-1 - TEMPERATURE CONTROL OF A BONDI NG STAGE Field of the
I‘“nvention 5 The invention relates to a bonding stage, such as a
bondi ng 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. C 10 Background and Prior Art Wre
bonding is a process in which sen1cond¥ctor chips are wired after
they are nounted onto a substrate, typically a leadfranme, to

el ectrically connect the sem conductor chips and the substrate. The
Wi re bonder has a capillary that is 15 clanped to the tip of an

ul trasoni c transducer mhlch serves to secure bondlno wireto a
connection poi nt on HEMPERATURESE £ B e onBEspondi ng
connection point on the Ieadfrane To formthe wire connection

bet ween the connection points, an end of the bonding w re protruding
out of theFigihoithaiRvengonirst nelted into a ball. Thereafter, the
melted pall is secured to the connection 20 point on the

sem conductor chip by neans of pressure and ultrasonic energy in a c.
process callhednysakipn gelaisnty. 2 Thondingr gags susbnapal Hmwlngnstagg hoft @ wiitee
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securing thl@lewtcrreduce th@eﬂctverﬂ%&ﬁelctsmfmtamaldmatmm&mdf rarre the wire

is torn off and the bonding cycle is 25 repeated. FIG 1(a) is a side
view of a conventional w re bonding system 10 wherein a bondi ng stage

1%—&5 10 c aBackardwosleanddPriorvirt e bondi ng area. The bondi ng stage 12

i

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
16 clamped to the tip of an ultrasonic fransducer, 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 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
connecfion 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.



supports an optics system 14 that is used for view ng the bonding
drea,"and a 30 canera 16 that is configured to receive inages
transmtted by the optics system14. - 2 - The bonding stage 12 al so
hol ds 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 & suitable w re bonding
tenperature. Heat 24 is generated by the heater block 22 and such
heat 24 dissipates to the surrounding anbient air. The heat 24 may be

absor bed by_t he bonding stage 12, optics system 14 and the 10
transducer 18 kpdingstagris a&"d}@i’dﬁ C] t}arﬁs@upwd thivat bas picaeilaryJ2 clared
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bl ock 22 néy gepetatetydly B dieatart blpclui@e andasucht heatc @dpdinsipatest feathe
were previ dﬁ&g : bondi ng stage 12, optics system 14 and
transducer%g&r@af/ %'g'g{en%gﬁ'cool down and contract. 20 Therefore, it

i s observed that when the bonding stage 12 is noved close to the
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changed during bonding. The tenperature change of the bondi ng stage
w Il creat nted deviations in the sition.of bqgth e optics
oystem 14 Sl KRESE sfE AL P g dspverBrRLRe hRiSH SR BRI FE on
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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 coniract,

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
C heat transferred from the heater block 22. Conversely, when the bonding stage
12 moves further away from the heater block 22, its temperature wilt 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 conftraction. This leads to
inaccuracy of bonding on the semicenductor 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-cooled naturally with anbient air by deactivating the heater. 5 A
problemw th this approach is that the,rate of heating and cooling
are different since only heating is ac§|vely conducted. Cooling wll
general ly take a longer time. Another problemis that heating and

cool i ng i s A wpeafidraedpirbatin RAfcrataR @ntbls theal s o H@é‘té?rholm& bcs}fdmgg
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b}gref@} endynamicallye acconpanyi ng drawi ngs which illustrate preferred

odi nents of the invention. The particularity of the draw ngs and
the related description is not to be understood as superseding the

gener al i t ySuhnaheoftthe érdrentient i fi cati on 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 o 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 fo 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 o 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



- 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 positions relative to a bonding
area; FIG 2 is a side view of a tenperature-controlled bonding
stage of a bonding 10 apparatus accordi4n‘g 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 apparatus of FIG 2 wherein 15 the bonding stage is shown at
di fferent pdsi piesagt inveafianwilk be rerdilyaidreniatad dy; reference to ¢hen dsiaded

view of a hRatifienSdiafeiches hiidimis }o)%;&geﬁiﬁgé;agﬂnm@ﬁ&%fde%mﬂhg@f

of the invention including a vertica air circulatronp

20FI G 6 | fcgompaniing tawings, irmehiplendi ng stage of FIG 5; FIG 7 is a
plan vigw of the bonding stage of FIG 5 illustrating a horizontally
gui ded cooling air circulation path; and 25 FIG 8 is a schenmatic

di agr am shdWEsgl @Rapdrighiare sidviewos obfa enbentitinabbertdinge syemgvtizseih ahot

and cold c : i k- [ipti of the Preferred

Ebodi ment S0P REGP T SRR DAL Tgep BoitrRabe et By

tenperature-control | ed bonding stage 12 of a bondi ng apparatus 10,

such as a W& e,00n0eh, REFU YL MnddfatiRScdlionba BoRliRE S5 TPt TRy
(. 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-confrolled bonding stage 12 of a bonding
apparatus 10; such as a wire-bonder, according to the first preferred embediment



- 5 - of the invention. The bonding stage 12 holds a bondi ng t ool
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, 5 preferably at the bottom of

t he bondi ng stage 12. It has an openin to which an air inlet 28 is
connected to introduce air, preferably2conpressed air, into the base
plate 26 which is them operative to pass the air over multiple
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which may be in the formof cold air may be 25 injected to the
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to lower the tenperature o st age . 4(b) i1s a plan
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22. 30 The air flow 34 is distributed as for . However,
si nce the ¢ é@\%é?é’bhﬂaésﬁﬂ the, air pyRBMYEIPia suytacey oﬁﬁ;e tm ingt stage 82y The

cooler at 4inhszAas kP 08 arBRged BUcitiat e Gpensed air is dispersed uniformiy

into the bonding stage 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

C 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 fo 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



- 6 - may be inthe formof hot air may be injected to the
conponents of the bonding stage 12 through the air inlet 28 in order
to keep the tenperature of the bonding stage 12 rel atively constant.
For this purpose, the thernocouple 30 is preferably operative to
determ ne whether cooling air or heating air (and the exact portions
5 thereof) is required by nonitoring the tenperature of the bonding
stage 12. In this way, the air inlet 284 s operative to inject either
hot or cold air to the base plate 26 depending on the position of the
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configured to extend over a majority of the at |east one wall of the
bondi ng stage 12. Thereafter, the air flow 44 exits fromthe bondi ng
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t enper at ur gioR§ tHehdide 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. 8 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 air inlet 40 and one air outlet 46 to be used for controlling the temperature of the



- 7 - whol e bonding stage 12, since the air inlet 40, air circulation
paths 42 and air outlet to be all fluidly connected, although they
may be located on different walls. FIG 7 is a plan view of the
bondi ng stage of FIG 5 illustrating the horizontally 5 guided air
circulation path 43. Fromthe vertically guided air circulation path
42, the air flow 44 passes through the_network of

hori zontal | y-arranged air paths to arfi've at a vertically guided air
circulation path 42 on an opposite side of the bonding stage 12. In

this setup,wide b@h(ﬂin%@t@e 49 élﬁcé)fheoéli? lrﬁéld&) Oilr Eﬁ&lé’(%%é’iﬁs 5493&?% él?
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8 is a schematic diagram showi ng tenperature control of a bonding
stage usi n@@o?ﬁs Hdtla%N@V\t@i hedmmpingsgage af FIG.ThdlustiaingoibeUpsirigodally
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of tenperature control has the advantage of pr oviding a nore uniform
t enper at ur istribution.inside the bondin 2. Si ethe
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stre
T exi 51, Sboshitie.quepold sopirioutl memras 16 demoorebie e e dogingt
t he bondi ngiagé a@e ahd. feedbick 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 controiler 50 controls the amount of hot air 52 or cold air 54 fo 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
infroduced by thermal stress. Moreover, the air inlet position 28 may be flexibly

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



Unli ke | ocalized heating with a heater as used in the prior art, both
heating and cooling of the bonding systemaccording to the preferred
enbodi nents of the invention are dynamcally controlled. In this way,
t he speed of heating and cooling can be controlled nore precisely.
Further, as the tenperature-controlling 5 air is distributed over

mul tiple surfaces of the bonding stage to substantially the whole of
the bondi ng stage, there is no noti ceae t her nmal gradient built up
in the bonding stage and thernmal stress on the bonding stage is
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The invention described herein is susceptible to variations, modifications and/or

addiﬁons other than those specifically described and it is to be understood that the

invention includes all such variations, maodifications andfor additions which fall

15  within the spirit and scope of the above description.



system bei ng connected to the air inlet for receiving air fromthe
air inlet. 2. The bondi ng apparatus as clainmed in claim1l1, wherein
thé air distribution system conprises an air distribution plate

| ocated on the bonding stage, the air .3hdistribution plate having an
opehing to which the air inlet is connected. 3. The bondi ng
apparatus as clainmed in claiml or claim2, wherein the air nozzles
are arranged such that the air is dispersed uniformy onto the
internal syxfasps of the bonding stage. 20 4. The bondi ng apparatus
as claimed T any one of the preceding clains, wherein the air
conprises both hot and cold conpressed air. 5. The bondi ng

apparatus as cl ilﬁ?ﬂf'. i inthe air inlet is 25
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ai r channeUdistitartteraindp thednteinal sunfanss af iterbgraling stage; 8nd The bondi ng
appar aktys as cl ai ] i oj. .cl.ai fur r..5,conpri.si.ng. a
t ubi ngH%per abl eg‘_{‘ qrg'gglr’%y&l{%é’ggﬁr" _@'ﬁdg'ﬁéﬁ%%ﬂ"’ﬁl %ﬁer’_&h@ea?ﬁgﬂé%e?%ﬁe
wal | of t heysiemdieing stragetedtit ¢he aibinteg fdroecsivigg &inéom the airrinled. at i on
pat@. " 9. The bondi ng apparatus as clainmed in any one of clains 6
e
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2, The bonding apparatus as claimed in claim 1, wherein the air distribution

system comprises an air distribution plate located on the bonding stage, the air
15  distribution plate having an opening to which the air inlet is connected.

3. The bonding apparatus as claimed in claim 1 or claim 2, wherein the air
nozzies are arranged such that.the air is. dispersed uniformly onto the internal
surfaces of the bonding stage.

20
4, The bonding apparatus as claimed in any one of the preceding claims,
wherein the air comprises both hot and cold compressed air.

5. The bonding apparatus as claimed in claim 4, wherein the air inlet is
25 operative to inject hot or cold compressed air to the air distribution system
depending on a position of the bonding stage refative fo a heat source,

B. The bonding apparatus as claimed in any one of the preceding claims,
wherein the air distribution system comprises an air circulation path formed on at
30 least one wall of the bonding stage.



air circulation path is configured to extend over a majority of a
wal | of the bonding 10 stage. 10. The bondi ng apparatus as cl ai ned
in‘any, one of clains 6 to 9, further conprising air circul ation paths
forred over nultiple walls of the bondigg stage. 1511.The, bondi ng
apparatus as clainmed in claim10, wherein the air circul ation paths
formed on different walls of the bonding stage are fluidly connected.
12. The bon8i ng Hphending apparetusi asdlaimed iraciaint B, whieegirithe ohéeast one

inlet is at l: ' : is. fLuidly
connected w @ﬁ@gﬂetgﬁp 8@@ s!)%el "é‘?zl%%ﬁ'&ﬁﬁeydﬁ% @q%%ﬁ?& ee?ée?ﬁ(f"lcﬁgﬁ'whg{ht he
bondi ng stage. 13. The bondi ng apparatus as clained in any one of
clainms 6 tq, 12, erelg th | I Lgu | on.pa sybstantially
surrounds ﬁie who ebg}aﬁlgéngp%ré%‘% 5%5&%%‘%%%'? b‘gﬂm 353 °5p§5%t}usf‘£§‘9'

cl ai med3i n canyprising afubitgeogrTaltie do rgrre ke aisand mouhted alenpthie st kegastione

t enper at ur : t e ndi ng, stage for nmopitoring a

t enper at urgwagﬁ&ﬁ ﬁéeb%‘?{@g%@8&"ﬁag&'ﬁ@?“fﬁ‘g‘gg%?s]alr?fac‘élﬁi%%ﬁq s as clai ned
in claim214, further conprising a 30 controller linked to the

t enper at urg, sen ) | er ,bei operable 10 rql an
anmount of %Ot Ojﬂ%&ohﬁ@g%?)p %'rag'%es % al[r!?%gﬂ@g%%%Pﬁﬂa'msaﬁg’r%i&?&e’ﬁ% a
f eedback siagraiiculation pathds tonfipurdrbta edeel alen sansjeriyaf a wall of the Bdrling
bondinqoapg tus as clainmed in any one of the preceding clains, 5

wherein thée 10zzles of the air distribution systemare operative to
I ntroduce air to the bonding stage throughout a range of novenent of

. t herondl N90S t affe bonding apparatus as claimed in any one of claims 8 to 8, further
comprising air circulation paths formed over multiple walls of the bonding stage.

15 11, The bonding apparatus as claimed in claim 10, wherein the air circulation
paths formed on different walls of the bonding stage are fluidly connected.

12.. . The.bonding. apparatus as claimed in claim 11, wherein the air inlet is
attached to one wall of the bonding stage and is fluidly connected with an air
20  outlet attached to a different wall of the bonding stage.

13.  The bonding apparatus as claimed in any one of claims 6 to 12, wherein
Q the air circulation path substantially surrounds the whole bonding stage.

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

15.  The bonding apparatus as claimed in claim 14, further comprising a
30 controller linked fo the temperature sensor, the controller being operable to



17. The bondi ng apparatus as clainmed in any one of the preceding

cl ai ms, wherein t he bondi ng apparatus conprises a wire bonder. 10

18. The bondi ng apparatus as clainmed in claim17, wherein the bonding
tooI conprises a transducer having a capillary clanped toits tip.
19. A bondi ng apparatus conprising: 15a bondi ng stage operable to
hol d a bonding tool, the bonding stage including a plurality of
surfaces anePriol pegetounhef brilar opld air & e faddpiths berding stash daaed gpon a

f or ned ther@gﬁba%eu%nal r%%ez%ﬁj Lut ﬁfgﬁt&ﬁm‘p@l‘&un@%eﬁ%’oﬁlem nmounted to the

bondi ng stag systemincluding an air
circul ation path formed by the air channels of 20 the at |east one
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17. The bonding apparatus as claimed in any one of the preceding claims,
wherein the bonding apparatus comprises a wire bonder.

10
18. The bonding apparatus as claimed in claim 17, wherein the bonding tool

C" comprises a transducer having a capillary clamped to its tip.

18. A bonding apparatus comprising:
15 a bonding stage operable to hold a bonding tool, the bonding stage
including a plurality of surfaces and at least one wall with a plurality of air

channels formed thereon;
an air distribution system mounted to the bonding stage, the air

distribution system including an air circulation path formed by the air channels of
20 ihe at least one wall; and
an air inlet attached fo the air distribution system, the air distribution
system being connected to the air inlet for receiving air from the air inlet, and the
L air distribution system being configured and operable to pass the air over the
surfaces of the bonding stage.



