-1- THERMAL | NSULATI ON FOR A BONDI NG TOOL Field of the Invention 5 The
present invention relates to thermal insulation of a bonding tool, such as a
wi re bonding tool, to protect the bonding tool from external heat sources
during operation thereof. 10 Background and Prior Art Wre bonding is
typically applied to nake el ectrical connections between an integrated
circuit die or chip and a carrier on which the die is nounted. Bonding

wires are attached to bond pads on the chip and bonding | eads on the carrier
15 respectively by ultrasonic wel ding using an ultrasonic transducer which
Is integrated into a wire bondi ng apparatus. The ultrasonic transducer is

an energy converti nﬂqéﬂy @ell\‘iﬂijEHTi‘{?ﬂ‘ﬁﬁﬁg BONDING fbginergy into
ultrasonic vibratio tions to a

capillary at a tip end of the transducer to performwre bonding. 20 FIG 1

Il lustrates 'd«? vi ew of a conventional wre bonding apparatus 10 with a
transduceme-i—wﬁgﬂ over a bonding area for wre bonding. The
transogicer 12 has a |ong slender rod-shaped horn 13 and a capillary 16

|l ocated at a tip end of the horn 13. Wre is threaded through the capillary
16 and exTbadsesant inentine reltesals theangl insylation ©f eabendiag Jodlssieh pgiased or

vort cal | S AR ook o ri@REMET b 188t R ebati s BBLRAT R, o 13

that is oppeatibethdreofihe tip end of the horn 13 where the capillary 16 is
nount ed. The ul trasonic

10 Background and Prior Art

Wire bonding is typically applied to make electrical connections between an
integrated circuit die or chip and a carrier on which the die is mounted. Bonding
wires are attached to bond pads on the chip and bonding leads on the carrier

15  respectively by ultrasonic welding using an ultrasonic transducer which is
integrated into a wire bonding apparatus. The ultrasonic transducer is an energy
converting-device which converts electrical energy into ultrasonic vibrations and
transmits the ultrasonic vibrations to a capillary at a tip end of the transducer to
perform wire bonding.

20
FIG. 1 illustrates a side view of a conventional wire bonding apparatus 10 with a
transducer 12 positioned over a honding area for wire bonding. The transducer
12 has a long slender rod-shaped horn 13 and a capillary 16 located at a tip end
of the horn 13. Wire is threaded through the capillary 16 and extends out of the

25 capillary tip. The capillary 16 is raised or lowered with respect to a bonding area
by moving the transducer 12 vertically.

An ultrasonic generator 17 is connected to an end of the horn 13 that is opposite
to the tip end of the horn 13 where the capillary 16 is mounted. The ultrasonic
30 generator 17, typically comprising a stack of piezoelectric elements, is housed in

a transducer holder 14 mounted on a bond arm 18. The transducer holder 14 is



30 generator 17, typically conprising a stack of piezoelectric elenents, is

housed in a transducer hol der 14 nounted on a bond arm 18. The transducer

hol der 14 is -2- supported by the bond arm 18, which is in turn connected to
a sliding bar 22 at a pivot 20. Rotational notion of the bond arm 18 about

the pivot 20 rotates the bond arm 18 up and down thereby raising or

| owering the transducer 12 relative +2-the bonding area. The sliding bar 22
may further nove and position the bond 5 arm 18 and transducer 12 al ong the
x and y axes. A carrier 26, on which conmponents such as sem conductor dice

and bondi sipporieddy thedoadtaranddl whigh welndurmcwmciednw aylidingibasédatPanp 24 on
b | at f
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is suig abgﬁnﬁgrangr{}gdswéémggqgnglltﬁég%galyoagélsbrat ions transmtted to the
capillary 16 while suppressing attenuation. In this way, ultrasonic

vi brations may be transferred to the capillary 16 eff|C|entIy. A pressing

by applyi Bt e’ o Pashfieh nbRBions et e BARRGTHAP lck A57HORYh E?S the

wire thaires awbagmtné YieRit ihgsdsittbri by BoRidto@ cﬂ@ﬂp 24 gRiacalre Yoohdi
sem conductor dice. Control of the positioning of the capillary 1 reI ative

to the boRdfagn de derfogm véte bapding. tH‘ep@’FPd?%dWQr B]aﬂéﬁﬁl'ﬁﬂu%‘carwry. Thi s
IS pajg i chloak! ¥ SAnMhCProViicd hbat %o WheeRafll PONE RALIRBES wife® toRyplgved. 25

conducted on it.

During wire bonding, the ultrasonic generator 17 produces ultrasonic vibrations
which are transmitted along the horn 13. The long slender rod shape of the horn
15 13 is suitable for amplifying the ultrasonic vibrations transmitted to the capillary
16 while suppressing attenuation. In this way, ultrasonic vibrations may be

transferred to the capillary 186 efficiently.

A pressing force is also applied to the capillary 16, and bonding is accomplished
20 by applying the ultrasonic energy transmitted through the horn 13 onto the wire
that is subsequently attached to bonding pads, typically on the semiconductor
dice. Control of the positioning of the capillary 16 relative to the bonding area is
essential to perform wire bonding accurately. This is particularly so when very
fine wires and bond pitches are involved.
25
As can be seen in FIG. 1, the transducer 12 is positioned over the heating zone
during wire bonding. Heat is transmitted to the immediately vicinity of the heater
block 28, which means that the transducer 12 is exposed to heat from the heater
block 28 by radiation. The heat may cause the transducer 12 and the transducer
30 holder 14 to expand. This may therefore affect the relative positioning of the



As can be seen in FIG 1, the transducer 12 is positioned over the heating
zone during wire bonding. Heat is transmtted to the imediately vicinity
of the heater block 28, which nmeans that the transducer 12 is exposed to
heat fromthe heater block 28 by radiation. The heat may cause the
transducer 12 and the transducer 30 hol der 14 to expand. This may therefore
affect the relative positioning of the3-3- capillary 16 and a bondi ng
position. As a result, wire bonding accuracy is affected. A thermal shield
may be used for reducjng heat transm ssion fromthe heater 5 block 28 to
the trans&aeitary136 A1 ©hRORIIAA RARHGN. hddtidy result, pyiig bondingaacquiacy iew  of
the wire Qﬁ@&%ﬂg apparatus 10 with a thermal shield 30 affixed to the
sliding bar 22 of the wire bonding apparatus. The thermal shield 30 is
operative to separate the transducer 12 fromthe heater block 28, thereby

reduci ng r,agdi atipn,. heat fr he heate k 28 dirgctly to the
transducgfe‘ %ym%&@@;@:{ zme\yﬂ‘%e i’@ga}gﬂﬁ{ﬁ? "égmbegélﬁﬁ%@ 5198 ﬁglnl %Pft Ig%at?'b uncl anmp
the cagri elock@acroany tranBuddie2 £RY the@rand8utsr HOW&H QT FIdNisid sillé viegyoved
fromthe heater block 28. The presence of the thermal shield 30 [imts the

vertical @&f Sieande honding apraraBisat withya thermalishielh3€ affecie ther slidingiesi r abl e
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ensure suffTi cient clearance W ndow 1 e'carrirer 26 and
t he conposepamtatheafrhestivcben 2 dromvtise heater biooki 28, th@@bpeaedscing rddiatimved. FI G

3 illustrates front viewqf th |.r e _bondj ng apgar at f FIG show ng
the |t her RheahiaMttis haihduark 78 diesHLdn dar Tesblieeh 2 Hiawerrohsk o5,
Wi | eqphe wigdbv f&PJrHﬁ"MSHé&iéjto?QeWﬁbédr&‘rduﬁﬁahﬁethﬁe@érriéﬁ%aé\%ﬂy fiitidhe heater
bl ock 28 to the transducer 12, it is noted that the transducer 12 is still
exposed t cagiehi 2hts Weered or when it is removed from the heater block 28. The

presence of the thermal shield 30 limits the vertical distance A that is movable by

the window clamp 24. It is desirable to increase the vertical distance that is

movable by the window clamp 24 to ensure sufficient clearance of the window

15 clamp from the carrier 26 and the components attached thereon when the carrier

26 needs fo be moved.

FIG. 3 illustrates a front view of the wire bonding apparatus of FIG. 2 showing the
thermal shield 30 between the transducer 12 and the heater block 28. While the
20 thermal shield 30 may reduce the heat radiated from the heater block 28 to the
transducer 12, it is noted that the transducer 12 is still exposed to ambient heat
from the surrounding air above the thermal shield 30. The transducer 12 and
transducer holder 14 would still expand such as to change the relative positioning
of the capiliary 16 and the carrier 26, resulting in decreased wire bonding

25 accuracy.

FIG. 4 is a side view of the wire bonding apparatus 10 of FIG. 2 illustrating
movement of the transducer 12 along the y and z axes. The thermal shield 30 is
movable together with the sliding bar 22 along the x and y axes as it is attached
30 to the sliding bar 22. However, when the transducer 12 moves along the z-axis
by rotary movement of the bond arm 18 about the pivot 20, the thermal shield 30



fromthe surrounding air above the thermal shield 30. The transducer 12 and
transducer hol der 14 would still expand such as to change the relative
positioning of the capillary 16 and the carrier 26, resulting in decreased
wire bonding 25 accuracy. FIG 4 is a side view of the wire bonding
apparatus 10 of FIG 2 illustrating novenent of the transducer 12 along the
y and z axes. The thermal shield 30 is4-novable together with the sliding
bar 22 along the x and y axes as it is attached 30 to the sliding bar 22.
However, when the transducer 12 noves ajon% the z-axis by rptarY novenent
of the bofanRetae: sesesPaingly Fbthepp axishelhyfethaltraprfueer Bhis likelihnot nove
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woul d He yiiegial Matabillt eREQIERINR) &Wan%ﬂﬁééf&iurﬁb%i@ébbﬁ@ingp It Wulrgnsducer
12 fromthe heater block 28. Surmary of the Invention 10 It is thus an

obj ect of desirable foeprovide betterethermal peelaetion e theoliansdytendat fromi e
transferrﬁg tteg R?%di ng tool from external heat sources so as to mnimze
any ther f Q%& i"on experienced by the bonding tool. 15 Accordingly, the
i nvention provides a bonding apparatus conprising: a bond armm a wre
bondi ng tool mounted to the bond arm and a thermal shield substantially
encl osi ng ANy Qi therwgalion or i nsul ating the bonding tool from anbi ent

heat . 10

It is thus an object of this invention to seek to reduce the amount of heat being
transferred to a bonding tool from external heat sources so as to minimize any

thermal expansion experienced by the bonding tool.

15  Accordingly, the invention provides a bonding apparatus comprising: a bond arm;
a wire bonding tool mounted to the bond arm; and a thermal shield substantially

enclosing the bonding tool for insulating the bonding tool from ambient heat.

It wouid be convenient hereinafter to describe the invention in greater detail by
20 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

invention as defined by the claims.

25  Brief Description of the Drawings

The present invention will be readily appreciated by reference to the detailed
description of a preferred embodiment of the invention when considered with the
accompanying drawings, in which:

30



It would be convenient hereinafter to describe the invention in greater
detail by 20 reference to the acconpanying drawi ngs which illustrate one
enbodi ment of the invention. The particularity of the drawi ngs and the

rel ated description is not to be understood as superseding the generality
of the broad identification of the invention as defined by the clainms. 25
Brief Description of the Drawi ngs The- present invention will be readily
appreciated by reference to the detailed description of a preferred

enbodi nent. of the invention when considered with the acconpanying draw ngs,
i n whi ch: FH8. 1 & apidg viewjof agcagvgationalwits bendiag appaiaditayithvar teanssiigeng

appar at usgiﬁgigré@d B&&%%@ﬁﬁﬁ gWPWQ%HQM%E a bonding area for wire

bondi ng; I1Sas € W re“pondi ng apparatus with a thernal
shield affixed 5 to the apparatus; FIG 3 is a front view of the wire

bondi t Fl G hawi he th | .shield bet h
o210 ol Db SRS bl PR U o no
appar a4 us Pthefddgaratus; | ustrating novement of the transducer along the y and

z axes; FIG 5'is a side view of a wire bonding apparatus with a transducer
and a transducer hol der substantially enclosed within a thermal shield

Front vi ohi@r St el BoRcrrBeohBaraditie frphtus MG 2 shhuia Pt Satcer
subst ant i gidrinaesisitldssstween thetrameiueel ashadledterdock?0 FIG 7 is a side view
of the wire bonding apparatus of FIG 5 illustrating

10 FIG. 4 is a side view of the wire bonding apparatus of FIG. 2 illustrating
movement of the transducer along the y and z axes;

FIG. § is a side view of a wire bonding apparatus with a transducer and a
transducer holder substantially enclosed within a thermal shield according to the
15  preferred embodiment of the invention;

FIG. 6 is a front view of the wire bonding apparatus of FIG. 5 showing the
transducer substantially enclosed in the thermal shield; and

20 FIG. 7 is a side view of the wire bonding apparatus of FIG. 5 illustrating
movement of the transducer, transducer holder and thermal shield in the y and z

axes.

Detailed Description of the Preferred Embodiment of the Invention

25
The preferred embodiment of the present invention will be described hereinafter

with reference to the accompanying drawings.

FIG. 5 is a side view of a wire bonding apparatus 10 with a bonding tool such as
30 a transducer 12 and a transducer holder 14 substantially enclosed within a

thermal shield 32 according to the preferred embodiment of the invention. The



novenent of the transducer, transducer holder and thermal shield in they
and z axes. Detailed Description of the Preferred Enbodi nent of the

I nvention 25 The preferred enbodi ment of the present invention will be
descri bed hereinafter wth reference to the acconpanying drawings. FIG 5
Is a side view of a wire bonding apparatus 10 with a bondi ng tool such as
30 a transducer 12 and a transducer hdder 14 substantially enclosed within
a thermal shield 32 according to the preferred enbodi ment of the invention.

The -6- transducer 12 is mounted to the bond arm 18 by way of the transducer
hol der 14trapgducge 13 dhmoantadiie. thehend st ¥N\f9éfl‘lft@9trﬁﬂ§d%(‘eerr?é’éfterf Aom any
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the Capi 1 Rangausgh 2 oL AFEIST Bpat &l it bBnAlpee it suiinbfal et Bh s cor 10
and t rensgyggiucephdes eﬁ&rclé@@y&h@&ﬁ@ﬂnal shiefd d2 %ﬁ@dﬂ@%&vh@&]ndﬁé#a@t ion from
the heater block 28 being received directly by the transdicer 12. 10
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transduceE) der &5 14 further to inprove thermal stability. This view al so
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10
Optionally, cooling air may be introduced in a gap 36 between the thermal shield
32 and the transducer 12 and transducer holder 14, through an air nozzle 34.
The air nozzle 34 is preferably connected to the bond arm 18 for introducing
cooling air into the gap 36. This cools the transducer 12 and transducer holder

15 14 further to improve thermal stability. This view also shows that the preferred
embodiment of this invention increases the vertical distance B movable by the
window clamp 24. This ensures that a sufficient clearance from the carrier 26

and the components present thereon when raising the window clamp 24.

20 FIG. 6 is a front view of the wire bonding apparatus 10 of FIG. 5 showing the
transducer 12 substantially enclosed in the thermal shield 32. As the transducer
12 is substantially covered within the thermatl shield 32, transmission of heat from
external heat sources to the transducer 12 is impeded. Preferably, the shape of
the thermal shield 32 substantially conforms to the shape of the bonding tool
25  comprising the transducer 12 as well as the transducer holder 14 to minimize the
gap 36. This ensures that less heat reaches the transducer 12 and transducer
holder 14 by convection via the surrounding air, and also makes the system more

compact.

30 FIG. 7 is a side view of the wire bonding apparatus 10 of FIG. 5 illustrating

movement of the transducer 12, tfransducer holder 14 and thermal shield 32 in



enbodi ment of this invention increases the vertical distance B novabl e by
the w ndow clanp 24. This ensures that a sufficient clearance fromthe
carrier 26 and the conponents present thereon when raising the w ndow cl anp
24. 20 FIG 6 is a front view of the wire bonding apparatus 10 of FIG 5
showi ng the transducer 12 substantially enclosed in the thermal shield 32.
As the transducer 12 is substantially7covered within the thermal shield 32,
transm ssion of heat from external heat sources to the transducer 12 is

i npeded. Preferably, the shape of the thermal shield 32 substantially
conf orms the ¥ ped §m§ offhig M@“b%ﬂf&’i’ﬁwﬁ‘att&ﬁ ﬂ'@ﬂ“@bﬁ“ﬂi?“ﬁ%& MREniedatstihgcer 12 as
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insul ation provided by the thermal shield 32 in accordance with the
preferred enbodi nent of the invention is unchanged by z-axis notion of the

”ansﬂ?’ceﬁ 3318 %ébﬁt%%%oefha'f'%fﬁ{en%ﬁl sﬁn?id' :heaS;'EBFHqugcQ‘%mﬁfPtﬁ’i%g?b%trn"e@ that the

t her na in accordance with the preferr odi nment the i nvention
i nproves em@odirientloérlbqlmffentlmnmatoveaﬁhe afficiancycoftthermal insulation to the

bonding system, in particular the transducer 12 and transducer holder 14, to
achieve thermal stability of the whole bonding system. The space constraint
caused by conventional thermal shields that are affixed to the slider bar 22 is
15  also obviated to ensure a greater clearance B between the window clamp 24 and
the carrier 26 when the carrier needs to be unclamped. Moreover, the thermal
stability of the bonding system leads to improved accuracy of ball placement at
the bonding positions, usually on the bonding pads of the semiconductor dice.

20 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 the spirit and scope of the above description.



bondi ng system in particular the transducer 12 and transducer hol der 14, to
achieve thermal stability of the whol e bonding system The space constraint
caused by conventional thermal shields that are affixed to the slider bar 22
is 15 also obviated to ensure a greater clearance B between the w ndow cl anp
24 and the carrier 26 when the carrier needs to be uncl anped. Moreover, the
thermal stability of the bonding syst®&mleads to i nproved accuracy of bal

pl acenent at the bonding positions, usually on the bonding pads of the

sem conduct or dice. 20 The invention described herein is susceptible to
variati on&-AMM8i fi cations and/or additions other than those specifically
described and it is to be understood that the invention includes all such
vari ations, nodifications and/or additions which fall within the spirit and
scope of fthe ahdoadigsappapatuscomp8singLAl MS: 1. A bondi ng appar at us
conprising: a gong arm 5 a wire bonding tool nmounted to the bond arm and
a thermal shief §°8 ﬁgpantially encl osing the bonding tool for insulating the

bondi ng tool f5Qiecasdndaiy tobEmountad tdhke Bendiang; amparatus as clainmed in claim
1, the wire bonding tool 10 conprises a transducer and the bond arm

i ncl udes a trafdRBW shisidisubstantiallianslasing thecbanding taet for insulating Bend arm
3. The bogﬁh&m ?tpquoﬁ{ gﬁ‘bfeﬁ‘tf’hg{ med in claim?2, wherein the thermal shield
arl'y IS

subst ant i oses bo e ‘transducer and the transducer hol der. 15 4.
The bondi ng apparatus as clained in any one of the preceding clains,

2. The bonding apparatus as claimed in claim 1, the wire bonding tool
10 comprises a transducer and the bond arm includes a transducer holder for

mounting the transducer to the bond arm.

3. The bonding apparatus as claimed in claim 2, wherein the thermal shield
substantially encloses both the transducer and the transducer holder.

15
4. The bonding apparatus as claimed in any one of the preceding claims,

wherein the thermal shield is made from an insulating material.

5. The bonding apparatus as claimed in claim 4, wherein the insulating

20 material comprises plastic.

6. The bonding apparatus as claimed in any one of the preceding claims,
including cooling air that is introduced into a gap between the wire bonding tool
and the thermal shield.

25
7. The bonding apparatus as claimed in claim 6, further comprising an air

nozzle connected to the bond arm for introducing said cooling air into the gap.

8. The bonding apparatus as claimed in any one of the preceding claims,
30 wherein a shape of the thermal shield enclosing the wire bonding tool

substantially conforms to a shape of the wire bonding tool.



wherein the thermal shield is made froman insulating material. 5. The
bondi ng apparatus as clained in claim4, wherein the insulating 20 materi al
conprises plastic. 6. The bonding apparatus as clained in any one of the
preceding clains, including cooling air that is introduced into a gap
between the wire bonding tool and the thermal shield. 25 7. The bondi ng
apparatus as clainmed in claim®6, furtBRer conprising an air nozzle connected
to the bond armfor introducing said cooling air into the gap. 8. The
bondi ng apparatus as clained in any one of the preceding clains, 30 wherein
a shape of the thermal shield enclosing the wire bonding tool substantially

conforns g 0 a THeakéndihg tab?aﬁ!tu@ aQOcEIQMHB FnOth ond- of9theTB|%cBQ|Hg' AfinRppar at us
as claimed in any one receding clains, wherein a su stantial |ength

of the bomﬁrﬁ@a@tmsta@laélmgﬂwfemempndm topkis eacirela dydhe thermal shieldoondi ng
apparatus as clainmed in any one of the preceding clainms, wherein the
thermal shield is nmounted so as to be novabl e t oget her mﬁth the bonding

t ool . 511.10The Tihentbrtiing Rpparitus agsclainfdrirdany opleapithtOpresheingi dlaintye t her mal
shield 10 is n% unted to the bond armand is nnvabl% together with the bond
arm |11 wherein the thermal shield is mounted so as to be movable together with the

bonding tool.

11.  The bonding apparatus as claimed in claim 10, wherein the thermal shield
10  is mounted to the bond arm and is movable together with the bond arm.



