-1- BONDI NG MACHI NE | NCORPORATI NG DUAL- TRACK TRANSFER MECHANI SM 5
Field of the Invention The invention relates to a bondi ng machi ne for
el ectronic devices, and in particular to a bondi ng nachi ne
incorporating a dual-track transfer nmeghanism for |oading and

unl oadi ng el ectroni c devices such as | eadfranes for bonding. 10
Background and Prior Art In back-end sem conductor assenbly processes
invol ving el ectronic devices such as vertical light-emtting diode
("LED") devices, thernosgpi mary process
used for fornlng el ectri Ft - LEDs are

nount ed on substrates arm@AgepRAoKarRANngﬂ Mp:_rommgmon in a
magazi ne and fed into a bonding nachine vertically for bonding.
Bonding is carried out to electrically connect an LED nounted on an
edge ofy alﬁ%BQHI&%E§§hﬁéﬁate such as a leadfrane, to the substrate
itself. e several advantages over 20 nore
conventlonal | ateral LEDs. Current spreading is significantly
enhanced i verti.ca seri,e

d
Fesi ot ance s MCisRIERCEFRES {h e Pafthentacat®, e sbefioRE) i€pgs, and in

out put anchrawear &oBaMsIrRie nefdhired BRepdPhting arddatalack ERmstarematisanism
greatly |rrproved at high injection currents. Furthernore, vertical

LEDs show TR I9@RHG 2y aa@'naﬁlf%ﬂ*m&&q%féﬁesrfd«ﬁera%e#f%%f@th@a'dtrts a 25
stresggtest at a current of about 400mA, whereas the sane stress will
result in the destructlon of the |l ateral LED due to increased

current crael 2107 i To connect an LED to a | eadfrane
in a vertical LED deV| ce, athin wire such as gold wire of 20 to 75
mcrons in dianmeter is bonded onto a circuit pad on the LED 30 before
bondi ng orhobacicend madhd@téleads@ﬁblyhﬁrdceesﬁg ammong Whectrortid eddvides

ted. | t t
: f]t Ongugo%cﬁgans \%rﬂgegl ilg em tiﬁg%ﬁodesHLES%Sée\Q?ce\ée hér%%sonlc%acﬂebondmg is

15  a primary process used for forming electrical interconnections. Vertical LEDs are

mounted on substrates arranged in a vertical orientation in @ magazine and fed
into a bonding machine vertically for bonding. Bonding is carried out to
electrically connect an LED mounted on an edge of a standing substrate, such as
a leadframe, to the substrate itself. Vertical LEDs have several advantages over
20 more conventional lateral LEDs. Current spreading is significantly enhanced in
vertical LEDs which may lead to reduced series resistance as compared to
lateral LEDs. As a result, the light output and power conversion efficiency of
vertical LLEDs are aiso greatly improved at high injection currents. Furthermore,
vertical LEDs show minimal degradation of optical power when subjected to a
25  stress test at a current of about 400mA, whereas the same stress will resulf in the

destruction of the lateral LED due to increased current crowding and self-heating.

To connect an LED to a leadframe in a vertical LED device, a thin wire such as
gold wire of 20 to 75 microns in diameter is bonded onto a circuit pad on the LED
30 before bonding onto a corresponding lead of the leadframe on which the LED is

mounted. In order to fransport successive vertical LED devices into a bonding



-2- area, a |eadfranme transportation device including a |inear

i ndexi ng systemor an indexer transports a |leadfrane at hi gh speed
along a leadfrane transporting track or rail. As the speed of wre
bondi ng vertical LEDs increases, it ispdesirable to correspondingly
i ncrease the operational speeds of subsystens working in 5
conjunction wwth a wre bondi ng machi ne. Conventional |eadfrane
transport aream tedireese fransporatispaevicagneledingcalindsEDsderyy sysdemaor an

single track | eadfrane feedi systemto index a |l eadfrane so that
bondi ng | THEERAERRE S, KA RBT e Tof SepPacofhe Balipfl Lfotefting
i dl e whentgk bP raindex e Spisesf ivd bandingdefticaPeEDE atRedaditgs tesicung
an unbonded |l eadfrane to a bonding site. The idling tine of the

bondi ng sy&t@REFRINGINGl Jaswase thachpreratonsdozpgpes af nellisypieniy WepdRe i s
hi gh. Lea : J | GRS | Ncorporating a dual -track

| eadf rgrre%é@g?tr'\%ﬁ QTE.%%@?E%H gg?{%een ‘devi sed to reduce the idling
time of the bonding systemas conpared to when a single track

| eadf rane feeding systemis used. Two dual - track | eadfrane feeding

systens are || [ . .~ : ' f
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i ncor por ause@ singlgricdukdeadframe eading 4¥E%em o éndeyre leadifrane stuthbt boadikg
| eadf rane 20 feeding system 100, conpri s a first track or. front
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a predetermned distance fromthe front |eadfrane rail 108 such that

t he pitchtof benslingpite Tbe idling fimeef the bpading syatess W@Yp?“éﬁ?é&t@r much
bl ock 10%5 A@\%hté‘ﬁathgr hhﬂglg ‘L‘QE Igvh{?tﬂ bondi ng sites | ocated at
es 0 5’8 e tgr 'oc

opposite si t he 106, and a bondi ng system 107
that is | ocatable over the two bonding sites. An indexing actuator
activates the synchronous indexer 102 to feed an unbonded | eadfrane

rl ;?l each Cﬂ%tagfrgltﬁ% Ir&RéBoAa‘ﬁgﬂfée%sr f?\icl)rpjo%tin%ng aﬁ?-tﬁagﬁrleémé afggding
15 system have been devised to reduce the idling time of the bonding system as
compared to when a single track leadframe feeding system is used. Two dual-

track leadframe feeding systems are illustrated in FIGs. 1 and 2. FIG. 1 shows a

top view of a conventional synchronous dual-track leadframe feeding system 100
incorporating a synchronous indexer 102. The synchronous dual-track leadframe

20 feeding system 100 comprises a first track or front leadframe rail 108 and a
second track or rear leadframe rail 110 which is fixedly located parallel to the

front leadframe rail 108 at a predetermined distance from the front leadframe rail

108 such that the pitch of the rails 109 is fixed. There are also a pre-heater block

104 and a heater block 106 with bonding sites located at opposite sides of the

25 heater block 106, and a bonding system 107 that is locatable over the two

bonding sites.

An indexing actuator activates the synchronous indexer 102 to feed an unbonded

leadframe 112 each onto the front leadframe rail 108 and the rear leadframe rail



-3- 110 froma |l eadframe nagazine |located at a first end of the
synchronous dual - track | eadframe feeding system 100. The two
unbonded | eadfranes 112 are indexed together along the dual tracks
towards the opposite end of the tracks 3 and are heated at the
pre-heater block 104 before being indexed to the heater 5 bl ock 106
for further heating before bonding. The bonding system 107 is
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single track feeding systemis hence m ni nal Mor eover, since the
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throughput gain over a conventional single track feeding system is hence minimal.

Moreover, since the pitch distance between the dual tracks is fixed, the
synchronous dual-track leadframe feeding system 100 is customized based on

20 the pitch of a selected magazine. This limits the flexibility of handling magazines
of varying pitches. At the same time, having only a single pre-heater block 104
and a single heater block 106 between the first and second fracks 108, 110
which are in contact with the dual tracks causes the transmission of undesirable
vibrations resulling from the opening or closing of leadframe clamps on each

25 leadframe from one track to the other. Hence, wire bonding at one leadframe
112 is preferably stopped when another leadframe 112 is being clamped or
unclamped, otherwise inaccurate bonding will result.

FIG. 2 shows a top view of an improved conventional buffer table dual-track

30 leadframe feeding system 100 incorporating two buffer tables comprising a



FIG 2 shows a top view of an inproved conventional buffer table

dual -track 30 |eadfrane feeding system 100" incorporating two buffer
tabl es conprising a -4- buffer |oader 114 and a buffer unl oader 116.
The dual tracks conprise front and regr. leadframe rails 118, 120
arranged parallel to each other. The front Ileadframe rail 118 is in
contact with a front pre-heater block 117 and a front heater bl ock
119. A reduffer eodueatidd doidor kuff@lurdosdes TéarT edtisirntrdoke domitidedromt and

| ocated on th | eadfr 120 d are separated from.the
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that wi re |oadreirRg dRihebsthear NvRE KuHdiR] beanadsdftamatdoescivtandi @dstop
site. Each bonded | eadfrane 112 is unloaded to an output _ nagazi ne

124 vi a t FBINBGF elamping @adtnclamr@ngs@fn@eaomfl@@df(ﬁm%adwke.!ﬁd@ﬁepnqrzgrt
and eiqiyher ndexer 128 or the rear indexer 130. The buffer
I oader1b lféSEﬁb%r%\alg%Yée along a first rail 115 for aligning itself
with the input nagazine 122 and 20 either the front or rear |eadfrane
rails 118, 120 for transferring one unbonded |eadfrane 112 each tine

f h f
oS 130 TEoMAREIDE 19kfehe fisFTe, 108 Sl hoRlod Sbadlc iR {13 or
second raidn hput mmgeainegmmgua tleeebiiffed Iohdehé 14 utsing arta.gaaznmdeIZAdam

ei ther the front r fra rails 118, 120 f r transferri,n
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| eadf rgme |patks a@j’a%enﬂt%%édh tkdtk ShBtvire bonding may be carrled out alternately
at each bonding site. Each bonded leadframe 112 is unloaded to an output
magazine 124 via the buffer unloader 116 using a buffer unloader indexer 125

and either the front indexer 128 or the rear indexer 130. The buffer loader 114 is
movable along a first rail 115 for aligning itself with the input magazine 122 and

20 either the front or rear leadframe rails 118, 120 for transferring one unbonded
jeadframe 112 each time from the input magazine 122 to either the front or rear
leadframe rails 118, 120. Likewise, the buffer unloader 116 is movable along a
second rail 117 for aligning itself with the output magazine 124 and either the

front or rear leadframe rails 118, 120 for transferring one bonded leadframe 112

25 each time from either the front or rear leadframe rails 118, 120 to the oufput
magazine 124. Hence, the operation speed of the buffer loader 114 and the
buffer unloader 116 affects the throughput of the system significantly and causes

a bottleneck in the bonding operation since bonding speed is generally very fast.

The idling time of the bonding system 126 during feeding is comparatively long

30 as compared to the bonding time. Furthermore, since loading and unloading of

leadframes 112 to and from the front or rear leadframe rails 118, 120 require two



magazi ne 124. Hence, the operation speed of the buffer |oader 114 and
the buffer unloader 116 affects the throughput of the system

significantly and causes a bottleneck in the bonding operation since
bondi ng speed is generally very fast. _glhe idling tinme of the bonding
system 126 during feeding is conparatively long 30 as conpared to the
bonding tinme. Furthernore, since |oading and unl oadi ng of |eadfranes
112 to andufieonaiblbs, whentoner bufeariablalfenRswiowm, lthe Wble b&ﬁermmérdaal-

| es en one buffer table breaks down, ol e

two -5- byff |
buf fer tabl@ d'aaaﬁamfea@@ NGBl %%1$%e%mt SpatiRys i@)(?Peﬁ%Iﬁn%ﬂd wgﬂd'“g
conti nue tp &pgs@te and bonding nust stop. 5 Additionally, the

| ength of the buffer |oader 114 and the buffer unloader 116 nust be
sufficient to accommodate the whole | ength of the | eadfranes.
Increasing the length of the two buffer tables to accomopdat e | onger

| eadfr %”e%d&n:dnaligotrh%%p? Al ¥ ff&CIBQé?jﬂl 145n r PSR qﬁierﬁust

results in a 00t Print - Whi eh takes up va ua e space.
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g du,

| oader 114VRIRR 13lRS upyplugble snasgder | BF fakle drabidenicagiamedegding
subst apt i &l sté!nbrﬁgo glswhhgg Hq%ré'&ﬂhﬁ%ﬁxgél'é/nd | HEnlc8 tshmae%ewm as

accuracy ol wre nail ng urrng wmre operat|ons Sl nce
bondi ng systnapareddo dhe synehfonous @aﬁtra@aﬂeacér@mer éemilmgastSterrllieo Jﬁzsoa

are coupl ﬁgﬁﬂg&h?@ %Wh@ﬁ% g%'f éd Sﬁmecl;Q 8! i m%lﬁfm g:rf%;é/dg\n é@e

i ndexi ng I"so V|bra rons of ng s ¢f
126 duringviomd signifieaniiy)ghe Xigh Tspésdtm@waﬁ@rnteomﬁ@elslﬁmfryloadeﬂ ook anﬂtme
met hods t%urﬁ%gugn oégeer |1% anng m?lgnmen? generates substantial vibration which
15 significantly limits the speed and accuracy of wire bonding during wire bonding
operations since the bonding system 126 and the front and rear leadframe rails
118, 120 are coupled to the two buffer tables. Conversely, the accuracy of the
indexing motion is also affected by vibrations of the bonding system 126 during

wire bonding.

20
It is therefore necessary to look into methods to reduce the idling time of the
bonding system to increase throughput when bonding leadframes. It is also
desirable to devise a system which is sufficiently versatile to carry out wire
bonding on leadframes of varying lengths without substantial modification to the
25 system. Eliminating the undesirable effects of vibrations of the various
subsystems working together is also important in order to improve the accuracy

of wire bonding.

30



bondi ng systemto increase throughput when bonding | eadfranes. It is
also desirable to devise a systemwhich is sufficiently versatile to
carry out wire bonding on |eadfranes of varying | engths w thout
substantial nodification to the 25 sysgem Eliminating the
undesirabl e effects of vibrations of the various subsystens working
together is also inportant in order to inprove the accuracy of wre
bondi ng. ImrBanSefthainwventiohhe I nvention It is thus an object of this
i nvention to seek to provide a | ess conpl ex bonding nmachine which
has i nproved efficiency in transporting | eadfranmes for bonding 5
whil e facil isttilis 2o oBjE6t GCHW Mvenianed B8ek f&@%\ﬁﬁ@ﬁ &8s Bofripleéd bashegt
of the invention, there is provided a bonding apparatus for bondi ng
el ect r oni enaghing sdih basidnaepvedbeifieignes in denrppordinadeadiranges éﬁ’fdb%@i%d
rails arr which are configured to align
the su st Eqa@@bﬁﬁﬁﬁgg%%gg %??% g ions during transportation

al ong the ralls, a bondi ng systen1 | ocat abl e over a first bonding
site | ocated si,te | ocat.ed

. fi
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rail and aorsmrmwb Al devictsaificladingcastratest berr@eigmgdﬂrsmahd s2a6hd
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one raijl VRilg %rr%n %djﬁ%qrrté@ 8aﬁ'éPH‘Q5NVH'%a@t ngpaaq tou%lgﬁéhﬁ@uawﬁi@ﬁ
and asgontai h e
unbon gd i’ﬁs’gﬁ"é‘! %glagﬁgogéeoggﬁ?ve t E’taﬁ@ﬁ’arl doﬁh egé|§,u(§5??g(?igg‘—5y%td%
directly facatéibderavdrsa fAet:dedzm site docaderd redongs phe tfirglf railhent nv eyecbos,
there is rov1de 20 bo dlng X

i ncl udi ng GBE‘Pr%’tea‘Eca%Qﬁg?rf% rﬁ"'gs%ar%‘ rflép%? ﬁ‘i%c{eg@ow %I nggﬁﬁg%rt‘t tsﬁﬁe
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substrates froma container holding nultiple LBnPO ded subst raji e%.
being independently operative o transpori a substrate along one rail while a

15  substrate held on the other rail is being bonded; and a container located at one
end of the rails for holding multiple unbonded substrates and operative to feed

unbonded substrates directly to the rails.

According to a second aspect of the invention, there is provided a method of
20 bonding electronic devices including substrates, comprising the steps of:
providing first and second rails arranged adjacent to each other; feeding
unbonded substrates from a container holding multiple unbonded substrates
directly to the rails from one end of the rails while aligning the substrates in
vertical orientations during transportation along the first and second rails;
25 transporting a substrate on the first rail with a first indexer to a first bonding site
located along the first rail, and locating a bonding system over the first bonding
site to bond the substrate on the first rail, moving a substrate on the second rail
with a second indexer to a second bonding site located along the second rail
while the substrate on the first rail is being bonded; after bonding at the first
30 bonding site is completed, locating the bonding system over the second bonding

site to bond the substrate on the second rail; and moving the bonded substrate



directly to the rails fromone end of the rails while aligning the
substrates in vertical orientations during transportation along the
first and second rails; 25 transporting a substrate on the first rail
with a first indexer to a first bonding site |ocated along the first
rail, and locating a bonding systemover the first bonding site to
bond the substrate on the first rail; noving a substrate on the
second r aiith Wid firsd irte&ent undadehe ttonded endBttatzontild the blilsstiade ahettie
al ong the second rail . V\/QH the substrate on the first rail is being
bonded; af¥SSPNBERLISRENE PPRE% i rst 30 bonding site i s conpleted,

| ocating the bondi ng system over the second bonding site to bond the
substrate on the second rail; and noving the bonded substrate -7-
with the flf would heepsrenignuhereinafiendo ideaaiie theviwveatien horeatemdetail by
substrate ecgnd [ [ eq. .. b o] L.ent
her ei ngf t errgfbtr%&gees@r i @g ticgbbqr?\?eX$§onw?‘&%§gea rg%;ﬁ dﬁ@g*r%ebf/t thW%Iﬂ%B
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enbodi nent , of .the inventipn. The particularity of the draw n and
Che rel at GIESCHRUGH FHHblp S YIBRTBo0Es FHrer st SEufiaBent T bivec
general i t yidehtificBBo®bPfe inlélaidhi dJ define@byahetdtmisnvent i on as defi ned
by the clains. 10 Brief Description of the Drawi ngs The present

invention will be readily appreciated by reference to the detailed

descriqpt i gg: Of rhadi ment of the invention when

consi @re S i ] drawi ngs, in which: 15 FIG 1 is a
top view of a conventional synchronous dual -track | eadfrane feeding
system i ncgrporati a _synchronous_i.ndexer ;. Fl 21is at Vi ew, o
2”1 or ov el Rt s o up e Pad B ERiSre iy elstein Y e Biclea
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| oader and a buffer unl oader; . ,
the accompanying drawings, in which:

15
FIG. 1 is a top view of a conventional synchronous dual-track leadframe feeding

system incorporating a synchronous indexer;

FIG. 2 is a top view of an improved conventional buffer table dual-track
20 leadframe feeding system incorporating two buffer tables comprising a buffer

loader and a buffer unloader;

FIG. 3 is a top view of a dual-track leadframe feeding system with adjustable
pitch for bonding electronic devices including substrates such as leadframes

25  according to the preferred embodiment of the invention; and

FIG. 4 is a side view of the dual-track leadframe feeding system of FIG. 3 viewed
along direction A in FIG. 3 illustrating a feeding sequence of magazine input
cassette in a magazine cassette holder according to the preferred embodiment of

30 the invention.



FIG 3 is atop view of a dual-track |eadfranme feeding systemwth
adjustable pitch for bonding el ectronic devices including substrates
such as leadfranmes 25 according to the preferred enbodi nent of the
invention; and FIG 4 is a side view of _the dual-track |eadfrane
feeding systemof FIG 3 viewed along direction Ain FIG 3
illustrating a feeding sequence of nmagazine input cassette in a
magazi ne cassette holder according to the preferred embodi ment of 30
t he invention scription of the Preferred Enbodi nents
of the | nksiakeshDesgrinipp ol ineHrelesed Embodimentsiof the lveRtion nyent j on

wi |l be described herelnafter 5 mnth reference to the acconpanyi ng
drawings. FIG 3 is atop view of a dual-track |eadfranme feedin

syst em 10 TWiet prefafjassembpdimaiit tof ihe gressoh iivegtien edlt bersiescidlad bersinafter
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dual trac e up of a front |eadfra 2 and a rear | eadfrane
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a rear premefbeiaplidfradfe rdl 18are daRAtAbUMeECH 38 |ﬁd1lébeﬂnd‘eﬁafnountmg
i ndexer 30 | ocated adjacent to the rear |eadfrane raijl The front
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the front
indexer 20 located adjacent to the front leadframe rail 12. The front leadframe

rail 12 is mounted on first and second rail pitch adjustable guides 22, 24.

The rear module is located parallel to the front module and further comprises

20  similar components to the front module, namely a rear pre-heater block 26, a rear
heater block 28 and a rear indexer 30 located adjacent to the rear ieadframe rail
14. The front pre-heater and heater blocks 16, 18 are spaced from the rear pre-
heater and heater blocks 26, 28 in order to isolate vibrations from the front and
rear modules. The rear module may be fixed in position while the front module

25 may be movable relative to the rear module by adjusting the first and second rail
pitch adjustable guides 22, 24 so as to adjust the rail pitch distance 34 between
the front and rear leadframe rails 12, 14 prior to feeding leadframes 40 to the
rails.

30 A bonding system 32 is locatable above a first bonding site located along the

front leadframe rail 12 next to the front heater block 18, and a second bonding



rear nmodul es. The rear nodule may be fixed in position while the
front nodule 25 may be novable relative to the rear nodul e by
adjusting the first and second rail pitch adjustable guides 22, 24
so as to adjust the rail pitch distanceg .34 between the front and
rear |eadframe rails 12, 14 prior to feeding |l eadfranes 40 to the
rails. 30 A bonding system 32 is |ocatable above a first bonding site
| ocat ed alsiledotdted alorgnthelreadbadiremeasil 14 2eretotthe ceahteedftedribch2at Fhe

bl ock 18, d b ite | ted th
eadt r ane B0 SRS BaKpb Slegiicah i spGRUBRS 25 etk o i mgunted

system 32 grpitRsSle8HREME! A7 the! EEIRANBECHORS diehvheBnsach rQ'a@gd%B]é ed
on the leadframe and the |eadfranme. The rail pitch distance 34 is

adj ust abl éhadbthetfreit qr}éﬁereﬁf taadframe radlar! 2, d4aganabe atigned with a muiltipdg oba
al i gned wiithy rﬂ?e”pta'rtmo‘?mdﬂ{chaorfsa l: u[r{e?%cl‘?%%tdrg@%t ggbﬁ@uf’%{bazwe 36,

cont ai ner such™ as "an magazi
capabl e of3&@lspeatd ly bleecmablaflg)ftd/nmcﬂymbeueimajgl ivand Linbomded (Gaolframdisr 42 tdry

unl oadi ng t.wo bon ed.|l e s, 40 |nult osi tion
of the macien heRan: ik baREE [paMinaa sRudtaheBls of ALSaBe dslioh:
opposite @RS nifgdziie. fTrﬁéWhpaﬂQn(ﬁ 8o puk ﬁ%faﬁﬁh@@ Ix23Bsard Zocaldd aﬂ@kgjﬁsﬁe
configured for holdln 10 nul ti Ie unbonded | eadfranes_and bon

| eadf r amodBsydbeiTaAnd) raLadieme Faiel |21 oAndipe sreigused 1@ heldio
dj ustygd 14 with th
adj ustg trﬁu@bl‘e%wtio'ﬁ%e&ﬁ@é&fra%% éﬁbg%dﬁgéaﬁﬂﬁef%%éﬁec%@e 14 wth the

rail pltch of "the 1 nput magazi ne and rear
| eadfranme rails 12, 14 may dlrectly recei ve an unbonded | eadframe 40

15 h, d th fr

mgazi ne 48 U P BHGGTR) GRERRe PE 0 dnS) EEPal" A he Mifhand ey
vertical agadfrdragirais Bdi4 wish tHedexemitchnd tiie mpapeagagingl 3B thiat trey fréte
o LRI Ak 14 G Sl i B

pr e- heat ere oGP the b eléa&ﬁf‘ﬁ‘nfaé” ﬁﬁn%%@té‘bé?éd tfhﬂn the inpaf imayeme 86

enter 20 the front and rear rails 14, the input
magazi ne 3¥Mpitigresoushe The Ioaded Ieadframe 40 is aligned in a vertical orlentatlon and

is indexed and transported along either the front or rear leadframe rail 12, 14 to
be pre-heated in pre-heating zones adjacent to the front pre-heater block 16 and
the rear pre-heater block 26. After the full length of the fwo leadframes 40 enter
20 the front and rear leadframe rails 12, 14, the input magazine 36 moves one
leadframe partition pitch sideways to get ready to load the next two leadframes to

the respective front and rear leadframe rails 12, 14.

The front and rear indexers 20, 30 independently index and transport each
25 loaded leadframe 40 either at the same time or separately along the front and the
rear leadframe rails 12,14 to the front and rear heater blocks 18, 28 where the
first and second bonding sites reside to be heated sufficiently for wire bonding.
While the bonding system 32 is located over the first bonding site to bond the
leadframe 40 held on the front leadframe rail 12, the second leadframe 40 may
30 be indexed by the second indexer 30 and transported along the rear leadframe

rail 14 to the second bonding site.



| eadf ranme partition pitch sideways to get ready to |oad the next two
| eadf ranes to the respective front and rear leadfranme rails 12, 14.
The front and rear indexers 20, 30 independently index and transport
each 25 |oaded | eadfrane 40 either atqghe sanme tinme or separately
along the front and the rear leadframe rails 12,14 to the front and
rear heater blocks 18, 28 where the first and second bonding sites
reside to be heated sufficiently for wwre bonding. Wile the bonding
system 32

| d he fi b d.th
eadt rame WS BAPODIRE 77 darnedumiiaeoig of $:¢ fial Feistiafee 40 at the

| eadf r ame fif& Pading de hétdeéﬂredh@}frddtﬂeémd ral IEX ®efct8 @Nboves and is
transported along the rear leadfrane rail 14 to the second bondi ng

site. -10Jocated poYRdi Hif SpsPath BondiRapsita d8 GPMEERsRdPRIHE e &eicpgtl
| eadfr ane %&Ifﬁatmé 8 hdid "oﬁtt 9@9.1 I{%Qdﬁéltn% Afhd. ggetoh?m‘er Q@ﬁdlhﬁ%géﬁaﬁ’i@z

rail 1 re it noves an ocat ed over e second bon g sit
to comTen(DerTb.‘d)etds rogpnting mecsm:@nﬁ leadiddmear® aﬂd rmecb\msotm péréormelpnding at

the. Seaondn® diont feadHBhB GilT% DRI habah 2 i, afERaF i 8 P fine
| eadf r ame yndddd the, bdntedfleadfrarhe d@xet thelfrbretdesditdrne iraint 2 tanaefebo ainntl@r
and unload the bonded | eadframe 40 on the front | eadfrane rail

and feed &Wbended lgadiemeedl fomyardaadiiozensal Bestramdie-hager Ripcl ﬂ@ to
front 481 e'tﬂ@%fﬁ%o@t'dﬂfd;sﬂsﬁ a3 e Ll hrl§ta R8s id ﬁragéﬁmbh@aeﬂﬁ?értte
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magazi ne G860 JSPeoRamBCRIRa £ S Pk B e sptunliety 1) i Hilput
out put  nagagadves 38, iAfiler abié (bdndedgieadinemas 4@3‘ee$eroemilré|qanltcr aime output
partition "EI tch t read ceive thelﬁggét bonded | e f
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leadframe rail 12, 14.

FIG. 4 is a side view of the dual-track leadframe feeding system 10 viewed along
direction A in FIG. 3 illustrating a feeding sequence of magazine input cassetie
20 44 in a magazine cassette holder 42 according to the preferred embodiment of
the invention. For vertical LED bonding, all the leadframes stored in one input
magazine 36 may be unloaded in about 30 seconds with current wire bonding
technology. To improve machine mean time between assistance (“MTBA"), each
holder for input magazines, such as a magazine input cassette 44, may carry at
25 least 4 input magazines 36 at any one time as compared to conventional
magazine cassettes which house only one or two magazines. FIG. 4 illustrates
exemplary container holders in the form of an eight-magazine input cassette 44
or two columns of four-magazine input cassette 44. The magazine input cassette
44 is mounted to a container holder table or magazine input cassette movable
30 table 46. Input magazines 36 held in the magazine input cassette 44 are located

in a first column or a left zone 48 and a second column or a right zone 50 of the



direction Ain FIG 3 illustrating a feeding sequence of nagazi ne

i nput cassette 20 44 in a nagazine cassette holder 42 according to
the preferred enbodi nent of the invention. For vertical LED bondi ng,
all the | eadfranes stored in one inputqyq magazi ne 36 may be unl oaded
in about 30 seconds with current wire Londi ng technology. To inprove
machi ne mean tinme between assi stance ("MIBA"), each holder for input
Imagazi nes magzheampat cagsstienéd i mHuth matdfenﬁltﬂ,ma”gazigw 6§ iatalteémately
east 4 input magazipes 36, a ny,one tjne as conpare 0

convent | ofBpvabiea i plaaagLath e TRmcnd B Easfiafio rISch2. o as to be
magazi nes.cagbhfie df iéddibg idafi@fesUEHRIAE SN Mg, hol ders in the
form of an eight-nagazine input cassette 44 " or two col umms of

four - magazi ne i nput cassette 44. The nmgazi ne input cassette 44 is

nount ed t . I - hol t j i .
rovabl 8 30 CabPQ flalSfings e GG Rl TRREITES R bobif Bl Bng raht
cassette 4énasetd, ditabédhe inmagazna §iput dassetteorda Taétentivaend@azims irgput

second col umm or tight .zone 50 of the -11- nmagagine, i.np cgssette
20 Each GHPURIF &P IhidDtRARIRIr Fudieds 1t SSEionIiara)ed Ay Bisto b BY dhe
al i gnment maddrindmput eassardmbeatile ieRd 4606 tHaildsdetRinp dmagagines G6hA
capabl e of feeding | eadfranes 40 sinultaneously thereto. 5 The i nput

magazi nes th® righbzoRa 8RR algned aithdhedrand and ieaf leadi@mefailsatd 14 Bt

zones 448, fégdif?% a@aﬁtigﬁaa@a{aﬁam’é%“t4oc%ﬁﬁgﬁéﬁeo§§p Thenenthife MgRZi e
i nput cassett I's continuously noved 1 n directions Indicated in
FIG 4 by lgdmframesgd@ihed innallthecinpsiemaganvesaBBdn tia rightdBorsnS have been

| oaded i i. 36 in_.the righ | i ith
front and a4 TRELR: T FaghricerBobh SRssheRRs Rondldn T feiL A< 4618
| eadf r anesofflingd maediag ensséadftandarisald In thbampdthRaghfingd Ramesthélieft

held in all the input magazines 36 in the right zone 50 have, been,
fed to t h#ongitio feeratigadl e sapatireasamplengyt megazies deo fe Tight

rmgaz i nes 2305TR GRS LRER 8 ohA e HES] AR Sadte R rpded e SO T
enpty i nput nmagazines 36 in the right
After all the input magazines 36 in the left zone 48 are emptied of leadframes 40,
the magazine input cassette 44 is moved back to the right zone 50 which has
been loaded with leadframes 40 to continue feeding leadframes 40 in the right
20 zone 50 to the rails. The empty input magazines 36 are removed at the left
zone 48 and replaced with fresh input magazines 36 loaded with a plurality of
leadframes 40. The loaded input magazines 36 in the left zone 48 are once
again ready to feed leadframes 40 to the front and rear leadframe rails 12, 14
after being aligned with the rails. Thus, a continuous leadframe feeding path is
25 provided which may achieve zero magazine change idling time and together with
the adjustable rail pitch distance 34, may attain zero idle time for the bonding
system 32 as well. Magazine cassettes of the same design may be used to hold
loaded output magazines 38 to transport bonded leadframes 40 away from the
front and rear leadframe rails 12, 14.
30



15 zone 50 can be taken out and replaced with | oaded i nput magazi nes
36. After all the input magazines 36 in the left zone 48 are enptied
of |l eadfranmes 40, the nagazine input cassette 44 is noved back to
the right zone 50 which has been |loadgs with |eadframes 40 to
continue feeding |leadfranmes 40 in the right 20 zone 50 to the rails.
The enpty input magazines 36 are renoved at the left zone 48 and
repl aced W shodld eshappredibtotbipat teedud@rackaldadiravme Headiny wyatent Y0aff the

| eadf ranes 40. The | oaded jnput magazines 36.in the left zone 48 ar
once | agaPicREEdy SRR Shaleriesers fyepHe | POV Rapadg o
| eadf r ame ybhded deadifamad 00 BRbAGInG! bOPESHY idhdithdsaivhie mbintinifg
continuous | eadfrane feeding path is 25 provided which may achi eve

zer o magaZelaévell asgerateimiradonding. arhe firshendheecaud: ail pitale agdhjstaliapuides

rail pktc Ingt 4. .My aktal rQ, | t,| f |
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to hold Ireadeddolatacbrdimg dx theesadézine |dadimspopartibomdiéch.| eaitiis wapsthdO
4. 30 -12

away fromith front _and pear |eadfr rails 12 -12- 1t .
Shoul d be dugihaek HeciAMesleeting Siste: Tomey e et gl taring o
of the pnei&rdred pantiedipmenés.of the present invention achieves swift

| oadi ng of wunbonded | eadfranmes and unl oadi ng of bonded | eadfranes

while nmaintaining relatively accurate wire bonding. The first and

secondar aijk Lt J: I I J8Sq 5y At | InhChy:
di staﬂge 4n!% '@ﬁ???ﬁ'ﬁ?’?ﬁyﬁ“mﬁﬁ% dlgédr(e ative ﬁeght eéﬁlrt%rgﬁor?b tIJrFe
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one rail can continue during clanping or unclanping of a | gradf r ame
al ong t he Gt MERI WHl noter trRnmitied figPhane eaik ioghe Aterdeil 67 the ARShPRY E-fr

from ag i peX& biocks 18, 28 are spaced from each other so that each heater block is
substantially isolated from vibrations at the other heater block.

Moreover, as the front and rear indexers 20, 30 move only along the X direction
to feed leadframes, use of a buffer loader and a buffer unicader found in the prior
20 art discussed have been eliminated so that the disadvantages associated with
the buffer tables as described have also been avoided. In particular, disturbance
of the buffer tables during high-speed transfer motion is avoided so that the

bonding system 32 is able to run at full speed with high accuracy.

25 The independently operating dual tracks permit the dual-track leadframe feeding
system to function as a single track feeding system when one track malfunctions
or needs overhaul. Hence, this cuts down the machine idling time. Also, when
either the front module or the rear module is malfunctioning or being overhauled,
the machine can still operate with the other module that is still functioning. The

30 magazine cassette holds and fransporis multiple magazines in a continuous

feeding path which improves the speed of loading or unloading leadframes and



This is achievabl e since vibrations due to clanping or unclanpi ng of
a leadframe on arail will not be transmtted fromone rail to the
other rail as the front and rear 15 heater blocks 18, 28 are spaced
fromeach other so that each heater hlggk is substantially isolated
fromvibrations at the other heater block. Mreover, as the front and
rear indexers 20, 30 nove only along the X direction to feed

| eadf r amresichigses ebraidling tiate fovadappmgieraplyuhbgaziogd adtldoadeslionkd. nThée

rior 20 art discussed have bee | i m_nat sqQ that the . .
Gl sadvant SRGANE GRSRT 8 ITIETORED Bia FunaeaR 88 riehamdiiepddingaiae of
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during high-speed'tiansfer notion i's avoi ded so that the bonding
system 32 is able to run at full speed with high accuracy. 25 The

| ndependent .y 0RG At &é&trﬂgal hetréﬁ’lclg.ssugﬁéedq&e Hﬁ?%ﬁln’st Fr‘?dﬂ'ff{éaﬁ HAdRr
feeding systemto functiron as a Sing rac eedl ng system when one
track mal fagiditiohergherothanehdse apecifically. ddsernibed andi it isctot be dodarstdmd that
machine idling tinme. Al so en, either the front nodyle or,.the rea
Todul 61 s TRRERER JaeHESs Al it iR R aiics fons Rater aditians ob iEh
oper at e Wighwithia tRé BFrrit BREYLSpé Bithel dhovkideksciiptitet i oni ng. The 30
magazi ne cassette holds and transports nultiple nagazines in a
continuous feeding path which inproves the speed of |oading or

unl oadi ng | eadf rames and -13- achieves zero idling tinme for swapping
enpty magazi nes with | oaded ones. The nmagazi ne cassette, together
with the adjustable rail pitch, reduces idling tinme of the bonding
system so that bonding nay be done at high speed and accurately. 5
The invention described herein is susceptible to variations,

nodi fications and/or additions other than those specifically
described and it is to be understood that the invention includes al
such variations, nodifications and/or additions which fall wthin
the spirit and scope of the above description. -14- CLAI VS



1. A bonding apparatus for bonding el ectronic devices including
substrates, conprising: 5 first and second rails arranged adj acent
to each other which are configured to align the substrates in
vertical orientations during transportition along the rails; a

bondi ng system | ocatable over a first bonding site |ocated al ong the
first rail and a second bonding site | ocated along the second rail;
10 a firsCcLANISxer | ocated ‘adjacent to the first rail and a second

i ndexer |ocated adjacent to the second rail, each indexer being

i ndependently operative to transport a substrate along one rail
while a sybstr atgo{yphgl aBPatdi®s firndidy élebﬁom@Qﬂéﬂrﬁ;eEQHéﬂ@ngamﬂJs&ates
container |ocated at one end of the rails for holding multiple
unbonded C@BIPEEWS rat es and operative to feed unbonded substrates
directky to th a h 0 S i ai

1, fur%her conﬁ?slqs?'lr'\g ségcrog;ﬁl ‘?aﬁ% rgh@&%%@!ﬂ#?éél %E@n%r ﬂ’h&h aie
first rai configurednbealighutie shbntraaesjurstvertma{ obenhtations tcheingi ranspanidtion
second rai|s iﬁ ad'ustable. 20 3. The bondi ng apparatus as clainmed in
claim2 h rail is nmounted on an independent nounting
base so that eﬁ%rfdﬁid sysidratib@ngblervver si fited Bondiisike RrAHDAIOAY it firs?5
4. The bondi ng apparatus as clained in claim2 or claim3, wherein
the di st &itendatsgeend ppeding sie legadedalosadhe s6¢and @iladj usted to a

mul tiphe of a Jupst ralSerPBELLh! 8a g%ﬁtc{& e FiR&. I%ﬂnéﬁ(; NPk ecYht isddker
the first and secono‘ ra|e1 s are capable of receivin irst and second
subst r at esodatedratijaeecbiut thiensacosi mall t eandoingeyer beisg |lﬁjepﬂméebﬂmdpﬁr@tive

apparatus_ as cl ai nmed eced cI a| f er.. .
conpri si n§ Z{@”P@%%P Wétr@%?%’ﬂ&n%ﬁn '?etﬂa?f"b?lga I'éeri% vtget%(r#]%o'lra& 3
being bonded; and
a container located at one end of the rails for holding muiltiple unbonded

15  substrates and operative to feed unbonded subsirates directly to the rails.

2. The bonding apparatus as claimed in claim 1, further comprising a rail
pitch adjustable guide on which the first rail is mounted such that a distance

between the first and second rails is adjustable.

20
3. The bonding apparatus as claimed in claim 2, wherein each rail is
mounted on an independent mounting base so that each rail functions in a single
track configuration.

25 4, The bonding apparatus as claimed in claim 2 or claim 3, wherein the

distance between the first and second rails is adjusted to a multiple of a substrate
partition pitch of the container, whereby the first and second rails are capable of

receiving first and second substrates from the container simultaneously.



plurality of containers. 5 6. The bondi ng apparatus as clainmed in
claim5, wherein the container holder is configured to hold at | east
four containers. 7. The bonding apparatus as clainmed in claim5 or
claim6, wherein the container holderqgs configured to hold two
colums of containers. 10 8. The bondi ng apparatus as clainmed in
claim7, wherein the each colum of containers is alternately
][mvaﬁl e i rﬁ‘BO al'ﬁrwleHMingrj]\:ietp:c’pat"d‘les fais(rjelbin@étﬂ(ijzﬁenp@er ef tre bcyﬁedft;@edbimgs,
urther sybstrates to the first and second rails. 15 9. The bondi ng
hppar at us HANET SORBHSTE ShiEascort CONGIT BOFE BhatitePupiriindo nod a
contai ner Qg oficontapversed to a container holder table that is
operative to continuously nove and align the containers
sinmultaneously with the first and second rails for feeding

addit! gnalg SudsflabeRahg Aifarbfls 3 Al inl MailOBO AL APP A L Rtaiter

clainmed in‘any one o0 recedi ng clains, ér conprising a
first heatrerddriscknfimxed tohbldetfeast fobvaodtaiersi te and a second
heat er bl ock next to the second bonding site, wherein the first
heater block is spaced fromthe second heater block so that each

heat er bl ogck i srHeUBSAGIAG AdaratusSas alsfel raMIMinPrabr WM, Wherdhhee
heat er bl ock. 25 11. Method of bonding el ectronic devices Including

subst r at escontRpT haldergs crefigwed ja held: tgrealirany gf eoMatneshd second
rail s 4grranged adjacent to each other; feeding unbonded substrates
19 . ; ( .
froma container holding multiple unbonded 30 substrates directly to
the rail s &r omiecbaningbppdratusaas slaithéd & abinydi whetdie thel 6ach column of

fS I”P:: ' gags@bgqjﬁ%!sti'? %ﬁ{e@%ﬁéﬁ rtlr%(?\}alb?enl‘?ltéj gﬁdnr}gergtr\,%ﬁxsﬁl%rﬁrg arn sé"‘éo%raqahg?or

feeding further substrates to the first and second rails.

15 9. The bonding apparatus as claimed in any one of claims 5 to 8, wherein the
container holder is mounted to a container holder table that is operative to
continuously move and align the containers simultaneously with the first and

second rails for feeding additional substrates fo the rails.

20 10. The bonding apparatus as claimed in any one of the preceding claims,
further comprising a first heater block next to the first bonding site and a second
heater block next to the second bonding site, wherein the first heater block is
spaced from the second heater block so that each heater block is substantially
isolated from vibrations at the other heater block.

25
11.  Method of bonding electronic devices including substrates, comprising the
steps of:

providing first and second rails arranged adjacent to each other;
feeding unbonded substrates from a container holding multiple unbonded
30  substrates directly to the rails from one end of the rails while aligning the



transporting a substrate on the first rail with a first indexer to a
first bonding site located along the first rail, and locating a
bondi ng systemover the 5 first bonding site to bond the substrate
on the first rail; moving a substrate gy.the second rail with a
second i ndexer to a second bonding site |ocated along the second
rail while the substrate on the first rail is being bonded; after
bondi ng atsubbteates s e Ricatomentatidre dwingaraspoadtion apatyithg fiidiandartond
10 system oyer the second bonding site to bond the substrate on the
second rai'® S and noving the bonded substrate with the first indexer

to unload the haRdestt ?g@%dbéﬁfwgté"’ﬂw et NRst SHShRALL 4t nBBx&e PR first

in
rail is being bonded. thod as clainmed in claim1l, further

conpr i si ngpoad|ngssitenigcatedi gloagdee fitdrabeand losating stbanding sysam ewrithe
by rmylsngfi?&ehr?n'dfn?si{?gt'olborﬁllatmégﬂb tgfornath!e ﬁpéttrgE adj ustabl e gui de
SE€Cco ral 0 Teedal

f
relative to the prior ng substrates to the first

and second r ai Insoviridf) alstibsivatchonl tles sedaridmed with al seicond Ihdesee te arsdcbad
di stance between the fjrst and second r.ai i s adj usted t : -
mui i pl 6 QPNATGUBle PsplsebapDd the REETL rAibrhindTe SHbarEcn Rerirsbmy s
the first ih s&eied rails are capable of receiving first and second
substrates fromthe container at a sane position of the container. 25
14. Method as @ftar keading ainediigl bendingisie ia complated. ogatim@ihe bonding

N I X I ) ; L.
S ur Dy Syflem, 0FES e BEGRIRGIRG M8 10 Honki e SubsTRES Bh HHE SERoP a2
t he cont aiamer hol der hol ds at |east four containers. 30 -17- 16.
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substrate while the substrate on the second rail is being bonded.

15 12. Method as claimed in claim 11, further comprising adjusting a distance
between the first and second rails by moving the first rail mounted on a rail pitch
adjustable guide relative to the second rail prior to feeding substrates to the first

and second rails.

20 13. Method as claimed in claim 12, wherein the distance between the first and
second rails is adjusted to a multiple of a substrate partition pitch of the container,
whereby the first and second rails are capable of receiving first and second

substrates from the container at a same position of the container.

25 14, Method as claimed in any one of claims 11 to 13, further comprising at

least one container holder that is operative to hold a plurality of containers.

15.  Method as claimed in claim 14, wherein the container holder holds at least
four containers.
30



17. Method as clained in claim16, wherein after feeding substrates
to the first 5 and second rails, noving each colum of containers
into alignnment with the first and second rails for feeding further
substrates to the first and second rai{s,. 18. Method as clained in
any one of clains 14 to 17, wherein the container holder is nounted
to a container holder table, and the container holder table 10

conti nuousby miAethodad ahihgnisintdiainc ddtai aimins 15 whitedn dwusdntainet hoidee
first and cond rails ;or f eedi ng additional substrates to the
rails. 19NOEMELALIMEP oF FRYAING™Siny one of claims 11 to 18, wherein a
first heater block next to the first bonding site and a second

heat er bl ock next to the second 15 bonding site are spaced from each
other so tlifat &rthothasctaimpd it klaing 16swheteinftar fagdingosubstiatasigihe first

vi br at 5ong,nat s JARI FalE mBGARY 8ach!cBflfnn of containers into alignment with the first

and second rails for feeding further substrates to the first and second rails,.

18. Method as claimed in any one of claims 14 to 17, wherein the container
holder is mounted to a container holder table, and the container holder table
10 continuously moves and aligns the containers simultaneously with the first and

second rails for feeding additional substrates to the rails.

19. Method as claimed in any one of claims 11 to 18, wherein a first heater
block next to the first bonding site and a second heater block next to the second
15 bonding site are spaced from each other so that each heater block is

substantially isolated from vibrations at the other heater block.





