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-5-FI ELD OF THE | NVENTI ON Thi 1 i7nv\jmt2'ggp rel ates to .an apparatus and net hod
for bond force control, an% mg_rrblc&lé% ‘Lo sdchl' control in a die bonding
_operation. BACKGROUND CF TH I h=aldi e bonding operation in a
sem conductor assenbly and manufactuyi ng process, a bond head may pick a
die (which may be an electronic device such as a sem conducting integrated
circuit device) at a first location and wll nove the die to a second
| ocation at which the die is to be bonded to a substrate, such as a
circuit board. The bond head will then nove downwardly 15 (this is known as

the z-direction) until the die touches the substrate. In order to apply a
required bond force during the bond operation, the bond head may be driven

downwar dl y f ur tARPARA TS AND METHODIEORBONDOFORGE GiGNTRopar at us and

met hods for controlling this bond force need to neet a n er of
conflicting requirenents. For exanple, they should preferably be able 20
to apply a bond force over a wi de range, should be susceptible to feedback

and sontrol, and should be pfgh¢ bF FREARVENABN! Y to required changes in
the bond force.

This invention relates to an apparatus and method for bond force control,

and in particular to such control in a die bonding operation.

BACKGROUND OF THE INVENTION

10 In a die bonding operation in a semiconductor assembly and
manufacturing process, a bond head may pick a die (which may be an electronic
device such as a semiconducting integrated circuit device) at a first location and
will move the die to a second location at which the dié is to be bonded to a
substrate, such as a circuit board. The bond head will then move downwardly
15 (this is known as the z-direction) until the die touches the substrate. In order to
apply a required bond force during the bond operation, the bond head may be

driven downwardly further to exert a required force on the die. |
Apparatus and methods for controlling this bond force need to meet a
number bf conflicting requirements. For example, they should preferably be able
20 to apply a bond force over a wide range, should be susceptible to feedback and
control, and should be able to respond rapidly to required changes in the bond

force.

-_

UGG LT

*159159*

*G00002*



2 BRI ERT 5 8 dat 8761 art techni ques"Ta¥Failed to satisfactor PASE nds

‘.aII the requirements for ideal bond force control. Conventionally bond
force control is achieved using a conpression spring, or a pneumatic
~actuator, or a solenoid, and 5 a nunber of exanples of such conventi onal
“prior art bond force control techniqgges will now be shown. Fig.1l shows a
conpression spring type system In such a systema conpression spring 1 is
nounted within the bond head 3 anﬂ?ﬁéﬁ%&%Ta force on a noving assenbly 2

t hat connects to a collet bearing In a die bonding 10 process a
die will for exanpl e by vacuunm) to a collet forned as part of the
movi ng assenb eTW@'baﬁdt%Qtﬂ‘-ﬁ% have dailedhimeatisfactorily roeet allrtbet i on
until the die touches the substrate. In order to exert a bonding force the
bond hdgguizementsofari idgaibend force ¢ontrcheConvintionallpibond fascd compsipisess t he
spring I against the noving assenbly 2 and to exert a bond force on the

di e t hr caajtevedeusin® acompressibn spridgr ot dpaswrndticxc@@atory b4 ablefdr, ahdt he
novi ng assenbly 2 during notion of the bond head 3, the spring 1 is

usuabl y Praimpse bf aBgarprsa i UsiickofcopyehiisHal d;bﬂ'cﬁctahy boRbf ?&Eé L&KRrdl i MuUm

bond force that can be applied. The larger the preload, the larger is the

m ni mumpERlafef GR1 AdVFbe D applied. This is because when the 20 coll et
and die toucﬂutie su treate“?f\hlch is arigid surface), the reaction force

h h . h houl I h
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compression spring 1 is mounted within the bond head 3 and exerts a force on a
moving assembly 2 that connhects to a collet bearing the die. In a die bonding
10 process a die will be held (for example by vacuum) to a collet formed as part of

the moving assembly 2. The bond head is moved downwardly in the z-direction

until the die touches the substrate. In order to exert a bonding force the bond
head 3 is continued to move in the z-direction so as to compress the spring 1
against the moving assembly 2 and to exert a bond force on the die through the
15  collet.
In order to avoid excess vibrations of the moving assembly 2 during motion of the
bond head 3, the spring 1 is usually preloaded and the amount of preload directly
affects the minimum bond force that can be applied. The larger the preload, the
larger is the minimum bond force that can be applied. This is because when the
20  collet and die touch the substrate (which i§ a rigid surface), the reaction force that
pushes the collet and die against the spring should be larger than the preload of
the spring. This means that if a very small bond force is required, the preload of

the spring must also be very small, but this in turn has
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-preload of the spring nust also be very small, but this in turn has 3

t he di sadvantage of resulting in nore vibrations of the bond head foll ow ng
~nmovenent which will thus require a longer settling tine in the bonding
operation. Another problemthat arisgs fromsinply reducing the prel oad of
the spring to enable a small bonding force to be applied, is that the

cont act : | 5. t he _movin sembly 2 and the bond head
housi ngtgé rr(ggg%\’;aq%%%? Oén@%h@g B‘poorFoY'@"é’%sﬁﬁﬁn%eYh’?oﬁgﬂgn'é%ﬁq fallawdngan be
mtigated \%_y reduci Bg{y,ghe sprin constant k so that a |arger extent of
conpr es SNYEMEHHhic itk thus g angep pettiingtirain the boerdioptoperatibnat t he
sanme tinme. The price for this, however, is that the range of the output

force producémotyernreblepn tha arises évo sithpiy tedutirg thetrelbadldf thepong y real |y
work with small bond force applications. US 5950903 di scl oses a system

si mi | ar t¢d enbble asenali bandipgPloess tobe iplieddis it the cbatz’t bedle SPEHI
i nstead of a conpression spring. Fig.2 shows a schematic of a prior art

exargl eviithatheUhesing BHIBY Rand e SR nbag hBatings ey PPRESCAAR 1P 1 N0 A

pressure chanber 47is provided 15 wthin the bo usi ng and
bond 1 op oa0 Jolts, Tl B, BaniBealnTiE ahn e, okl o8 W 0GRET e Sor Scsr e
ST i St e 7 R e e S g2
Io(r)ng)sur SrerlgaqéJ lcg;% % tgehgb ained” gts t?\etsiann?e Itl?l\et %esrlmocvg o?rthig, rrugﬁévér,i igethgtl osed
the range of the output force produced by the spring is reduced and this method
10  can only really work with small bond force applications.
US 5950903 discloses a system similar to the use of a compression -
spring, but using a leaf spring instead of a compression spring.
Fig.2 shows a schematic of a prior art example that uses a pneumatic
actuator instead of a compression spring. A pressure chamber 4 is r;rovided
15 within the bond head housing 6 and acting upon the moving collet assembly 5. In
this arrangement a variable bond force can be applied by controlling the pressure
within the pressure chamber 4. A difficulty with this design, however, is that.the
response time is slow. If the pressure in the chamber 4 is controlled using a
pressure regulator the response time is too slow for a real time closed loop
20  control system and instead an open loop control is used instead. A related
disadvantage is that there is a relatively large impact force. At the moment that

the die touches the substrate surface an impact force is produced that acts upon

the die. If this impact force is too large it can damage the die, but the slow
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-related disadvantage is that there is a relatively large inpact force. At
the nonent that the die touches the substrate surface an inpact force is
~produced that acts upon the die. If this inpact force is too large it can
damage the die, but the slow 4 respgnse tine of a pneunmatic system nakes
it very difficult to control the inpact force. It is also difficult to

contr ol force with an reat accuracy.. In solenoid systens such
as thosé%é%@%ﬂ@& 4@? pB?H’Pﬁﬁ’égu‘»’%‘eU}s B3 ik ey difficuligimpcontpl @‘m%?/ramqt

5, 230458 and ﬁ,,G%&qS? a solenoid is used in place of a conpression 5
spring dP'<g- dhés eyt ie spntrel teobrad forre withdamvgreat Bwiueay dnsyst ens
have a nunmber of advantages, including fast response tinmes, the ability to
i ncor pors@lenoid isystems sugh asthaesel desarnitied dsyexarmpledh €S patentd 3,7B7esami n -

di sadvant age, however, is that the output bond force is relatively small,

and to er603,802 5260¢58and § 69682 ' ' igRd '
829 wherlerssiglis Lsed ﬁﬂb!béé’@ra%obg{rggsulﬁ'@ syst ems

correspondi ngly heavy sol enoid nmust be 10 used. Cenerally, eno
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provi de nd_net hod. f 15 provi.di ng, bond faorce control that

facili tg,?rg%rﬁp ng’géﬁ?’ﬁ?%ﬂ '8¢ “g'”sgfﬁat ?SPgas%bwsath%rhEtvrtaﬁ@@fe?r%| ues,

al | ows ffst rleigonSﬁ ﬁnd cl osed Iégg contril, and s sinple in design and

const r ucl9S6A103R £8PHPh GNABasH ackiale fenirel, dhe iman disadvapiage; hewevers

provi ded %n . ,

is that the output bond force is relatively small, and to create a large bond force

when such is required, a large and correspondingly heavy solenoid must be

10  used. Generally, solenoid systems are only suitable for use in applications where

a small bond force is required.

SUMMARY OF THE INVENTION

It is an object of the invention to provide an apparatus and method for
15 providing bond force control that facilitates the generation of a bond force over a
wide range of values, allows fast response and closed loop control, and is simple

in design and construction.
According to the present invention -therefore there is provided an
apparatus for providing bond force in a die bonding operation, comprising means
20 for generating a primary bond force, means for generating a compensatory bond
force, and means for controliing the compensatory bond force whereby a bond
force cbmprising the sum of the primary bond force and the compensatory bond

force may be controlled.



appHr4EIP2 1157 %r oV ’GPHF300ond force in.a AFMe-E58ndi ng operation, conpPASEi Rj/13
-means 20 for generating a primary bond force, nmeans for generating a
conpensatory bond force, and neans for controlling the conpensatory bond
force whereby a bond force conprising the sumof the primary bond force
~and the conpensatory bond force may ge controlled. 5 According to a
second aspect of the present invention there is provided a nethod of

generating a r.ed.bond force in a.,die bonding operation, conprising
provi di ng a 6“%%% 109 #3 AS§PNdASRseh of ﬂ'ﬁ Rgsentivipeliemthere iHpravidextae i n t he
same di rectbi 8n or OF%osi te to said &rgi mary bond force, summing said primary
5 bond f&riead of gensralingshdesiced bend BRI @ discbanding nperation sedrdphsing f or ce,
and controlling the magni tude and sign of said conpensatory bond force to
cont r ol : PEeNidinge geprimady bond férocec gendwmting ci ogmpensatbRi bend $ereetin Qhe t he
present invention there is provided a nethod of controlling the inpact

force i sameddizettionion®pppeitatto daid ¢imkry Bl fokle "BYHRANG sB p.%%i beari ng
a die toward a substrate in a first di rrse/cti on, and provi%isnfgwégans for

gend§ at bad FokRIaNSaI0EombERstoh oéhdIdrES i SBnBRROSBIEROR 16tk %k, St

direction at the nonment of i npact sal on sai ccordi ng
t f : nt i ti t h i i ded t hod of
or event LRy it SfasriftReafd Rhin SEXERLFg e G b e da @mohg 15

transl agj.gnal v nt, of said bond head, conprising generating a force to
nove salg%gc%qeé? eﬁ@é}%ﬁ%\}ceagai nst a stop neans while said bond head is

bei ng . . ' '

According to a third aspect of the present invention there is provided a
method of controlling the impact force in a die bonding operation, comprising
10 rhoving a bond head bearing a die toward a substrate in a first direction, and

providing means for generating a compensatory force in a direction oppaosite to

said first direction at the moment of impact of said die on said substrate.
According to a fourth aspect of the present invention there is provided a
method of preventing vibrations of a collet assembly in a die bond head during
15 translational movement of said bond héad, comprising genérating a force to
move said collet assembly against a stop means while said bond head is being

moved.

BRIEF DESCRIPTION OF THE DRAWINGS
20 An embodiment of the invention will now be described by way of example and

with reference to the accompanying drawings, in which:-
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~w |l now be described by way of exanple and wth reference to the
acconpanyi ng draw ngs, in which: 6 Fig.1 is a sectional view through a
first exanple of the prior art, Fig.2 is a sectional view through a second
~exanple of the prior art, Fig.3 is a gectional view through an enbodi nent
of the invention showing the application of a small bond force, and 5

Fig. 4 i Fiq1Se¢d i nbodi nent _of Fig.3 showi ng the

appl i cat i'@rﬁg%é%*?’??*é‘é'rgwt}hﬁg&%%éé?%b%mﬁ%%ﬁa@s@ﬁ@ﬁn ON OF PREFERRED
EVBQDI An _enbaodi nent th resent invention wll now be described
with W&'éﬁeﬁﬁ@'opgﬁ?ﬂg;’@%ﬁo&ﬂ?cm examplgof theeprionantore detail from
.the foIH,ovvi ng description, an inportant aspect of the present invention

i s that Fi%hé sppHestioral vaw theeughi anrembediment of theineerdiono§hawihy rthé  pri mary
bond force generating nmeans such as a conpression spring, and a second

conpens @ppligatinmof 4 smadl boperferce, iang neans that is capable of rapidly and
accurately generating a 15 conpensating bond force that nay be positive or

negal i vE&id.4 ipacsactioniii view eiemiugRithe @nbiduimBni Wiy.amiwgﬁeeapﬁf&%ﬁon
conpensatory bond force nmay be generated, for exanple, by a notor.
Ref erri agatigrder ®ond fafed. 4, a bond head according to an enbodi ment of the

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
An embodiment of the present invention will now be described with
10 reference to Figs.3 and 4. As will be seen in more detail from the following

description, an important aspect of the present invention is that the apparatus

and method involves the provision of a first primary bond force generating means

such as a compression spring, and a second compensatory bond force

generating means that is capable of rapidly and accurately generating a

15 compensating bond force that may be positive or negative to provide fine control

of the primary bond force. This compensatory bond force may be generated, for
example, by a motor.

Referring to Figs.3 and 4, a bond head according to an embodiment of the

invention comprises a bracket 10 for supporting the bond force generating

20 means. The primary bond force generating means comprises a compression

spring 11 fixed between one end of a shaft 12 and a mount 25 for a bond force

motor coil to be described below. Compression spring 11 is provided with a

preload P and can act upon a collet assembly 14 and die 15 through a slider



i AGENY P cHRBRi se® W Packet 10 for suppdrti%Ry the bond force geneP4E ng/1s
.20 neans. The primary bond force generating neans conpri ses a conpression,
spring 11 fi xed between one end of a shaft 12 and a nount 25 for a bond
force notor coil to be described bel ow. Conpression spring 11 is provided
~with a preload P and can act upon a gollet assenbly 14 and die 15 through
a slider 7 mount 16. A force sensor 17 is | ocated between the slider
nount 16 e ol let assenply, 14. Collet assenbly 14 is fixed to slider
nount 16”@%&?1%: & ?Q'B?m?ﬂ‘w t1[?)l§e@rcﬁﬁj’sb§@vqelﬁ1atheaslictam mbentsf16 ded theunt 16
to slide relative to sliders 19 two of which are fornmed parallel to the
axi s of tHE! AssEMPIN 114. STolipsr asanmbly 1% IS fixeddte slidesomolift aB0wRRH! &
assenbly 14 (this axis lying on the z-direction). It will thus be

under st dotmet aitht hearingd ¢8 tiaatsaliow theldlidan yndiritd i At acket
10 in the z-direction. Collet assenbl yI 14 is adgpttbg%ﬂtéorégilt'gg tét%ﬁd%él d a

sem condievas ofiaickfarbormid paRlef\PHRRAORH AkXAIRRY s gSns/fl i no reans

is provided in the formof a 10 bond force no nul ar

TQNg! dreRgdrench and RBISPALRIN] 1430s SRIYI-ENed yhel ugen, o fer gagnet i

core 22 and a ferromagnetlc p%a_te ) _ _
bet neen e oeaiderPBE Py RLColet RS Hh: i mipvirte Giatbmapitpomietsir {1 ange
B Cur el 1 Po HOTERoR0i Golet aSIesmie fayisbadaplesk 48 cpick nanthaud a1 ect | on
t hat aCts%ml{ggnndl}c?gr &2'1'5‘3&), 23&&?” y 14. Depending on the direction of the
A compensatory bond force generating means is provided in the form of a
10 bond force motor comprising an annular magnet 21 surrounding the spring 11
and sandwiched between a ferromagnetic core 22 and a ferromagnetic plate 23.
A bond force motor coil 24 is supported on coil mount 25 and is provided in the
“annular space defined between the edge of the plate 23 and é downwardly
extending annular flange portion of the core 22, It will be understood that by the
15  application of a current to the motor coil 24 a force may be generated in the z-
direction that acts upon the collet assembly 14. Depending on the direction of the
current flow in the coil 24, this force may be positive (ie downwardly in the z-
direction towards the substrate) and will act in addition to the compression spring,
or may be negative (ie upwardly in the z-direction away from the substrate) and
20 will act against the compression spring. As will be seen from the followling, the

current applied to the coil 24 may be controlled in response to the output of the

force sensor to provide a closed loop controi of the bond force.



CcOPTERPPH W PR ¢ 2S8R 24, this force Y-SR positive (ie downvarfS 39719
.the z- direction towards the substrate) and will act in addition to the
conpression spring, or may be negative (ie upwardly in the z-direction
away fromthe substrate) and 20 will act against the conpression spring. As
“will be seen fromthe follow ng, the gcurrent applied to the coil 24 may be
controlled in response to the output of the force sensor to provide

“cl ahr ey af . . / :
CEcar PAQ I8P ESN 8 erhBlsh of e FresiRl ienton wif newoeescaed

I nventi 1 1]. now,be describ in situations (a) where a snmall bond force
i s requiq'sgmlag?ﬂf %)W%me@eyaaﬁgpgé?%ﬁds reatired, pad (klphereda large hohd be
understqod that to begin with the bond head is noved to a 5 location to

pi ck a JefRedsnediitest die. The die may be held to the collet assenbly 14 by
vacuumin a conventional manner and is carried to a boding |ocation where
the die is tadt bl bendodetstoau shdtsto begin Whe thensbriteddaliSist MBedyes
downwardly in the z-direction until the die touches the substrate. This

poi n§  cadcdiendetmer Q%en%oﬁdﬂkt&oﬂi%.eﬁé%@é)hagnl@e EQ@ tb'r}hg%oﬁé%%tﬁ'gfpzy (a) mW‘

be considered to be described by the equati Fis the

requireq4b‘gn\ggd‘ | h@ the . conmpression spring and Fmrax

is the maxi numl@(r)n?@ea ggh@?@@?{? nt%%gaﬁéﬁ%C?%'Fggo arﬂﬂc@?g %Fﬁﬁ?rhw €8 t uati on

t he bon C; be controlled solely, by varying the output of the bond

force téog(eb'g tég?ﬁq{ﬁfe[d% b 'Fﬁie'aﬁbélp%%d PSa%/F%g‘#ﬂtm¢V%¢¢WnWhrd135

particula{ I f.the requjred bond force is greater than the prel oad of the
in tHe z-direction until the die touches the subsirate. This point can be detected

by the force sensor.

10 The first situation (a) may be considered to be described by the equation
F < Fmmex + P where F is the required bond force, P is the preload of the

compression spring and Fmmax is the maximum force generated by the bond force
motor. In this situation the bond force can be controlled solely by varying the
output of the bond force motor by varying the current applied to the motor coil. In
15 particular, if the required bond force is greater than the preload of the
compression spring, a positive force Fm may be generated by the bond force
motor that acts in addition to the preload P of the spring to provide the required
bonding force. The force sensor can be used to provide a feedback control of the
current supplied to the coil so that the bond motor force is accurately controlled
20  which in turn will accurately control the bond force. Similarly if the required bond
force F is smaller than the preload P of the spring, this can be achieved by
suppiying an opposite current to the bond force motor coil so that the bond force

motor generates a negative force that acts upwardly against the compression
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~nmotor that acts in addition to the preload P of the spring to provide the
required bonding force. The force sensor can be used to provide a feedback
control of the current supplied to the coil so that the bond notor force
"is accurately controlled 20 which in fqurn will accurately control the bond
force. Simlarly if the required bond force Fis smaller than the prel oad

P of th ri 1 hi.s can . be achi eved suppi ying an opposite current to
t he bon?’@@rg(:er)%%é Eﬁlgcrmqatngg qorﬂglt "lqg&( % can hezacqusetely genterliatidsy a
negativelfor E t hat ,acts upwardly against the conpression 16/07/2002 16: 06
6750318?%%%{ cepAonRHsing the forgesensaly. Again this negative bond notor
force can be accurately controlled by a closed |oop control using the
force sensor .Sityatioat (bdrmay)beragnsideredntsi berepresentedl by prie equaksh IFy =t he
equation Fa Fmmax + P. In this situation the required bond force is

obt ai nedrisyx ¢ At Inathls situatioe the requited Eunoffo:tcbeiswné@'bs;%dﬁ%gih gﬂ? the
force Fa generated by the spring. The force generated by the oﬂ orce

mot 06 i Sorenf+ of il bbkd FoRRl HOREH 4nd W fitke 1R gehEPat??tggrtgg %kh\r}gf@ﬁ% scussed

above. The force generated by the spring is ontro

head fu I qNg I t face, .The col | et assenbl
and di erf%"aéﬁn%t mtgg’(@h% gﬁﬁﬁgrﬁréegﬁmgwﬁgrégﬁ grgge‘i%&t%Py"i‘%aaFW@"gtt?ve Y
the arrow A

M Frg. Rt obolats HdBRgHcatofcThn ioige Pnerated: bnoBerseing he  for ceo
donat anEoBrole ByiRPHGE e Bondbead: rtheb AewmREdy ewasihe suticramd t hi s
can be surface. The collet assembly and die cannot move any further, and therefore
10  there is a relative movement z of the collet assembly and die inl the direction of
the arrow A in Fig. 4 that serves to compress the spring by a distance 2 and the
force generated by the spring will increase to P + kz where k is the spring
constant of the spring. Thus the total bond force is Fm + P + kz and this can be
controlled rapidly and accurately by varying the current to the motor coil to
15 change Fmin response to closed loop control from the force sensor.
In practice the situations (a) and (b) may not always be clearly defined and
the border between them may be unclear. in particular the methodology of (b), in
which the spring force component is increased by driving in the bond head, may
also be applied in scenario (a).
20 It will be understood that in this embodiment of the present invention there
is provided a primary bond force generating means in the form of the
compression spring (though this could be replaced by a leaf spring or by a

pneumatic actuator). In addition, however, there is also provided a compensatory

bond force generating means in the form of a bond force motor. The compression
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to 15 change Fmin response to closed |loop control fromthe force sensor.
In practice the situations (a) and (b) nmay not always be clearly defined
and the border between them may be unclear. In particular the nethodol ogy

“of (b), in which the spring force c onent is increased by driving in the

bond head, may also be applied in scenario (a). 20 It wll be understood
that in ghj odinent _of the present invention there is provided a
primary %’%’r’n@ f@?@%sgﬁﬁmﬂ ‘?JS”T?E‘&H the, boR@ ferserwitt all the advantagesioba spri ng
(though this could be replaced by a leaf spring or by a pneunatic

act uat orSCMRTRSEIRAI $RTHIY (Fiawmies sonstruntion, ilargal sailableviahgd 6f SOnP ¢6reaf oy
bond force generating nmeans in the formof a bond force notor. The”

conpr esdiubthe 6dditibpaT 2 pGsitG 67hERRS M@é«ﬁaﬁm%ﬁﬁ fé?c/ejf%dn%ﬁ? BBhNY

provides the main element of the bond force with all the advantages of a
conpr esdorme mptorraiolsi theltetas BBAK FoEE! BTbe Fid] a@ﬁadc'cﬁ@t&gc%ﬁﬂﬁpéﬁ Bbond
nega S

force), but the addition of a positive or I've comnmpen %nd force

oSt hembalof 4 ecseq T80 oArdiMnG B oA BlodiBly I S84 Gle, "aprdly and

accurately controlled by 5 neans o of the current
supplied to Cl uld.al so be noted that in addition to
provi di ng acct}l}?”'a({UePJi %E)sr?t ?%h%%at tth%g% %@Wﬁ“ﬁ 89 BEDW'qoi“%éFﬁ“@FﬁaP@"té?icPfﬁh@h bond
force a i i .0 further agdvantage of the present invention is that
it all o@ght’ﬁg}ﬁedﬁ}&tﬁfﬂ}%'ea'}%h'sg " TR cRoaRPlieafians @ furtber adyantoge oby
all owi ng the bogd force nmptor, to generate a negative bond force 10 at the
monent  O1€ PIRSEEt nysgtigas thatiihallaws thenignpacs derse tb decrminimiredd Thisican
be achieved by allowing the bond force motor to generate a negative bond force
10  at the moment of impact and before the bonding process is commenced. In
addition, another advantage is that vibration of the bond head durihg movement
can be reduced using the embodiment of the invention. In particular during
movement of the bond head (either in the z direction prior to engaging the
substrate) or when moving in the x and y directions to pick a die and to carry it to
15 the bonding location, vibrations of the collet assembly within the bond head can
be reduced by using the bond force motor to generate a negative bond force that

causes the collet assembly to move upwardly relative to the remainder of the

bond head as far as it can until it reaches a stop position.



 alTiYTBH? hoPher Ha8HBage is that vi bRiEHf the bond head duriPR§E 13/19
.novenent can be reduced using the enbodi nent of the invention. In
particular during novenent of the bond head (either in the z direction
prior to engaging the substrate) or when noving in the x and y directions
"to pick a die and to carry it to 15 the bonding | ocation, vibrations of the
coll et assenbly within the bond head can be reduced by using the bond
force notor to generate a negative bond force that causes the collet
assenbly to nove upwardly relative toy4he remainder of the bond head as
far as it can until it reaches a stop position. 16/7/2002 16: 06 67503183
ASM LEGAL PACGE 13/19 11 CLAIMS 1. Apparatus for providing bond force in.a
di e bondi n%LM&ati on, conprising nmeans for generating a primary bond
force, means for generating a conpensatory bond force, and nmeans for
control ling flhe SARRSREs porvdinmbehd forcedn alier dnding dpergiof or ce conpri si ng
the sumof the primary bond force and the conpensatory bond force may be
control l ed, 2. Apeariising roeans|fer gemdrating alpainrant bovgo e 'meahfog ONpensat or y
bond 10 force may be directed either in the same direction as the primary
bond force or i r#eNREtsgERMPenshterydiond forta andengains feicsnipsingg ther ce. 3.
Apparatus as clained in claim1 wherein said primary bond force generating
means conprises #CPPensdaPone iprrewhirehy amhonddorce dédmprising the sum of :

the primary bond force and the compensatory bond force may be

controlled.

2. Apparatus as claimed in claim 1 wherein séid compensatory bond
10 force may be directed either in the same direction as the primary bond

force or in the opposite direction to the primary bond forcs.

3. Apparatus as claimed in claim 1 wherein said primary bond force

generating means comprises a preloaded compression spring.

15

4. Apparatus as claimed in claim 1 wherein said compensatory bond
force generating means comprises a motor.
5. Apparatus as claimed in claim 1 further comprising a force sensor for
20 sensing the applied bond force, and for producing an output for

controlling the compensatory bond force generating means.
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4. PhpPAr St usSE8 ¢l BIIRE I n clai m 1 wher efR 55 conpensatory bond P8fcetd/1s

. generating neans conprises a notor. 5. Apparatus as clained In claiml
further conprising a force sensor for 20 sensing the applied bond force,
and for producing an output for controlling the conpensatory bond force
generating nmeans. 16/07/2002 16: 06 67503183 ASM LEGAL PAGE 14/19 12 6.
Apparatus as clained in claim1 wherein the primary bond force generating
means conprises a |leaf spring or a pneunmatic actuator. 7. Apparatus as
claimed in claiml1l wherein said prinma12 bond force 5 generating nmeans is
novabl e relative to a die hol ding neans whereby the bond force conponent
provided by said primary bond force generating neans may be varied by
movi ng sai d pri mafPPHahE assiaimed fesiaimat whereinghe rimeiydianddorte sai d di e
hol di ng nmeans. 10 8. Aﬁ aratus as clainmed in claim1l wherein said prinmary
bond force gener 88759 PRNSCMRTISe®3 leaf sprinarmy a rhedmetic acteatopensat ory bond

force generating neans conprises a notor including a coil, wherein the
direction and nagni tude of the conpensatory bond force may be changed by
changi ng the7di rexti on of a current applied to said notor 15 coil, and said

appar at us f ur't her "\BRABIUS &8 §lpmed By RRIMGY waergiarseisrprimary bemhforceg t he bond
force apd for controlling the said current applied to said coil to
mai ntai b a desi r eBIEHNIBIANS is Govablgsiativg top dipdinlding megnawtiereby ed bond

force in a die bopdi ng .
he bond force component provided by said primary bond force

generating means may be varied by moving said primary bond force

generating means relative to said die holding means.

10 8. Apparatus as claimed in claim 1 wherein said primary bond force
generating means comprises a spring, and said compensatory bond
force generating means comprises a motor including a coil, wherein
the direction and magnitude of the compensatory bond force may be
changed by changing the direction of a current applied to said motor

15 coil, and said apparatus further comprising a bond force sensor for
sensing the bond force and for controlling the said current applied to

said coil to maintain a desired bond force.

9. A method of generating a desired bond force in a die bonding
20 operation, comprising: providing a primary bond force, generating a
compensatory bond force in the same direction or oppaosite to said
primary bond force, summing said primary bond force and said

compensatory bond force to generate said bond force, and controlling



!
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conpensatory.- bond force in the sane direction or opposite to said primary
bond force, summng said primary bond force and said conpensatory bond
force to generate said bond force, and controlling 16/07/2092 -16: 06
67563183 ASM LEGAL PAGE 15/19 .13 the magnitude and sign of said
conpensatory bond force to control said generated bond force. 10. A nethod
as clainmed in claim9 conprising sensing an instantaneous 5 bond force,
and controlling said conpensatory bo force in response to said sensed

i nst ant aneous bond force. 11. A nethod as clained in claim10 wherein said.
conpensatory bond force is generated by a notor conprising a notor coil,
and wherein the & magnivdeaad sign of sajn compersatbry bonrbioset orcgntf@dr ce i S
controll ed by varying the nmagnitude and direction of a current applied to
said coil. 12. A RefR8Berateddioadherdei n claim 9 wherein said primary bond
force conprises a preload conponent, and wherein the generated bond 15
force conprises the sum of said prel oad conponent and sai d conpensatory
bond force. ]1 . A nethod as clainmed in claim9 wherein said primary bond
force conpriSes A Matardaziciagnddneisim disamarisiag serising aroinstantanequsand 20
wherei n_the generated bond force conprises the sumof said prel oad

cormponent, said vBENAIBIGe auhernveling sald cempansatens band fosesinresmdnse

to said sensed instantaneous bond force.

11. A method as claimed in claim 10 wherein said compensatory bond
force is generated by a motor combrising a motor coil, and wherein the
10 magnitude and sign of said compensatory force is controlled by varying

the magnitude and direction of a current applied to said coil.

12. A method as claimed in claim 9 wherein said primary bond force
comprises a preload component, and wherein the generated bond
15 force comprises the sum of said preload component and said

compensatory bond force.

13. A method as claimed in claim 9 wherein said primary bond force
comprises a preload component and a variable component, and
20 wherein the generated bond forée com.prises the sum of said preload
component, said variable cbmponent and said compensatory bond

force.
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.controlling the inpact force in a die bonding operation, conprising noving
a bond head bearing a die toward a substrate in a first direction, and
provi ding nmeans for generating a conpensatory force in a direction
opposite to said first direction at the nonment of 5 inpact of said die on
said substrate. 15. A nethod of preventing vibrations of a collet assenbly
in a die bond head during translational novenent of said bond head,
conprising generating a force to nowg said collet assenbly against a stop
means 10 while said bond head is being noved.

14. A method of controlling the impact force in a die bonding operation,
comprising moving a bond head bearing a die toward a substrate in a
first direction, and providing means for generating a compensatory
force in a direction opposite to séid first direction at the moment of

5 impact of said die on said substrate,

15. A method of preventing vibrations of a collet assembly in a die bond
head during transiational movement of said bond head, comprising
generating a force to move said collet assembly against a stop means

10 : while said bond head is being moved.



