. 1 AUTOVATI C W RE FEEDI NG SYSTEM FOR W RE BONDERS Fi el d of the
invention 5 The invention relates to wire bonders, and in particul ar
to wire-feeding systens for wire bonders. Background and Prior Art 10
Automatic wire bonders are used during senm conductor assenbly and
packagi ng for making electrical wire connections between el ectrical
contact pads on a die and a substrate, or between el ectrical contact
pads on different dice. Wre is fed froma wire spool containing
bonding wire, typically gold or copper wire, to a 15bondi ng tool such
as a capillary faqr perf i ire bonding _at_the bhonding tool. Al ong
the feeding rout &40 et Pe FooI=4
capillary, the wire passes through various devices, which may include
a pneumati ¢_ devi %e .and . a wire clanp for controlling feeding of the
wire during:léi&ﬁket—ﬁéﬁgﬁw FIG 1 is a 20 side view of a wire feeding
route o a conventional wre bonder. Bonding wire 100, for instance
gold or copper, wire, is . fed froma wire ool % ot. sho into a
pneumat i c i REENTIED TRIRTSHIO; \%E‘@?@ﬁrﬁw @1 RSP @arv T e UM
suct i on fonrgegirdpwaleds or downwards to urge novenent of the bonding
wire 100 in these directions. Awre guider 104 is |ocated sone
di stance away fromthe pneumatic 25 device 102 and it has a snall
hol e for tiyersi0ad and Pedl Aling the bonding wire 100 al ong the feeding
route. Awre clanp 106 is Tocated below the wire guider 104 to cl anp
onto tH& bonding wire 100 when novenent of the bonding wire 100 is to
be restrai nggomditewiROBEhdGs Wd BsePurirg ée‘&ﬁébrl%%ﬁ)‘?@séé?ﬁlﬂgghd\%ackaging
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capillary 108 | ocated at one end of a’transducer horn 1 .
bondi ng i s "¥oRakEE &lpcaicay wire connections between electrical contact pads on a die

A,

and a substrate, or between electrical contact pads on different dice. Wire is fed
from a wire spool containing bonding wire, typically gold or copper wire, to a

15 bonding tool such as a capillary for performing wire bonding at the bonding tool.

Along the feeding route of the wire between the wire spool and the capillary, the
wire passes through various devices, which may include a pneumatic device and
a wire clamp for controlling feeding of the wire during wire bonding. FIG. 1 is a
20 side view of a wire feeding route of a conventional wire bonder. Bonding wire
100, for instance gold or copper wire, is fed from a wire spool {not shown) into a
pneumatic device 102 which is operative to apply vertical vacuum suction forces
upwards or downwards to urge movement of the bonding wire 100 in these
directions. A wire guider 104 is located some distance away from the pneumatic
25  device 102 and it has a small hole for threading and guiding the bonding wire 100
along the feeding route. A wire clamp 106 is located below the wire guider 104
to clamp onto the bonding wire 100 when movement of the bonding wire 100 is to
be restrained. The bonding wire 100 is then passed through a capillary 108
located at one end of a transducer horn 110. Wire bonding is conducted at a
30  botiom tip of the capillary 108.



. 30bottomtip of the capillary 108. - 2 - A shortcom ng of such a
conventional wre bonder design is that wire threading has to be
conducted nmanual |y when the bonding wire is being set up for wire
bondi ng. Due to the small dinmensions of the bonding wire and devices
it has to be threaded through, a skilled technician is required to
perform manual w re 5threadi ng, and even then, the process itself is
a time-consum ng one. Moreover, broken wire may occur during wre
bondi ng dué? shoncminus! sedsamsnveniicohalasires hondertdisignaisitisatngref froeading

premature terninati i 1 85 l. l.eadin 0 ,
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t he bondin ire s,.to be rethreaded. manual | y. again her eb .
nourring. G LEERar I dhS o, Sl AR RN el M sl FRtee e
terms of prio@dadihgyvaid/eveBuhemriiie pfocebeitdaiivie attintmncdrizuhiing snd.hus an
object of the invention to seek to provide a system and nethod for
automatically threading the wire of a wire bonder, such as in cases
of broken Wigrepvdrnbmkderwiteomagl quctiodiimreewiralboabing dld td ediduabeagorfspr
ot her tasks

nd to .reduce chi ne downt,inme. 20 According, taoa a first
Sepect of shel AR ReEh nd oM BRalaY R s Tathh ASE o i d B s
tﬁ a bondi neadimplo iﬁéor_aac\tv;drm_ab@rmdea banbﬁﬂvc?{imhmhérh_@aﬁr%p%&ﬁZtinhe)ﬂ@td ng
the wre In a eumat | evicge; urging the wwre wth the pneunat|]c
ovi oo Do fead oot S Batsidg ferfhode Songadind e bonBRgraee hés
adj acent t ao bbesthreusa i suefy h§€n aRredy incurring unnecessarily long downtimes

and incurring penalties in terms of productivity.

Summary of the Invention

15
It is thus an object of the invention to seek to provide a system and method for
automatically threading the wire of a wire bonder, such as in cases of broken
wire, in order to help to free valuable skilled labour for other tasks, and to reduce
machine downtime.

20

According to a first aspect of the invention, there is provided a method for feeding
wire to a bonding tool of a wire bonder, comprising the steps of: locating the wire
in a pneumatic device; urging the wire with the pneumatic device to feed through
a clamping point of a wire clamp located adjacent to the pneumatic device and a

25 hole of a wire guider located adjacent to the wire clamp between the wire clamp
and the bonding tool; and urging the wire with the pneumatic device to feed
through the bonding tool.

According to a second aspect of the invention, there is provided a method for
30 feeding wire to a bonding tool of a wire bonder when a broken wire is detected

during wire bonding and the wire is separated from the bonding tool, comprising



. 25 hole of a wire guider |ocated adjacent to the wire clanp between
the wire clanp and the bonding tool; and urging the wire with the
pneumati c device to feed through the bonding tool. According to a
second aspect of the invention, there is provided a nethod for
30feeding wire to a bonding tool of a.wire bonder when a broken wire
is detected during wire bonding and the wire is separated fromthe
bondi ng tool, conprising - 3 - the steps of: clanping the wire with
a wire cl arfe sispb oft tlampingehe sviteowith @dwirg) canpnebiteattiecwidevs satedddadi ng
a | ength Ofonhfrgid BTG, Wddig® UIGRBIL B USHbMca RRRHIBLIE R4 EEine
opening the wré clanp 't o uncl anp e wre; urging the wre w e
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bonding to aswre conpri’si
that is operative to urge the wire to feed through an outlet of the
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the broad iwqr%%rio{;igﬁ%ei F%]e %fefotrggei%gifga/%%ie gn&ﬁg oec}cl.i ned by the clainms.
15
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
understood as superseding the generality of the broad identification of the
20 invention as defined by the claims.

Brief Description of the Drawings

Examples of preferred embodiments of a system and method in accordance with
25 the invention will now be described with reference to the accompanying drawings,

in which:

FIG. 1 is a side view of a wire feeding route of a conventional wire bonder;

30 FIG. 2 is a side view of a wire feeding route of a wire bonder according to a first

preferred embodiment of the invention;



_ Brief Description of the Draw ngs Exanpl es of preferred
enbodi mrents of a system and nethod in accordance with 25the invention
w Il now be described with reference to the acconpanying drawi ngs, in

which: FIG 1 is a side view of a wire feeding route of a

conventional wire bonder; 30FIG 2 is_a_side view of a wire feeding
route of a wire bonder according to a first preferred enbodi nent of

the i nvention;

4 FIG 3 is a side viewof a wire feeding route of a

wi re bonder according to a second preferred enbodi nent of the

i nvention; | G. 4 is an ill,ustration of an gutomatic wire feedin

b ocess dur R e 1 BT h T LbFdPRUnd sofR e BB HEeE mBeuREE ot
t he i nvent ismoondapefdrted erbbodimest sfabemvboigra desired tail |ength of

t he bonding wire nay be autonatically obtained. 10

5

10

15

20

25

30

FIG. 4 is an illustration of an automatic wire feeding process during wire bonding

according to the preferred embodiment of the invention; and

FIG. 5 illustrates how a desired tail length of the bonding wire may be

automatically obtained.

Detailed Description of the Preferred Embodiments of the Invention

FIG. 2 is a side view of a wire feeding route of a wire bonder according to a first
preferred embodiment of the invention. An upper wire clamp 12 is located
between a wire source such as a wire spool (not shown) and a pneumatic device
14 along the wire feeding route of a length of bonding wire 10. The bonding wire
10, such as gold or copper wire, is supplied from the wire spool and fed into the
pneumatic device 14. The pneumatic device 14 is operative to apply vertical
forces to urge the bonding wire 10 to move upwards to pull the bonding wire 10,
or downwards to feed the bonding wire 10 through an outlet of the pneumatic

device 14 towards a bonding tool.

Immediately below the pneumatic device 14 and located adjacent to the outlet of
the pneumatic device 14 is a lower wire clamp 16 located along the wire feeding
route. The lower wire clamp 16 is operable to clamp onto the bonding wire 10 at
a clamping point to restrain its movement during wire bonding. When the
pneumatic device 14 is activated, a vacuum suction force is applied on the
bonding wire 10 to urge and feed it through the clamping point of the lower wire

clamp 16 in a direction towards the bonding tool.



~ Detailed Description of the Preferred Enbodi nents of the Invention
FIG 2 is a side viewof a wire feeding route of a wire bonder
according to a first preferred enbodi nent of the invention. An upper
wire clanp 12 is |located 15 between a wire source such as a wire
spool (not shown) and a pneumatic devi_$e_ 14 along the wire feeding
route of a length of bonding wire 10. The bonding wire 10, such as
gold or copper wire, is supplied fromthe wre spool and fed into the
pneumat i ¢ dene towei&vireTblan‘pmearmbUhd ble\ais cadodsd ta ma)peemhhtwcedEmcapal g!s
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to urge and feed thro t he clanping point of the lower wre
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wire clanp 16 should be as close to the pneumatic device 14 as
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feeding route to the bonding tool. The bonding"wre ist
t he bondi ng tool, such as a

Furthermore, with the assistance of an upper wire clamp 12, bonding wire 10

20  may also be fed towards the capillary 20 by swinging up the transducer horn 22
together with the capillary 20 towards the wire guider 18 while restraining
movement of the bonding wire 10 by clamping the bonding wire 10 with the upper
wire clamp 12. This action forces bonding wire 10 to be fed to the capillary 20
and is an alternative to providing a pneumatic downwards force at the pneumatic

26 device 14. Another advaniage of this feeding action of swinging up the
transducer horn 22 and capillary 20 is that, by ensuring adequate feeding of
bonding wire to the tip of the capillary 20, it helps to eliminate or reduce the risk
of short tail or missing ball occurring.

30 FIG. 3 is a side view of a wire feeding route of a wire bonder according to a

second preferred embodiment of the invention. The second preferred



.15 capillary 20 | ocated at one end of a transducer horn 22. The
transducer horn 22 may be part of an ultrasonic transducer. Bondi ng
wire 10 protruding froma lower tip of the capillary 20 is used to
performw re bonding at the tip of the capillary 20. Furthernore,

w th the assistance of an upper wire ckanp 12, bonding wire 10 20 may
al so be fed towards the capillary 20 by swi nging up the transducer
horn 22 together with the capillary 20 towards the wire gui der 18
whi | e rest rembmiditgentos eireifar tofhe fiest bmﬁ@iergembo@rrmm Bxceptathpt thgra fseno
bonding wr u r I ' I .
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14. Anot her advantage of this feeding action of sw nging up the
transducer horn 22 and capillary 20 is that, by ensuring adequate
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suction force onto the bonding wire 10. The downwards vacuum suction
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wi re bonder i s now readéﬁf erformwre bonding. FIG 4 is an
gu
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15 accor di ng da0séh@elireker Wrs 28 b esioeRl ©be tsBparlafeeidh ARe chiliidrl So.
4(a), a br%ken wire 24 is encountered during wre bonding. A spring

force in tHEYBATHCNGERONEINICSYSiaE 8§tackea W%@é‘nw'\r/ﬁ ﬂé”@twﬂr@ t?%’@éﬂg, thehd
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detects a broken wire during wire bonding, the upper wre clanp

i medi aPel YecPeting wiecOalrdosated Boiigi RgURIatie df@lcam 0 as to prevent any

further retraction of the bonding wire 10. The lower wire clamp 16 should also be
closed for this purpose. If there is no upper wire clamp 12 as in the second
preferred embodiment, then only the lower wire clamp 16 will close onto the
bonding wire 10 to restrain its movement.
25
In FIG. 4(b), a downwards vacuum suction force is automatically activated in the
pneumatic device 14 onto the bonding wire 10 in order to urge the bonding wire
10 downwards into the wire guider 18 towards the capillary 20. At the same time,
the upper and lower wire clamps 12, 16 are opened to unclamp the bonding wire
30 10 to feed a length of the bonding wire 10 from the wire spool towards the
pneumatic device 14 for feeding bonding wire 10 to the capillary 20. Also, prior



., 20 the bonding wire 10 is located in the pneunmatic device 14 so as to
prevent any further retraction of the bonding wire 10. The lower wire
clanp 16 should al so be closed for this purpose. If there is no upper
wire clanp 12 as in the second preferred enbodi nent, then only the
lower wire clanp 16 will close onto the_bonding wire 10 to restrain
its nmovenent. 25 In FIG 4(b), a downwards vacuum suction force is
automatically activated in the pneumatic device 14 onto the bondi ng
wi re 10 i n terogening sheipprertand ipwadiviig claimps 120 18othewdradspdohslboulthécadi a e
gui der 18 t d r t t u
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downwar ds f; vi,ce 14, the bonding wire 10 is
fed through'%%ﬁ/%nﬁ ﬁﬂg%gﬁe W rbgoge&mdie% 18 and the capillary 20

before protruding fromthe tip of the capillary 20 so that wire

bondi ng .may-,c0 u i thout any .o i, nt ion in res ect
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t he exact pgl nt in time when the bonding wire 10 contacts the

conducti ve 'Surface 26. Bond stick detection is a typical feature in
bondi ng machines and refers to a process during wre bonding wherein

t he bondin arat us checks whether an electrical current is passing
t hr ougk®t hg/l ﬁ/@;l%gbond stick detection is continuously performed at short intervals to

determine the exact point in time when the bonding wire 10 contacts the
conductive surface 26. Bond stick detection is a typical feature in bonding
machines and refers to a process during wire bonding wherein the bonding
apparatus checks whether an electrical current is passing through the bonding

25 wire 10. If so, this indicates a closed electrical circuit formed by the bonding wire
10. When a closed electrical circuit is detected indicating contact between the
bonding wire 10 and the conductive surface 26, further feeding of bonding wire
10 to the bonding tool 20 is stopped so that the correct tail length is automatically
obtained.

30



., 25 wre 10. If so, this indicates a closed electrical circuit forned
by the bonding wire 10. Wien a closed electrical circuit is detected
i ndi cati ng contact between the bonding wire 10 and the conductive
surface 26, further feeding of bonding wire 10 to the bondi ng tool 20
is stopped so that the correct tail leggth is automatically obtained.
30 - 8 - It should be appreciated that the automatic wire feeding
systens according to the preferred enbodi nents of the invention
reduce mandashault e a@mecietedftbat tha egtadiatig Wieridedigy wstemisracaorginggo the
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such vari atbl 98%8 'T%d‘{({]foc[ﬁ% ggﬁ%[grégl or additions which fall within the
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spirit and scop fiption. -9 CLAIMS: 1. Method for
feeding wire to a bonding tool of a wire bonder conprising the steps

of: Sl q%at 'Trl]w% Eventlonrceescrrbed ﬁgr%%mgtsugcgp?%le & 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 the spirit and scope of the above description.



urging the wire with the pneunatic device to feed through a cl anpi ng
point of a wire clanp |ocated adjacent to the pneunmatic device and a
hole of a wire guider |ocated adjacent to the wire clanp between the
wire clanp and the bonding tool; and 10urging the wire with the
pneumati c device to feed through the bgnding tool. 2. Method as
claimed in claiml1, wherein the wire guider is nounted onto a base of
the wire clanp. 153. Method as clainmed in claim1l, further conprising
a prior stég-AMSranual ly inserting the wire into the pneumatic device
in order to locate the wire in the pneunatic device, and wherein the
step of urging the wire with the pneumatic device further conprises

t he step oﬂ act Meghadhigr tesslinenaiceria 2 doaking &es! pba afiel yonder, eotwrising tire
wirein a Gl on towards the bonding tool. 20 4. Method as

cl ai nred in C a|n11 further conprising an upper wire clanp | ocated
bet weenda wire E@amubm&wdmﬂhéuwanﬁﬂcM@Wdevice 5. Method as clai med

: : by

bondi ng t ool by S arrar e B Eusiefl aphies RERH B acRhaon,

wire guiderof whwir@ ctalmmmcatydt m:éacwnrteo wiet pneUmeation deviad amq)a hcﬁe oMatwioz

as_clai med g epl 3laRd ad b ®0 (ORI S1aRth bRRELERLlBOSLIEORING, he
a uc

bondi ng to ove i've sur ace I Stanc et ween
t he bonding tool; and
10 urging the wire with the pneumatic device to feed through the bonding tool.
2. Method as claimed in claim 1, wherein the wire guider is mounted onto a

base of the wire clamp.

15 3. Method as claimed in claim 1, further comprising a prior step of manually
inserting the wire into the pneumatic device in order to locate the wire in the
pneumatic device, and wherein the step of urging the wire with the pneumatic
device further comprises the step of activating the pneumatic device to apply a
force on the wire in a direction towards the bonding tool.

20
4, Method as claimed in claim 1, further comprising an upper wire clamp
located between a wire source and the pneumatic device.

5. Method as claimed in claim 1, further comprising the step of feeding wire
25 to the bonding tool by swinging the bonding tool in a direction towards the wire

guider while clamping the wire with the wire clamp.

6. Method as claimed in claim 1, further comprising the step of positioning
the bonding tool above a conductive surface such that a distance between the
30 bonding tool and the conductive surface is equal to a desired tail length, and
stopping the feeding of wire o the bonding tool when contact between the wire



. 30bondi ng tool and the conductive surface is equal to a desired tail
| ength, and stopping the feeding of wire to the bondi ng tool when
contact between the wire - 10 - and the conductive surface is
detected in order to obtain the desired tail |length automatically.

7. Method for feeding wre to a bondingytool of a wire bonder when a
broken 5wire is detected during wire bonding and the wire is
separated fromthe bonding tool, conprising the steps of: .

cl anpi ng t Fadine €onfltgiiva swifree ¢ astpciahiin @rdardo wibka ithe Hegeddgil ilgngih

pneumati c %Yérﬁ&t’cally feeding a length of wire froma wre
source towards the pneumati ¢ device; 10opening the wire clanp to
uncl anp the wre; urging the wire with the pneumatic device to

feed throu a i ider i i t i t he
bondi ng todr el o op Sealirichuikti & botihg fod S p RAR S RELABEN brbker,
ur gi ng Hhe wikerie daitadted Heringneiierbondind ewid diee wivefie eeparhiedughm tie béyadinti ng

tool. 15 ql%i | .ad .inclaim?7, wherein the wre clanp
conpri ses E%Oill\%%er \er?gftg(éCsf?é np 1ocated between a wire source and the

pneunmati ¢ devi celamping the wire with a wire clamp while the wire is located in a
pneumatic device;
feeding a length of wire from a wire source towards the pneumatic device;
10 opening the wire clamp to unclamp the wire;
urging the wire with the pneumatic device to feed through a hole of a wire
guider which is located adjacent to the bonding tool between the pneumatic
device and the bonding tool; and
urging the wire with the pneumatic device to feed through the bonding tool.
15
8. Method as claimed in claim 7, wherein the wire clamp comprises an upper
wire clamp located between a wire source and the pneumatic device.

9. Method as claimed in claim 7, wherein the wire clamp comprises a lower
20  wire clamp located adjacent to the pneumatic device between the pneumatic
device and the wire guider.

10.  Method as claimed in claim 9, wherein the wire guider is mounted onto a
base of the lower wire clamp.

25
11.  Method as claimed in claim 9, wherein the wire clamp is rotatable between
anh upper position and a lower position, and the distance between the outlet of the
pneumatic device and the upper position of the wire clamp is between 0.5mm
and 10mm.

30



. 9. Method as clainmed in claim7, wherein the wire clanp conprises a
| ower 20 wire clanmp | ocated adjacent to the pneumatic device between
the pneunatic device and the wire guider. 10. Method as clained in
claim9, wherein the wire guider is nounted onto a base of the | ower
w re clanp. 11. Method as clainmedyin claim9, wherein the wire
clanp is rotatable between an upper position and a | ower position,
and the di stance between the outlet of the pneumatic device and the
upper positiZon dfethdibaswcleened anpains 7 bisttveresorprimy tedstd@phfeeding wire
12. Met hod Led i ' . . i sipng the f
Feedi ng. wi 12 "o opar by Hfidpo g LR BOPY 2 ecldeiSRER, Be wie
di recti on togwderedile hiampimgethguvidewitintiiel vérec¢lammpi ng the wire with the
wire clanp. 513. Method as clainmed in claim?7, further conprising the
step of positioning the bonding tool above a conductive surface such
that a @i stidnceMaettiotken ctdireethimdiang 7 dathearudntphieingahd Lt ok pesitidrame

is equal t i tail length, .and stoppi the feeding . of wre
to the bondiagoraes Welaboue s Atlpufsuir Rl Rtral S i gt tic e
surface is betiegtted amd tredeondustiebisaifacd ecglesito eddésitdd {aéngidih, and
l0automatical ly. 14. aratus for, 6 feeding w,re to a bonding tool of a
wire bonderS?Op@ﬁWp st?%g!“g Bt e toéh%ﬁguﬂggit%ol nc%om%cgibe#\%g%bg‘ﬁa‘?”ﬁ/e
to urge theaneithe condictied suifactghdetsctedtih etdedfio oheaip freu dedited tditVbrgen

t owar ds .t he On?ﬂi@nﬂﬁt ool; 15a wire clanp | ocated adjacent to the

outlet%8f HED tic device; and awire guider with a hole
which is |ocated adjacent to the wire clanp between the wre clanp

ggidn;h?‘ egogg{ ,[] ﬁé&ﬁ%ﬁ&{sﬁér t{egrgﬁ%%r%gtotaq?on lnrgetogihorf%uvgipe Egﬁderr],ocl:oef‘npbrgrn%r: ©
a pneumatic device that is operative to urge the wire to feed through an
outlet of the pneumatic device towards the bonding tool;
15 a wire clamp located adjacent to the outlet of the pneumatic device; and
a wire guider with a hole which is located adjacent to the wire clamp
between the wire clamp and the bonding tool for threading the wire through the

hole before being fed to the bonding tool.

20 15,  Apparatus as claimed in claim 14, wherein the wire guider is mounted onto

a base of the wire clamp.

16.  Apparatus as claimed in claim 14, wherein the wire clamp is rotatable
between an upper position and a lower position, and the distance between the

25  outlet of the pneumatic device and the upper position of the wire clamp is
between 0.5mm and 10mm.

17.  Apparatus as claimed in claim 14, further comprising an upper wire clamp
located between a wire source and the pneumatic device.
30



. 2015. Apparatus as clainmed in claim 14, wherein the wire guider is
nounted onto a base of the wire clanp. 16. Apparatus as clainmed in
claim 14, wherein the wire clanp is rotatable between an upper
position and a | ower position, and the distance between the 25outl et
of the pneumatic device and the upper-fposition of the wire clanp is
between 0.5mm and 10nm 17. Apparatus as clained in claim 14,
further co sing an upper wire cla | ocat ed between a wire source
and the pnrer{)ﬁmt iAPPaeices clagned mxlaimgl 4, Afieagiatiues bardiey Hansdopaialtle 4 m
14, wher ei nylifeidARngd g vB:Fé()%; g&ggpﬁéé:hb%w#e%%ﬂé Bshdiyks the wire

gui der for feeding wre t ool



