1 BUFFER DEVI CE FOR SEM CONDUCTOR PROCESSI NG APPARATUS Field of the
Invention 5 The invention relates to a buffer device for tenporary storage
of sem conductor conponents in an in-line transportation nechanism such as
| eadf ranes and other substrates in in-line sem conductor packagi ng

equi pnrent. 10 Background and Prior Art It has becone a normto automate
nost, if not all of the process steps inwolved in the packagi ng of

sem conduct or conponents. Such automated assenbly lines are also comonly
referred to as in-line packagi ng equi pnent. Wth increased 15 aut omati on,
the need to manage sem conductor conponents in an in-line system is
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the in-line assenbly systemand reduce idling time when waiting to proceed
to the next, process. 20 In a typical in-line transporter for sem conductor
assenbl y ehiglhpbthe Inveatiglhrk  fiow of the in-1ine transportati on mechani sm
of the sem conductor conponents such as |eadfranmes and other substrates
into a work-holder is unidirectional. Being unidirectional makes the

t ranspor t aThennpsstes frelgrsi 1o a tufleanidvive fdovie®oramSstotdde bhebRAcRHuctor
sophi stication in sem conductor packagi ng equipnent, the ability of in-line
t r anspor t aEPBROALEIFARIANE-IING thanrRpstalipndneehanisnasuchhas ieadifirasees and other
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separate |eadfranes. In a conventional wre-bonding machine with a single

bond- head, .
10  Background and Prior Art

It has become a norm to automate most, if not all of the process steps involved in
the packaging of semiconductor components. Such automated assembly lines
are alsc commonly referred to as in-line packaging equipment. With increased

15  automation, the need to manage semiconductor components in an in-line system
is becoming more important. An efficient transportation system is thus required to
take into account varying processing speeds on different equipment in the in-line
assembly system and reduce idling time when waiting to proceed to the next
process.

20
in a typical in-line transporter for semiconductor assembly equipment, the work
flow of the in-line transportation mechanism of the semiconductor components
such as leadframes and other substrates into a waork-holder is unidirectional.
Being unidirectional makes the transportation process easier to handle. However,

25 with increased sophistication in semiconductor packaging equipment, the ability of
in-line transportation mechanisms to manage bi-directional movement becomes
an advantage. An example of this is in the case of a wire-bonding machine with
duai bond heads which can simultaneously perform wire-bonding on two separate
leadframes. In a conventional wire-bonding machine with a single bond-head,

30 unidirectional transportation has proven generally adeguate. However, dual



30 unidirectional transportation has proven generally adequate. However,

dual 2 bond-head w re bonders have been configured to allow bi-directional
flow of the |leadframes into the work-hol ders of the w re-bondi ng machi ne
for bonding and out of the work-holder after bonding. 5 Bi-directional
transportation can be useful in the event that one of the transportation
mechani snms or one of the bond heads on t W re-bondi ng machine is not
functioning. Therefore, an operator nmay have to avoid routing | eadfranes

t hrough t he non-functioméﬁétransportation machi ne or bond head. Since this
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t ransport abf tie wpek-hsldebafterbyndihgt he I nvention 15 It is an object of the
i nvention to provide a buffer device for sem conductor assenbly equi pnent
that seeks to address the abovenenti oned needs. Accordingly, the invention
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P ansport abSieERgiqIo BRREBActcn | 8an JBH. TRERHTE" ) SRRRIIER, SpeCRR e
processi ng trameponation antthamsters wecordi simtiierbdrndisdLls iong thes ewireé @RadiHgOr
conponents between the transportation track and a receiving section of a
pr ocessi ng MaRHIGds N08fgnetianing.el [hergfya: BN eprratorhiEyehave e @voih Futinig ve

to receive %]ﬂ ﬁﬁ@ C _@E]-: h ster
mechani sm ! ! (Aaghﬁgédqge gnﬁ%@hguﬂgﬁﬁﬁgﬁ?éﬁsp{og 'ebcﬁ%éﬁ{éhé?ibﬁynégpﬁgﬂ' I n
greater detSihde Biyis mighenesme ld=pifidneefbemgoaansmertet fvaglirskticns aldridgsitet e
one enbodi nent of the _ ) _ )
10 same travel paths (as will be explained in greater detail below), there needs to be
a system in place to avoid congestions or boftlenecks along the transportation

paths.

Summary of the Invention

15
It is an object of the invention to provide a buffer device for semiconductor

assembly equipment that seeks to address the abovementioned needs.

Accordingly, the invention provides a processing apparatus for semiconductor
20 components comprising a transportation track for conveying semiconductor
components between processing machines; a transfer mechanism for transferring
semiconductor components between the transportation track and a receiving
section of a processing machine along a travelling path; and a buffer device
operative to receive and store semiconductor components from the transfer

25 mechanism.

It would be convenient hereinafter to describe the invention in greater detail by
reference to the accompanying drawings which illustrate one embodiment of the

invention. The particularity of the drawings and the related description is not to be



I nvention. The particularity of the drawings and the related description is
not to be 3 understood as superseding the generality of the broad
identification of the invention as defined by the clains. Brief Description
of the Drawings 5 Exanples of a buffer device in accordance with the

i nvention wll now be described with reference to the acconpanying

drawi ngs, in which: Fig. 1 illustrates aznidirectional work-flow of

| eadf ranes between a main 10 transportation track and work-hol ders of a

w re-bondi ng nachine; Fig. 2 jllustrates a bi-directional work-fl ow of
| eadf r anes “BHQES%‘?%A]a%Sap?“%@r B3 atie® :%’QS{%W A e dHaadedentiicatipn of the
W r e- bondi ﬂﬂlerﬁ%ﬁia%edéfﬁleﬂ%y {]Hérkﬂéi' ing; Fig. 3 is an isonetric view of a

buffer device according to the preferred enbodinent of the invention; and
15 Fig. 4 is a cross-sectional view of the apparatus of Fig. 1 along

sectional Ii.n? A-A. of Fig. 1. Detailed Description of the Preferred

Enbodi mnt%ﬁ—%ﬂ%@hﬁ—&?—é@ﬁﬂ% 1 illustrates a unidirectional work-flow
of sem gonductor conponents, such as |eadframes, between a nain
transportation track 22 and work-holders of a processing nmachine, in the

form of a Exaeylesdifng baffar eviaenpni accgdanee bwitld-theeadend8n ®H. ndhe be
in-line transpartation frack 22 conveys |eadfranes 20 between processing
mchi nos. | QEREIA] YR ele dive i NG AR RATSARS HGVNGSIN I, 1% Onty a 35
section of the in-line transportation nmechanismthat is adjacent to the
Wi re- bonding machine with dual bond heads 28, 30 is shown. Leadframes 20
are noved Faj.og iltustrates re turadsecidnal | work-flaekoRJeadframesi between sy shain and
ot a0 Rt EhoRaSH bt nd drk A of d -6 TaBhinil ¥ 7 e-Ponding
Fig. 2 illustrates a bi-directional work-flow of leadframes that is adapted when an
adaptor or a bond head of the wire-bonding machine is not functioning;
Fig. 3 is an isometric view of a buffer device according to the preferred
embodiment of the invention; and
15  Fig. 4 is a cross-sectional view of the apparatus of Fig. 1 along sectional line A-A

of Fig. 1.

Detailed Description of the Preferred Embodiment of the Invention

20 Fig. 1 illustrates a unidirectional work-flow of semiconductor compenents, such as
leadframes, between a main transportation track 22 and work-holders of a
processing machine, in the form of a wire-bonding machine comprising two bond-
heads 28, 30. The in-line transportation track 22 conveys leadframes 20 between
processing machines, generally in a direction from left to right in Fig. 1. Only a

25 section of the in-line transportation mechanism that is adjacent to the wire-
bonding machine with dual bond heads 28, 30 is shown. Leadframes 20 are
moved along the main fransportation track 22 of the in-line system and are
stopped at a position in front of a left adaptor of the wire-bonding machine. A
transfer mechanism 24 of the left adaptor transfers leadframes 20 from the main

30 track 22 to a receiving section of the machine, which may be a rear track 26 of the



transfer nmechanism 24 of the left adaptor transfers |eadfranes 20 fromthe
main 30 track 22 to a receiving section of the machine, which may be a rear
track 26 of the 4 |eft adaptor, along a predefined travelling path. The
transfer nmechanism?24 may conprise a lifting structure that is adapted to
support a leadframe 20 along the travelling path. A rolling nmechani sm (not
shown) on the rear track 26 sends |eadfrganes 20 partially into a

wor k- hol der of a first bond head 28 of the wire 5 bonding machi ne. A |eft
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t he bond heads 28, 30 are capabl e of sinultaneous independent operation, a
first | eadﬁr@&ﬁﬁlngopﬁﬂi\y e roling maai@amsme(ryﬁcsfmrnond theatea(sotracdv 26 sends

re-bondin 0. wh ond, | eadf heI e t first bond
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After bonding i s conpleted by either the first bond head 28 or the second
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bi - di recti onal
wire-bonding with respect to the second bond head 30.

After bonding is completed by either the first bond head 28 or the second bond
15  head 30, the right indexer pushes the leadframe 20 into the rear track 32 of a right
adaptor. From the rear track 32, a transfer mechanism 34 of the right adaptor lifts
and transfers processed leadframes 20 back onto the main track 22. The
processed leadframe 20 is then transported to another packaging equipment
along the assembly line.
20
Fig. 2 illustrates a bi-directional work-flow of leadframes 20 that is adopted when
an adaptor or a bond head of the wire-bonding machine is not functioning, so that
normal unidirectional work-flow of the transportation mechanism is disrupted. The
transportation mechanism will now be programmed to handle a bi-directional
25 work-flow, that is, leadframes 20 enter and leave the work-holders of the bond
heads 28, 30 in two directions along the same travelling path. When this
happens, when a leadframe 20 is in the work-holder being bonded, no further
leadframes 20 can be transferred from the main track 22 to the work-holder of the
first bond head 28. As a result, leadframes 20 on the main track 22 waiting to be
30 wire-bonded must remain stationary, thereby disrupting the flow of leadframes 20



25 work-flow, that is, |eadframes 20 enter and | eave the work-hol ders of the
bond heads 28, 30 in two directions along the sane travelling path. Wen
this happens, when a leadframe 20 is in the work-hol der bei ng bonded, no
further |eadframes 20 can be transferred fromthe main track 22 to the

wor k- hol der of the first bond head 28. As a result, |eadfranmes 20 on the
main track 22 waiting to be 30 wire-bonded nust remmin stationary, thereby
di srupting the flow of |eadframes 20 5 upstream along the assenbly I|ine.
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buffer gevice 10 in relation to this second travelling path. 10 Fig. 3 is an
i sometric view of a buffer device 10 according to the preferred enbodi nent
of the i nvé&imilary, iffthe st bend deadczB BOnatdupctigusy netrayeliog pat betveeet treres

20, such as ri Therefore, ,it. conprise.hol din an t he
form of mireanirak 325 he AGRERAEPIPE puhicD Heis SR i SPOTorD AL torai ¢ he
15 said bUftIfa%k Eif‘é'hBQIdlglsoTﬂt@ ﬁ%ll@dléﬁ@l Wué”ﬁ'\HQ@IdabéeﬁrefgraBIQrf%ehave a
stationary jaws 12 and a set of three novable jaws 14. The hol di ng Jaws 12,
14 pr ef er alsegonedbiuffer devipé dlahirelatiof te dmpsecomdttravetingpathli ng a plurality of

sem co&r&uctor conponents 20, which may be arranged vertically. In one
enbodi ment, each set of stationary jaws 12 and novable jaws 14 has two

level s. Thysy gaghaHPREMmElSY Sliewf of BepIM¥RBEGice 10 according to the preferred
embodiment of the invention. The buffer device 10 comprises means to hold
leadframes 20, such as by gripping. Therefore, it may comprise holding means in

the form of multiple sets of holding jaws 12, 14 mounted near the bottom of the

15  said buffer device 10. The said jaws may include a set of three stationary jaws 12
and a set of three movable jaws 14. The holding jaws 12, 14 preferably define a
plurality of compartments for holding a plurality of semiconductor components 20,
which may be arranged vertically. in one embodiment, each set of stationary jaws

12 and movable jaws 14 has two levels. Thus, each upper level of the movable

20 jaw 14a forms a first storage level with each upper level of the stationary jaws
12a, and each lower level of the movable jaws 14b forms a second storage level

with the lower levei of the stationary jaws 12b.

Preferably, two pneumatic cylinders 16a, 16b are mounted in association with the
25 buffer device 10 to separately actuate the upper movable jaws 14a and lower
movable jaws 14b respectively. The pneumatic cylinders 16a, 16b will move the
jaws 14a, 14b when compressed air is introduced. The moving directions of the
movable jaws 14a, 14b may therefore be designed to be dependent on the
direction of air input/output into or out of the pneumatic cylinders 16a, 16b.

30 Furthermore, each set of movable jaws 14a, 14b are movable independently of



20 jaw 14a forns a first storage level wth each upper |evel of the
stationary jaws 12a, and each |ower |level of the novable jaws 14b forns a
second storage level wth the |ower level of the stationary jaws 12b.
Preferably, two pneumatic cylinders 16a, 16b are nounted in association with
the 25 buffer device 10 to separately actuate the upper novable jaws 1l4a
and |l ower novable jaws 14b respectively.g The pneumatic cylinders 16a, 16b
will nove the jaws 14a, 14b when conpressed air is introduced. The noving

directions of, the novaple jaws. 14a, 14b may .therefore be designed to be
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f
novabl e i ndependent 0 ot ttogether wit
jaws 12, eleddfremte 80. novabl e jaws 14a, 14b define a conpartnment for hol ding
a sem conductor conponent or |eadframe 20. 5 Fig. 4 is a cross-sectional
view of the apparatus of Fig. 1 along sectional line A-A of Fig. 1. The

o 1 b Fot TG 48 4 BrosuslaibnaPl MaPor acalfiirins @] Aoy SBEodtRhe A ACK 26

of the Teft Tadaptor. In use, |eadfranes are sto a pos
adj acent t of fFlige 1.r ditsf buffeedbvicestd Bmdlinded batfeamtise 2taiarteadk 22 ethdothet he

transfer mechani 4 fromih in track 22 _and subsequentl | aced . onto
Lha"30°T eafear ik 36 of s o 30pPBkodh sBesac TIPS/l cHo AToRachBt GRStk
26 to the T S a{% a 2 Ch ﬁf%&’ en
there is, fa \ggcggg?r%ﬁg'? ggﬁsé%gq?g a I%ﬁv g.ad?p%ﬁgga%ﬂﬁ ?92%% I'n ;B \)(/0Wé
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S
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may be utilised to

When there is, for example, a need to allow leadframes 20 to travel in two
directions between the main track 22 and the rear track 26, after a leadframe 20c
15 has been fed to a work-holder, it may be necessary to free the transfer
mechanism 24 to allow transport of the wire-bonded leadframe 20c from the rear
track 26 to the main track 22. Thus, the buffer device 10 may be utilised to
receive and store leadframes 20 from the transfer mechanism 24. The transfer
mechanism 24 is moved to a position below the buffer device 10 between the
20 main track 22 and rear track 26. The transfer mechanism then moves up towards
the buffer device 10 and aligns the left edge of a first leadframe 20a with the
stationary upper jaw 12a. The transfer mechanism 24 then moves left so that the
leadframe 20 enters the first storage level that is the stationary upper jaw 12a.
The pneumatic cylinder 16a then actuates the movable upper jaw 14a towards the
25 first leadframe 20a and the leadframe 20 is now held in place by both the
stationary upper jaw 12 and movable upper jaw 14a. A sensor 18 may then detect
and confirm the presence of the first leadframe 20a being stored in the buffer

device 10.



receive and store |eadfranes 20 fromthe transfer mechani sm 24. The transfer
mechani sm 24 is noved to a position below the buffer device 10 between the
20 main track 22 and rear track 26. The transfer nechani smthen noves up
towards the buffer device 10 and aligns the left edge of a first |eadfrane
20a with the stationary upper jaw 12a. The transfer nmechani sm 24 then noves
| eft so that the |eadframe 20 enters the,first storage level that is the
stationary upper jaw 12a. The pneumatic cylinder 16a then actuates the
aw_14a t mards the 25 first |eadfranme 20a and the | eadfrane
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W re- bonde I's to be transporte ownstream the trans mechani sm 24

wll transport the bonded Ieadfrarre 20c fromthe rear track 26 of the left
adaptor _to the in tr c After renoval of nded | eadf rame 20c,
the trafsf &t %g??aﬂ? Pcn d\Rsr deEPn Wis-be ?ﬁlf@ ISadRi be HansRPTAY | oad

the second do%ﬁ’%grreiéﬁ tﬁet{rarfs‘?ér' Hamérﬁ b Wil rtl%%sk@?t%é%d%ﬁ 1888frafeospd he

buf f er devi ce i rst -|n ast-out manner n a reverse procedure
from the rear track 26 of the left adaptor to the main track 22. After removal of the

bonded leadframe 20c, the transfer mechanism 24 may now return to the buffer

device 10 to offload the second leadframe 20b, followed by the first leadframe
15  20a, from the buffer device 10 in a first-in last-out manner. In a reverse procedure

to the loading process described above, the transfer mechanism 24 lifts each

leadframe 20a, 20b off its holding jaw 12, 14 followed by opening up of the

respective movable jaw 14a, 14b. Each leadframe 20a, 20b is then sequentially

sent to the rear track 26 of the left adaptor to be transported to the work-holder of
20 the bond head 28 for wire-bonding, and out of the rear track 26 after bonding.

It should be appreciated that an additional buffer device 10 of the present
embodiment having an identical function and form can be mirrored on the right
adaptor which may also provide a buffer for leadframes 20 in the event that bi-

25 directional movement of leadframes over the right adaptor is also desired.

The invention described herein is susceptible to variations, modifications and/or
additions other than those specifically described and it is to be understood that the
invention includes all such variations, modifications and/or additions which fall within

30 the spirit and scope of the above description.



to the | oading process described above, the transfer nmechanism?24 lifts each
| eadf rame 20a, 20b off its holding jaw 12, 14 foll owed by opening up of the
respective novable jaw 14a, 14b. Each | eadfranme 20a, 20b is then
sequentially sent to the rear track 26 of the |eft adaptor to be
transported to the work-hol der of 20 the bond head 28 for w re-bondi ng, and
out of the rear track 26 after bonding. It should be appreciated that an
addi tional buffer device 10 of the present enbodi nent having an identical
function and formcan be mrrored on the right adaptor which may al so
provide a buffer for |leadfranmes 20 in the event that bi- 25 directional
novenment of | eadfranmes over the right adagtor is also desired. The invention
described herein is susceptible to variations, nodifications and/or

addi ti ons othzr than those specifically described and it is to be understood
that the i Bon i ncludes all such vari ations, nodifications and/or
additions which fall within 30 the spirit and scope of the above
description. 8 CLAIMS: 1. A processing apparatus for sem conduct or
conponent s donpr Asprogessing) spparatos & semitoadkctbocomponerisngnsgrgicgnduct or
conponents between 5 processing nachines; a transfer nechanismfor
transferring senPchARRAMRIOR 51t COYEVINEE ReMIGRNAUCIH SGRINPAReISR Retwernand

a receivgng R i ocessing machine along a traveling path; and a
buf fer devi ge |tﬁgﬁ§dﬁ%8ﬁﬂg{;dl ng jaws operative to receive and store 10

semi conduct or coaptereidsmiechanishefdritersiatingtsemicondedtor sh@penantst thetween
transfer nmechanismis selectively operable tQ transfer sem conductor
conponent s the HARSPeEAAMEagk PN frepiiRg sertomef & PICPasiBd dBapingalong a

stationary jn%‘()’élingaﬁéithfrgﬁabl e jaws that are

a buffer device including holding jaws operative to receive and store
10  semiconductor components from the transportation track, wherein:
the transfer mechanism is selectively operable to transfer semiconductor
components to and from the buffer device;
the holding jaws comprise stationary jaws, and movable jaws that are
movable relative to the stationary jaws, such that a semiconductor component is
15  held when the movable jaws are moved to a position to support it; and

the movable jaws are mavable independently of each other.

2. A processing apparatus according to claim 1, wherein the movable jaws
are controllable in sets, and each set of independently movable jaws define a

20  compartment for holding a semiconductor component.

3. A processing apparatus for semiconductor components comprising:
a transportation track for conveying semiconductor components between
processing machines;

25 a transfer mechanism for transferring semiconductor components between
the transportation track and a receiving section of a processing machine along a
traveling path; and

a buffer device including holding jaws operative to receive and store

semiconductor components from the transportation track, wherein:



novabl e relative to the stationary jaws, such that a sem conductor conponent
is 15 held when the novable jaws are noved to a position to support it; and
t he novabl e jaws are novabl e i ndependently of each other. 2. A processing
apparatus according to claim1l, wherein the novable jaws are controll able
in sets, and each set of independently novable jaws define a 20 conpartnent
for holding a sem conductor conponent. 3. A processing apparatus for

sem conduct or conponents conprising: a transportation track for conveying
sem conduct or conponents between processing nachines; 25 a transfer
mechani sm for transferring sem conductor conponents between the
transportation track and a receiving sectgon of a processing nmachine along a
traveling path; and a buffer device including holding jaws operative to

recei ve and stor em conduct or. components.fromthe transportation track,
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sem conducte&mggﬁmﬂg% ﬁ.&gqﬂg Hu'Ff%FUbUi%ePUffer devi ce; the holding jaws
n

conprise stationary jaws, a novabl e jaws that are novable relative to the
stationary jaws, theubbldihgtjaesseompdse stationargnpaserand snovabhe |jawahibat tare

novabl e jaws are novyed to osition to support it; and further including
pneumt | ¢ cyavadle: late 6 ReStegoRspuaMS. SUGR 1Ak 2 SeisRNdURREEPPBGR S
5 held when the movable jaws are moved to a position to support it; and
further including pneumatic cylinders operative to actuate movement of the

movable jaws.



