagd meludesaropolaiefanls ta dowsr tbet tempgratuber ei n t he
cardcage includes,cooler fans to |l ower the tenperature inside the cardcage.
514. A w relrﬁbcﬁ%m? C%[ﬁﬁaﬁ?%t us according to any one of the preceding

clainms, wherein the controller is programmable to operate the plurality of
bond- heads to sinul taneously perform bonding of wires of different types.

15. A wi %e- bdAdi nd wppdranding apeeratus@ocordingitenany, ongef dhe praeeding

different types of wWres.include gold wires a opper. . .wres, 16

W re- bondi ngCaupS WEER AE Eatfi§IcsRrtbiafinahe rEPRRIE NS healy o e

di fferent typefd®eatstesirikanstust péedenbontiingsofired 6f @ifferdnt tgpeTet €rs. 15
17. A wire-bonding apparatus according to any one of the preceding clains,

wherein the controller is programmable to operate different bond- heads to
Do oL bendigo. SACSIfL BidifalhEbFERE AShERASen Ll ek hai® A
further dioncl uﬂiem@ntat%pés; ot Wires ingled@goldewires andlodbperadieswor k hol der  from
vi bration of the other work hol ders.

16. A wire-bonding apparatus according to claim 14 or claim 15,

wherein the different types of wires include different wires of different

diameters.

15
17. A wire-bonding apparatus according to any one of the preceding
claims, wherein the controller is programmable to operate different bond-

heads to perform bonding according to different patterns simultaneously.

20 18. A wire-bonding apparatus according to any one of the preceding
claims, further including a structure operative to isolate each work holder

from vibration of the other work holders.

19. A wire-bonding apparatus according to any one of the preceding
25 claims, wherein each of the bonding-heads includes an ultrasonic

transducer by which the bonding operations are performed.

20. A wire-bonding apparatus according to claim 19, wherein vibration
isolation is provided by a gap between the work holders on the apparatus

30 to isolate each work holder from the vibration of another work holder.

21. A wire bonding apparatus according to any one of claims 19 to 20,

wherein:



19. A wire-bonding apparatus according to any one of the preced
clai ns, wherein each of the bondi ng-heads includes an ul trasoﬁld}clol%[‘(réﬁ?ducer

by which the bondi ng operations are perforned. 20. A wire-bondi ng appar at us
according to claim19, wherein vibration3d isolation is provided by a gap
bet ween the work holders on the apparatus 30 to isolate each work hol der

according Lo any. GRS of o0 RDet g1 g8 sopetate Ry S B R wor

hol der rest s baseaestspar atcenbace lawer cresSissapdr at e base rests on a comon
| omer chassis, and_ vi hratjop,isolation is %chi eved by the respegtive bases

being separated MRIAIRRACKOGHIQBr IHARIQYES Pyndhe riesPesive asss P8Igr chassi s
5 by avi brats'ePQfe}t@&‘f‘r‘o?ﬁ eB8h ‘G & t%j‘!a- 2 ané f¥rh $h LBAIMGH F HdSisl OF

form ng electrical connections between a sem conductor chip and a | ead
frame, copr ibyiagibratiqrl-imsalating ratebiahd- heads each including an ultrasonic
transducer; 10 a plurality of work hol ders, each associated with a
respective one of the bond-heads, and configured to support a lead frane in

an | operativea el at! geltRdity aéﬁﬁ&riaﬁiseclfofo%’mhﬁgdel f1ordnRs@shsand the

wor k hol ders bei ng asse nto a single integrated structure; and 15 a
control | er whietweérns amengicantdwdibechip angea éeael fFamle, bomgrismgd of t he appar at us

2| cadf rane. 5i mul PUGILY §F GPReieRts SerBMaIoNAS AedueSeie tasogen ¢
synchromjgation ofy pRYARR WStk WRidersheaboRdsh&iatky with a respective one
of the bond-heads, and configured to support a lead frame in an
operative relation to the associated bond-head,
the bond heads and the work holders being assembled into a
single integrated structure; and
15 a controller which is programmable to operate each bond-head of
the apparatus independently to perform bonding of wires between a
semiconductor chip and a leadframe simultaneously with the other bond-

heads but without synchronization of movement between the bond-heads.





