-1- TEMPERATURE CONTROL OF A BONDI NG STAGE Field of the Invention 5 The

I nvention relates to a bonding stage, such as a bonding stage of a wire
bonder, and in particular to controlling the tenperature of the bonding
stage in order to reduce the adverse effects of external heat sources. 10
Background and Prior Art Wre bonding is a process in which sem conduct or
chips are wired after they are nounted.onto a substrate, typically a

| eadfrane, to electrically connect the sem conductor chips and the
substrate. The wire bonder has a capillary that is 15 clanped to the tip of
an ultrasonic transducer which serves to secure bonding wre to a
connection point o L, qorrespondi ng
connecti on point o e ¥R L ofETt i on between the
connection points, an end of the bondlng wire protruding out of the
capillary is first nmelted into a ball. Thereafter, the nelted ball is
secur ed t bieldef thermeantioon 20 point on the seni conduct or chi p by neans of
press%ie and ultrasonic energy in a process called ball bonding. The wire
is th pull ed through to the required length, formed into a wire | oop and
wel ded t oThEan¢titidACielalEs RO boRding Nagé, eafh ag® bBnding’A86S of GAWlired wedge
bonding. After securing the wire to the connection Int on the | eadfrane,
the wire bendesr andfin papiculaidoysndiodigacthel temperatpee afeg“@ab@wmgtstagema) is a
si de V|em1 erein a bonding stage
12 is loca gﬁﬁ%ﬁﬂg%sﬁéégag%?%% deﬁ%&ggéQXE%ﬁgb%% %hng stage 12 supports
an optics system 14 that is used for viewi ng the bonding area, and a

10 Background and Prior Art

Wire bonding is a process in which semiconductor chips are wired after they are
mounted onto a substrate, typically a leadframe, to electrically connect the
semiconductor chips and the substrate. The wire bonder has a capillary that is
15 clamped to the tip of an ultrasonic transducer, which serves to secure bonding
wire to a connection point on the semiconductor chip and to a corresponding
connection point on the leadframe. To form the wire connection between the
connection points, an end of the bonding wire protruding out of the capillary is
first melted into a ball. Thereafter, the melted bhall is secured to the connection
20  point on the semiconductor chip by means of pressure and ultrasonic energy in a
process called ball bonding. The wire is then pulled through to the required
length, formed into a wire loop and welded to the connection point on the
leadframe in a process called wedge bonding. After securing the wire to the
connection point on the leadframe, the wire is torn off and the bonding cycle is
25 repeated.

FIG. 1(a) is a side view of a conventional wire bonding system 10 wherein a
bonding stage 12 is located close to a wire bonding area. The bonding stage 12
supports an optics system 14 that is used for viewing the bonding area, and a

30 camera 16 that is configured to receive images transmitted by the optics system
14.



30 canera 16 that is configured to receive inmages transmtted by the optics
system 14. -2- The bonding stage 12 al so holds a transducer 18 that has a
capillary 19 clanped to its tip for perform ng wire bonding. A device 20 to
be wire bonded at the bonding area using the capillary 19 is supported on a
heater block 22 that is 5 operative to bring the device 20 to a suitable
wire bonding tenperature. Heat 24 is generated by the heater block 22 and
such heat 24 dissipates to the surrounding anbient air. The heat 24 nay be
absorbed by the bonding stage 12, optics system 14 and the 10 transducer 18
due to their proximty to the heater block 22. Thus, the heat 24 may cause

he bondi e 12, ' 14 and 1 d., FIG
1(0) is a8 Bendia.stage ThaosEn Nanarocst B BahaFhg eplenh] S6RMMEL: n  he
bondi ng SE@flg A tfdrspérfb%ir@dvvﬁrﬁr%}ﬁ:ﬁn@w_d‘e%@ 2(')‘?%‘146 ﬁ/gE%EHdé@ & g because

15 anot her lon in the bonding area is being bonde In this case, since
t he heat bondihgcitea isingy theo capitiayr 19 és suppartdd) onral beatesitockh @2 dtbabsnent s

t hat re revi ousl. eat ed bondi stage 12, .optics syste 4 and

L ans ncaPPRISIVE Y Bite FiE pEes, o0 o ARINaRE i Biad o 1SBbaialye el 2’ o
observed {hglenvhesd the thonsiaier Plalke 222ang stvhetheat e digsipdies tbegdeer bl ock
22, the tenperature of the bonding stage 12 will be raised by the heat

t r ansf er r 8dTeunsling AELIAAEr bl ock 22. Conversely, when the bonding stage 12
noves further away fromthe heater block 22, its tenperature will be
relatively lower. As a result, the tenperature of the whole bondi ng stage
12 wi Il bFhaheav24 naycthe gbsdrbad by titeibomging stadient, opties systomr & amdthehange of
t he bondi ng stage will create unwante(?q deviations in tple posi tion of both

t he oﬂ)Qi clr g%chgﬂfdfdue to their proximity to the heater block 22. Thus, the heat 24

may cause the bonding stage 12, optics system 14 and transducer 18 to expand.

FIG. 1(b) is a side view of the conventional wire bonding system 10 wherein the
bonding stage 12 is located further away from the wire bonding area because

15 another location in the bonding area is being bonded. In this case, since the
heater block 22 may no longer be directly underneath the components that were
previously heated, the bonding stage 12, optics system 14 and transducer 18
may start to cool down and contract.

20 Therefore, it is observed that when the bonding stage 12 is moved close to the
heater block 22, the temperature of the bonding stage 12 will be raised by the
heat transferred from the heater block 22. Conversely, when the bonding stage
12 moves further away from the heater block 22, its temperature will be relatively
lower. As a result, the temperature of the whole bonding stage 12 will be

25 continually changed during bonding. The temperature change of the bonding
stage will create unwanted deviations in the position of both the optics system 14
and the transducer 18 by thermal expansion and contraction. This leads to
inaccuracy of bonding on the semiconductor chip as well as on the leadframe.
As far as possible, the temperature of the bonding stage should desirably be kept

30 constant during bonding.



and the transducer 18 by thermal expansion and contraction. This |leads to

I naccuracy of bonding on the sem conductor chip as well as on the | eadfrane.
As far as possible, the tenperature of the bonding stage shoul d desirably be
kept 30 constant during bonding. -3- A traditional approach to tenperature
control is to couple a heater to the bonding stage. The heater may be used
to raise the tenperature of the bonding.stage 12 by heating it, and to

| ower the tenperature of the bonding stage 12, the bonding stage 12 may be
air-cooled naturally with anbient air by deactivating the heater. 5 A
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operative to pass the air over multiple surfaces of the bonding stage.
10  dynamically.

Summary of the Invention

It is thus an object of the invention to seek to maintain greater consistency in the
15 temperature of a bonding stage during bonding operations as compared to the
aforesaid prior art.

Accordingly, the invention provides a bonding apparatus comprising: a bonding
stage for holding a bonding tool; an air distribution system mounted to the

20 bonding stage; and an air inlet attached to the air distribution system; wherein the
air distribution system is connected to the air inlet for receiving air from the air
inlet, and the air distribution system is operative to pass the air over muitiple
surfaces of the bonding stage.

25 It would be convenient hereinafter to describe the invention in greater detail by
reference to the accompanying drawings which illustrate preferred embodiments
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.

30
Brief Description of the Drawings




25 I't would be convenient hereinafter to describe the invention in greater
detail by reference to the acconpanying drawings which illustrate preferred
enbodi mrents 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 clains. 30
Brief Description of the Drawi ngs -4-_ghe present invention will be readily
appreci ated by reference to the detailed description of preferred

enbodi nents of the invention when considered with the acconpanying

drawi ngs, in which: 5 FIGs. 1(a) and 1(b) are side views of a conventional
bondi ng s*stenlmhereln a bonding stage is_shown at different posjitions

rel ati ve tTbeapnesenti wye@w‘awﬂtbe readnlss aapgqqﬁedntwqweace to the detailed

tenperatu rding to
the first rdg?e lFrobcea %P%ﬁ?o%ﬁgﬁeeftggén %Pﬂ%é"c@ﬁﬁ&é%ﬁ ronﬁfe\el ew of
t he bondi agcwppanymhgjdraﬂln@ @ whijchEl Gs. 4(a) and 4(b) are plan views of the
bondi ng apparatus of FIG 2 wherein 15 the bonding stage is shown at

n

different positions relative to the bonding area; FIG 5 is a side view of
a bondi ng F%@gﬂa?‘éﬁerﬂbﬁﬂret §dé Wﬁbvﬁsﬁéﬂ&%oﬂbéﬁtﬁfﬁa?ﬁon@iﬁ'@%i@ﬁ‘hﬂéfrelh he
invention including a vertically guided air circulation'path; 20 FIG 6 is a
front vi eloodingistagsdashaynst difteremt prqsmons,relatme torabendinglasea,vi ew of the

bondi ng stage of FIG 5 illustrating a horizontally guided cooling air

circulation path; and 25 FIG 8 is a schematic diagram show ng tenperature
control ofFi@. Bogdi Rilesvid@eof a temperature-controlled bonding stage of a bonding

10 apparatus according to the first preferred embodiment of the invention;
FIG. 3 is a front view of the bonding apparatus of FIG. 2;

FIGs. 4(a) and 4(b) are plan views of the bonding apparatus of FIG. 2 wherein
15 the bonding stage is shown at different positions relative to the bonding area;

FIG. 5 is a side view of a bonding stage according to the second preferred
embodiment of the invention including a vertically guided air circulation path;

20 FIG. 6 is a front view of the bonding stage of FIG. 5;

FIG. 7 is a plan view of the bonding stage of FIG. 5 illustrating a horizontally

guided cooling air circulation path; and

25 FIG. 8 is a schematic diagram showing temperature control of a bonding stage
using both hot and cold compressed air.

Detailed Description of the Preferred Embodiments of the Invention

30 FIG. 2 is a side view of a temperature-controlled bonding stage 12 of a bonding
apparatus 10, such as a wire bonder, according to the first preferred embodiment



usi ng both hot and cold conpressed air. Detail ed Description of the
Preferred Enbodi nents of the Invention 30 FIG 2 is a side view of a
tenperature-control |l ed bonding stage 12 of a bonding apparatus 10, such as
a wre bonder, according to the first preferred enbodi nent -5- of the

I nvention. The bondi ng stage 12 holds a bonding tool conprising a

transducer 18 that has a capillary 1Qu£1anped toits tip for performng wre
bondi ng. An air distribution system ich may conprise an air distribution
plate in the formof a base plate 26, is incorporated on the bondi ng stage

12, 5 prebetsdlinventionheThethanving staye Hanpbldg  thamdink todl tcommsrisiiyg @pening to
which an air inlet 28 is connected to introduce air, preferably conpressed

air, intotrangdusgscld hatikao @ GRpilaryi 19 idmpepdpaits Wi tas parfasming witer  over

mul tiple j al ; j ; ir M6 ensor,
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view of the bondi a ratus, 1Q of,. Fl 2..,Thi s _view shows liiple air
nossl &b sBrerereplAnE BoBPR: 8toh hilfcing saed Jger e aniapainEpie SR

di stri but girAlet 2 ER@InAkLed t6 A ddRick! 410 pléferdtly EdtRplcated Af! intd/tHedsae of the
bondi ng 15 stage 12 by passing the air over nultiple surfaces of the bonding

st age 12. plate26 avhichisAbemsomzativectospassiife dirsensan mudtipletinternsl spdaeesdofai r i s

(b de ¢ niteCphBARG a2, o AfehRRIE SERET, Shelias S he e RLIR, 15 15°Fs 4
pl an vi ewaphchdietothe Gondingostagatiastoahofitdpa Rnigeakird of fite borndlhg@taget age 12

is located close to the bonding area. The air flow 34 is distributed in the
strucl@re1d@tBRLOBBMAISg st age 12 underneath the optics system 14. Since the

FIG. 3 is a front view of the bonding apparatus 10 of FIG. 2. This view shows
multiple air nozzles 32 in the base plate 26 which are operative to dispense and
distribute the temperature-controlling air to the internal surfaces of the bonding

15 stage 12 by passing the air over multiple surfaces of the bonding stage 12. The
air nozzles 32 are arranged such that the dispensed air is dispersed uniformly
into the bonding stage 12 without any thermal stress inside the stage, resuiting in
reduced mechanical stress.

20 FIG. 4(a) is a plan view of the bonding apparatus of FIG. 2 wherein the bonding
stage 12 is located close to the bonding area. The air flow 34 is distributed in the
structure of the bonding stage 12 underneath the optics system 14. Since the
bonding stage 12 receives more heat from a heating source, such as a heating
block 22, at this position, cooling air which may be in the form of cold air may be

25 injected to the components of the bonding stage 12 through the air inlet 28 in
order to lower the temperature of the bonding stage 12.

FIG. 4(b) is a plan view of the bonding apparatus of FIG. 2 wherein the bonding
stage 12 is located further away from the bonding area and the heating block 22.
30 The air flow 34 is distributed as for FIG. 4(a). However, since the temperature of
the bonding stage 12 may be relatively cooler at this position, heating air which



bondi ng stage 12 receives nore heat froma heating source, such as a heating
bl ock 22, at this position, cooling air which may be in the formof cold air
may be 25 injected to the conponents of the bonding stage 12 through the air
inlet 28 in order to |ower the tenperature of the bonding stage 12. FIG
4(b) is a plan view of the bonding apparatus of FIG 2 wherein the bonding
stage 12 is located further away fromghe bonding area and the heating bl ock
22. 30 The air flow 34 is distributed as for FIG 4(a). However, since the
tenperature of the bonding stage 12 may be relatively cooler at this

posi ti on, niagehd othel formiuf dlat afr- mam)ebqebﬁedttbethé@bmpmfnehtst ofathe bomgdirige
|nJectedtothe coq)r;&nents of the bo din %e 12throu the air inlet 28
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stage 12 acc to the second preferred nbodi nent of the invention

i ncI udi ng phatexaﬁtdfepamhyg@mtbe@oamon(ﬁf tmbmdmsmerﬂM@latweunme)he@tmg east one
wal | of tgﬁ) P%le ng stage 12. In this enbodinent, an air inlet 40

i ntroduce& &' nto the vertically guided air ci rcuI ation path 42 that is
formed on the walls of the bonding stage 12. This air circul ation path 42
may be 15 forped b fabrlcatlagnthe side walls with air channels, or

Tounti8g Fifei g Sobigngamer & bRhdipg slgeor? Sareriigsth M sPGONAPERsratbi ng. An
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found on at least one wall of the bonding stage 12. In this embodiment, an air
inlet 40 introduces air into the vertically guided air circulation path 42 that is
formed on the walls of the bonding stage 12. This air circulation path 42 may be

15 formed by fabricating the side walls with air channels, or by mounting tubing
along the side walls for carrying the air in the tubing.

An air flow 44 is guided by the air circulation path 42 to cover as much of the

surface of the bonding stage 12 as practicable to improve temperature control.
20  Preferably, the air circulation path 32 is configured to extend over a majority of

the at least one wall of the bonding stage 12. Thereafter, the air flow 44 exits

from the bonding stage through an air outlet 46. This method can minimize the

amount of air used and has the benefit of greater heat-transfer efficiency to

remove heat from or to heat up the bonding stage 12. Most preferably, the
25 guided air circulation paths substantially surround the whole bonding stage 12.

FIG. 6 is a front view of the bonding stage 12 of FIG. 5. It shows a horizontally
guided air circulation path 43 linking vertically guided air circulation paths 42
located on opposite side walls of the bonding stage 12. This set-up aliows one
30 airinlet 40 and one air outlet 46 to be used for controlling the temperature of the



surface of the bonding stage 12 as practicable to inprove tenperature
control. 20 Preferably, the air circulation path 32 is configured to extend
over a mpjority of the at |east one wall of the bonding stage 12.
Thereafter, the air flow 44 exits fromthe bonding stage through an air
outlet 46. This method can m nimze the anount of air used and has the
benefit of greater heat-transfer efficyency to renove heat fromor to heat
up the bonding stage 12. Mst preferably, the 25 guided air circulation

pat hs substantially surround the whole bonding stage 12. FIG 6 is a front
vi ew of t holkobondiag Stage 122sinte fthéaiSinidtt40; meirculdtion pathsad2 wnd gt ded ai r
circulation path 4 I, nkin verqtl)i (@I Ig uided air circul atjon at[uﬁi 42

| ocat ed oﬁuﬂér%?ﬁ fuidiy capneciedralinquah thry gy Sedeeatad ondifferetawallsy al | ows
one 30 air inlet 40 and one air outlet 46 to be used for controlling the
tenperature of the -7- whole bonding stage 12, since the air inlet 40, air
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tenperature of the bonding
FiG. 8 is a schematic diagram showing temperature control of a bonding stage
using both hot and cold compressed air. The thermocoupie 30 incorporated in
15 the bonding stage 12 continuously measures the temperature of the bonding
stage 12, and feedback signals 56 are sent from the thermocouple 30 to a
controller 50 which is linked to the thermocouple 30. The supply of hot air 52 and
cold air 54 is preferably channeled through a T-type air line. Depending on
whether the bonding stage 12 needs to be heated up or cooled down, the
20 controller 50 controls the amount of hot air 52 or cold air 54 to be fed to the
bonding stage 12 through the T-type air inlet based upon a feedback signal
received from the thermocouple 30. In this way, closed-loop control of the

temperature of the bonding stage can be achieved.

25 It should be appreciated that using air for the purpose of temperature control has
the advantage of providing a more uniform temperature distribution inside the
bonding stage 12. Since thermal stress is reduced inside the bonding stage 12,
there is minimal mechanical change of shape of the bonding stage 12 that is
introduced by thermal stress. Moreover, the air inlet position 28 may be fiexibly

30 selected from more locations according to the design of the bonding stage 12.



stage 12, and feedback signals 56 are sent fromthe thernocouple 30 to a
controller 50 which is linked to the thernocouple 30. The supply of hot air
52 and cold air 54 is preferably channeled through a T-type air line.
Dependi ng on whet her the bonding stage 12 needs to be heated up or cool ed
down, the 20 controller 50 controls the anbunt of hot air 52 or cold air 54
to be fed to the bonding stage 12 thrgpugh the T-type air inlet based upon a
f eedback signal received fromthe thernocouple 30. In this way, closed-Ioop
control of the tenperature of the bonding stage can be achieved. 25 It
shoul d beUafike bcalidzesdheédtong with aghedter doused én thae posreand, bd)tlar'qmtiagtam control
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Gur 1 il botnsing bl cateelenly, SoRFURE ROSUING AR CRAKR SIYEd- e bond ng
stage al so have greater 10 ther rral stability. Consequently, inproved bonding

accuracy can be achi eved.
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
15 within the spirit and scope of the above description.



The invention described herein is susceptible to variations, nodifications
and/or additions other than those specifically described and it is to be
understood that the invention includes all such variations, nodifications
and/ or additions which fall 15 within the spirit and scope of the above
description. -9- CLAIMS: 1. A bonding apparatus conprising: 5 a bonding
stage for holding a bonding tool; an gir distribution systemnounted to the
bondi ng stage; and an air inlet attathed to the air distribution system
wherein the air distribution systemis connected to the air inlet for
receiving air fromthe air inlet, and the air distribution systemis
operative to pass 10 the air over nultiple surfaces of the bondi ng stage.

2. The bldAlMEB.apparatus as clained in claim1, wherein the air distribution
system conprises an air distribution plate |ocated on the bondi ng stage,

whi ch has an opening to which the air inlet is connected. 15 3. The bondi ng

appar at us; as Q| Bhidifg h? %ﬂs@o@npﬁﬁ“ﬂ{:ei n the air distribution plate further
conprises air nozzl es %at are operative to dispense and distribute air to

i nter ®al surf sckonding stage fentitilding etkapdingiooy4. The bondi ng appar at us as
claimed in claim.3,. erein the air .nqgzzles, ar ranged such that the air
i s di spersed @m@f#'ﬁ%%ﬁ@ 8y§.tﬁ'§' 'Pﬂ&"étﬁﬁi? k%?‘?'ﬁcﬁ%@;g{?get %’é ~bondi ng stage. 5.
The bondi ng appadipinkd aktacikecioe dirnigtivumitsyterhhe preceding clains, 25
wherein the air conprises both hot and cold conpressed air.
wherein the air distribution system is connected to the air inlet for
receiving air from the air inlet, and the air distribution system is operative to pass

10 the air over multiple surfaces of the bonding stage.

2. The bonding apparatus as claimed in claim 1, wherein the air distribution
system comprises an air distribution plate located on the bonding stage, which
has an opening to which the air inlet is connected.

15
3. The bonding apparatus as claimed in claim 2, wherein the air distribution
plate further comprises air nozzles that are operative to dispense and distribute
air to internal surfaces of the bonding stage.

20 4. The bonding apparatus as claimed in claim 3, wherein the air nozzles are

arranged such that the air is dispersed uniformly onto the internal surfaces of the

bonding stage.

5. The bonding apparatus as claimed in any one of the preceding claims,
25 wherein the air comprises both hot and ¢old compressed air.

6. The bonding apparatus as claimed in claim 5, wherein the air inlet is
operative to inject hot or cold compressed air to the air distribution system
depending on a position of the bonding stage relative to a heat source.

30



6. The bondi ng apparatus as clainmed in claim5, wherein the air inlet is
operative to inject hot or cold conpressed air to the air distribution
system depending on a position of the bonding stage relative to a heat
source. 30 -10- 7. The bondi ng apparatus as clainmed in any one of the
preceding clains, wherein the air distribution system conprises an air
circulation path forned on at | east e wall of the bonding stage. 5 8. The
bondi ng apparatus as clainmed in claim7, wherein the air circulation path
is formed by fabricating the wall with air channels. 9. The bondi ng

appar at us7as Ccfig %Hdiinp SPpEratug &Y c%ﬁrﬁédnlﬁ,anmeebf‘tﬁé“ﬁrééeﬂl gcbl"ai"rh@ ation

path is formed by nounting tubing along the wall for carry the air in 10
t he t ubi nghersin thehar mstrthuﬂgnaygt@mac@mpase&amamwculatlampaﬁh@rmed@Inaatms 7 to

9, wherei th is configured to extend over a mgjority
of a wal |P8%p$%e‘%8@8ﬁfhﬁg°%"?ﬁd§g§a&§5 11. The bondi ng apparatus as clainmed in

any one of clainms 7 to 10, further conprising air circul ation paths forned

over multiple walls of the bonding stage. 12. _The bondi ng apparatus as
claimedl i & clalbg mndm@m@mﬁ@sﬁalm@ Butiaim dnwhereinthe arosifasiation

di fferent péﬁﬂ'é rmedcﬁﬁagﬁfﬁ!rﬁglﬁmewiﬂ{ﬁrt:h%ﬁr%llé’ connected. 13. The bondi ng

apparatus  as c alrre wherern the air inlet which 1is attached
to one wall of the bonding stage is fluidly connected with an air outl et
attached (o a dif nt wall of the bondjn
b 'Fhe Bon ing apparatus as ¢ ?almed |Jn 8&“ 9 or clalm 8, wherein the air
circulation path is formed by mounting tubing along the wall for carrying the air in

10  the tubing.

10.  The bonding apparatus as claimed in any one of claims 7 to 9, wherein the
air circulation path is configured to extend over a majority of a wall of the bonding
stage.

15
11.  The bonding apparatus as claimed in any one of claims 7 to 10, further
comprising air circulation paths formed over multiple walls of the bonding stage.

12.  The bonding apparatus as claimed in claim 11, wherein the air ¢irculation
20 paths formed on different walls of the bonding stage are fluidly connected.

13.  The bonding apparatus as claimed in claim 12, wherein the air inlet which
is attached to one wall of the bonding stage is fluidly connected with an air outlet
attached to a different wall of the bonding stage.

25
14.  The bonding apparatus as claimed in any one of claim 7 to 13, wherein
the air circulation path substantially surrounds the whole bonding stage.

15. The bonding apparatus as claimed in any one of the preceding claims,
30 further comprising a temperature sensor attached to the bonding stage for

monitoring a temperature of the bonding stage.



14. The bondi ng apparatus as clained in any one of claim7 to 13, wherein
the air circulation path substantially surrounds the whol e bondi ng st age.

15. The bondi ng apparatus as clained in any one of the preceding clainms, 30
further conprising a tenperature sensor attached to the bondi ng stage for
nonitoring a tenperature of the bonding stage. -11- 16. The bondi ng
apparatus as claimed in claim15, furfher conprising a controller linked to
the tenperature sensor that is operative to control an anount of hot or
cold air to be fed to the bonding stage, based upon a feedback signal 5
received fromthe tenperature sensor. 17. The bondi ng apparatus as cl ai ned
in any one of the preceding clainms, wherein the air distribution systemis
oper at i velG.o iTher bandiegaapparatushas bdaimasy in wlaige 16h fudlerogemarisiagge of
novemnent [ nAinNg:: pmed in
any one. onRlEr AR 1B Iiberafite Rinsdi Vial RUHIENAR U af SR T cec
W r e bondsfrhot1d.cokhair tomei fed tethabahdingastage abvaved uporch deedbldtk sigreaiei n t he

bondi ng tool, 15 conprises a transducer having a capillary clanped to its
tip. received from the temperature sensor.

17. The bonding apparatus as claimed in any one of the preceding claims,
wherein the air distribution system is operative to introduce air to the bonding
stage throughout a range of movement of the bonding stage.

10
18. The bonding apparatus as claimed in any one of the preceding claims,

wherein the bonding apparatus comprises a wire bonder.

19. The bonding apparatus as claimed in claim 18, wherein the bonding tool

15 comprises a transducer having a capillary clamped to its tip.



