-1 - ELECTRONI C DEVI CE HANDLER FOR A BONDI NG APPARATUS Fi el d of
the Invention 5 The invention relates to a bondi ng apparatus for
el ectronic devices, and in particular to a handler station for
tenporary storage and/or mani pul ati on of electronic devices prior to
and subsequent to bondi ng, such as wire bonding or die bonding. 10
Background and Prior Art In the process of form ng a sem conduct or
integrated circuit package, a series bf steps are taken to assenble
vari ous conponents to forma finished package, 15 such as di e bondi ng
and wire bonding. Die bonding refers to the attachnment of a
sem conductor die to a carrier, such as a |leadfrane. Wre bonding is
a process whe/BLEGTRONIC DEVICE HANDL ER FOR ABONDING WPPARATWYS bonded
on electrical contacts on the sem conductor die and correspondi ng
carrier in order to electrically connect the conponents. Thereafter,
t he sem corbethe iliedtibs encapsul ated with 20 nol di ng conpound to
forma_sem conduct or package and then each package is singulated to
separaﬁe it. Traditionally, w re bonders have used single bond heads
due to si | frel f 100
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Background and Prior Art

In the process of forming a semiconductor integrated circuit package, a series of
steps are taken to assemble various components to form a finished package,

15 such as die bonding and wire bonding. Die bonding refers to the attachment of a
semiconductor die to a carrier, such as a leadframe. Wire bonding is a process
where wires, for instance copper or gold wire, are bonded on electrical contacts
on the semiconductor die and corresponding carrier in order to electrically
connect the components. Thereafter, the semiconductor die is encapsulated with

20 molding compound to form a semiconductor package and then each package is
singulated to separate it.

Traditionally, wire bonders have used single bond heads due to simplicity of

implementation. However, US Patent No. 6,749,100 entitled “Multiple-Head
25 Wire-Bonding System” reveals a wire bonding apparatus with multiple bond

heads. Such a wire bonding apparatus enables bonding of multiple electronic

devices on a wire bonding machine with a smaller footprint as compared to

having separate machines. At the same time, it offers greater productivity.

However, such a machine gives rise to more demanding handling needs due to
30 the merging of multiple bond heads onto one platform.



- 2 - One exanple is the | oading of electronic devices to the bondi ng
apparatus for bondi ng and unl oadi ng of the sane after bondi ng.
Conventionally, an input nagazine is nounted on a | oader side of the
bondi ng apparatus for feedi ng unbonded el ectroni c devices and an

out put magazine is nounted on an unl oader 5 side of the bonding
apparatus for storage of bonded el ectronic devices after bonding.
This is illustrated in US Patent No.-%;045,318 entitled "Lead Frame
Suppl yi ng Met hod and Apparatus". Electronic devices are introduced
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20 feeding passages of the magazines rn parallel with a conveying track of the

bonding apparatus takes up considerable space when two magazines are placed
side-by-side at the end of the conveying track. Moreover, since the conveying
track is generally stationary, further space is required to move the two magazines
sideways relative to the conveying track to respectively feed unbonded electronic
25 devices or receive bonded electronic devices. Since the magazines are quite
large in order to store multiple electronic devices, they might encroach into the
space already occupied by other components of the bonding machine due to the
sideways motion. [t would be advantageous if the two magazines are arranged
in another orientation that avoids the magazines being obstructed by other

30 components of the bonding machine.



5 a y-axis perpendicular thereto. Adifficulty arises if the y-axes
of the electronic devices are |onger than typical el ectronic devices.
Whilst there is generally no problemin handling their Iengths in the
X-axi s since the conveying track is operable to index the whol e
x-axis of the electronic device for bonding, to be able to bond the
whol e el ectronic device in the y-axis3 a positioning table with a

| onger 10 y-axis table range woul d be“required. To design a
positioning table with a | onger y-axis table range would i ncrease the
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- to cater to the increased range of movement. It would be advantageous if the
bonding machine could be designed to automatically bond the required surface
15 area of the larger electronic device without the need to increase the y-axis table
range of the positioning table.

Summary of the Invention

20 It is therefore an object of the invention to seek to provide a system for
automatically bonding an electronic device with large bonding area without the
need to increase a y-axis table range of a positioning table for locating the
electronic device under a bonding tool during bonding.

25 According to a first aspect of the invention, there is provided a method of bonding
a large eiectronic device having a bonding area on one side that comprises first
and second portions, the method comprising the steps of: locating the first
portion but not the second portion of the electronic device for bonding by a
bonding tool; bonding the first portion of the electronic device; conveying the

30 electronic device to a rotary platform that is rotatable along a substantially
horizontal plane; rotating the electronic device on the rotary platform to change



t he respective positions of the bonded first portion and unbonded
second portion of the electronic device; conveying the electronic
device to the bonding tool such that the second portion of the

el ectronic device is |located for bonding by the bonding tool; and

t hereafter bonding the second portion of the electronic device. 5
Alternatively, the nethod may utilize,two bonding tools, wherein the
first portion is bonded by a first bohding tool and the second
portion is bonded by a second bonding tool. According to a second
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devi ce foP® WHQ*H@ by the bonding tool thereafter. Alternatively, the
apparatus may conprise two bonding tools, wherein the first portion
is bonded by a first bonding tool and the second portion is 20 bonded
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acconmany iof ghel eRiotrogis , deviteWiasC been bonded by the bonding tool, and which is
operative to rotate the electronic device along a substantially horizontal plane to
orientate another portion of the electronic device for bonding by the bonding tool
thereafter. Alternatively, the apparatus may comprise two bonding tools, wherein
the first portion is bonded by a first bonding tool and the second portion is
20 bonded by a second bonding tool.

It will be convenient to hereinafter 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

25 be understood as superseding the generality of the broad identification of the
invention as defined by the claims.

30



FIG. 1(a) to 1(d) are isonetric views of two.nmagazi nes nounted on
one side of a bonding apparatus and a rotary platformfor
transferring el ectronic devices therebetween according to the
preferred enbodi nent of the invention; 10 FIGs. 2(a) to 2(e) are
schematic illustrations of a process for bonding an el ectronic device
with a |large bonding area in accordange with a first preferred
enbodi nent of the invention; 15 FIGsT*¥3(a) to 3(e) are schematic
illustrations of a process for bonding an el ectronic device with a
| ar ge bondgng MkEivtion i with a second preferred enbodi nent
of the in ; ; 0 4(e) are schematic illustrations
of a process for bonding electronic 20 devices with | arge bondi ng

areas Ssi usl.y | a L ng _appar.at i th mul.tinle bond
heads; a%%@?g% AIfS pge%é@%den%rﬁﬁggbﬁﬁﬁstgfa%f oﬁgﬁtfvgnécr '?Vécfeyqﬁngt%foﬂn
posi t i onedhchetdanen with theplirevehtiord Wik adsr decdaegtribgd twittanefehice ploettey r ed
enbodi gnt of the.inyention, ‘él‘S Det ai | ed Description of the Preferred
Enbodi ment®CeTPEREN] HARGSoR WH'es. 1(a) to 1(d) are isonetric views
of a storage assenbly, which nmay conprise two containers in the form
of magazi nes 16, 18 nmpunted on one side of 30 a bondi ng apparatus_ 10
and a rot dPspl@ o srisometis viewseliweumagazines meynted ap onersidenef
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therebetween according to the preferred embodiment of the invention;

10
FIGs. 2(a) to 2(e) are schematic illustrations of a process for bonding an
electronic device with a large bonding area in accerdance with a first preferred
embodiment of the invention;

15 FIGs. 3(a) to 3(e) are schematic illustrations of a process for bonding an
electronic device with a large bonding area in accordance with a second

preferred embodiment of the invention;

FIGs. 4(a) to 4(e) are schematic illustrations of a process for bonding electronic
20 devices with large bonding areas simultaneously using a bonding apparatus with
multiple bond heads; and

FIG. 5 is a schematic illustration of a rotary platform positioned between multiple
bond heads according to another preferred embodiment of the invention.

25
Detailed Description of the Preferred Embodiments of the invention

FIGs. 1(a) to 1(d) are isometric views of a storage assembly, which may
comprise two containers in the form of magazines 16, 18 mounted on one side of
30 a bonding apparatus 10 and a rotary platform such as a rotary buffer 14 for

transferring electronic devices, such as leadframes, therebetween according to



the preferred enbodi nent of the invention. The bgndi ng apparatus 10
general ly conprises a conveying track 12 for conveying electronic
devi ces towards and away from a bonding tool at which electronic
devices are | ocatable for bonding, an input magazine 16 for storing
unbonded el ectroni c devices, an output 5 magazine 18 for storing
bonded el ectronic devices and the rotary buffer 14 for transferring
el ectroni c devi ces between the nagazfﬁes 16, 18 and the conveyi ng
track 12. The bonding tool may be a wire bonding tool. The magazi nes
16, 18 ar lef ) her ; hei [ 10
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devi ce bettinckA2t Abebending tenhnaybelawhia donding taehazi nes 16, 18. The 20
rotary buffer 14 may al so be configured nore generally to be
posi tionable at other orientations. The rotary buffer 14 is
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20 rotary buffer 14 may alsc be configured more generally to be positionable at

other orientations. The rotary buffer 14 is preferably configured to rotate along a

substantially horizontal plane.

In FIG. 1(a), the rotary buffer 14 is aligned with a feeding passage of the input
25 magazine 16 so as to receive an unbonded electronic device onto the rotary
buffer 14. In FIG. 1(b), the rotary buffer 14 is rotated to be aligned with the
conveying track 12. In the illustrated embodiment, the feeding passages of the
magazines 16, 18 are arranged at an angle of 90° with respect to the conveying
track, and the rotary buffer 14 is therefore rotated by 90°. Other orientation
30 angles are possible. During rotation of the rotary buffer 14, if the rotary buffer 14
is situated close to the magazines 16, 18, it may be necessary to raise the rotary



5 the conveying track 12 to the bonding tool of the,bonding apparatus
10 for bonding. In FIG 1(c), the bonding tool has finished bonding
the electronic device, which is then sent back to the rotary buffer
14 by the conveying track 12. In FIG 1(d), the 10 rotary buffer 14
is rotated in a reverse direction by 90 and is aligned wth the

f eedi ng passage of the output nagazing 18. In order to align the
rotary buffer 14 and the out put nagaz?ne 18, it would be necessary
for relative notion of the rotary buffer 14 with respect to the

magazi nes ' e Ny ' el 1 ] .
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cycle is nppgmhed. Otherwise, if the rotary buffer 14 is suitably

constructed wth nmultiple holding slots such that it is configured to
receive a bonded el ectronic device while it is holding an unbonded
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FIG 2(a) ’wigtﬂg o% rt1hee rrn%tggéir\]/esl?lgsftﬁé roltgryI guffer 14 was previously adjacent to the
15 feeding passage of the input magazine 16. Either the magazines 16, 18 or the
rotary buffer 14 may be moved accordingly. Once the rotary buffer 14 and the
output magazine 18 are aligned, the bonded electronic device is received by the
output magazine 18 for storage. Thereafter, the rotary buffer 14 is aligned with
the input magazine 16 for receiving another electronic device for bonding, and
20 the cycle is repeated, Otherwise, if the rotary buffer 14 is suitably constructed
with multiple holding slots such that it is configured to receive a bonded
electronic device while it is holding an unbonded electronic device, then an
unbonded electronic device may be transferred onto the rotary buffer 14 while
another electronic device is being bonded to improve efficiency.
25
FIGs. 2(a) to 2(e) are schematic illustrations of a process for bonding an
electronic device 22 with a large bonding area in accordance with a first preferred
embodiment of the invention. The bonding apparatus 10 comprises separate
input and output magazines 16, 18 on one side of a conveying track 12 as
30 previously described. An electronic device 22 is transferred from the input
magazine 16 onto the rotary buffer 14 in FIG. 2(a), and the rotary buffer 14 is



- 8 - then rotated and aligned with the conveying track 12. The

el ectronic device 22 is then carried by the conveying track to a
position of a bonding tool 20 for bonding. To avoid the disadvantage
of increasing a noving nass of a positioning table as descri bed
above, the bonding tool 20 is configured to access only a portion of
a 5 whol e surface area on one side of the electronic device 22. In
FIG 2(b), a first portion 24 of the ®tectronic device 22 has been
bonded. This may correspond to half a surface area of the electronic

device 22, n t -axis. Th rtially-hon ectronic devi 22 is
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onto tge whalesyriage areaan ane side phihe elagtropigsisiiged2second portion 26 of
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unbonded portion 26 of the electronic device 22 is now positioned to be

15 accessible by the bonding tool 20. Thereafter, the electronic device 22 is sent
back onto the conveying track 12 so that the unbonded second portion 26 of the
device is positioned underneath the bonding tool 20, as illustrated in FIG. 2(d).

The second portion 26 of the electronic device 22 is then bonded.

20 In FIG. 2(e), the second portion 26 has also been bonded so that wire bonding of
the whole electronic device 22 has been completed. The bonded electronic
device 22 is then sent onto the rofary buffer 14 and transferred to the output
magazine 18 as described above. It would be appreciated that, using the
aforesaid process for bonding an electronic device 22 with a large bonding area,

25 the need for a positioning table with a large y-axis moving range can be avoided.
In fact, complete bonding of the whole electronic device 22 is achievable as long
as the positioning table has a y-axis moving range of at least half the Y-axis
width of the electronic device 22.

30 In addition, a processing station 28 may also be located at the position of the
rotary buffer 14 to process electronic devices 22 that are transferred onto the



rotary buffer 14. The processing station may usefully incerporate one
or nore functions w thout the need to increase the length of the
conveying track 12 or increase the |ateral space or footprint of the
bondi ng apparatus 10. For exanple, the processing station 28 may
conprise an i mage scanner to perform pre-bond 5 and post-bond

i nspection without affecting the bondi ng speed. A visual |ead

| ocati on device may al so be added td*berforn1a | ead | ocation
operation just before bonding the electronic device 22. The
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16 onto thfa ﬁot.arg buf f.er 4.d.The rotary buffer 14 then transfers the
el ect roni &'€§ W'Eg Vee BroTdo bpp 'B%‘nveyi ng track 12, for transporting
the el ectronic device 22 for bonding at the bonding tool 20. After
bondi ng of the first_portion 24 of the el ectronic device 22 by the
bondi ng t 667S-23(2) A 3E) are (schewate Hysiabons of & progese kiof Pondwgr 8k ar y

buf f eqs 14 spetrediOWavicE 2 Gith3d rge bondfhg 3%@65'%800?&3%& Withe a" QcBhy
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portion 2prefgradembodineniefitie twention. Jthe differsbea betwegn tiys smbadienti bl e
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20 direction of the conveying track 12 and the other magazine may be oriented with
its feeding passage at an angle to the conveying direction of the conveying track
12, preferably perpendicular thereto.

Accordingly, in FIG. 3(a), an electronic device 22 is fed from the input magazine
25 16 onto the rotary buffer 14. The rotary buffer 14 then transfers the electronic
device 22 onto the conveying track 12, for transporting the electronic device 22
for bonding at the bonding tool 20. After bonding of the first portion 24 of the
electronic device 22 by the bonding tool 20, the electronic device 22 is sent back
to the rotary buffer 14 as shown in FIG. 3(b).
30



10" with nultiple bond heads. The input and out put nagazi nes, 16, 18
are 10 arranged relative to the conveying track 12 as described in
FIGs. 2(a) to 2(e) above, but the difference is that since there is
anot her bond head on the bondi ng apparatus 10', there are a second
set of conveying track 12', rotary buffer 14', input nmagazi ne 16' and
out put magazine 18 relative to a second bonding tool 20'. Their
set-up nmirrors that of the first set 18f conponents. The vari ous
conponents 15 function essentially in the same way as in FIG 2(a) to

i n i1 00 ERGebL ey RFETRE Risieh e BGERGn® BUbe 22 60" Ra fd°
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her oby sPHrNG (PoRNB o riBegding i Wk the
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FIG 5, another rotary buffer 30 could be | ocated between the bondi ng

t ool s 50 magazing 18PL#iafa%ehe two adj oi ni ng sets of conveying tracks
12, so that after bonding of a first portion of an electronic
deV|ce 22 by the first bonding tool 20, the electronic device 22 can
25 be conVvéy®dHalbtot4{e) a@t%qhymauwl@strafmn@rfémg@roce$ for bending ietasironic
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urt hernore t uffer for transferring i,e r anes n,.,
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el ectroni¢c device without having to introduce a_E)oleonl ng tabl e

with a | ohheF set-yn mirass that ghtherflist sed okcarppensaty. the various companems| e
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susceptible to variations, fi ditirons other than
t hose speog¢gssam ip r@ae%trthbvédurmtidnst The mainphifferaaes ist thetitwhalectronic

devices 22, 22’ with large bonding areas can be bonded at the same time with
the two bonding tools 20, 20’ performing the described process simultaneously,
thereby significantly improving the productivity of the bonding apparatus.
20
In an alternative preferred embodiment illustrated in FIG. 5, another rotary buffer
30 could be located between the bonding tools 20, 20’ in between the two
adjoining sets of conveying tracks 12, 12’ so that after bonding of a first portion of
an electronic device 22 by the first bonding tool 20, the electronic device 22 can
25 be conveyed to the rotary buffer to change its orientation, followed by
conveyance to the second bonding tool 20’ for bonding a second portion of the

electronic device 22.

It should be appreciated that the electronic device handlers according to the
30 preferred embodiments of the invention allow for separate input and output
magazines to be mounted on the same side of the bonding apparatus while



invention includes all such variations, nodifications and/or N
additions which fall 10 within the spirit and scope of the above
description. -12- CLAIMS: 1. A nethod of bonding a |large electronic
devi ce having a bonding area on one side that conprises first and
second portions, the nethod conprising the 5 steps of: locating the
first portion but not the second portion of the electronic device for
bondi ng by a bonding tool; bonding tHd first portion of the

el ectroni c device; conveying the electronic device to a rotary

platformt d.S . T t abl 10a_subs dall rizontal plane;
rotating trﬁg"r@f@%taﬁgﬁbgﬁag%%g&%%r"ﬁh%f ‘?"‘gt@?@*'ﬁat'?”&&'%{'l‘%’ chien&ga'fyhe

respect i veuffesior transferigticadftaovedesinffurtisér fonstionda chanheiad onerttdticresfond
portion Ofan electronic device with a large bonding area to enable bonding of a whole of
the electronic device without having to introduce a positioning table with a longer

5 y-axis range that is sufficient to cater to a whole y-axis of the electronic device.

The invention described herein is susceptible to variations, modifications andfor

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
10 within the spirit and scope of the above description.



the el ectronic device; conveying the electronic device to the bonding
tool such that the second 15portion of the electronic device is

|l ocated for bonding by the bonding tool; and thereafter bonding the
second portion of the electronic device. 2. The nethod as
claimed in claiml, wherein the electyonic device is rotated 20 by
180 al ong the horizontal plane. 3. THe nmethod as claimed in claim1l
or claim2, further conprising the step of transferring the

el ectroni %Lg\wlisce to a conveying track for conveying the electronic
devi ce betweerr the bonding tool and the rotary platform 25 4. The

met hod as clainmed in any one of the preceding clains, wherein the

first and,se ' Fi i ce: -
1S€CORA DALY/ oc?{h%g&l theég farrgén I@f(:ehggl\'i}lb ?ggfcé IHzQinB2s BoRAAE Ak S 8n

hal f a surface 'dréa of
-13- 5. Aonetdids tift doonptisey fast] andyeeasindcportionss the vietboth sempygsiag the

bondi ng ar{aa on one side that conprises first and second portions,
the nmetho Tising the steps of:

locating the first portion but not the second portion of the electronic device
for bonding by a bonding tool;
bonding the first portion of the electronic device;
conveying the electronic device to a rotary platform that is rotatable along
10  a substantially horizontal plane;
rotating the electronic device on the rotary platform to change the
respective positions of the bonded first portion and unbonded second portion of
the electronic device;
conveying the electronic device to the bonding tool such that the second
15  portion of the electronic device is located for bonding by the bonding tocl; and
thereafter
bonding the second portion of the electronic device.

2. The method as claimed in claim 1, wherein the electronic device is rotated

20 by 180° along the horizontal plane.

3. The method as claimed in claim 1 or claim 2, further comprising the step
of fransferring the electronic device to a conveying track for conveying the
electronic device between the bonding tool and the rotary platform.

25
4, The method as claimed in any one of the preceding claims, wherein the
first and second portions of the electronic device each comprises half a surface

area of the electronic device.



LFZgEngiéhg'first portion but not the.second portion of the

e ect portioﬁVI?e Sfor bonding by a first bonding tool; bonding the

first port! of the electronic device; conveying the électronic

aevice 1o p{g%gryrglgzrﬁgnlahatlisfﬁggatable along a substantially
, e elec ni c device on the

platformto change the 10 respective positions of the boagégr¥irst

portion d :
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| 0 a second b [
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ndi ng tool ; [ Y
e Secon pe ot cgdevi Ce.and t hereafter 15bondi ng the second portion

locating the first portion bu
5 for bonding by a first bonding tool;

bonding the first portion of the electronic device;

conveying the electronic device to a rotary platform tha

t not the second portion of the electronic device

t is rotatable along

a substantially horizontal plane;

rotating the electronic de
of the bonded first portion and unbonded second portion of

vice on the rotary platform to change the

10  respective positions

the electronic device;
conveying the electronic device to a second bondin
ocated for bonding by the second

g tool such that the

second portion of the electronic device is |

bonding tool; and thereafter
15 bonding the second portion of the electronic device.



