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CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This

lication claims the benefit of U.S. Provisional Application No. I
ng?%%%gégé PCTIUS2005/045320

, filed January 4, 2005, the contents of which are incorporate
herein by reference. FIELD OF THE INVENTION [0002] The present
invention relates to wire bonding equipthent used in semiconductor
processing. More particularly, the present invention relates to a material

handling system componrgsikgfeoning enuiipgsisies. BACKGROUND
OF THE INVENTION [0003] The present invention is an improvement

which may be apgigddokagiheiredRE0IRG SABRMEN QIHew wire

bonding equipment) such as the MaxpmTM automatic wire bonder

available from Kuiicke and Soffa Industries, Inc. of Willow Grove, PA.
[ wire bbrdinepbepiipmdpintyshayistieed 8 Medaiprahhanrigption No.
soMsterpchic oparaies to supmyeattht@move Witk Piececrpotead harein by
HAIES, to a bonding station having an indexer. During the wire bonding

process, the indexer moves each lead frame relative to a bonding head

element of the wire bonderFigggddgnrﬁqu@Nwire bonding

equipment, the material handling system Iy’ includes at least one
magazine handler which holds a s}ack of lead frames. Lead frames move
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mikenasadadmesfoysed vithphielrad rante posdienegsaihe bonding
station. Following completion of the wire bonding process, the lead frame

may be returned to the ghagazine hensterd0008NTYpically, each lead
frame is pre-heated prior to the wire bonding process. The preheat
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intermediate the magazine handier and the bonding_ station. The lead
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chvEarexsnpleitheqpremeainroceastmaaily includes a material handling system
which operates to supply and remove work pieces, or lead frames, to a bonding station
having an indexer. During the wire bonding procass, the indexer moves each lead

frame relative to a bonding head element of the wire bonder,

{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 seguentially 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. Foliowing completion
of the wire bonding process, the lead frame may be returned to the magazine handler,

[OCO5] Typically, each lead frame is pre-heated prior to the wire bonding
process. The preheat process is typicaliy performed with a pre-heat block positioned
Entermediate the magazine handler and the bonding station. The lead frame is brought
into contact with the pre-heat block, and is heatad to & temperature of, for exampie,
approximately 160 degrees C (320 degreas F). For example, the pre-heat process may
take approximately 15 seconds to complete.



take approximately 15 seconds to complete. 2 [00061 In a conventional
wire bonder having a single magazine handler, the pre- heat and wire
bonding operations are typically performed sequentially, and thus the total
processing time for a single lead frame includes both the time for the
pre-heat operation and the time for he wire bonding process (which,
depending on the number of connections to be formed and the speed of
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the pre-heat structure is configured to be raised above the support
structure such  BRIEF SUMMARY OF THE INVENTION

[00G06a] In one aspect, the present invention provides a wire bonding machine
comprising: a support structure for supporting a work piece, the support structure
extending along a path of work pieces to a wire bonding station of the wire bonding
machine; and a pre-heat structure for supporting the work piece during a pre-heat
operation, the pre-heat structure being moveable with respect to the support structure
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) the wire bonding station of the wire bonding machine to (2) a
magazine handler of the wire bonding machine.



that another work piece, already wire bonded, may be returned along the
support structure from (1) the wire bonding station of the wire bonding
machine to (2) a magazine handler of the wire bonding machine. 2a
[0006b] In another aspect, the present invention provides a wire bonding
machine comprising: a magazine hamdler; a bonding station for wire
bonding work pieces; and a material handling system for supplying the
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support structure. [0008] According to another exemplary embodiment of
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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 handiing
system for suppiving the work pieces from the magazine handler to the bonding station.
The material handiing 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.



BRIEF DESCRIPTION OF THE DRAWINGS [0009] For the purpose of
illustrating the invention, there is shown in the drawings a form of the
invention which is presently preferred; it being understood, rqu\ﬁv[%v%g%jtﬁq:%m
PR PEHn is not limited to the precise arrangements and 20057043
instrumentalities shown. In the drawings: Fig. 1 is perspective view of a
portion of a wire bonding apparatus in -gecordance with an exemplary

embodiment of the present invention; Fig. 2A is a perspective view of a

movable pre-heat bloﬁ&é%‘ﬁﬁé%ﬁ?pt?%ﬁiag 1%%08&%{7{&;&’&5'9 1, where

the moveable pre-heat IS shown' In a first position engaged with a
support structure; Fig. 2B is another partial perspective view of the
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iﬁg@u émgiagggRMq_sE%%£%§%%gove the support structure; Fig. 2D is

another perspective view of the movable pre-heat block of Fig. 2A, where

the movgable pre-heat block is shown in the first position supporting a
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the second position raised above the support structure, and a second
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hic aneougﬁ allows (1) a first work piece to be wire

bonded,.and (2) a second work piece to be pre-heated. Further, accordin
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system (e.g., a magazine handler) while (2) the second work piece
remains™@n ¥prerheliestpecioestive view of the movable pre-heat biock of Fig. 2A,

where the moveable pre-heat block is shown in a second position raised above the
support structure;

Fig. 2D is another perspective view of the movable pre-heat block of Fig. 2A,

where the moveable pre-heat biock is shown in the first position supporting a lead
frame; and

Fig. 3 is another perspective view of the movabie 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 adfacent the movable pre-heat
block,

DETAILED DESCRIPTION OF THE DRAWINGS

[ogL0] According to certain exemplary embodiments of the present invention, a
bypass system is provided which simultaneousiy 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.



WO 2006/083404 PCT/US2005/045320 -4 [0011] Referring to the
drawings, where like numerals identify like elements, there is illustrated in

WI(:) 0(}%/& 4’%E‘tlon of a wire bonding apparatus, generally de&geﬁﬁgmﬁ P%m
eference numeral 10. The portion of wire bonding apparatus 10 inclu

bondlng station 20 having indexer 22 and material handling system 30
adapted to supply work pieces to bongeing station 20 where the wire
bonding operation is performed and to remove the work pieces from
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%{stem 30 to bonding station 20. Conveyor assembly 40 includes support
Structure 412 functioning to support lead frames 90 during their movement.
For eiample sup gort structure 42 includes first and second rails 44 and
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f'FﬁBﬁWe’?ﬁ%&‘ﬁfﬁr‘@ ﬂf‘é”?ﬁll@ﬁpﬁ‘@%gw) Support structure 42 includes first,

second and third sections, 48, 50 and 52, respectively, First section 48 is at a first end
of support structure 42 adjacent magazine handler 32. Third section 52 is at a second
end of support structure 42 adjacent bonding station 20. Second section 50 is
intermediate first and third sections 48 and 52,

(6013} Bypass station 60 is provided as part of conveyor assembly 40. Bypass
station 60 is located within second section 50 of suppert structure 42, that is,
intermediate magazine handler 32 and bonding station 20, Bypass station 60 inciudes
movable pre-heat block 62. Pre-heat block 62 is, for example, a resistive heater
capabie of heating iead 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 (seé tlead frame 90a in Fig
2D}, heat may be readily transferred from pre-heat block 62 to lead frame 90.

[00i4g] Referring now to Fig, 2A, bypass station 60 including pre-heat block 62 is
illustrated 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



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
n which lead frame 90 may be positioned in a H%gh
W@ogé% {%}ﬁ Wth lead frame 90 positioned on first face 64 in t (egi)re &eatfr.fam
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 illustrated in a
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position, in the illustra ed Xe y.embodiment, tabs/ears 62a
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Frefeapbibek62ureridved between the first and second positions, for
example, by linear actuator assembly 76 (see Fig. 213) which translates
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to motor 80 Shdmg support assembly 32 is connectnci to pre-heat block 62 and to a
remainder of wire bonding apparatus 10 and operates to support and maintain
alignment of pre-heat block 62 during movament between the first and second
positions. It wili be recognized that other conventional types of positioning systems
{e.g., air cylinder systems, pneumatic cylinder systems, hydraulic cylinder systems,
belt driven systems, etc.) could be substituted for lead screw 78 and motor 80.

[O0L7] Referring now to Fig. 2C, pre-heat block 62 is illustratad in the second
position (an “up” position above ralls 44 and 46). In this second position, in the
illustrated exemplary embodiment, tabs/ears 623 and 62b are reamoved from apertures
44a and 44c defined by rail 44,

[OCLE8] Refarring now to Fig, 2D, pre-heat block 62 is Hllustrated in the first
position with an exemplary lead frame 20 (i.e., lead frame 90a) positionad thereon.
While any type of work piece is contemplated, exemplary lead frame 90a includes five
(5) semiconductor die 90al, 90a2, 80a3, 80a4, and S0a5.



alignment of pre-heat block 62 during movement between the first and
second positions. It will be recognized that other conventional types of
“%osm‘pggn% systems (e.g., air cylinder systems, pneumatic 9@13(] 0_3[045320
&g’ ydraullc cylinder systems, belt driven systems, etc coular
substituted for lead screw 78 and motor 80. [0017] Referring now to F|g
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
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sEyrend Gestibie IRirdrsdegrirPBRK 62 is moved (e.g., lowered) from the second position
to the first position. First lead frame 90, now fully pre-heated, is then translated away

from pre-heat block 62 and sacond section 50, across third section 52 of support
structure 42 and into position at bonding station 20 for the wire bonding operation.
Simultaneously with movement of first lead frame 90a info bonding station 20, a third
jead frame 90 (not shown) may be moved from magazine handier 32, across first
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 ieast, in part,
simultaneously, rather than sequentially as is the case for a conventionat wire bonder
having a single magazine handler. Thus, a significant amount of time is saved in

comparison to conventional technigues.

g2} 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,

[C022] 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 exampie, each



through the second section 50 (and under pre-heat block 62), and then
through first section 48 as it returns to magazine handler 32. With second
lead frame 90b clear of second section 50, pre-heat block 62 ] <
Wﬁé?gﬁﬂ%ﬁ‘éﬂrﬁd) from the second position to the first position?%ﬁéjfpég%&ﬂm
frame 90, now fully pre-heated, is then translated away from pre-heat
block 62 and second section 50, across/third section 52 of support
structure 42 and into position at bonding station 20 for the wire bonding
rai ol : . ¢ o
b‘é@ﬁﬁ%ﬁ“ﬁ%ﬁﬁ;ﬁ?ﬁ% R LRy oy e e e paer)
5 C&g%sz%@ﬁ?a%&% 9 NECRYs first section 48 and into the pre-heating
station at second section 50. Thus, the wire bonding operation and the
[9R28dat opetfiBha s HEeRtBYHHCANRRSESH Part adhd @rsrasGaRed
matheithaittsegperitially asisthe casehfar atcartuentional prizehbandletk 52) which
rAVARg & aiRaeWA RGNS NaRgISt: Sthitsy @ SIORIRANAMAYALREIME Sexample,
2uedin comparison i onventional iechniduies. 100241 Therefore, a )
ROverwirs Dondar apparatis And associatad wite BordiHgH pro Sas by tilized
StinsagderiDEEriRg EIe previve ifipreled pracesamdefitiopey firustwiee (2)
rbovidgrtee pippedhvdthy darexamples arsing lripragegine-feklen)[BR2281g the pre-
redhenghine pesahiverianas bren s e and desgiRed many otner

Fprimaiirqi!y with resgect to a single bond head wire bonding machine, It
CORRERIPTGRY #75P3he teachings disclosed herein may be applied a
multi-bond head machine (e.g., a dual bond head wire bonding machine).

IR%fth a coffigaratidheibrvertimpiesdsen deeriberbagslioarated with respect to
RSTHHS2005MUSBRG tiebaridihead hhay badiosftgdred Witheasbyipass the art
thiRtiea (anddinrum MagrziBenaRRARDSUSh BShosR HLserHbRA HSTRIR: made
400231 Althouah e present inwention has been llvistrated and described
PRMArity With respect (0 amoveabl@ pre-heat stucture teog  pre-freat invention.
block 62) which moves vertically away from a support structure, it is not

limited thereto. For example, in certain configurations, it is contemplated

that alternative motions may be utilized such as (1) lowering the pre-heat
structure away from the support structure, (2)



moving the pre-heat structure to a side of the support structure, (3)
moving the pre- heat structure up arftl then to a side of the support
structure, as well as many other potential motion paths. [0024] Although
the invention has been described and illustrated with respect to
_exemplary embodiments thereof, it should be understood by those skilled
WHAT IBepaiMBBt the foregoing and various other changes, omissions and
additions may be made therein and thereto, without parting from the spirit

and ;@pg@@fé%m@@qﬂgmﬁgﬁgmﬁs\h@ﬂAT IS CLAIMED: 1. A wire
bonding machine comprising: a support structure for supporting a work

piece. e, oboft SHE S, GXIRNHAS AIRGLBAINOLUSIPIRLRRHD Bxtonding

wire bonding station of the wire bonding machine; and a pre-heat
structure for supporting the work piece during.a pre- 1l
pre-hgﬁlpgﬂ@c?ﬁf% ‘B{a‘ffgéﬁrﬁ&?\?ggﬁéaw\%eréggglc S t@féﬁpﬁéﬁ%&?ﬁ?eﬁ ¢
wherein the pre-heat structure is configured to be raised above the
suppomé&gHiBtirRi8uch that another work piece, already wire bonded, may
be returned along the support structure from (1) the wire bonding station

of the wipeckummdistguntarehiorstp(2) tnmihgayini PiarRlyBIaRe Fres2t operation,

the S%gﬁ%%? DA bInd PR IEILIREBRERNROLGlOH binkalRinzoin the
‘ configured to sypport the work piece durin least
pre- PR 1B (O GEATA o5 FIBAARE R ARV AN P e B ! ahother
worktgities, Srdag wie toeihgnanokingwhethmadthearesmpiisiyra from (1) the
wire%glcprp ih fosrt%%?lv&g W m%ggﬁaﬂﬁ%iﬁ@@@ﬁﬁtmﬁ@éﬂﬁ@ HBAGREIBRhe wire
andier-and the wire bonding station. 4. The wire bonding machine of

bongiamimBiiiein the pre-heat structure is configured to be raised above

the support structure. 5. The wire bonding machine of claim 4 further

comprizingre vértibandioeuaaahioe efisianti evhieraie RS HERRAFESINGHE R
confRHPBEoE1HEhe work piece during at least a portion of a motion between a
magazine handler and the wire bonding station.

3. The wire bonding machine of claim 2 further comprising a gripper for
providing the portion of the motion between the magazine handier and the wire bonding

station.

4. The wire bonding machine of claim 1 wherein the pre-heat structure s

configured to be raised above the support structure.

5. The wire bonding machine of ciaim 4 further comprising & vertical
actuator for raising the pre-heat structure above the support struciure.

6. The wire bonding machine of claim 5 wherein the vertical actuator
comprises at least one of an air cyfinder, a pneumatic cylinder, a hydraulic cylinder, a belt

drive, and a lead screw,

7. The wire bonding machine of claim 1 wherein the su_pport sfructure
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 fo be received by

the at least one alignment aperture when the pre-heat structure is positioned adjacent the

support structure.

8. The wire bonding machine of claim 1 wherein the wire bonding machine



6. The wire bonding machine of claim 5 wherein the vertical actuator
comprises at least one of an air cylin%ler, a pneumatic cylinder, a hydraulic
cylinder, a belt drive, and a lead screw. 7. The wire bonding machine of
claim 1 wherein the support structure comprises at least one rail, the at
compidsrs &5l HEERTY &t-one alignment aperture, and wherein the
pre-heat structure includes at least one tab configured to be received by
the at eadtheneraligmdbgtrapeivecitiaimnerssin fiswiedeaging machine

Comgf?a%%?\?v% g%w&aéivﬁ %&Pﬂl@{%ﬂﬂ@w&- tg- crb@citecBo prings Ak peedeat
] | onding m ine 9 co i i

s S R A L SRR Ao
providachinie peoempiise sed) e frst heab azimiunesie A csrRgdretid Phding station.

work pieces to the pre-heat structure and the wire bonding station, and -
(2)a samﬂﬁm@aﬁnaaﬁ@wemer&fwm towpeeaiitthwpri-pistedrtotare is a
sec re-heat structyire g%gﬁ ire, bondingsiatnm Vi

pre Egﬂ%[sr%%n?crﬁ & 0 UE: aim 1w %rein t 31 \éﬁg eaét%t?t%%re ié a prl,-}-nﬁa(;}atIH Pt

struplesk 20RfIGLRSEIBBPRIHRNANNGLER BLPRATSIHGLDN adjacent the
support structure, and (2) a second position above the support structure.
11. A wire/deairdingrdiaghirasivompeisipdeing magazine handler; a bonding
station for wire bonding work pieces; and a material handling system for

supply@@gﬁm&m@s from the magazine handter to the bonding
station, the material handling system including (1) a support structure for

supporng ek RisRsotha-s WeRak S tipkpRexéeaAiNg along a path of

V\éork pieck:]es to a wire bonding station of the wire bonding machine, and

a pre- i ' a1 .
e DL R A M R D St
nangiapoisiaeing WRERSI A EERELIR HESHRA RS RTIHERAN Wb AR
struBRPYEdheLsppRIaY stRuekuseseicihdhatpodtbnvionk pieelingrelany wipeth of work
pie%%r:tl%eﬁd%r ogﬁiﬁ%tg{m YpRg IFSHRRAnLSRHEtkke, fiam £ hibashendigtucture
for supporting a work piece during a pre-heat operation, the pre-heat structure being
moveable with respect to the support structure wherein the pre-heat structure is configured
to be raised above the support siructure such that another work piece, already wire
bonded, may be returned aiong the support structure from (1) the bonding station o (2)

the magazine handier.

12. The wire bonding machine of claim 11 wherein the pre-heat structure is
configured to be raised above the support structure.

13. The wire bonding machine of claim 11 further comprising a gripper for
providing a portion of a motion of a work piece between the magazine handler and wire

bonding station.

14. The wire bonding machine of claim 11 further comprising a verticat

actuator for raising the pre-heat structure above the support structure.

15, The wire bonding machine of claim 14 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.

16. The wire bonding machine of claim 11 wherein the support structure
comprises at least one rail, the at least one rail defining at least one alignment aperture,



the magazine handler. 12. The wire bonding machine of claim 11 wherein

the pre-heat structure is configured #® be raised above the support

structure. 13. The wire bonding machine of claim 11 further comprising a

gripper for providing a portion of a motion of a work piece between the
and whesairitestriadiepksitioiie ipewdRRiISAShoNe e s IssHaiRg received by
the éﬂ@@ht%@%ﬁb&lmehl dpsiheeaameprisingre-vestical@atgaspdsiticatingient the
supp% %ructure above the support structure. 15. The wire bonding

mac line of claim 14wherein the vertical actuator comprises at least one

ol ad bl PBOHE TSR BT hdrachine

comptippo(t stanothes roegagiteebandieasoofigumsit theprvidasworie pigteietmiagecond

pre-Rbdeas onRalinmesiRasbising Qtatim wherein the pre-heat structure
includes at least one tab configured to be received by the at least one

A AR e BT SPL AR Iy s apsfieBa adecenlihe s o

ort structure W|re - machine of claim 11 erein the

pre- hﬁ?é Haﬁ'ﬁﬁﬁbj‘%a&ﬁﬁ@ %W@Wg&eﬂ?ﬁﬂéﬂﬁérfﬁ%@&fm%%ﬂ%ﬁ the support
struSRASiGE (Diuprertad pardrietesdara seppod grectueat structure and a
second bonding station. 18. The wire bonding machine of claim 11
wherein the pre-heat structure is a pre-heat block configured to be moved
between (1) a first position adjacent the support structure, and (2) a
second position above the support structure.



