- 1 - TEMPERATURE CONTROL OF A BONDI NG STAGE Field of the Invention 5
The invention relates to a bondi ng stage, such as a bondi ng stage of
a wre bonder, and in particular to controlling the tenperature of

t he bondi ng stage in order to reduce the adverse effects of external
heat sources. c10 Background and Prior,Art Wre bonding is a process
in which sem conductor chips are wired after they are nounted onto a
substrate, typically a |leadfranme, to electrically connect the

sem conductor chips and the substrate. The wire bonder has a
capillary that is 15 cla -ed to the tip of an uItrasonlc t ransducer,
whi ch serves to seclEMPE JBE L ONTROL,OF A AGE

sem conduct or chip and to a correspondlng connecti on p0|nt on the

| eadf rane. To formthe wire connection between the connection points,
an end of Figigeobihedinventisinr e protrudi ng out of the capillary is first
nelteq%into a ball. Thereafter, the nelted ball is secured to the
connection 20 point on the sem conductor chip by neans of pressure
and ul tr ashaiigveniehgielates do i doegmgcathiedsied bshomdnting dtage wire w"%
then pulled through to the required | ength, formed into a wire

op
and wel deBORGLt ﬁBgd@)rﬂ%ﬂﬁqlfi‘fntopQﬁﬂjﬁO”m threempamitmef the Qo@ﬁ'@)&é@ge in
cal | ed wegar RORAIRE thé bligérss LIS ehd¥indf et & connecti on poi nt
on the Ieadfrrama uthe wre rlss torr? of an%'1 t{ae E%’tcglgng cycle is 25
repeated. FIG 1(a) is a side view of a conventional w re bonding
syst eg 108%&[@'!% gzgwgkﬁgt stage 12 is located close to a wre
E(Y)hdl ng a age 12 supports an optics system 14 that

I's used for viewi ng the bonding area, and a

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 proiruding out of the capillary is
first melted into a ball. Thereafter, the melied ball 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
t < 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 system14. - 2 - The bonding stage 12 al so holds a transducer
18 that has a capillary 19 clanped to its tip for performng wire
bondi ng. A device 20 to be wire bonded at the bonding area using the
capillary 19 is supported on a heat er_EI_ock 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

t he surroundi ng anbient air. The heat 24 may be absorbed by the
bondi ng stage 12, optics system 14 and the cl1l0 transducer 18 due to

t hei r pr oXihgihgpding stageH@aalee hpldscktramdurauis thatdasencapilarydy damped

t he bondi St o : 4 and f C '

G 1) P4 Forcerafing Sy Sbihar, Aefiel 2036760 it bandsdai e
wher ei n t benbiogdaneg stingehd Zapilahodatis dsuppottée roraaehedteobloch2hthrag is

bondi ng area bhecause 15 another, |ocati.on in.the honding area i s bei
bondedd T aperts 2BEna dnd BRVER 20 B St Bt BonARy b ekt Bt 24
directly wdpnheratd byetheORBAREMNISCK TR avar Sudh SERUS4 Ydibspated. td e
bondi ng stage 12, optics system 14 and transducer 18 nay start to

cool downsHAAURARG pEIENtAN. Ther efore, it i s observed that when the
bondi ng stage 12 is noved close to the heater block 22, the
tenperature of the bonding stage 12 will be raised by the heat

t r ansf er r @tietheah24 neayhieaibsorbed by the boding estags 12, apties systenbbdhdnd the

i1 DRl Ve Gl P Bl BROL(Y S ¥ Borti it T o Yo ORI ©
bondi ng shiyealideWhé bohding stagent 2, roptics gystbanteand trahsdudeengito expdme

t enperature change of the bonding stage will create unwanted
deviations in the position of both the optics system 14 and the

transducef)d8; (E)/isfj hefdediefxOrame] OnvanbraP Mirk afdrdty ﬁﬂ%ﬁ 1cﬁﬁﬁére§]rgthe

i naccurac ondi ng on the sem conductor chip as as on t

| eadfr arrego;c;‘ng stages 18dsdpeated furiken awpye fromthe wiiret bending direq) betauge
shoul 'PS deahétﬁg}' Yoc%ﬁo#ththéooCo%@ﬂgaQPeadllérI!)é]ﬁg %%rﬁ%gg 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 fransferred 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.



- 3 - Atraditional 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-cool ed naturally with anbient air_ Ry deactivating the heater. 5 A
problemw th this approach is that the“rate of heating and cooling
are different since only heating is actively conducted. Cooling wll

gener al | y Attpdefitichdl @BpRIachi tBRemPBRIMRI capirePlsa dosipld he ARAtd 1@ Biting
cooling is localized at the position of the heater, which builds up a
t hermal gf@@eentha hratel By de usacHioraise the tergperaiuread dheiberdipg stageald e

to b bl I | . i ,
S eany By HRaUE4 R, B5ae PR OARlof BBl o okRBHAAET25h % ongin
t he i nvensiage tonmgdie aio-couledtratirally eétheamiciensais by iepciivatingehé heater.

tenperature of a b | ng _stage duri bondi eratjons. as coppared
o Eheb ar ruSalefh BARGhESRPo5h 6r ety REfedlle a1 Rodigseligert
bondi ng agipas ahlyshaRimgis abMNEly dokuttedICssREewiliYenBriINitak: 8 IaRRe Hife.
tool; an air distribution systemmunted to the 20 bondi ng stage; and
an air infBethgr paehien isotheh deating @ingk eedlingiisroeslized mat thaepasition abthe r
di stributohes I’ii@ﬁnbhﬁ%§ﬁﬁnaeﬁfe%gF graﬁ%t%ét |é£&se§o thBFmArGRisS! NPwAbld
fromthe air iI'nlet, and the air diStribution systemis operative to
pass the bé prefeeablenio thiephldedarbiaib deabint eoob thalivhgles ohthe. b@iling wiaged
be co en{jr@%tr?ihgliyﬁi nafter to describe the invention in greater detail
y refere 5 e acconpanying drawi ngs which illustrate preferred
enbodi mrents of the invention. The particularity of the draw ngs and

the related description is not to be understood as superseding the
gener al i tgi@mmgf—&@d&d%@hti fication of the invention as defined by
the clains. 30 Brief Description of the Draw ngs

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

Q— inlet, and the air distribution system is operative to pass the air over multiple

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 Bescription of the Drawings




- 4 - The present invention will be readily appreciated by reference
to the detailed description of preferred enbodi ments 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 bonding systemwherein
a bonding stage is shown at different _B,O_Si tions relative to a bondi ng
area; FIG 2 is a side view of a t'enperature-controlled bonding
stage of a bondi ng 1lOapparatus according to the first preferred
enbodi ment 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
bondi ng app@r Bragenbinvention vilker eadily sappsetiatedi by) refesere o Heodatailed
di fferent I+ £k i i = j i
View of a Beaniard BEtted ErbBahio BRI BBhFh whe congleBrd B
of the i naendvmpanyingldnalvingsainwerith:cal |y gui ded air circul ati on path;
20FIG .6 is a front view of the bonding stage of FIG 5; FIG 7 is a
pl an v?ew of the bonding stage of FIG 5 illustrating a horizontally
gui ded coq|GEY1@) lanel T(@Ykbed bRiB BAKE of anébrenfidial BdnkhgPsyetdB WHdrein a
di agram showi ng tenperature control of a bonding stage using both hot
and col d CORFINGLIAEE s %hovvme@tadlﬂf%renqurﬁtrelﬂﬁw@go atongingrareaed

Enbodi ments of the Invention 30 FIG 2 is a side view of a
tenperature-control |l ed bondi ng stage 12 of a bondi ng apparatus 10,
such as aRiBr @ isomdide viewe of di legpevatuhecontralledpbariding ethgenbbdi bemling

( 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;

C‘- FIG. 7 is a plan view of the bonding stage of FIG. 5 iliustrating 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



- 5 - of the invention. The bonding stage 12 hol ds a bondi ng tool
conprising a transducer 18 that has a capillary 19 clanped to its tip
for performng wire bonding. An air distribution system which may
conprise an air distribution plate in The formof a base plate 26, is
i ncorporated on the bonding stage 12, preferably at the bottom of

t he bonding stage 12. It has an openihg’to which an air inlet 28 is
connected to introduce air, preferably conpressed air, into the base

pl ate 26 [ o m Le Lt apr t -
P ternal oS hierdd AR Bhndfio faflofy ndfistar ntidi WO tlinfrising .,
as a ther taosdydes B9 thak has taachpilarno 18hadatmpedi tog its t tig forl Betfarnipai wice

a tenperature of the bondi stage 1012 at any one tine. .EI.GG .3 is a
Front vi oWPBingn b anaRtP AR aTe Wit el BmBhSeh i Aisibuidhaite
nul tiple @& ithedfarrhesf 32 biade thigtebace iplintapafatedi i tits odREI@stage 19,
di spense and distribute the tenperature-controlling air to the

i nternal BIRIeEbEsAINebRasy Alegbansing sigee1Z- bl heas ereningtawhich st
mul tiple giidiaees iPlodmRiRPRdhidil2e g}éferéf cé‘ﬂnbré‘&%%é'aﬁsirﬁgﬂ?é Base
arranged such that the dispensed air iI's dispersed unifornfy into t%e
bondi ng spkfe26 vhich isollermoperative tapasst thesair ovarirdeltiplednisrmajeurfaces of

resul tinggln ni,cal . |l G A(a) .i,s.a plan,view. of
thebond: 15 BB e 2n K B HERET sofRe Syalli A2 Digfabidibi 56

| ocat ed chitsehedototthe Haonitigigtage ef2. toThenitirra tdroperdture of dhes bohding ethgen
t he sM}uc%#lrg of the bonding stage 12 underneath the optics system
4. StthhceltREABHABFNY'St age 12 receives nore heat froma heating
ource, such as a heating block 22, at this position, cooling air
which may be in the formof cold air nmay be 25i ng' ected to the

conponent El®f3 isha frsiaiien of dhgeonding lerpagaius HO ef FIG. . efThissview shotisr
oo FARGIEEPSALNL o HOSBENBBDAES 42 crbHiye 6 el e
i s | ocat edisfributehtire temayerbilvercohizoliogdimip theciateanat suriache aifithg bohdinly
§|2n cg EQ&@&% g];tl)a)?\éve;a%ﬁl%é ?hedéi? to(u'arb %tuﬁgleagur]}gcreslzéfct;he %%%Aingl_é?ggeé/ % The
air nozzles 32 are arranged such that the dispensed air is dispersed uniformly
into the bonding étage 12 without any thermal stress inside the stage, resulting 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
<4 structure of the bonding stage 12 undemeath 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



t he bondi ng stage 12 nay be relatively cooler at this position,
heating air which - 6 - may be in the formof hot air may be

I njected to the conponents of the bonding stage 12 through the air
inlet 28 in order to keep the tenperature of the bonding stage 12
relatively constant. For this purpose, .the thernocouple 30 is
preferably operative to determ ne mhefﬁér cooling air or heating air
(and the exact portions 5 thereof) is required by nonitoring the

t enper at Urrﬁ’a)PBetlﬁ%é)Rﬂﬁ'l Bigh&ta?}ﬂﬁa%%e i'nfbcttéb! fo Wcoﬁnb@né]flté of THeeBor?cﬁnQ S

operative to inject either or cold air to base plate 2
dependi ng sétge he thyeugh .tl@mamﬂn!@hgs bbﬂ@ieﬁgtp Sea@éhqtem@erature@f the btpmimg

heating blg tﬁ%rel&%lﬁcoﬁst i, F 'tﬂﬁbﬁﬂ dﬁg\éeozth%tlpﬁ?ﬁ@cﬁﬁ nfﬁglg rgjjrgferably

accor di ng % secon pre efre
i ncl udi ng oaerastweltoajeltqrngue cvdebtiearrcooling airadri heatipg tir %dfthe reckaohp@tions

I t | .af th di t.a 1 h t, '
et 8o° tEPaRdE cedired PRhiRkRd e FempPye ooiedranting biada fonin
path 42 t s way, fing BRdinn 28 awdrhtiveofo infet RatRE} Rt 5? 2818 él?to IHE sa@
circul ation ath 42 may be 15forned by fabricating the sid

with air @FﬁiﬁR§|d§peaﬁlnswm$§rnqsrt@ntqj %Qoaqilaa@tagee%rei@tn@aﬂoltaeh@atmg
carrying phgydor in the tubing. An air flow 44 is guided by the air
ci rcul atlon pat 42 to cover as nuch of the surface of the bondi ng

stage 12 as pr acticable to |rrpr ove terrper ature control.

Prefe bl i [.,Ci rcuI n path,32 conf 0 _extend_ov
RGP Fgr B SpbiviGHIA 4 BOGER etk 12 SRR %ﬂ}fgaea@d hidrehed
er eaf t eémtioHBn@mtrothhevih%t@NI ihdlufiihgr VericBmngiiaed diagieculdtionugdth 242
air outleicwewfcsi Th| nmet hod @n mnimze the anpunt of air used and
has the b n éF eqstanervalbat therbending stegei 13- et his embodinenty agair

fromor tgdresd [M%dd%%sbﬁﬂ%tﬂgthét\ﬂﬂﬁca}d? %%éé & E?cr&flﬁtlﬂ%r?:ga%g? etha’c is

25gui ded air circul ation fpat s substan y _surround
bondi ng sfaigedign the waallssofi the Hohdingt stageh2 ofThishair sbeulatien pathgs? may b

FI G ﬁ') ' Forﬁ'@c:gﬁ}( Efalﬂ%ragﬁg%glsl,léfe rgn'(r:Hng @mﬁ"‘ §H{§n%}§t6roﬂy Qﬁ&pntﬁg tubing

i nking ver y gui arr- Ci
along the side walls for carrying the air in the tublng

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 fo 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 allows one

30 airinlet 40 and one air outlet 46 to be used for controlling the temperature of the

-



| ocat ed on opposite side walls of the bonding stage 12. This set-up
all ows one 30air 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 circulation paths 42 and air outlet to be
all fluidly connected, although they rrﬁ,y be | ocated on different
walls. FIG 7 is a plan view of the bonding stage of FIG 5
illustrating the horizontally 5 guided air circulation path 43. From

the verti galdey bBHH@%d?t@%é 2, rs%eafﬁeoé'ir Rt 442air tdﬂ%ul%Handa% 44 DRSPS
t hrough the network~™o orizontal l'y-arranged air paths to arrive at a
verti cal | putiel todwe all fluidiyrapunaciednalpznugh4hey mayrbalopatedtan diffdeendivatihie
bondi ng stage 12. In this setup, the air inlet 40 is on one side of
t he bondi ng stage 12 and the air outlet 48 is on an opposite side of
t he bondi FGsVage glan vew dfths hiontingdstagd of riHiG. Bhitusteipgche Werigonidiy

' f .movenent of the

air cipculatjon paths 42, 4 roughqut the range

bondi g Gued il Cerdetas pahdd c Ritathe vatcglhaaicRd g CUAGERID A
control ofh2apqRdl A8 pHs36€ thdlLee thehBtGk GFHbricBhAIG-ANBhESS 8% Fiths to
The thernocouple 30 incorporated in 15 the bonding Stage 12

cont i nuou@rrivenghguyasticallyegridap aimciiewaiign path B3l Ay erpegide side ahdhe

f eedback gi e pent f e n .1 er
50 whi on PRk stk 327 BFfHe bEOR, AP JBEFIRA R o ol fr (i borlng
and col d afage5K2 arsd thechie patidtydSisaomat egpoditeosidd ohthE- horaingastagkiile Air
Depengi ng, on et her .t bondi stage, 12 needs. to ated u r
@& 030 doimmphiosss mib e dRPes e GiY ot Sihitiohdalfs G2 Ha thiffuoest
or cold atde @ﬁgé@fhﬂwfe@@bﬁt@fmeewm@ B@getizge 12 through the T-type
air inlet based upon a feedback signal received fromthe thernocouple

30. In this way, closed-loop control of the tenperature of the

bondi ng s : i I i
St for ¢ e o et Eant ShowihibePRuRPRERTSI RS bbfhg WG
provi di ngusingdioth inot faodnaale epmpeessed ali.sTheldbeinoocdupds de indoepbmatet img

stage,12. ,Si pce .t her,nal ress 1s reduced inside the bondi t age
12 O Tier otR B e R PR ol eSSt e cBatr Rl o dfin & Seige
12 that i stapst 1Ddaee debiibddkesighblsst6 ef8. sdiir Raethe theematsudl®! 3 to a
position 28 may be fl exj bj)é .
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 controis 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
Q 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
intfroduced by thermal stress. Moreover, the air inlet position 28 may be flexibly

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



30 selected fromnore | ocations according to the design of the
bondi ng stage 12. - 8 - Unlike |localized heating with a heater as
used in the prior art, both heating and cooling of the bonding system
according to the preferred enbodi nents of the invention are

dynami cally controlled. In this way, the speed of heating and cooling
can be controlled nore precisely. Furffler, as the
tenperature-controlling 5 air is distributed over nultiple surfaces

of the bonp t ng i I

Cher o i s g na SelaEn HRABHTRIENS FEgl e fedt Y o o, MROChBeh o} 3¢
and t her ngbokintg ef sheydontimgbeystiemgacoocadjpgite thie mrefered. etdbodimends wf the

since the r ' ondi stage 12 during ndi ng,

is reduced5 V%Eﬁgﬁ g%'g g%ﬁg}ﬁleg%?éﬂﬁgfegb ngﬁntﬂgdng eeSBSﬁ%l cﬁ hes?ﬁ’é'ae

al so have cgolraf egn Eh@ coheroliel mete@pidcideyy. Eorisaqueiid tomparptuss-edntrolling

bondlng accura%% n be achi eved. The |nvené|on descri bed hereln i S
ib

suscepti bPE B4 %?‘lﬁﬁngﬁé m%%?ﬁ%"éﬁ?%ﬁ% the, Berging stags tongubstanially fthm
those spegjhbiecaf thi mﬁg é}age HRerd fs d&nét&elasrebtﬂeﬁﬁﬁtgmehh@&.ntqun the

i nvention includes al such Val‘latIOI’IS nodi fi cati ons and
addi t i ons banding stage an@&hqrmahstrms epihd borgiag stageds omnmmeechbldﬁmately,

descripti ?f?\cet gFer%@‘gWe chllggé‘gp%dl?% AP RAIRUS 1 GINYPSrdlifPis RAuced,

bondi ng s age Ing a ndi ng
the components which are mounted on the bonding stage also have greater

( 10  thermal stability. Consequently, improved bonding accuracy can be achieved.

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.



an air distribution systemnounted to the bondi ng stage; and an air
inlet attached 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 10the air over multiple surfac§s of the bonding stage. 2.
The bondi ng apparatus as clainmed in ctTd@m1, wherein the air

di stribution system conprises an air distribution plate |ocated on

t he bondi ng stage, which has an opening to which the air inlet is
connected. 15 3. The bonding apparatus as clained in claim2,
wherein tERAMS: di stribution plate further conprises air nozzles that
are operative to dispense and distribute air to internal surfaces of
t he bondi ng stage. 20 4. The bondi ng apparatus as clainmed in claim3,
wherein the ai p bwedilespiretudidopipgigthgsuch that the air is dispersed
uniformy onto the jnternal surfaces of the bondi ng stage. 5.
The bovdi ng app&Cading sfage fosihelding A bargingieolyt t he precedi ng cl ai s,
25 wherein thegai ' dFR air. 6.
The bondi ng apgglragtoﬁgﬂggﬁ o ism%%ﬁﬁ?gmh&?&a}ner el %E%ﬁ%aai rinlet is
operative to iapautinlabatiarheddb dhe: sirpisdrilydidnaiysteny t he air

distribution s ] endi p n.a pasition aof th ndi,ng _st age
relative to a %@%&%gﬁgcgﬁj Q@H@ytm}q %Zerﬁpﬁdicﬂan%c_g%(g%& h?ga?ér érﬂﬁii rﬁ%rd
i n any onescelvitidnair froae dtd aig irddtabnd thenbie detibition Bstendlissépdratiid @pass
system conpri.,ses.an ai [%Sci culatio rét'h formed on at | east one wall
% t hi0 boHts igogrdgultip .UI%QE%S Weﬂtj’p KE$898s as claimed in claim7,
1erein the air circulation
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

C bonding stage.

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

25 wherein the air comprises both hot and cold 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



path is formed by fabricating the wall with air channels. 9. The
bondi ng apparatus as clained in claim7 or claim8, wherein the air
circulation path is fornmed by nounting tubing along the wall for
carrying the air in 10the tubing. 10. The bondi ng apparatus as
claimed in any one of clainms 7 to 9, erein the air circulation path
is configured to extend over a mgjori'ty of a wall of the bonding
stage. 15 11. The bonding apparatus as clained in any one of clains

7 to 10, kurth | Si ' LT i ;

mul 01 ple a1 o o SHRISE aparBils G chinRle B arBAbRS o Aheieciit claims
cl ai med i whekain finel dir didtebdion syséeraicompirises bhatdiocircCiien hpath ormed amat
di fferent Wakl s of tl??? bt?nd'.né; Ptage are fluidly connected. 13. The
bondi ng af?ﬁé 8'9%?3&50 & NFR9Pai m 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 TRe bohbe Agndingatrpaiatugascrigingdiin alainy. arherein e Aihcirculaions,

wher ei n tpitgggrfoﬁﬂéﬁcsw %ﬁeﬁ% : R waPR#R Al icRhhNeisur rounds the whol e

bondi ng s I ng apparatus as clainmed in any one of
the preceding clains, 30 further conprising a tenperature sensor

hed h di f ' i ng. f. .
bondi ng. sPage. S PN R e ARG S pLAdE.7 GeBamS enelelein A1 ain
15, furt heikcutatign pth g faamedriy mblgting iubifedalbag thewhi farefaatyingetheensiar

t hat @s operatjve to control an amount of hot or cold air to be fed
go'"th boliHR"Gt age, based upon a feedback signal 5 received from
the tenperature sensor.

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 circulation

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.

16.  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.



17. The bondi ng apparatus as clained in any one of the preceding
clainms, wherein the air distribution systemis operative to introduce
air to the bondi ng stage throughout a range of novenent of the

bondi ng st age.
the preceding clains, wherein the bonq

bonder.

t he bondi
toits ti

&

10

15

10 18. The bondi ng apparatus as clainmed in any one of
i,ng apparatus conprises a wire
19. The bondi ng apparatus as diai ned in claim 18, wherein

ng tool 15conprises a transducer having a capillary clanped

p.
16. The bonding apparatus as claimed in claim 15, further comprising a
controller linked to the temperature sensor that is operative to control an amount
of hot or cold air to be fed to the bonding stage, based upon a feedback signal

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 infroduce air to the bonding

stage throughout a range of movement of the bonding stage.

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

comprises a transducer having a capillary clamped to its tip.



