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APPARATUSAND METHOD FOR | NDEXI NG OF SUBSTRATES AND
LEAD FRAMES CROSS REFERENCE TO RELATED APPLI CATI ONS
This application clains the benefit of priority to
U.S. Provisional Patent Application Nunber 60/579, 806,
filed on June 15, 2004, the.-qantents of which are
incorporated in this application by reference. FlIELD
OF THE I NVENTION This invention relates generally to
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invention relates to an apparatus and process for
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Most CSPs use a flexible, sheetlike interposer (e.g., a poI)’/imide film or
tape), having fine, flexible wiring embedded therein. The fine wirings in the interposer
end at peripheral terminals near the periphery of the chip when the chip is mounted on
the interposer. An example is the Micro Ball Grid Array (Micro BGA) design. The
wirings redistribute the peripheral terminals of the interposer to a grid array of solder
ball lands that cover the interior area of the chip. The chip is mounted on the
interposer, and the plurality of terminals in the interposer are bonded to the plurality of
contacts on the periphery of the chip using a conventional bonding technique, such as
ultrasonic bonding. Once bonded, the terminals may be encapsulated for protection
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i nterposer, and the plurality of termnals in the

i nterposer are bonded to the plurality of contacts on
t he periphery of the chip using a conventional bondi ng
techni que, such as ultrasoni c bondi ng. Once bonded,
the termnals may be encapsubated for protectionusing
an el astoneric encapsulant that permts flexible
novenent of the termnals during thermal cycling due
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bonding operation of the another work piece using the wire bonding tool.

According to another exemplary embodiment of the present invention, an
apparatus for supplying work pieces to a wire bonding machine for use with at least one
magazine handler is provided. The apparatus includes an indexer having a portion that
couples to the at least one magazine handler. The indexer includes a first conveyor

portion, a second conveyor portion adjacent the first conveyor portion, at least one
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bondi ng operation of the another work piece using the
W re bonding tool. According to another exenplary
enbodi ment of the present invention, an apparatus for
suppl ying work pieces to a wire bondi ng machi ne for
use with at | east one nmagazige handl er is provided.
The apparatus includes an indexer having a portion
that couples to the at | east one magazi ne handl er. The
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conveyor substantially sinultaneously with the second
wor k pi ece being wire bonded by the wire bonding
machi ne; | oading a further work piece fromthe
magazi ne handl er onto the first conveyor;

reposi tioning the magazi ne handl er to the second
position; repositioning the indexer so as to |ocate
the further work piece within the bonding portion of

the wire bondi WIW@B‘S@I@IPTWOV”I}F@@WIN@§ second
wor k piece fromthe second convg_aor onto the nagazi
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embsdieneit ofitheviresentfintenéiospnveyor of Fig. 5, Fig. 7Ais

a_perspefpl ¥ Yiri Ofewforltht Ehn @eﬁ,‘sm AgYsgri pper
according®to an e i me redent invention;
Fig. 7B Fig- 3Ajp spepertive ewar affiret %‘@H‘tﬂ‘ﬂfyéﬂé’ﬁﬁ'{ ageprding to an

emBbHiRRAE oﬁﬂfegir@!;é}ﬁ lﬁ\ﬁén"&Bne”bOdl ment of the present
i nvention ex ded vi ew of .a heat
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Figs. 9-16 are illustrations of a process cycle flow according to an
exemplary embodiment of the present invention..

DETAILED DESCRIPTION OF THE INVENTION

As used herein, the term “work piece” is intended to refer to any device
that is configured to undergo a wire bonding operation, including but not limited to
substrates (e.g., including substrates with a plurality of semiconductor devices thereon
or integrated therein), leadframes, semiconductor devices (e.g., dies, chips),
interposers, and combinations thereof.

As used herein, the term “wire bonding a work piece” refers to the
application of at least one wire bond or wire loop to the work piece, even if the work
piece ultimately will include a plurality of wire bonds or wire loops. According to certain
exemplary embodiments of the present invention, a wire bond may be applied to a

work piece (using a wire bonding tool) on a first conveyor (or conveyor portion), and
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As used herein, the term"work piece" is intended to
refer to any device that is configured to undergo a

wi re bondi ng operation, including but not limted to
substrates (e.g., including substrates with a
plurality of sem conductor devi ces thereon or
integrated therein), |eadfranes, sem conductor devices
(e.g., dies, chips), interposers, and conbi nations
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to %Lﬂ)&%pctﬂagg 11598 éﬁ:\hﬁ'nrg' Hebd 1038 e ARARZ Ao RAN iR res e%# €&Mhe X and Y
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ondi ng. head. struc i s _a bondi
SYREE | OISRIPE BI008 SHF 1 TH=T e ST i BB VoBgY B 116 and.
11darddergribedbeld®4 is the inventive shuttling dual

wor khol dEi:q %8@1 taegeftog?g‘vg c{{tbfgg%%yl‘ggn 190, As shown in Fig.

Wor khol d suppor
2, dinverer ystemsohtp ared 118 ace swackd peap &om eee gwpevr FUobatbét the

¢ F SRRINS 154 8hd 208 GYe Mbdifbl £h.5
cer&glz}mé% ég&c@%eﬁg&%%wduall wor khol dS; éMiOG gﬁaﬁ{bﬁ es inches

apil!ﬂic Qh%HbYef‘B?'i' i§ 79t seHiENERY oIS BNCe My heyadipgigdl as necessary to
méwﬁksh@rh d@fsndh@&nomclee@naewf ainvewwswmm 1y had1186s a fixed

ec conv 2 Syt [ '
B SN AL ATl el
assﬂriblyarsencaeeerwatédnoblelloowucm@t cgnvdylousystame@SaSIpesitioned below

boRdifl§ todi QW4OfAsQ9H®e"Hng$é/§§t€Hn é'sqgrea&ho%hgé@oﬂ ébp%b& bidek 108

conveyor st ens are spaced apart from one
mogﬁ@quyprqueﬁg faih11Q,senveyor 118 will move away from bonding tool 114

while conveyor 116 moves toward bonding tool 114. In this way, work pieces (not
shown in this figure), which are detachably mounted to conveyors 118 and 116, may be
bonded.

Fig. 3 illustrates a front elevation view of bonding system 100, Fig. 4A is
a front perspective view of one of conveyors 116, 118, Fig. 5 is a rear perspective view
of one of conveyors 116, 118, and Fig. 6 is a front view of one of conveyors 116, 118.
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center lines of respective conveyor systens 116 and
118 are desirably about 4.5 inches apart. The
invention is not so limted as this distance may be
adj usted as necessary to neet design considerations.
Adj acent each conveyor systeg-116 and 118 is a fixed
front rail 120. As shown in Fig. 2, and for purposes
of explanation, the dual workhol der assenbly is in a

As SIERINVRA g 3S ulal 8RN tbuﬁl@ﬁ&n&&?}’c@&’l@r 1%23?&*’6031@&/&&18 also
03|t|oned bel ow bondi ng t 00

Shoé?ﬁ‘p'f‘é:ég -dnd L3¢ (foreanvexqr; ]01155 ) EPO%EG[?E?)'?QL a fijlogk Rofigg of the
respEitRE cobaveyardl gd,0n@. rfrlpuitddies epthedgliowihd distubdionymnty

BT o A A 4 SR, e
14§, reotd sséypen matort h24) wiill dnerreferreditodor amlldm,mmsyecogmzed that
the@éﬂﬁﬁﬂggoﬁ % &@Bﬁ@%pbﬁ’caﬁi‘ﬁ& gllé‘r}gﬁwpd@%u?& Q@@%ﬁg |tsFésgoaated

ustr at tlon Vi ew o0 ond I Ng tem
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Conv eyor ?uuibl,@ np&éﬁtucﬁéguitmwaaroeagneétsgc?rmqtzewa avdiRtion
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coupled to thadhobsing of pelidrgyrippeettidkec ka2 aﬂ13,2|n(drtere)<eomlrzﬁyor
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Spose ron e respect
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associ ated parts screw 128, Q{E?W ass

one; g baﬁaaréqgew%‘togrotf%mﬁm Puna doub PR figker 132 slong
lea8istiel T29 yowabtithé tightssideoligiifiaee (S, etdieFigxpdAaaad BRNAs will

I le f [l
e B oL 380 BB ASELBLY BRI UREEE i or 2 won
piefafroass eudrly ofl BOrk piacksstdppeds mjte@j,{'gr[ngy/tucker 132 moves along
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mot&elthy%lpe@té& |rpéJFé\@Fdegdll—d§ﬂ6ﬁ ké Hrdvgrthelalarla?réce 'backom/l ard the
exe S | SPQS erween I al

SUPPSOTRAs e Ll SRavEy. Beteruf AR Th e Teas roiiah giay be

adjustable ih24Y dsectmmrﬁoa;tcd)mrr@detesmfkqﬁedeeaﬂ vaxyiiregw LRIBs. b detailed

des%ﬂpa&%f &é@n Hdht ‘Bib%'kaitsf 354 w«hﬁe Sh§RR& s@ww%%sb&t to Fig. 8.
actl vat ed, e 2 %

SCrew 'S suppor
end by bAkkeyadh 2 stepeet metey and Spask sszew Arg ulnuatrﬂwulﬁ@gs 4A and

6, mél |h€ér(t%fmllﬁﬁgféd ka8l ad A2s abMRehplfad tisdtrLP01eyGndBeR #hsembly,
g

for gampler iy b iseauie po s A Br war Y kbl 37 s et an

apdré8ch & ilhsstchtédingFig.S4B.0 Ak Ghawp ot Eigo#AB opulerigoipbegteker 132 is

COJ{?U‘%FE%%W%L%? ;3[' u%ﬁgﬁh%ﬁﬁ?d{rﬁ?wa %@ cla %érsg Ir:lggeratlon

wheh stappek mekascle4vik lactivased wll@ng%ﬁér@mm% @ayes fminghelt 182
(arﬁeﬂlllego%qy ﬂigrr%lt'éc@‘ﬁb ‘?JuMerf/QﬁpﬂE‘?ﬂ:th 1By a@&(yjélﬂﬂ rEﬂ’Qb8 To

nver sel * a_ wor k pl1 ece, er _not

ret!’?’ﬂp‘F'?r/@rS'@P‘é"t/B{kohl%lz %\9%%@' @PF'EB?« %ﬁprﬁg Elehds reversed.
wor k pi egig. badka tpevspectivddew P gl first@@aiplarg enitsddiment of

pulgeg'?c_il\rpgpér/?&gk%[ E%E,glf}lgaAsnsﬁoQNnFljngFlg 57A,rp {ar/gﬁbpl)er ucken%z 134
comprises fixed upper jaw 402 and movable lower jaw 404 disposed against one
another. Fixed upper jaw 402 has grip points or teeth 420 disposed along a portion of
the length of fixed upper jaw 402. These grip points or teeth 420 and the surface of
movable lower jaw 404 contact a work piece, such as a ball grid array (BGA) assembly
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adjustable in a Y direction to accormmodate work pieces
of varying widths. A detailed description of platen
heat bl ock 152, 154 will be addressed bel ow with
respect to Fig. 8 Al though a stepper notor and | ead
screw are illustrated in Figg.- 4A and 6, the invention
is not solimted as it is contenplated that a pulley
and belt assenbly, for exanple, may be used to nove

or B4 Fr8hled 6!; BR&Fdd teCkbVe thedverk pd&@an@fb thalwivaybra Fiedapper jaw

is illust

403,31 5PupIEG P F5ES punhark 18 352 145 e RN dhereelsMaghlé sppops arm 410
is shaeedvdalt fromi g dmebted]tSZuxv.d aupmdrt 48 aulgh Jp@r Idafi spring 406 and

Iow%gger uEr’r(r']Dnn 3\%@ Eea%t TM?? %r% 4&%?3&{@5%%&\)%@ %%POR%' 1'0%
artitglays inj the tZudinection éas mdgcapqﬁ bxewegdq@#ehe#atcl@dleerom)a@th respect to
fixe %?oﬁuﬁée Asa«;dchllﬁi%vaar 18 16RErYER 404! Wekdhas Ice@,ﬂéé tdIRIeEDle

its initial position, steppér motor 124 is
SURPRTAr L0, mYig "kvwspgn%yeaart%é&'re& o Wiy BFPeSt Fq figd upper jaw
402&&8&59%&;}&@@@6 TR[;'JN oﬂf;aA@%hflélrbbgj/‘el @‘Webtblmhﬁjfr 482 Jower jaws
sho in Fig pul I 'er/ gri pper/tucker 132,
40%?1)40%1%5'5 fixed upper jaw 402 and novabl e | ower

jaw 404 M @raose_dnragan emsbodimenta o effect. thEimaemenp ef mogable
supi;g?t J}ﬁ1s4ﬂ¥ 59(?] R‘fyvgf)@ I ﬁ?}c{bﬁ%ﬁ a‘éh?a‘i&sﬁi?ijs %IUQIQQ 4 solen0|d ora
of the len | aw 402 Thes

ortion
voigg £9il Hetaitis ugrd- ¢ ﬁ %zmpéﬁm emb@d@mrftae‘éueﬁorﬁééa%ﬂléposed on an
upéé?\@ervuteadwé@ég G%Qﬂ%[ﬁﬁfg mm&d@lp&@eto b:‘elaﬁh4ﬁ§dv&h|&als| in turn is
ri alrra asse yor S e
tomasas RoRRosCaTa R v Ui SRy ED o achi L, Beph 412 is

drajwmvtléldéi to shecrampk ed attwatandad is lnprpmnbvmg&uapora atrop10 downward in

thepf d %:&PJ t WR C%gf’l gﬂ‘.b.?ﬁ%@éselﬁnga% 5095%? %ﬂgxébo?;ﬁﬁq aw 402

Opemm a§pa¢edgetwe6n amrabIG\Aewen JéWf40§p¢n£@rlm98mt5L‘é%ﬁ so that an article,

suchP4s é"géA%Q@erﬁﬂQ ﬁ@&&@érﬂbt mHP‘b@kyogltl%H@@Béttwe@\Qh& ‘épenlng of
articulate in t Z directi as i ndi cat ed

UPRES AFH dOWeIawd 429|2r 80 Qnes tl?eelgﬁé&arrteooq @Q%as%eun%tﬂy)l(reot shown) is
in Plah, abtuatatcde @maéﬂeeglkéﬂl)&hedeEWnMg jafai ¢dv tlsseradixed upper

Ja\nzg(&#mtéc bﬁhg%&ueq?%& oL eﬁgg é IS du%eg\éwmregg fl@%aﬁper ng 402 and
movakleddyernjewmOdt i ng a BGA or Iead frame to be gripped

by upper Ré‘f@q' Agow td) a\efs 7é%25ecét%4e>@e°fnﬁ§§) wéf/g@.fpber/amer 132 is

exenpl ary enbodi nment

 illuRoieE| dsstigpeNp Fig: %541@5Sﬁ%f“ﬁ'ﬁ%ﬁ‘i"l@rl%mﬁr/ﬂéﬁheﬂﬁi“ y$e With the

beI&GhU@b@terﬁlﬁJst&lﬂ@Inﬂﬁg a4 ahe la@rlnﬁnﬂa"s f&e‘d(l_jrl}fpeﬁﬁvs}s 40 @upled to

- unpgr i3 4gh mRverHi PRl i SHDE F R vo Pkt Bldlet af i springs

406,mbecaupledcbetwedre et bPackeh# Zhand upperthracket 924 pbgit edmp 180

| COJA)(P?C{T&V&;HE? fg&ﬁ%ggg%ﬁt}rfgb I‘ﬂsio%é 4gg%u6‘|‘éfi ey %Fbé%“brg ket 424 and

uat or rawn cCl ose .
actyptog il G aliposer Betveen WPRETRIFFIRS 42Aistsriowar Riage %22, I operation

sndtomwtawb isrtohP@dZo QAht @8dvel Bionyhlial rdin 188I{ShoWRVIBFid. MBI
rom IX eni n
orbFRRah LTSS TRIES S0 2udCoh S & e POPRYE SRS §eagioed above

withhraspeatita@Figi ZA @nd ssindt repedte@®GAreassenbl y or | ead frane,

may be pﬁé#e“nr?&ﬁcg{/v Qc?Hﬁ?%PateQSIoSQt?BLr@ge&Tve view of platen heat block
152 is illustrated. As shown in Fig. 8, heat block 152 comprises top heat plate 200,
preferably made of a light weight metal, such as aluminum, lower heat plate 206, also
formed from a lightweight metal, such as aluminum, heaters 202 disposed between top
heat plate 200 and lower heat plate 206, and insulator plate 208, desirably formed
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upper and |l ower jaws 402, 404. Once the |ead frame or
BGA assenbly (not shown) is O in place, actuator 416

i s de-energized, thereby noving jaw 404 cl oser to
fixed upper jaw 402 such that the BGA or lead frane is
gr abbed between fixed upper-pgaw 402 and novabl e | owner
jaw 404. Referring nowto Fig. 7B a second exenplary
pul l er/ gripper/tucker 132 is illustrated. As shown in

fromil DeerdRic Btetial dsPRsad YelbW IbREF Bt MR/ A04C klﬂronlesexfeﬁ’fplary

with the S'belt dri m|I ustrated.in
embahment Ciseirs 208 o Esrabfy BYBES Mhfdlo SoMRb Ao ™ foil type
res&ﬁp@heﬁn’ n‘g:kletne4241n aadieahte alccnmplnsjhea/\sesm%lecuecrppieeaiutmramp up

b k f 0
Ty R I
configargy lmacostegesplsgdw a9a ppgeet biage kd2aiband sitq beatiskagsk202b, and
posg%@n& Qgé?e%zko ANRBESH mr@E 'ﬁ@éte@ﬁofé‘%%t E'@icoire‘m&trated it is

| SPOS bet ween upper br acket Iomer br acket
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oul R Erp i hen fidbE st/ et B85ep2 i prdieat fhe work
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208 FHna N HenPEI 03V AR P IBF B ML N 1hoae gxemplary
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in (’Fmﬁ&‘ftﬂgﬂt-'lﬁe?éﬂnd?ﬁhfpr Witk & rEQectite % Bﬁ@éc%m'nvf‘orﬁgétlb Ng12, 214,
element. In addition, to acconplish a desirable

t enper at Ut @P§TaHY M%WPMe%WPuéé”tP%aWPkbﬁndé’é% vacuum is
appiRdas adb@agpédiion b die bbﬂ@dﬁed&ﬁt’b hdl@&tuﬁr;ﬁac%%a&fsethe surface of top

SR UL oL sy R AR rtr
theAvotkanierde durimgebdndirtgearsi m@zagormsz pPO2ot reework piece from moving
dUIlIIJld ngﬁd'l gncé boAding %néo?ﬁmé Hew ¢ Pgworﬁ‘ p?é'c@gt!h% \B@@&I’ﬁrls Lemoved

to acconp ese uncti ons.

ang) i WO 6ok TAINGAGONARS 6 ARE Bonst PETHIAN &F Uhsieta ik block 152

to 34?3:%{ foy tﬁél WoBk bi@cé th@r%HbélW:&ﬂ ddwR pribheo furtret pﬁdc@gﬁnglf
pl at en

heat t K
pr epar at ?Bﬁ an 8f aBBW&\aﬁ“VgH f%s‘ﬁ?% it Qn%i %\Arggcngl\e;ggo oné another
usihgatdubstraieangthdretypeiof emeliod, taneefnsmartk mieacik beBR, bonded,

suﬁéaaue\.(mrvgorrg tp?%t%(%"o r«Je Bgﬁaﬁﬂgﬁ%@é%g rg:h%ﬁ? %E@Wkeplece is
cormyletqdn acﬁuaéﬁrqwaat warhwlawsm@vaﬂum@ pla@% as the fp'éswmlbmece is

movd aRdy Bnd tHOborlditey §tér 4 rﬂp\%cﬂﬁ mPis %ﬁﬁed"ﬁﬁtbohhﬂg khik2dbsequent
rece
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degc%gd LR Pr eheat zone and

Referring now to Fig. 9, in an initial configuration magazine handler 300
presents a work piece 302 having a plurality of devices to be pulled into front conveyor
118 of dual workholder 106. Work piece 302 will then be moved along the surface of

front conveyor 118 with puller/gripper/tucker 132 (not shown in this figure). As device
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post heat zone. In one exenplary enbodi nent, the
vacuum source is coupled to a central portion of
bottom heat plate 206 via inlet tubes 204. Each inlet
tube is coupled in fluid tight relationship with a
respective one of vacuum zones 210, 212, 214. | n
operation, when a work piece is put into place for
bondi ng, vacuumis applied to a |l ower portion of the

3omr3@.rga§.eeed aohglﬁ%nt E:r%mys.l acs .catgadew plehgateH r;fr@eeo 8bnding.
. IS Serves WO I poses
F°rt5<5’RB'|'Fétt§{r 2 wﬁ@alﬁf%’“ﬁ%&ir thisfeseription hg éép%mvegypéiés is initially

empty. i ng bondi ng and the second is to prevent the work

pi ece frpm novi ng..du bandi [

Compl et e SHE Ny 1O JRuRERee e pehiRr 08 dpE Ryt Suorihgreer
106 hre mposktnmueqceearwarmmeaj seawwarp@smhe spdhat fontdopeeyar 38 is
pos@tflor{eG%nraletaB ﬁ%‘ 164, 0 w])ﬁgplteee 3b3 %Jlﬁ’ﬁ FFJ&@Sé@Br K second work

pirece to COO prior
P'efﬁ dedislp ¢ oxdo cear @@vamsrléél Vﬂf*éﬂ”“‘f'éﬂ”%F/PiUCﬂﬂeééé% (not shown

in &%&ﬁg@éﬁoﬁ@%ﬂe@dné gnantb @dnamger using a substrate or
ot her type of co

bei ng boRRISPYEOHAEY oA - Engr ot os) et pEFRTY Pece 302 s

borptedizat @drkhGiiee 106 ndmogedforivhed $a asto pmdlorpmoeweyorsl 16 under

o PRI AL THRRMET o2 B8 1B PORY LR g
from e tanlaht)awdwﬁse applis eeing ynloséfmnﬁ@ magpeaing @Bgélquéﬂg by
puldp)dfipPb O Efker b3§f&rf9ﬁﬁ§ﬁpr6@§gsrn@blnhe§@ Bl PHRSsdeRtdctural |

es are bonded or the cess i s other
SuBSEANaNt 6Ot TR AN SR ataneepis Bt GHe R d o e g, 25

- . dis@usted abaleg@s avorb pikcbsbdws béted enfoadgd itaweb ehrieugh aSontrolled cool

okl L AUEAERISRE, B2l 7o NG e

avi ng
pul | ed i As shdwroint FIQoh&@ﬁdﬂortmec@fwduglbemm{h@ﬂsd@ci a tigied work

b.e)!@ébe B 5800 ok cHREIOP €SNk BN k! 2507

front conveyor 118 with pul er/grlpper/ er 132 (not
prefRatie PO tRiRONAINGur e) . As devi ce302 is being noved

al ong frmhhcﬁmnmemgf, UL 86, driceitBe Rt AEvipE ehﬁa:tmﬁewwr is

oo B0, G, TRl eabg e 1 B BE G g1 uncer

boredripead 10% Ahisivawn im g gl 5,18, wirbtpieceed szt iveingamdéessed3(fBoving
froﬁwnlgftQU?{gh‘gO%h?LQ@é 369% ééﬁ? Lﬁl%gééé IRb 'n{anaE.g@rhWﬁaférbeo by

I On so conve

PullssAariAPHErkan 424 faid| Hﬁhﬁ"e%fec‘isﬁkﬂg A@‘%?(‘W PrE&eese3@ecy’s

suthx@ArGip @ﬁ@ﬁ&ﬁﬁ‘ple&lﬁ%ﬂﬁﬁl@ar\/&ﬁg v@ﬂh&ﬁ‘% é%«ﬂhérs Fluetaa@edand as

ont o rﬁar conve% t uc g
cisgsEd Gt SF T P 2t e epB SRRy dHRg pialgP 3 cgrraled coo
dowo madiila gpassisg evevpost-hedt e ahdl meldeathnenf:beattp&)atleaaEZ Next,

anéj §¥ 'ilfil@trg{efivmwgqr gleegg g?&%sé 8{!91%% gH%orK\%r&?%@gﬁ{]aégﬁher

I on conve

woﬂbwecmé%l is]tgdng Ingdedh onke fear mryevqall%@r\nmqessrsn%ce 304

i's bei nngﬁiE‘b?@c%§§H1a§/rBéVHeBQatteH Qe desifdd &ilraNrk pid¥RE Kontained

iece 302 is beln% unl oaded i nto magazi ne handl er 300
in gazine handler 300 are bonded. Thus, as can be appreciated, the exemplary
system and process increase throughput of BGA and/or leadframe devices.
Although the present invention has been illustrated primarily with respect

to two parallel conveyor systems (e.g., conveyors 116 and 118) it is not limited
thereto. Alternative arrangements of conveyor systems (e.g., non-parallel) are within

the scope of the present invention. Further, the present invention is not limited to two



pul l er/gri pper/tucker 132 for further processing.
These two processes occur substantially, if not

conpl etely, sinultaneous with one another. Further,
and as di scussed above, as work piece 302 is being
unl oaded it goes through a-cantrolled cool down while
passi ng over post-heat zone and preheat zone of heat
pl aten 152. As shown in Fig. 13, as work piece 304 is

SRS rin€S th hdoré @ @MHrfanged
conb?%dg? ?gﬁveyorgl'?ge\;w\natrﬂa gié%r/g rggrgytuéke Sfr noe

with respesk forfyWpeibspding Sm%fﬁm W@Y RPTR ari'qweﬁﬂic'gg 14 16,
once t healtiasighday irh@nfbn mnkstmte@enaaésdraaehmd@d,wmlur&rerence

ho t
o BBHOE FaPoTrE e Bindoh B iniroRe B pp InP R il oqns
shoag. WRatkemp ivedeussMddifisatimismgay be cesiedd tl(\erdeuang WIitlhmrtHeatDpe and

rarbl of sl K LBER Sl o RABAE A0S Nons,
further processi ng. These two processes occur
substantially, if not conpletely, sinmultaneous with
one anot her. Further, and as discussed above, as work
pi ece 304 is being unloaded it goes through a
controlled cool down while passing over post-heat zone
and preheat zone of heat platen 152. Next, and as
illustrated in Fig. 16, as processing continues on
wor k pi ece 306 yet another work piece 308 is being
| oaded onto rear conveyor 116 for processing. This
process may be repeated as desired until all work
pi eces contained in nagazi ne handl er 300 are bonded.
Thus, as can be appreci ated, the exenplary system and
process increase throughput of BGA and/or | eadfrane
devi ces. Al though the present invention has been
illustrated primarily with respect to two paralle
conveyor systens (e.g., conveyors 116 and 118) it is
not limted thereto. Alternative arrangenents of
conveyor systens (e.g., non-parallel) are within the
scope of the present invention. Further, the present
invention is not limted to twoconveyors. For exanple,
in certain arrangenents three or nore conveyors
arranged with respect to a wire bondi ng system may be
practical and efficient. Al though the invention is
illustrated and described herein with reference to
speci fic enbodi nents, the invention is not intended to
be limted to the details shown. Rather, various
nodi fications may be made in the details within the
scope and range of equivalents of the clains and
wi t hout departing fromthe invention.Wat is C ained:
1. An apparatus for manipulating a work piece in
connection with a wire bondi ng nmachi ne including at
| east one magazi ne handler and a wire bondi ng tool,
the apparatus conprising: a first conveyor system
configured to receive work pieces fromthe at



| east one mmgazi ne handl er; and a second conveyor

system configured to receive work pieces fromthe at

| east one magazi ne handl er, the apparatus being

adapted such that the second conveyor system prepares

a work piece for a wire bondilng operation by the wire

bondi ng tool concurrent with the first conveyor system

supporting another work piece during a wire bonding
WhePRdiifeR: of the another work piece using the wire

bondi ng tool. 2. The appar at us f claim1l wherein each .

of the first AbARRAEIHSS)manPaIRIne N ARG BaROBSEN with 2
wiré yehding atazhmenhtlgding éit leasbenermagdzihe thamdiar §d aavifd batding tool,

posifion d cent the wire bonding tool for the wire
the a@ﬁafaﬁus ((:DC’E)}E_WZS[l$ n, and (2) a second position away from

the wi rea Hongpmeeypoeysters comhigurag saireqeivs workaliedemfrom the at

[ ng at | east one heater disposed

uea%dcf#o %%eyhm Lakng P

I rst conveyor system and the second
conveyor? 859N FPNYRYET RAEE®; Gonfigered Ip ARCRI (R WP Rigkgstien the at
leagtlsH rha@ézutéﬁlearﬁﬁ@rpﬂde @@ava)agroemgﬁd%mq@ranartﬁa mbeemmk
| east_on

corbgyor Sy SRerT BIRPREER 0 o s fob aire bobind asRfish Bl T wie
boreligy toollcorarrentiwitheéha fshicatveyor sysdempupdorting anoteer wdrle piece

durHc_;(MaﬂN EHIREN op%ymo%ref%&gﬂ&%%r @ofl Bégog@hg e a8 HoRling tool.

reb eration
concurredt wthe W’F@f@,telé 6hd a%ﬂ%%ﬁ'“s%f‘@ﬂ%ibﬁb@'?wm
sysfer @@ Me ¥W&okd Qbﬁ\‘?@yoﬂ'sl dt89 a¥e\tbhfgfred & Be nﬂﬂeﬂ Qfetv@é’éno(fl) a first
t he second wor g tfhe ereg g @3
posiin SR SHS piva R dmadto L Po A Ve PARTPS BPratanFid
secoad posiyish awafloforrptlmvwlde bondinpsdéanti al | y hori zont al
motion o @Q@a§ﬁ§ chItan'n I CR RS naﬁl? ct)llﬂﬁri%[; &t least one

bondi ng rrachleT parat us o
heaetelrdcuItsmsﬁéluejpvctimfrrsbqtmemorfsysm gnd g m}oaéw'@\@yor system, and

whERHEEH! 3pp QP&HG;L %%Ja‘ﬁtéd@cﬁ'tﬁﬂ th@%&&%@&or@l‘%r@%@ﬂq prepares the

conf i ured first Elece and. nove
work pigge %P‘k'eﬁ?te%’@ %ﬂ (ahae%tﬂéa Wervgqr PIgReRrde) gs}%&'%m?g thgwork

piede.second gri ppi ng devi ce noveably coupled to the

second conveyor syst madcof| ured.,tao
wor kK pi e‘g'e angh ear?eWEJ Eé'@brﬂ erﬁ'npthgcé’% ag%sg'staﬁgsﬁ% such
thas dlooficst comweyposystsm treepards a firstapphimégcedorf @ wirelgppdinigraperation

by w%.relb‘saaaﬁgwou%muk rgwam e gae&m &ﬁwE%r YsRnd fhoiting a

[ 'east one azl ne t he appar at us
secopAMiorks piege aHrn@ever bendjachaparapien of Hif seretd wetkies pithe
wirtRnaihglteast one nagazi ne handl er, the indexer
conprisi Eg aTrfmeI 55’5ar§t%2"‘?¥%1m Fiorédltloriaﬂy comprising a slide rail
system for providing substantially horizontal motion of the apparatus with respect to
the wire bonding machine.

6. The apparatus of claim 1 additionally comprising a first gripping
device moveably coupled to the first conveyor system and configured to grip a first
work piece and move the first work piece along the first conveyor system, and a second
gripping device moveably coupled to the second conveyor system and configured to
grip a second work piece and move the second work piece along the second conveyor
system.

7. An apparatus for supplying work pieces to a wire bonding machine

for use with at least one magazine handler, the apparatus comprising:



a second conveyor portion adjacent the first conveyor
portion, at |east one heater disposed below the first
and second conveyor portions, and at |east one vacuum
di sposed bel ow the first and second conveyor portions
to maintain work pieces agaifpst an upper surface of

t he conveyor portions; and the first and second
conveyor portions being configured to receive work

pi eces fapindeh& ueatv.rlgeaebrtemaﬁamue%&oha@at Riast Mbemegaz.ne
t he apparatus is configured to | oad a second work

hanglesc egRESXar 1feMPEIEHAH conveyor portion while a first
wor k pi ece i sah@itrgnadyot pasionpne of (1) heated by the

at | east one heater ar (2
bonder. 8. Thd %Cﬁﬁg 8?"%" of)o[:tlog'i n@é}%mgelféef"lsp? %nveygr pomon'
apparatus is aidaéstgxmledr@at&y dispobéd helpy the fiesttand seicongt conveyor
conveyor portb&ﬂ ﬁg Hhe second conveyor portion such

ycle

that during a the first conveyor portion is
moved into a Iﬁ@?:t 0@694399% ditresed Belgprtke Hirdca@dgiscenbconveyor

first conveyoporBBhd tdPmaintainiidk pistdedgdistt dituppdraurface of the
bondi ng machi ne and t he secogd conveyor portion is

moved to a setBNEYYFATPVn A8 receive a further work
pi ece fruowm firbearat sdcead;torwworragawnslbeﬂngrcdh&gqredrh@l réc@)ve work

pleI:e]sefr%ﬁq:RQ Fé%@tvcfr?;eoﬁlfaQQ{ ﬁé RndiSr.moved into the first

ere wor K pi ece on the second
conveyor wperein &e ap@awtue'waeweﬁ;ﬁoﬂw Pe@NH YRTK ipce onto the

sec@ﬁ@ Qbﬁ\ﬁay@ﬂﬁoﬁti’&ﬁ viHiled fn%@ﬁ%ﬂb’@u@c@%%én atl IBasiHRMA(Q) hBsted by
pOSItlon to rec$ﬁ §?¥ a fur eé wor k p1 ece
thef‘?td?ﬁ'sf Rae heater 95 (2} yice ) P tEaNe 8PNdY:  The
appar at us. of Theapparataddif clabnd Wiereonbhiei sppactas sl dodfigured to

crlh A3t BRSOt R AN Ao B5KEh sy war
durmgdicyde (10theThet eoppaycrtrostias ISc,maYem intel firstiroaidionywhere a work

p.eeganrtﬁéh&g cBnidybP bordfoh AP Wite sé,ﬁué& s¥ @Pé’ﬁ/ﬁf@lb%ngﬁﬁ nh&ql\.rt@and the

first conveyor portlon and con ure % g
seqRBf IOV RYEE PARIPNTIH IO VER &0 iSRS QRSO feerC%'h%a ftQgr work piece

frofOtMé &Y Odaspohé h(a@az.ae%aadleemokzg Itlh@@éd@gd deWes,er port:on is moved
second conve

. b
i e Pk esioeh Gere,he P EHERRAIFE S SecBRe HEDe pportion s
wirkubohHed bwb'“é(WFIB éioedlabon@cmrteearsetmrfdst:mwempqmm isomoved to

theléecoﬁd %ﬁjt@ﬁec@fv ‘?Iepgrf’ﬁirgl%} \Mvwlé) %on thht ?é%&t z?’rieet Magazine

mnre ng nac i'ne Ing too
hawﬁﬁhod conpr|3|ng (1) wire bonding a work piece

supported, by anéh .@araﬁgmfemﬁ Padditierally ToRrising aiide rail
oree e A e gl e PRyt el Ao o e
wirgddohdinig machine.

10. The apparatus of claim 7 additionally comprising a first gripping
device moveably coupled to the first conveyor portion ahd configured to grip a work
piece and move the work piece along the first conveyor portion, and a second gripping
device moveably coupled to the second conveyor portion and configured to grip a
further work piece and move the further work piece along the second conveyor portion.

11. A method of wire bonding work pieces for use with a wire bonding
machine and a wire bonding tool, the method comprising:

(1) wire bonding a work piece supported by a first conveyor portion using
the wire bonding tool of the wire bonding machine;



10

il

12

6 during step (1); 7 (3) noving the second conveyor
portion to a position where the further 8 work piece
supported by the second conveyor portion is adjacent
the wire bonding tool 9 while noving the first
conveyor portion to a positipn-away fromthe wire
bonding tool; io and H (4) wire bonding the further
wor k pi ece supported by the second 12 conveyor portion

using t h@)‘NeEﬁn&Q"f@r‘tﬂ& \I/&‘Rl pieck sbipportb® b?%@%@gnd)f:orﬁ/'e%r%ortion

11 wherein step (2) further conprises a ' east one
durisrg e (Posi ti oni ng the work piece supported by the

second C@)\‘ENOhg B $dcORd EonvByar PEreidR e briosRdn pasre ki further

t he secqnd. cqpv portion or lving a .
woRit i BB Rk i ereope Boa b aichat s Rrl! €8 afrmyponding tool
whitomoeingrthe dirgticonveybr partiohhte anpdditiah away framnhg Wifeubgriwémg tool;

&onprising 2 (5) receiving, at the first conveyor
portion, yet another work piece to be 3 supported by

the fi rs€4)owm/b@nﬂ'n93metfuﬁherawpé<r plgfeewquytedzb»'(tay second

corﬂ@%rtﬂd?ﬁbmGSIEBQhé’ﬁﬁre%ﬂﬂmgrtoM\prk piece at a
pr edeterm ned_| ocation o first Cog} ﬁé&\ port on

after stbp (5)he BethRd Hé 'mn]g1 WH%r%fteBr( efGPpPrises at
leaftl @eofqR) bbﬂtlémlhgth@(&ﬁmmedfe fqpbited byfthe sedbnate@pvéymy portion to

a p&esc{jert]ernfrﬁgd SItIO bgﬁ]gl n&c%) fé‘(’g}eggpg&%gb oﬁq%ﬁ?@lﬁﬁiiva&uum to
thetmrhonbdecaumq@pql DV tloe Qﬂmkd SPRGYSr pPortenwi re bondi ng

machi ne, ;2 t hendTRiBQ SFUER £1 Alihe? cBmphiBihgi al i zing a
magazi ne handl er and an indexer into resFectlve first

4 positi endecavigy, alohgifiiR) @y eYEPoRiin Y5 BRYFNET ATk Rgce to be
suﬂm&@alw&hbamlcahv@mr@omc‘rﬂ dfedr sGec@)yeyor portion of

to a seobnPopbbinec I3 ayPeb e o Ao Phgef s location on
thesfirsasoriveydropatien after $tep¢8);wor k pi ece w t hin a 9
bondi ng rﬂe'aﬂﬂg%e ?ﬁ@aﬁ’&tﬁ& \p&ﬂgﬁé’& MQ &’coq-noeyec)r portlon after

| oadi ng secon lece onto a secon conveyor of
stepHB)jigndlexer 1 1 substantlally si mul t aneously with the

first wordy ir€66ndifg Bk YétraR o dami Pleck Gingithe wiz bonding tool
bond|Q% machi ne; 13 f) repositioning the nmagazi ne
afte 18P &F)-t o the first position;

14, A method for supplying work pieces to a wire bonding machine,
the method comprising:

a) initializing a magazine handler and an indexer into respective first
positions;

b) loading a first work piece from the magazine handler onto a first
conveyor portion of the indexer;

c¢) repositioning the magazine handler to a second position;

d) repositioning the indexer so as to locate the first work piece within a
bonding portion of the wire bonding machine;

e) loading a second work piece onto a second conveyor of the indexer
substantially simultaneously with the first work piece being wire bonded by the wire
bonding machine;

f) repositioning the magazine handler to the first position;

g) repositioning the indexer so as to locate the second work piece within
the bonding portion of the wire bonding machine and locate the first work piece to an
unload position;
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14 g) repositioning the indexer so as to |locate the
second work piece within 15 the bondi ng portion of the
wi re bondi ng machine and | ocate the first work piece
to an 16 unl oad position;h) unloading the first work
pi ece onto the nmagazi ne handlger fromthe first
conveyor substantially sinultaneously with the second
work piece being wire bonded by the wre bonding

machi ne; anIJ)ébﬁ'f% B st NBFIJ"&Ecé’\E’ﬁtB tRL 8¢ abin@MahBRr from the first
magazi ne ‘handl er” onto the first conveyor

conveySSUPsaRially TiRwItRRtRE I th Siripesend eﬂvolrha'eg%l’swe wire bonded by

theﬂﬂﬁé borfing KachigpoSi t| oning the indexer so as to locate
the furt k thi n .t he bondi
the wi o IS "RHER ALK PR Fof (1 BaaTeE P Sohgne frst

conweyde; pi ece fromthe second conveyor onto the nmagazine

handl er §4@@Jsﬂmn'r§é r@éq;ggmde%%ﬁtx tmg&b g@w.&her

wor k p| e wre
machi ne. k)l@PO%@'ﬁ@tWﬂ)'@dQWcﬁooﬁsﬁg leGate (ha farther WIO[# pigeg within

the%ﬂ'@frﬂgsdd?'goﬁ 8P@RWIRIbSIRRS mAkhihB! 8@ | ) as desired.
16. The net hod accordlqy% to cl ai m 14,

ot 1 <1 MM IERAIrg e SRR AT RIS R e SECoRB cRnyRveEanto the
magéztueer hiarlitﬂetfsubstanmh)kgmmeemsw aitattee fvthdriwork Iptece being wire

bon e?q)a/:}g e CPnl?jmgtrggg'ﬁné_N re bonding machine. 17. The

accor ai'm 16, further conprising
successi ¥®ly Tfeametmg a&n@rdrr@atpmlqnhy,tfhéhe@@qmnsir@g tapeating

stepd EPthr¥@yiKi)Ris@esir&p various portions of the first work
pi ece are noved into and away fromthe bonding portion

of the wibe bH??d'i“ﬁH‘OHE?éﬁ?rHé“g tpeclaimh 4. ffthencorardying arplying a
vaduQntloahenfikét, wérktrpidrerafiee o fist M@rik pieey isigcdtbeé withonitHe bonding

portif:n?@f%hheewfrle rbgﬁdl\lll\grr#acgin%ce prior to step (h).

17. The method according to claim 16, further comprising successively
removing and reapplying the vacuum to the first work piece as various portions of the
first work piece are moved into and away from the bonding portion of the wire bonding
machine. ‘

18.  The method according to claim 16, further comprising removing

the vacuum from the first work piece prior to step (h).



