W RE BONDI NG APPARATUS CROSS- REFERENCE TO RELATED

APPLI CATI ONS [0001] This application clains the
whewehs40of U. S. Provisional Application No. PCT/US2005/045320

60/ 641, 362, filed January 4, 2005, the contents of

whi ch are incorporated herein, by reference. FIELD OF

THE | NVENTI ON [ 0002] The pres% invention relates to

wi re bonding equi pment used in seniconductor

processing. Mre pWﬁ'ﬂEﬁﬂbﬁHIWG ABPARNGt 1 nvention
relates to a materi and| |ng systen1conponent of a

W re bondi ng OF _THE | NVENTI ON
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60,464dl,13332r ifits) Jdnnary ©f 2005, kievcdatoms, of BAictSarehinwarperated herein by
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wi re bonding process is performed with the |ead frane
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[0004] In conventional wire bonding equipment, the material handling system
typically includes at least one magazine handler which holds a stack of lead frames.
Lead frames move sequentially from the magazine handler to the bonding station along
a support structure including, for example, a pair of rails. The wire bonding process is
performed with the lead frame positioned at the bonding station. Following completion
of the wire bonding process, the lead frame may be returned to the magazine handler.

[0005] Typically, each lead frame is pre-heated prior to the wire bonding
process. The preheat process is typically performed with a pre-heat block positioned
intermediate the magazine handler and the bonding station. The lead frame is brought
into contact with the pre-heat block, and is heated to a temperature of, for example,
approximately 160 degrees C (320 degrees F). For example, the pre-heat process may
take approximately 15 seconds to complete.



approximately 160 degrees C (320 degrees F). For

exanpl e, the pre-heat process may take approxi mately
wQa200sm8mds to conplete. [0006] | n a conventi oPEl/UBRO0E045320

bonder having a single magazi ne handl er, the pre heat

and wi re bondi ng operations are typical I y perforned

sequentially, and thus the tofal processing time for a

single lead frane includes both the tirre for the

heat .operation t
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i nvention, a wre bonding machine is provided. The

Wre bond| ng mcrﬂﬁ@lﬁbﬂﬁ'ﬁ‘a@s@ﬁ quifgy@mﬁg,\; structure

for supporting a work piece, and a pre-heat
structure for supporting the work piece during a
[090Z1heat Aspeiditd ran Txamplpey. ¢rebedigept et theereeeidveatips, a wire

bofdind hESRRELs ProvitBe FHEMMetbonldindgCinbERRne includes (1) a support
structure for supporting a work piece, and (2) a pre-heat structure for supporting the
work piece during a pre-heat operation. The pre-heat structure is moveable with
respect to the support structure.

[0008] According to another exemplary embodiment of the present invention, a
wire bonding machine is provided. The wire bonding machine includes (1) a magazine
handler, (2) a bonding station for wire bonding work pieces, and (3) a material
handling system for supplying the work pieces from the magazine handier to the
bonding station. The material handling system includes (1) a support structure for
supporting a work piece, and (2) a pre-heat structure for supporting a work piece
during a pre-heat operation. The pre-heat structure is moveable with respect to the

support structure.



[ 0008] According to another exenplary enbodi nent of

the present invention, a wire bonding nmachine is
w@e@eiogiaos The wire bondi ng machi ne incl udes (BQT/ES2005/045320

magazi ne handler, (2) a bonding station for wire

bondi ng work pieces, and (3) a material handling

system for supplying the work-3i eces fromthe magazi ne

handl er to the bonding station. The material handling
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supporting a work piece during a pre-heat operation.
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wever, that this invention is not limted to the
preci se arrangenents and instrumentalities shown. | n
t he dFigwiigBerspegiverview oparnopiéan phewiredwndingaanparatusin
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exenpl ary enbodi nent of the present invention; Fig. 2A

Is a ,erigect ive view of a _novabl re-heat bl ock of _
the wPeDimUPRGPEFDE YRYL Grmpyaple pre-ifkoghef the wire bonding
appavatabbeFipr & Whate thkonkvdablshreviedt bickkfis sisdwiP A kit®Dosition

en‘égg?ﬁgglﬁ{hvg guzpﬁggt?#&gcgrt structure; Fig. 2B is another

per V/ifew of the novabl e pre- heat bl ock
of Fig. 2A, where a lead frane is shown adj acent the
noveabbe2Biseanngber pdrtiskperbpartive Ciavsofafetrhevable pre-heat block of

i j ' f: - bl ac f. . Fig.
5D RREHE R Bl LG SRR QRSB St
second position rai sed above the support structure;

Fig. P9 76 isspnatherypgsepegsive tviayeof hevineabieprarbeattiiieck of Fig. 24,

widre the alovBhine loré@heki BlociklB shORATR al R8oMPYEMIS S rfl&r ARAL the
ock is shown in the first position supporting a |ead

bl
SUPPATrEITUSHE®IFi g. 3 is anot her perspective view of the
novabl e pre-heat block of Fig. 2A, where the noveabl e
pr e- héigt 2blisatother pdrepectiva vidneostheanely 00s pid-AeatrBo&est Fig. 24,

wr?epg\{ﬁe H&%eable pre-heat block is shown in the first position supporting a lead

frame; and

Fig. 3 is another perspective view of the movable pre-heat block of Fig. 2A,
where the moveable pre-heat block is shown in the second position raised above the
support structure, and a second lead frame is shown adjacent the movable pre-heat
block.

DETAILED DESCRIPTION OF THE DRAWINGS

[0010] According to certain exemplary embodiments of the present invention, a
bypass system is provided which simultaneously allows (1) a first work piece to be wire
bonded, and (2) a second work piece to be pre-heated. Further, according to certain
exemplary embodiments of the present invention, (1) the first work piece (after wire
bonding is complete) may be returned to a storage system (e.g., a magazine handler)
while (2) the second work piece remains on a pre-heat structure.



support structure, and a second |ead frame is shown
adj acent the novabl e pre-heat bl ock. DETAILED
WOEBCRSRI ON OF THE DRAW NGS [ 0010] Accor di ng POI/US2005/045320
certain exenplary enbodi nents of the present
i nvention, a bypass systemis provided which
si mul taneousl y allows (1) a first work piece to be
wi re bonded, and (2) a second work piece to be
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to transgort ead franajs 90 bet wee

eI £0 RAFIP ShE 2 ReBb iy =GTRIS 1 P30, SUghure 42 incudes
firshxeanpsleeondyrailp garanti24d eseermgHZBad Suppor\erdcead 4er inBaePfirst,
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endBY 8i¥EYrt sf@d’tu@@%]@ce@j}%grﬁgééf&?ﬁw %eg‘@s&%t Y983 is

first and second rai’l
intefiperirte fust and Wyird seotionscd®iaed 52i rst, second and third

sections, 48, 50 and 52, respectlvely. First section
[0d83]s at B@péés@&éti&ﬂ@b is provided as part of conveyor assembly 40. Bypass

station 60 is located within second section 50 of support structure 42, that is,
intermediate magazine handler 32 and bonding station 20. Bypass station 60 includes
movable pre-heat block 62. Pre-heat block 62 is, for example, a resistive heater
capable of heating lead frame 90 from room temperature to a fully pre-heated
temperature (e.g., approximately 160 deg C (320 deg F)) in a time period of, for
example, approximately 15 seconds. Pre-heat block 62 has first face 64 upon which
lead frame 90 may be positioned in a pre-heating position. With lead frame 90
positioned on first face 64 in the pre-heating position shown (see lead frame 90a in Fig
2D), heat may be readily transferred from pre-heat block 62 to lead frame 90.

[0014] Referring now to Fig. 2A, bypass station 60 including pre-heat block 62 is
ilustrated in a first position (a “down” position adjacent rails 44 and 46). In this first
position, in the illustrated exemplary embodiment, tabs/ears 62a and 62b are received



of support structure 42 adjacent nagazi ne handl er 32.
Third section 52 is at a second end of support
W@ R00608M40£ 42 adj acent bonding station 20. Sech@mUS2005/045320
section 50 is internediate first and third sections 48
and 52. [0013] Bypass station 60 is provided as part
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ock 62 in the first position. [0015] Referring now

5% BfWF@)OrtZ%rucé'i(érﬂ?-l ary lead frame 90 is shown traveling
toward (or away) from pre-heat bl ock 62 of bypass

[0018F on 6GPre-¥ae bluerts2bik edvedbdtnednitirsfirst 86d se@d@a fBitions, for
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alﬁjﬁﬁ%@ of ?l‘é ﬁefc‘blo&%ﬁurﬂbo%véﬁeﬁ géwe%Qtﬁ@ﬂrs%th S@ﬁ

firs ﬁOSItIOﬂ %cﬁl‘e- heat | ock 62 is neste
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i nt'o

ond section re
be?t 3r|ven systems, etc. Sm Ig%e substituted for lead screw 78 an% motor 80.
[0017] Referring now to Fig. 2C, pre-heat block 62 is illustrated in the second
position (an “up” position above rails 44 and 46). In this second position, in the
illustrated exemplary embodiment, tabs/ears 62a and 62b are removed from apertures
44a and 44c defined by rail 44.

[0018] Referring now to Fig. 2D, pre-heat block 62 is illustrated in the first
position with an exemplary lead frame 90 (i.e., lead frame 90a) positioned thereon.
While any type of work piece is contemplated, exemplary lead frame 90a includes five
(5) semiconductor die 90al, 90a2, 90a3, 90a4, and 90a5.



heating position. Simlarly, in the first position,

| ead frame 90 can nove fromthe pre heating position
wawag/081om second section 50 and pre-heat bl oCRCBRSING/@15320

third section 52 of support structure 42. [0016]

Pre-heat block 62 is noved between the first and

second positions, for exanpl e;6-by |inear actuator

assenbly 76 (see Fig. 2B) which transl ates pre-heat

bl ock 62 vertically. near tuat or, assenbly 76 ]
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wéﬂ%gﬁ\% \X}PH j W%Ngg‘aoérﬁc L?g é)gbr%‘t‘:@g 'az:‘ug;@\ﬂﬂéheﬁyé Qltsg QOmpleted
theawiie bqa,r@ﬂmg oper@tien onves fignaRondioa Statdnad, aciegs the third section 52,
thoflfh {HAEL2Indbddiioh SodteR URgbLpI-fear blodkb) NEind & hrough first

position, pre-h i s moved away 'from suppor
sestipR dB asdt FEIUNS taw%ﬂﬁzmerf@a@ﬁrvazr OX5h N CElaat FrRATFRS0b clear of

se20Rd bectAvsD for&ReBOPIdLING2 $4 &Fok/@dﬂ (29. tl&N@%ﬁ??—ﬁoHﬁthe second position
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section 48 and into the pre heating station at second section 50. Thus, the wire
bonding operation and the pre-heat operations may be carried out at least, in part,
simultaneously, rather than sequentially as is the case for a conventional wire bonder
having a single magazine handler. Thus, a significant amount of time is saved in

comparison to conventional techniques.

[0021] Therefore, a novel wire bonder apparatus and associated wire bonding
process are thus described which provide improved processing efficiency for a wire
bonder equipped with, for example, a single magazine holder.

[0022] Although the present invention has been illustrated and described
primarily with respect to a single bond head wire bonding machine, it is contemplated
that the teachings disclosed herein may be applied a multi-bond head machine (e.g., a

dual bond head wire bonding machine). In such a configuration, for example, each



position, first |lead frame 90a which is to undergo the

W re bondi ng operation noves from magazi ne handl er 32,
W@®6/084pport structure first section 48 to sSUPPDUS2005/045320

structure second section 50 into the pre-heating

station. Pre-heat block 62 is then transl ated upward

into its second position, and#irst |lead frane 90a

undergoes the pre-heat operation. Wile pre-heat block
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second. section

mBYY sl PR-PETEER R 183 5 ol tpoot ke (2 Mpting the pre-
hdabhsbuptuise tip @nd abebtmalisig oftthe soppaOstradtutd)@swidlieas many other
on. Sinmultaneously with novenent of

(ﬁ ﬂ#“ﬁggﬁq#?%%e 90a into bonding station 20, a third

| ead frame 90 (not shown) may be noved from nagazi ne
[0024d| er 3Hthoyehdke irviention bas beendeRkriaad andiltustiated with respect to
e>@ﬁ‘?p15?§%‘i‘r'\tﬂﬂinﬁ&r?&'t9é\‘e§¥ ltsﬁﬁﬂlﬂbéﬁﬁ&é {bo!éou t-mgt? skififfin the art
wi re bondi ng operation the pre dperat ons
thplethedPragel Yarious gher qhang%ﬁ,tomlgs'm arghedslidons may / be made
theliend tHERBLS QANBHE partinY fRtn kise 18t §3P Scdpllofdhe present invention,

conventional wre bonder having a single magazine

handl er. Thus, a significant amount of time is saved

i n conparison to conventional techniques. [0021]

Therefore, a novel w re bonder apparatus and

associ ated wire bondi ng process are thus descri bed

whi ch provide i nproved processing efficiency for a

wi re bonder equi pped with, for exanple, a single

magazi ne hol der. [0022] Although the present invention

has been illustrated and described primarily with

respect to a single bond head wire bondi ng machine, it

is contenplated that the teachings disclosed herein

may be applied a multi-bond head nachine (e.g., a dua

bond head wi re bonding machine). In such a

configuration, for exanple, eachbond head nay be

configured with a bypass station (and its own magazi ne

handl er)



such as those described herein. [0023] Although the
present invention has been illustrated and descri bed
w@eoorasi4hy with respect to a noveabl e pre-heat PCT/US2005/045320
structure (e.g., pre-heat block 62) which noves
vertically away froma support structure, it is not
limted thereto. For exanpl e, "8 certain
configurations, it is contenplated that alternative
W%HI%@A’IPMDPG utilized such as (1) lowering the
pre-heat structure away fromthe support structure,
(2) nmoving the pre-heat structure t o a side of the
suppor tl- sfmie Randing mpching ica@prisi@dpr e heat structure
up and then to a side of the support structure, as
wel | ag ¥reQ@kfREurd 96algpdttiniPh Wk Sand 0024]
Althoughgt?ﬁe i nvention hgsp%ber‘egr)] desc?iﬁgg'da%dnd
exenpl ary enbodi nent s

illustrated with rezgrect to e ”R I r

t her eof?, P'RENSGh U HEUFe U mYBPRT I Fhe Yok Bisee Skring @édprerheat
ofienatiar, tthé ped-hédtestiuet @@Banty Mddeats Withsreohdte to ERABEGSRRrt structure.

om ssions and additions may be nade therein and

theretg, Wt ting,fromthe irit d scope of .

the. or Zsetle VRE LaRRER T ® iy FRikeran B sRnhEsicture i
canigdiedgorrappoméhe viops peceguriag stifgpstr 8 psttiancdfur ofion between a
magLRN Eéﬁlﬂe@eﬁ@é %i@'b%%ﬂingagggti&.pr e-heat structure for

supporting the work piec uring a pre-heat operation,
the pre-heat structure being noveable with respect to
t he suppothte Wire hepdipg machingef dfgirme2 Buthfirrmgmasishigregtipper for

prolRing the Waedd &F thBenSEtIBStvesh tHE Hidg8zihe naRBikF 9HE 85k hiite

bSu ort the work piece during at |east a portion of a
Or%’E 1Pt ween a magazi ne handler and a wire bondi ng
station. 3. The wire bonding machine of claim?2

f urt hen. ctimpwirs bongdiag ma’hth&foffdwmpr ﬁbeﬁimmd bﬁ-ﬁeﬁittsit@lﬁture is
) [ en the zi ne handl er and the
Co\g/)]\nﬁ?{é'ggotgg)i nr§g§$§b¥§en&e4s.“pi’ﬁ§fgf&w Y"Bondi ng nachi ne of
claim1 wherein the pre-heat structure is configured
to be PaiBedvishberdinheashipemficlamrdtirties cotprifing aweartical

acRegl Y rFBMPItRE ng-Pgé@gtmc%u e WHoEthE Ql.ﬁ%oirfét@?ctere.

vertical acftuator tor ralsing the pre-THea ructure

above the support structure.
6. The wire bonding machine of claim 5 wherein the vertical actuator

comprises at least one of an air cylinder, a pneumatic cylinder, a hydraulic cylinder, a
belt drive, and a lead screw.

7. The wire bonding machine of claim 1 wherein the pre-heat structure is
configured to be raised above the support structure such that another work piece,
already wire bonded, may be returned, along the support structure, from (1) a wire
bonding station of the wire bonding machine to (2) a magazine handler of the wire

bonding machine.

8. The wire bonding machine of claim 1 wherein the support structure
comprises at least one rail, the at least one rail defining at least one alignment
aperture, and wherein the pre-heat structure includes at least one tab configured to be
received by the at least one alignment aperture when the pre-heat structure is
positioned adjacent the support structure.



6. The wire bondi ng machine of claim5 wherein the

vertical actuator conprises at |east one of an air
w@iobm8B04 a pneumatic cylinder, a hydraulic cRCT/DN8N5/045320

a belt drive, and a | ead screw. 7. The wi re bonding

machi ne of claim 1 wherein the pre-heat structure is

configured to be rai sed above"*he support structure

such that another work piece, already wire bonded, may

be retyrned, along.the ort structure. from(,1) a ,

w re bonar iy Be enghegr RO oSG e Aseidngtho machine
cqn)rises regjege meadaamel kendlfr. t he wi re bondi ng machi ne. 8.

The wire bondi ng machine of claim1l wherein the

suppor ty4S I j ; al L, .t .

onot oge i REpIRERALEER, BLelpiRPE wrlhin it Wi dlhdHy machine
compiisea (&) a fing rapeazdimhansderoafigegd tQtPﬂ‘QI\del werk piscegitasthe pre-

hét stit@@ie ARG oAbt wRBMHoANNE StdtdnD8nt §5Ph YEELRYMbEE AL handler
| east one alignnment aperture when the pre-heat

CW‘EH@FGP@W@%&@F k PSRt SaeuNWt Pretheas sgeiufe and a second wire
b&dintcéttien.9. The wire bondi ng machine of claiml1
wherein the wire bondi ng machi ne conprises a single

[ dler. 10. The. w hondi hi f
o TR bR d P P i T R o e et cture is 2
pra-Hdat sbtocmtgﬁfzg'med h@bdlmvte«:ldm%\ivgm en 4 ﬂrsfp !pom'ttidﬁla\dﬂrcknt the
ructur a fir W re
SRSt gl SN SR S R A

configured to provide work pieces to a second pre-heat
st ruct d2eA arg hondingomachine eovprigingy station. 11. The
wi re bondi ng machine of claim1l wherein the pre-heat

st ruct Wrfadaire RiRndreat bl ock configured to be noved
bet ween (1% a first position adjacent the support

structure, and (2 second position above the support

struct ﬁrbé’.”dTE.St&"gM ‘r%é WA G e HecSoRPFi si ng: a

magazi ne handl er; a bonding station for wi re bonding

wor k  pbecastialarehdiingraysteimafor bapydying ghes yotlepieted from the magazine

lyi . pigce romithe magazi ne ndl er. to
PSR AREBECR, BRSNS RET AR o Smpor
stiustyredomsyppitire & wopopiece, and (2) a pre-heat structure for supporting a
work piece during a pre-heat operation, the pre-heat structure being moveable with
respect to the support structure.

13.The wire bonding machine of claim 12 wherein the pre-heat structure is
configured to be raised above the support structure.

14.The wire bonding machine of claim 12 further comprising a gripper for
providing a portion of a motion of a work piece between the magazine handler and wire
bonding station.

15.The wire bonding machine of claim 12 further comprising a vertical
actuator for raising the pre-heat structure above the support structure.

16. The wire bonding machine of claim 15 wherein the vertical actuator
comprises at least one of an air cylinder, a pneumatic cylinder, a hydraulic cylinder, a

belt drive, and a lead screw.



structure for supporting a work piece, and (2) a

pre-heat structure for supporting a work piece during
w@2@nesiaent operation, the pre-heat structure PEI/N§R005/045320

noveabl e with respect to the support structure. 13.

The wire bondi ng machi ne of claim 12 wherein the

pre-heat structure is configul@d to be raised above

t he support structure 14. The wi re bondi ng machi ne of

claim urther c Si.n r. for. providin .
cort 1 o ore g beBARg s & SAEPRE i finPhe RihER fructure is
cotmﬁgamdme Hearattied rabanel tlvm sup doonstirunyu et such dhat drathdheork piece,

' e [
aItF AENELRRATRED (Rl Shd fnd UIRFE ORI, TP the
bcmdmgesttah@ﬂ tuphdhe rsagazitedrandiers. The wi re bondi ng

machi ne of claim 15 wherein the vertical actuator

conpri g@stid wlrs%%hdmawe‘h.@ofadnsmpyi m@ﬁ{m tie m}ﬁ%'?ﬁtir&cture

cylinder, a hydraulicC cy i nder, drive,
cORRLiFes o larst gne Tale th 76 es%trmen@llrﬁ@émnﬁeatdeas@|oar:mhmment

a;a@a@.rr@l dhd WRerRIrEtHREAE-Helak UGLtife insluedhit BdEEshd BatP@nfigured to be
bove t he su ort structure such that anot her

re{i\fi?’ gYé at 'é’P?te‘HEf‘y NMEnh GREZHTE WRSN Hie prerhipatistructure is
p(ﬁitmﬂ@dTahﬁcsu@mriupﬁbfttmmd&&e. from (1) the bonding

station to (2) the magazi ne handler. 18. The mﬁre

bondi n C f.claiml e

struct gr er%cgwngg bgré%'ngtm?cga c\’,}’h‘:‘rﬁa'mr{6112 Wﬂefeﬁ%g‘ge[ Wirg pgpding machine
coprEiseai(1) aefthei mggaine basdlernsmfiglregrivembvidpevdriméscesibala second

gﬂg; cludes at | east one

aggﬁ %dgﬁe} glﬁj(?ta%%génofﬁe%@ﬁ e%fgggnt he at |east one
alignnent_aperture when the pre-heat structure is

posi ti 8Aetheatirabending machinerdaisy 2 wheredn thegprethrat structure is a

pr@itfe%t BRRAICHEAdIREN O Be @rﬁmfékl%e@véé’w mq fisp pBQﬂonWaEﬁcht the
er magazi ne handl er

bondi ng machi ne g ano

SUPBATtsHlcRe ?i‘dp??é\ﬁngeéoﬁﬂ PReTHPR @RV Bﬂeé@eearﬁar%weheat
structure and a second bonding station. 20. The wire
bondi ng machi ne of claim 12 wherein the pre-heat
structure is a pre-heat block configured to be noved
between (1) a first position adjacent the support
structure, and (2) a second position above the support
structure.



