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SField of the Invention The invention relates to a bondi ng nmachi ne
for electronic devices, and in particular to a bondi ng nmachi ne

i ncorporating a dual -track transfer mechani smfor | oadi ng and

unl oadi ng el ectroni c devices such as | eadfranmes for bonding. 10
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In back-end semiconductor assembly processes involving electronic devices

)

such as vertical light-emitting diode (“LED") devices, thermosonic ball bonding is
15  a primary process used for forming electrical interconnections. Vertical LEDs are
mounted on substrates arranged in a vertical orientation in a magazine and fed
into a bonding machine vertically for bonding. Bonding is carried out fo
electrically connect an LED mounted on an edge of a standing substrate, such as
a leadframe, to the subsirate 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 LEDs are also 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 result 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



gold wire of 20 to 75 microns in dianmeter is bonded onto a circuit
pad on the LED 30 before bonding onto a corresponding |ead of the

| eadf rame on which the LED is nounted. In order to transport
successive vertical LED devices into a bonding - 2 - area, a

| eadf rane transportation device |ncludéng a linear indexing system or
an indexer transports a |eadframe at hrgh speed along a |eadframe
transporting track or rail. As the speed of wire bonding vertical
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The syd€hr bsiswer pusiiestquh abansgdrle e feeding an unbonded leadframe
to a bonding site. The idling time of the bonding system may increase as much

as 30% when the bonding speed is high.

Leadframe transportation devices incorporating a dual-track leadframe feeding

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 activaies the synchronous indexer 102 to feed an unbonded
leadframe 112 each onto the front leadframe rail 108 and the rear leadframe rail



20 feeding system 100 conprises a first track or front |eadfrane rai
108 and a second track or rear leadframe rail 110 which is fixedly

| ocated parallel to the front |eadfranme rail 108 at a predeterm ned
di stance fromthe front |eadframe rail 108 such that the pitch of the
rails 109 is fixed. There are also a pre-heater block 104 and a
heater bl ock 106 with bonding sites | 684t ed at opposite sides of the
25 heater block 106, and a bondi ng system 107 that is | ocatable over

the two bontiggomid RadfrAfe! ASGINDIRS Y fRELAY Bt 8 éﬁ%ﬂﬁasbmapus
i ndexer 102 to feed an unbonded | eadframe 112 each ontod the front

| eadf rame riEadk ieadrame feering Syptemedel.r de i unborgled Jlgadframesmta2 are
| eadframe NREAFINGgLMEALRMgAhe R Bﬁrﬁ%sequ\la%s ﬁ{}eo %ﬁ?re(ﬁ O&Sthg"{ﬁ‘:lclf
gdl ng sygte 8 : 3

track | eadfrane fe m1 e two unbonde eadfranes 1

are i ndexednco@ét iratehRbig priechamier blockatlés beformbeingtindexeggodhe dicaied
of the ts’acdﬁﬁclé‘%e%?f reﬂ?(a?t@gt B?rol%f ?foﬁ@ﬂé.er TRE 95 4fs§&£9{ §0P8s N9
ocC 6 Tor fur r e

I ndexed to the heater heating re bonding.
The bondi ngnevabiehetngenithe fronblebdirdroe waibh08 hed theorear lesafrtmenmail rdDIto

L0 T " R DAY BBl i 308 AR AP EDBE e
bonded leadframes 112 have been compleiely bonded, the two bonded
leadframes are indexed together downstream and unloaded into a magazine. At

10 the same time, another two unbonded leadirames 112 are fed to the first end of
the dual tfracks 108. The bonding system 107 would be idle and unproductive
during the loading and unloading of the leadframes 112 to and from the
synchronous dual-track leadframe feeding system 100. Thus, the synchronous
dual-track leadframe feeding system 100 siill relies on a series bonding and

15 indexing sequence as the single track feeding system described above. The
throughput gain over a conventional single track feeding system is hence minimal.

Moreover, since the pitch distance between the dual fracks 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 tracks 108, 110
which are in contact with the dual tracks causes the transmission of undesirable
vibrations resulting 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



bonded | eadf ranes 112 have been conpl etely bonded, the two bonded

| eadf ranes are indexed together downstream and unl oaded into a
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are fed to the first end of the dual tracks 108. The bondi nhg system
107 woul d be idle and unproductive duri,ng the |oading and unl oadi ng
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The front and rear leadframe rails 118, 120 each receives a leadframe 112 from
an input magazine 122 via the buffer loader 114 using a buffer loader indexer
113 and either a front indexer 128 or a rear indexer 130. A bonding site is
15  located adjacent to each frack so that wire bonding may be carried 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
leadframe 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 ifseif with the ouiput 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 output
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 unioading of
leadframes 112 to and from the front or rear leadframe rails 118, 120 require two



- 4 - buffer |oader 114 and a buffer unloader 116. The dual tracks
conprise front and rear leadfranme rails 118, 120 arranged parallel to
each other. The front leadfrane rail 118 is in contact with a front
pre-heater block 117 and a front heater block 119. A rear pre-heater
bl ock 121 and a rear heater block 123 Sre 5 located on the rear

| eadfrane rail 120 and are separated fromthe front pre-heater bl ock
117 and the front heater block 119, hence vibrations fromthe opening

or cl osi ng mffel e, mn%m&ﬁém@]eeorbwamﬁmhw Whol@®luriaf 86 atihe
| eadframe on the other. Wre bonding of a | eadframe does not have to
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the prior gristkfpdescribed above. The front and rear |leadfranme rails
118, 120 each receives a leadfrane 112 from an i nput nagazine 122 via
the buffer |oader 114 using a buffer |oader indexer 113 and either a
front indexer 128 or a rear indexer 130. A bonding site is 15 | ocated
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two 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



- 5 - buffer tables, when one buffer table breaks down, the whole
buffer table dual-track | eadframe feeding system 100' cannot continue
to operate and bonding nust stop. 5 Additionally, the length of the
buffer | oader 114 and the buffer unloader 116 nust be sufficient to
acconmodat e the whole length of the |eadframes. Increasing the | ength
of the two buffer tables to accormbpdate | onger |eadfranes will
correspondingly increase the machine length. This results in a |arger
foot print \Guhihady ek MPeM@huabl e space. The buffer table dual-track
| eadf ranme feeding system 100" al so has nore conponents and hence
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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



for bonding el ectronic devices including substrates, conprising:

first and second rails arranged adjacent to each other which are
configured to align the substrates 10 in vertical orientations during
transportation along the rails; a bonding system ]l ocatable over a
first bonding site |ocated along the first rail and a second bondi ng
site located along the second rail; a first indexer |ocated adjacent
to the first raill and a second i ndexer |ocated adjacent to the second
rail, each mnﬂ%eﬁ'rstbiﬂti@ﬂar'tB%R%HQﬁ@%Md&PS&@éﬂa\(@ \nihﬂe iR B Wate 8n the
substrat e along one rail while a 15 substrate held on the other rai
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hol ding nmul ti pl e unbonded substrates and operative to feed unbonded
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novi ng a substrate on the second rail wth a second indexer to a
second bonding site | ocated along the second rail while the substrate
on the fir Sther piesenisinbentiop hm%deacﬁiﬂtwprémmddmg eferehes 1o tied ddBiled

bondi it ml et ed t th
Don! 1, 1 ek BRI 5 b BR BRut R R Y g r
movi ng thetb@@d&ﬁn;ﬁu@&@rc&h\ﬁmgs. i whichith the first indexer to unload
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bonded.'”I't woul d be conveni ent hereinafter to describe the invention
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FIG. 2 is a top view of an improved convéntional bu er 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.



10 Brief Description of the Drawi ngs The present invention will be
readily appreciated by reference to the detail ed description of the
preferred enbodi nent of the invention when considered with the
acconpanyi ng drawings, in which: 15 FIG 1 is a top view of a
conventional synchronous dual -track Iegdfrarre feedi ng system

I ncorporating a synchronous indexer; FIG 2 is a top view of an

| mproved conventional buffer table dual -track 20l eadfranme feeding
systemincorporating two buffer tables conprising a buffer |oader and
a buffer unloader;  FIG 3 is a to view of a dual -track | eadfrane
f eedi ng sy&ietaileg; D fdhe Rreferre Trends effhelnventiehi ¢ devi ces

I ncl udi ng substrat es such as Ieadfrarres 25 accordl ng to the preferred
enbodi nent of the invention; and FIG 4 is a side view of the

dual -t r ack Theguelessd e rngﬂs;féh@ presenFn@Entenwithhedlegcdbryl bieremafteon
Ain Fl I t | e of magazi ne i nput
cassetté-:L %"t‘g fhtﬁ%i@%%ﬁ%%ﬁﬁ%ﬂﬂpﬁ? @%Ol’dl ng to the preferred
enbodi nent of 30t he invention. -

FIG. 3 is a top view of a dual-track leadframe feeding system 10 with adjustable
pitch for bonding electronic devices including substrates such as leadframes
according fo the preferred embodiment of the invention. The dualirack

10 leadframe feeding system 10 includes front and rear modules which comprise
adjustable dual tracks made up of a front leadframe rail 12 and a rear leadframe
rail 14 located parallel to the front leadframe rail 12. The front leadframe rail 12
and the rear leadframe rail 14 are each mounted on an independent mounting
base so that each rail functions in a single track configuration. The front module

15  further comprises a front pre-heater block 16, a front heater block 18 and a 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 leadframe 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



Det ai | ed Description of the Preferred Enbodi nents of the Invention
The preferred enbodi nent of the present invention will be described
hereinafter 5 with reference to the acconpanying drawings. FIG 3 is
a top view of a dual-track | eadfrane feeding system 10 with

adj ustabl e pitch for bonding el ectronig devices including substrates
such as | eadframes according to the préferred enbodi nent of the

I nvention. The dual -track 10 | eadfrane feeding system 10 i ncl udes
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pr e- heatser I@éd?%ééartlﬁoﬁ ‘b@éﬁ o#f@%%m*a} 9Gh é@aﬁ’}ﬁjpui‘ of bgﬁbtut hﬁ?ﬁéiﬁé 380

| ocat ed adj acent to ront frame rail front [eadframe

rail 12 is %%taéd’loobﬁ fcﬁpgblea}fcﬂ@@ﬂbmacwng t\ﬁ@tbﬁﬁoa@@m&a&tjﬁ@e@uﬂmeé
hey L@
22, 24. Theyltfl y %&th t\lvﬁ boRG&d faRamak 49 suhﬁlt%r{é%ugﬁr%?u%@gé' RSSIH@@

further conpri ses conponents to t ront anely a
rear pre-hedths mpgagre. ZEhe ww&aad putpubmaphziass 3B Braredogated al onpogie

30 I ocated 4 f r

pre- hoat or A5 oy Tof it ieef HadeRBie A3z, 24 anhine i@ for okiing
pr e- hedOer mmitiplhelabmdeblleada‘sara& arBBbwnﬂedrlemi‘framBSi respetigelyi br at i ons
fromthe front and rear nodules. The rear nodule may be fixed in

position while the front nodule 25 may be novable relative to the
rear nodul énbyseadpeisail pdch kistdrnoes84 andird extjusded & lalign ttbé feof wetiatehe

01 00 22 VBl et U0 o5 s AN A BRI
to the railand rear Radframe galotat Bdmal aligcihecewaran wamindaddeadfiaine140
e ek e aspl SRk e g8 e L (2o R8 YR B8 DR HRReg e
and the | eadﬁulaamouélhe Thailbadzidt lehdfdarﬁé 40dealihedsn adyaridalblientatiort Had
tnuh|et T H)gt 01? nd dEa>e(éaclr ang ?r%%ggo ed aalong ei ér t%e froa orbreeagllela%ﬂg%emﬁaltl q2?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 two 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 independenily index and iransport 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 fransported along the rear leadframe
rail 14 to the second bonding site.



5 leadframe partition pitch of a container such as an input or output
magazi ne 36, 38 so as to be capable of directly receiving two
unbonded | eadf ranes 40 or directly unl oading two bonded | eadfranmes 40
si mul taneously at a same position of the magazine. The input and

out put magazi nes 36, 38 are |ocated atdqpp03|te ends of the front and
rear leadfrane rails 12, 14 and are conflgured for holding 10
mul ti pl e unbonded Ieadfranes and bonded | eadfranes respectively. In
use, the rail pitch distance 34 is first adjusted to align the front

and rear dfrang rails 12, 14 with .t rail pitch of the inpu

et o6 3ahe oG Shist F8mobiies e Haskie o 1ae Heatieadiize 48 ghine
directly rﬁ?ﬁ'bﬁﬁldﬁr@ bllfémh@@egn'tﬁédfdr@ﬂ@ad‘?@nﬂﬂé raﬁlafftl beddrd & MovedOand is
| eadf ranes nay be ejected fromthe input magazi ne 36 si nul taneouslcg

The | oaded 2@ ?rfs e $aconfi Bﬂ'é%l”g rﬁ"‘& JRreanyBencs: inondiagi i SREON

| ndexed 5an¢eéd$@m%0m hel G PB%es feBBfrahbfail wntaeﬂfre &I@boﬁcﬁﬁ%&ﬁsﬁ@fﬂ 3Ai |
12, 14 to be pre-heated in pre-heating zones adjacent to t front

pr e- heat er cpMplatess Borgiag theesecoad |padiiaiesa arang mexesto pafarey benging at |
l'engt h of tﬂhl?frbﬁﬂe&@f?éiﬁé FAE$2 4tﬂe€ff5(1)1? indeQef B& hh %Uﬁi}g%ﬂfiturn@% ke fpmre

rails 12, I nput nagazi ne nmoves one rame partition
pitch si dewagﬂgdttbe Qendecb@a frarpe [48aan thﬁérqméiaadfremel rathdp mﬁéged anether
respective 1} t r
ndocor s 26NiecBat AR sbRRM WA Jehe  ind fon -G DAl 1d &2
| eadf r dfre 4tk 8ist hendiag sitte ﬁ§aﬁims reil picho is eep!almde@lf yheamaggzina deddfame

and the reﬁggit@ﬁ tEﬁaEﬁtheacldt Lft]ra%#% He’38 Bﬁ% @xﬂ%d RO 4R 48% ttﬁ% fropt.

bl ocks 18 e fir JEcon srtes resi
heat ed suf fandi reat llgadframenraile Bhnt4 mgay VhAi éjecteﬂnesehuanlhahlg igkps thempdRui s

the front FEEITENS T AT 19 hrlbldebMie e 4b e G R i Bl ™
: ggg?red by mdmzmzciméﬂ;ahmdpoﬁehamlmw toaras poe tezdframeneeriitiom piehrto get

A e Do S s RBR bR e Epioseditrom a0 P Y iar

Ieadframe 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 cassette
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 casseftes 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 cassetie
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



first bonding site held on the front |eadfrane rail 12 before it
noves and is | ocated over the second bonding site to commence bondi ng
the second 5 | eadfrane 40 held on the rear leadfrane rail 14. Before
t he bondi ng system 32 conpl etes bondi ng the second | eadframe 40 and
noves to performbonding at the front J.eadfrane rail 12, the front

i ndexer 20 has sufficient time to i ndeX and unl oad the bonded

| eadf rame 40 on the front leadfrane rail 12 and feed anot her unbonded

| eadf ranme %@ag‘n P& jAp st Gadbtre w@@h doinﬁnﬁ bpmpupﬁfégaﬁﬁé§66t?é gﬁ&rn&@wo
10 the first bond |n site. As the rail pitchis a mnul tlﬁée of

megazi ne |wbmtopamnmembwnbfh%ﬂomfandweabﬁpgfu@mﬁawﬂ 439, a3 webe
bonded 'ea%géﬁ@%ffé@dﬁ@ batrd o ARflitaiRtuslyaReteiame rails 12, 14 may

be ej ected sequenti al I nto the out put rraga2| ne 38. After the bonded
| eadf ranes 40 enter entirely into the out put magazi ne 38, the output

magazi ng 3§‘h%§g§ﬁ n‘?ar:%z'id%@ d?fggoé’@erot 2 gﬂ?h@@ 4% @ ?{h tha |éﬁ‘%ﬂé{ rirbﬂt

receive th nme un romthe front or
| eadf rane rzanés 48, 5040f iHe Gragazine wput aessﬁtt@vvhbf Tﬂilseemlualmagasww input

leadfrane fS%&tqé%iwEJHnﬁQod’éy‘Pﬁcftea' ﬂngirgétiroﬁgtlh atAd iR FfGG 630 the
illustratin eedi n ence of magazi ne 1 np casset 24
magazi ne cmzine |hmltd:@|sseme mouahlelitaide ¥6 storthaqdpecﬂ@i input mapadnerdd |r0f

the inventi (o] ¥ in

one i nput HESgtaensed o isned) BRAIHE FenBal (U8 (o RIS, 2, s

cur r entiOwi rf@dntgwchddglohebheuﬂfmgyes E:) smqmltameowaigchonmermsalts t i iehelnetiveen

assi st ance BA") er for suc a

mmgazi ne. | s bR 40, F6 I el peddtes T 8360 M 2SR B hren,

36 at any @mptd ihetrads thenmmgaadmet iaputornssatte aads moved to the left zone 48 to
continue feeding the ieadframes 40 held in the inpui magazines 36 in the left
zone 48 to the rails. At the same time, empty input magazines 36 in the right

15  zone 50 can be taken out and replaced with loaded input magazines 36.

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 {o the front and rear leadframe rails 12, 14
after being aligned with the rails. Thus, a coniinuous 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 casseties 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



magazi ne cassettes which house only one or two nmagazines. FIG 4

il lustrates exenplary container holders in the formof an

ei ght - magazi ne i nput cassette 44 or two colums of four-mgazi ne

i nput cassette 44. The magazi ne i nput cassette 44 is nounted to a
cont ai ner hol der table or magazi ne inpyt cassette .novable 30 table
46. | nput magazines 36 held in the nmdgdzi ne i nput cassette 44 are

| ocated in a first colum or a |left zone 48 and a second colum or a

right zone ;pohfig g@i%gpf&%@d et P Hhal9AR fddtraftte eBARY s%@ﬂeH{Tﬁo ;aﬁ the

I nput nmagazi nes 3 alternately novable into alignnent wth
front and meelerpéasmbagimentiofs thep prasend oingentios lsehiewgsaivéft olpagisadprhg

| eadf r anes ' |y A : ' | :

| oaded it NP2 cBREAKE, ahd DRRENRY of ERck 1PetndiRRO e el
t he magazi melativalyacausaieatitedhondingT Hdediist ang sesgad ralgiich pdiustediasguides 44
I S cont iznugus I 0. di 14 L,nd . '

magazi nle5 i %'gu? X@Q@'\égﬁeerg_'r[rgl;éﬁ@é{aﬁ g% -gr@éch Zf%ﬁqiwa? r@éﬁaoeagi lelbahép!)élﬂ\]lg to the
magazi nes 3@an moduie accghingzotte Hogarine kbidtared paititinn pheh.f ndhis veayd theear
| eadf rane rai f ' | LI . .

si mul t aneo@ﬁkﬁ?%g‘{eﬁiﬁa}rﬂ? F%e%%g%rﬁgoﬁg%#’% %gré‘i J}fﬁﬁga}ﬁeﬁ oilq(faryt'%

| nput nmagazeaudmn®opartitidnhgtcheght zone 50 have been fed to the rails,

t he magazi ne input cassette 44 is noved to the left zone 48 to
continue feeding the | eadframes 40 held in the input nagazines 36 in

the | efl0 zadikd&h the pribean ayhcvoriustdal-Fackelehdirame Graing systant 100, wire
nmagazi nes 3’6 I,n tr%e ri{gl?t 15 ztone @50. car] be. t aken out .and rgglﬁced
with | oadedoPAipgEt ARG F8R C9BUNUR: FUINI-F'AMPIRE 9T HIGRMRIS ST AR,
the |eft zemhgdBe attereabiitiet disturbaerfeon sibfliontiiaas migaiztone ah iiigier.
cassette 44 is, noved black to the ric%ht zone .50 whi (}h has
This is achievable since vibrations due to clamping or unclamping of a leadframe
on a rail will not be transmitted from one rail to the other rail as the front and rear
15  heater blocks 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 maove only along the X direction
to feed leadframes, use of a huffer loader and a buffer unioader found in the prior

20 art discussed have been eliminaied 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 irack feeding system when one track malfunctions
or needs overhaul. Hence, this cuts down the machine idling time. Also, when
either the front medule 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 casseite holds and transports multiple magazines in a continuous
feeding path which improves the speed of loading or unioading leadframes and



been | caded with | eadframes 40 to continue feeding | eadfranes 40 in
the right 20 zone 50 to the rails. The enpty input nmagazi nes 36 are
renoved at the left zone 48 and replaced with fresh i nput nagazi nes
36 |oaded with a plurality of |eadframes 40. The | oaded i nput
magazines 36 in the left zone 48 are gace again ready to feed

| eadf ranes 40 to the front and rear l'eddfrane rails 12, 14 after
being aligned with the rails. Thus, a continuous | eadfrane feeding
path is 25 aléﬁi@Vééi@&pW&ﬂlr@"tirﬁ@quMbEMQ e?ﬁﬁtf? nERERHEE WittNeRER! dri¥lsl Mhe
time and together with the adjustable rail pitch distance 34, nma
attain zer MagfziverGaspetie togatleniyiuinepdiyaiaivraibrigh, frqyces iding Aimeof
cassettes SPORIEIRS i3Sk dshd Wit RskakrRticBubtely.
magazi nes g%a?§ﬁ¥ransggﬁ?b%§§g§gd?gad ranes 40rﬂﬂay fromthe fro%t
and rear leadfranme rails 12, 14. - 12 - It should be appreciated

that thg d"f@%‘i%@ff%n 'd%@&iﬂeﬁ”ﬁeréﬁﬁgisﬂgce%}ﬁﬁlreﬁmv]aﬁ_a?t%nslt, %o c@fi&isr &sh/or

enbodi nent e present 1nvention achieves sw oading o
unbonded | @dditipagrethes fiaruthiosa gpagjlieally seaerded andiit inibe \mgerétood that
mai ntai nin j: i : i he £ GG,
rail pi tch%a%ﬁdgbg%ieg% g@%gﬂz%ﬁg‘é‘%@a&%ﬁh@ﬁﬁaﬁgﬁ? ginpf%gia?gﬁoglgst ance
34 by shi f falhwithimthef spinttandedape of e abpvedeseriptien.r ear nodul e accordi ng
to the magazi ne | eadframe partition pitch. In this way, the

dual -track | eadframe feeding system 10 may be used with nagazi nes of
varying | eadfrane partition pitches. 10Unlike in the prior art
synchronous dual -track | eadfrane feedi ng system 100, w re bonding at
one rail can continue during clanping or unclanping of a |eadfrane
along the other rail w thout disturbance fromvibration transmtted
froman indexer. This is achievable since vibrations due to clanping
or unclanping of a leadfrane on a rail wll not be transmtted from
one rail to the other rail as the front and rear 15 heater bl ocks 18,
28 are spaced fromeach other so that each heater block is
substantially isolated fromvibrations at the other heater bl ock.
Moreover, as the front and rear indexers 20, 30 nove only along the X
direction to feed | eadfranes, use of a buffer |oader and a buffer

unl oader found in the prior 20 art discussed have been elimnated so
that the di sadvantages associated with the buffer tables as described
have al so been avoided. In particular, disturbance of the buffer
tabl es during high-speed transfer notion is avoided so that the
bondi ng system 32 is able to run at full speed wi th high accuracy.



25 The independently operating dual tracks permt the dual-track

| eadf ranme feeding systemto function as a single track feeding system
when one track mal functions or needs overhaul. Hence, this cuts down
the machine idling tine. Al so, when either the front nodule or the
rear nodule is mal functioning or bei nffoverhaul ed, the machi ne can
still operate with the other nodule that is still functioning. The
30nagaziH§L$®%%ette hol ds and transports nultiple nagazines in a
continuo i ng path which inproves the speed of | oading or

unl oadi ng | eadframes and - 13 - achieves zero idling time for
swappi ng enpty magazi nes Wi th | oaded ones. The nmgazi ne cassette,

t oget her Wi t h A hendigp anpapates fari borsling iglectreniscdevices inslpdinaaubsiraters
bondi ng %*ﬁﬁﬁﬁﬂﬁf t hat bondi ng may be done at hi gh speed and
accurately. ‘invention described herein is susceptible to

vari ations, ndilstl iandt isecendaindiler amaeidd arijacenbeto tdzrh lesewhich are

ifically d ibed and it is taq b togd that the i |
Rl udes. SV OGN 9, Ao i sube g i oG rEGErS NG GARSRATAURR
fall W thiigng the eRs;rit and scope of the above description. - 14 -

CLAIMS: 1. A bonding apparatus for bondi ng el ectronic devices
i ncl udi ng sub<t bendirg sydapy losatagle over a first bemding gite decsirr alanpdhe first

ar r anged Alag eled AaPRARInG!HETIolbd WL AnG QBELQUESA Lo align the

substrates in vertical orién ng transportfation along the
rails; a first indexer located adjacent to the first rail and a second indexer

located adjacent to the second rail, each indexer being independently operative
to transport a substrate along one rail while a substrate held on the other rail is
being bonded;

a container located at one end of the rails for holding muiltiple unbonded
substrates and operative to feed unbonded substrates directly to the rails; and

a rail pitch adjustable guide on which the first rail is mounted such that a

distance between the first and second rails is adjustable.

2. The bhonding apparatus as claimed in claim 1, wherein each rail is
mounted on an independent mounting base so that each rail functions in a single

track configuration.

3. The bonding apparatus as claimed in claim 1 or claim 2, wherein the
distance between the first and sécond rails is adjusted to a multiple of a substrate
partition pitch of the container, whereby the first and second rails are capable of
simultaneously receiving first and second substrates from the container

respectively.

4, The bonding apparatus as claimed in any one of the preceding claims,
further comprising at least one container holder that is operative to hold a

plurality of containers.



a bonding system | ocatable over a first bonding site | ocated al ong
the first rail and a second bonding site |ocated al ong the second

rail; a first indexer |ocated adjacent to the first rail and a
second i ndexer |ocated adjacent to the second rail, each indexer
bei ng i ndependently operative to transpert a substrate al ong one rai
while a substrate held on the other rail is being bonded,; a

container |ocated at one end of the rails for holding nmultiple
unbonded substrates and operative to feed unbonded substrates
directly 40 thged %bhélngaﬁgparatus a8 dainedin AhiddUSilbR He %nféfher
which the first rail 1§ nounted such that a di stance between t

first andaderiagonigured ite held)aideassfeur copfairmrs. bondi ng appar at us as
claimed in claim1, wherein each rail is nmounted on an i ndependent
nmounti ng base so that each rail functions in a single track
configurad.i on TheBbofrdnagbanpiiralgsaam@ra@rhad iasclainaidned daimcbawheteinrthe
claim 2, vm?re%&the di st nce E &1 en the firs aqd_ second rails is
adj ust ed 995@NERMGIHE & cgp %PFEG 3P té’o YTE$ BhCHIRER™of t he

contai ner, whereby the first and second rails are capabl e of

si mul taneousl y receiving first and second substrates fromthe

cont ai ner?-r espdétbarsling apparatiiscasolatmendyinagipian Gt wherein teaearbdcalwmarnf
one OT t nPﬁFnS&%q{; %ﬂ?ﬂagélgﬁwe vfapre Mf“c[ %IF%%{tSN {S‘Fﬂar@;ﬁr{stﬁy S rails for

cont ai ner Ive containers
- 15 - Heedihg fmlsmgsmaﬂeartath&fn%andi aecord rafiscl ai m 4, V\/ner ein the
contai ner holder is configured to hold at |east four containers. 6.
The bondi ng apparatus as clainmed in claim4 or claimb5, wherein the

cont ai nerg hol dgfe b&ldﬁfﬁ‘éb&#ﬁ% atsoclsﬁﬁ{edi |h"§hg¢c91|e%1’fb$a|ﬁhfs £, W@ém the 7
The bondi ng apparatus as clainmed in claim wherein the each col um

of cont aiGeakainers haldee s anewstegoipapl eontainsr dioldgintekte \ﬂnathISt aeerplive tlo
and Seco%pﬂﬁué@ﬁ %oJebaﬂgnzﬂlé;fnufﬁeh%ntﬁwé?é rﬂbﬁfaﬁe&u&& wit hrtﬁE ﬁ}QEand

second rai apparatus as

cl ai s 4 degofid railsdoeferdingeadditidre] nelbpstradéslter thegailount ed to a cont ai ner
hol der table that is operative to continuously nove and align the
containers sinmultaneously with the first and second rails for feeding

addi tiond, suliier Bérifing @pbBfatigidsSelaimed 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.

10.  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
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;



9. The bondi ng apparatus as clainmed in any one of the preceding
clainms, further conprising a first heater block next to the first
bondi ng site and a second heater block next to the second bondi ng
site, wherein the first heater block is spaced fromthe second heater
bl ock so that each heater block is subStantially isolated from
vibrations at the other heater block. 10. Method of bonding

el ectroni c devices including substrates, conpr|3|n% the steps of:
provi di ng fi r dfenspartiegcancosiielss ofr thendedt radj witera Trgt E@@Hefottcheﬂr first

feedi ng yph, f n I

unbonded su(a"%regt[ez}sb% |E£02(£:lt%ﬁ9 tb%ﬁﬁe ﬁ’a%r?ds%? %gﬁggﬂ%&gjﬁ@&lg%tghﬁove” g
whi | e al ifusii btgtdir‘rgesﬁeuﬂmsttamitths substvatetancthke fiostireilit at i ons duri ng
transportation along the first and second rails, - 16 -

{r ansport | ng_ AGYRE B EBale h 4T Fe&dic B Wil pisegope fadexen da eseoppda
first borgfnathgsiteeldcart 88ngltRe Sekbbfd tail Ghilé #heé subdtehte WrethedtsBrail is
bondi ng system over the first bonding site to bond the substrate on

the firstbeaingponded;  ppying a substrate on the second rail with a

SEETRS, e eSO RO, B S b IE L R LBy 9B

whil e the substrate on ra|
bondi ng atysteheofértbe seoond hgnding eite $o bongh tret sﬂgstt‘a&cam ithtgsechmdtraihdi ng

system over the secand, bond ite t on he sub

soond rail; Moy CPAGAC SHSIAE il Bt ReRen [br fle Bhdeder
to unl Oa%ubbﬁatqud%ihélﬁabbfréfeﬁ)rv\mds%cbh@_r&lﬁb?dei Bordded; AAdsecond rai |
i s being bonded; and adj usti nﬁ_l a_di stance between the first and

second rails @FJU@BUQ @gdlﬁt@éwﬁhe&t'e@ra e firstian@ geepndarailgiby ppyipg the first
adj ust abl g gy %tf ?}haé Ir¥if Bé’h taﬁgjs?frtgi'@l%deafélaltWe I\g hl'tteoséc%‘?ﬁ' ra§l n%n r.to

Substrates to t Irst secon od as clai
claim 10,feedtegeuhsttatestt)’d’t€dirsteambsmd ke first and second rails | s
adjusted to a nultiple of a substrate partition pitch of the
contai ner, whereby the first and second rails are capabl e of

recei vi ng1f i r stethod ase;tmm@dsnlbﬁimattoewﬁer@mthélenstacm:‘eatietﬁéeﬁtheamaaﬁd
position of the cantajner, hod as clained in claim 10 or

cl ai m 11,5e€eRq Fails is gRpsted Wga H’tunlné%gf a sHRsEIR P HIaN Ritohd the faptaner,
oper at i veyHReh\P ik 3irdt! HR@!ddc¥n@fraft®Hr@i d3PEBle of receiving first and second

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

12. Method as claimed in claim 10 or claim 11, further comprising at least one

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

13. Method as claimed in claim 12, wherein the container holder holds at least

four containers.

14. Method as claimed in claim 12 or claim 13, wherein the container holder

holds two columns of containers.

15. Method as claimed in claim 14, wherein after feeding substrates to the first
and second rails, moving each column of containers info alignment with the first

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



13. Method as clained in claim12, wherein the container hol der hol ds
at | east four containers. 14. Method as clained in claim12 or claim
13, wherein the contai ner holder holds two col ums of contai ners.

15. Method as clained in claim 14, wherein after feeding substrates
to the first and second rails, novingldach colum of containers into
alignment with the first and second rails for feeding further
substrates to the first and second rails,. - 17 - 16. Method as
claimed in any one of clainms 12 to 15, wherein the container hol der

i's mount e t 0 \ethEBIR HI8M&PIHSky bABIST claRd 108 49NhAkRER tﬁ@'cgﬁffalner
tabl e continuously noves and aligns the containers simultaneously

wi t h t he Haldertisamausiedotedaresintaingn holdeedaklig, andithe ormataineibbeldgt dableo

the rail i i ; , i .

wner e n Sorieud hREs St pyEhe SR SuflnaBa4ly ih, e it and
second h&@bendbdum‘brfmdtngaﬁdiﬂfmaeummtb@twihegaﬁé.te are spaced from
each other so that each heater block is substantially isolated from

vi brations at the other heater bl ock.
17. Method as claimed in any one of claims 10 {o 17, wherein a first heater

block next to the first bonding site and a second heater block next to the second
bonding site are spaced from each other so that each heater block is

substantially isolated from vibrations at the other heater block.



