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assenbly and nmanufacturing process, albond head may pick a die (which may
be an el ectronic 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
wi Il then nove downwardly 15 (this is known as the z-direction) until the
di e touches the substrate. In order to apply a required bond force during
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shoul d preferably be able 20 to apply a bond force over a w de range,
shoul d be susceptible to feedback and control, and should be able to respond
rapi dby to required changes FIELDODIHE INVENFION 2 AN 2006

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 die 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 of 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.



2 PRIOR ART To date prior art techniques have failed to satisfactorily neet
all the requirenents for ideal bond force control. CbnventionaJ1prRmm5
force control is achieved using a conpression spring, or a pneumaticC
actuator, or a solenoid, and 5 a nunber of exanples of such conventi onal
prior art bond force control techniqués will now be shown.  Fig.1 shows a
conpression spring type system In such a systema conpression spring 1 is
mounted within the bond head 3 andPﬁN@R@@R? force on a noving assenbly 2
that connects to a collet bearing the die. In a die bonding 10 process a die

will be held or,_exanpl e_hy, v a col far art t he

novi ng assenbﬁ& Eaﬁ%ﬁgEﬁoﬂa ﬁ@ﬁﬁﬁﬁggnﬁégﬁfé@%#&ér%ﬁﬁﬁﬁﬂoﬁﬁeﬂy¥%i$ié??on
until the die touches the substrate. In order to exert a Eonding force the
bond hed8a4renaenisnior ided benndoice; eontid Gogveriianally Rendidorcs e dss the
spring I against the noving assenbly 2 and to exert a bond force on the die
t hr ough taebieved usild @icompiessideispting.avcd gnexmats agtuatat, ico@ssaéneideambyi ng
assenbly 2 during notion of the bond head 3, the spring 1 is usually

prel crded aghidre ofnxtthplels f esuard cdinveatibryal pfibecdrs béed Moncerugorivend f orce
that can be applied. The larger the preload, the larger is the m ninum bond
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compression spring 1 is mounted within the bond head 3 and exerts a force on a
moving assembly 2 that connects 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 is 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 smaii bond force is required, the preioad of

the spring must also be very small, but this in tun has



the spring. This neans that if a very small bond force is required, the
preload of the spring nust also be very small, but this in turn hﬁ? i@éﬁl\l
2006 3 the disadvantage of resulting in nore vibrations of the bo ‘
following novenent which will thus reguire a longer settling time in the
bondi ng operation. Another problemthat arises fromsinply reducing the
prel oad of the spring to enable a small bonding force to be applied, is

t hat t hetlh®rdisadvaritagdeofs msulting i whote vibeations of theskomd yheadaridlidwing bond
head housing 3 nmay be poor and the bond force nay be non-linear. This can be
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conpressi on, good contact, and rel oa can at the
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work with small bond force, appl |cat| ons. US 5950903 di scl oses a system
sinilar {®enable)3esrapll Hopgifs Eyse df bes gppligg. ipibatfiengontact af thpsPApgi nst ead
of a conpression spring. Fig.2 shows a schematic of a prior art exanple that
uses @ pmdthntitei movengt asgernbly rs arddheboad dwak kegsing sprayrice pAopesddbe e
chanmber 4 is provided 15 within the bond head housing 6 and acting upon the

novi ng cebhat fores aBy Yo nohRliridair s TAlY aag eree Mitigatedy bgbde@ubmgdtﬁenrsgﬁn%an be
applied by controlling the pressure wthin the pressure chanber
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preload can all be obtained at the same time. The price for this, however, is that
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 provided
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 iimpact force is produced that acts upo

the die. If this impact force is too large it can damage the die, but the slow



pressure regul ator the response tine is too slow for a real tine closed |oop
20 control system and instead an open |oop control is used insteadl?AAN 2006
rel ated 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 1l 2 JAN 2006 4 response tine of a pneumatic

syst em nedeponisk titee Yofdl pridibhtic spsteaninaRbs titheer) eIt td @bAfol the infpazt SO
difficult to control the bond force with any great accuracy. In sol enoid
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relatively small, and to create a |large bond force when such is required, a
| ar ge&b andprig beagorelimaticyatteatoy ts previde dherbshd ferce0 Satertbid Spstenad hyve
sol enoid systens are only suitable for use in applications where a snall
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invent:on to ?roy:_e an appar atus~and method for %5 providing bond force
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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 controlling the compensatory bond force whereby a bond

force comprising the sum of the primary bond force and the compensatory bond

force may be controlled.



in design and construction. According to the present invention therefore
there is provided an apparatus for providing bond force in a die bondin
operation, conprising means 20 for generating a primry bond forcéi{ﬁﬁéﬂ%
for generating a conpensatory bond force, and neans for controlling the
conpensatory bond force whereby a bondd force conprising the sumof the
primary bond force and the conpensatory bond force nay be controlled. 12
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bond force, sunm ng said Eriggny 5 bond force and sa'id onperator bond
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of said conpensatory bond force to control said generated bond force.
Accor di n§ame directiand oa ppesiteftot $aid mrevant bong dardeo sunieing ssidpptmiatied a
nmet hod of controlling the inpact force in a die bondi ng operati on,
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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 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

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 head, comprising generating 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:-



met hod of preventing vibrations of a collet assenbly in a die bond hfgqf 00
during 15 translational novenent of said bond head, conprising gene tf‘N& 5
force to nove said collet assenbly against a stop nmeans while said bond
head is being noved. BRI EF DESCRI PTI ON OF THE DRAW NGS 20 An enbodi nent of
the invention will now be descri bed by5vvay of exanple and wth reference to
t he acconpanyi ng drawi ngs, in which: 12 JAN 2006 6 Fig.1l is a sectional

vi ew t hr gigh ig of dgctibnaxdanl tarafgh Aeirqareixampies bf thdplorZarts a sectional view
t hrough a second exanple of the prior art, Fig.3 is a sectional view through

an enbodigfest: . Qf e ' 1 { cat.l a small bond
force, arf?g 'E?g?ézfte@ghg\wg%%w%hﬁg%g%% E?%nag%o%fh@%edr{g%cﬁ{ﬁent of Fig.3

showi ng the,applicat.ion .of | ar,ger. bond force. TAI LED DESCRI.PTI OF
PREFERRED ERaect IReronn WnBofrREdT 2y SPReBReECat Mo bR BR SHa Vg dIF be
described with 10 reference to Figs.3 and 4. As will be seen in nore detail
fr om t he 2PBlichaMef a gewrhand torce.a0d nport ant aspect of the present
invention is that the apparatus and nmethod involves the provision of a
firstd pr iFigadyis osettiboabdegdherugh thg erebodiment of Fig 3 showing tesapplicationng, and
a second conpensatory bond force generating neans that is capable of

rapi dly ane lagfeidinel iorggener ating a

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 coii to be described beiow. Compression spring 11 is provided with a

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



15 conpensating bond force that nmay be positive or negative to provide fine
control of the primary bond force. This conpensatory bond force nﬁbZHéNZWG
generated, for exanple, by a notor. Referring to Figs.3 and 4, a bond head
according to an enbodi nent of the invention conprises a bracket 10 for
supporting the bond force generating 20 neans. The primary bond force
generating neans conprises a conpression spring 11 fixed between one end of

a shaft I @@ ACiRte denbor 12 |§0l66atfe€r5@tvd§éfn°fhecghdert MoRift deSshd hed bel ow.
Conpression spring I 1 is provided wth a preload P and can act upon a }
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assenbly_14. Col| et assenbl¥ 14 is fixed to slider nount 16 WhICh |s f or med
wi th beaformpd wihibrarings Hivhaieallow ther slidst moury 1otasshdreralativa ta/glidess si i der s

19 two of which are fornmed parallel to the axis of the spring 11, slider
mount 16193wbmfoehiskse forbredhpdratiel teetheaseablhe spting hi sslidei sxdupitig, on t he
z-direction). It will thus be understood that the collet assenbly 14 may

sl i des r efgrte Wenser t1i7eard aekétt asstnblp 14h@his-akis ?@r‘%@ﬁ thead-tiedctsgentliy 14 is

adapted to pick and hold a sem conductor die y suction. A corrpensat ory
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not or conpri sing an annu magne e spring
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semiconductor die 15 by suction.
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 a 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 following, the
current applied to the coil 24 may be controlled in response to the output of the

force sensor to provide a closed ioop control of the bond force.



A bond force nmotor coil 24 is supported on coil mount 25 and is progag@g ME
the annul ar space defined between the edge of the plate 23 and a d 2 y
extendi ng annul ar flange portion of the core 22. It will be understood that
by the 15 application of a current to the notor coil 24 a force nmay be
generated in the z- direction that act8 upon the collet assenbly 14.
Dependi ng on the direction of the current flowin the coil 24, this force

may be pyhktdpeRatide ofl e waisidimieRt bheheZ prediehERiviedfioh YRhdSy bERlestftsdd at e)
and will act in addition to the conpression spring, or nmay be negative (ie
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t he conpression spr e seen Wi ng, current
applied fé.)’ the coi.l 24 may be controlled in response to the output of the
force sef¥6F 'S BWIEF de a cl osed | oop control of the bond force. 1 2 JAN
2006 8 The oi)er ation of the enbodi ment of the present invention will now be
described i nltswilluhei enderstgoditieateton begil Withothe bendehead rieduoyes to snd (b)
where a large bond force is required. It will be understood that to begin

wi t h 8 heldeatidn he itk & samviedndwucter die. Theadie emay be et ta tise tb it dgembly di e.
The die may be held to the collet assenbly 14 by vacuumin a conventi onal
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a substr head is then noved downward he z-. rection
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in the z-direction until the die touches the substrate. This point can be detected
by the force sensor.
10 The first situation (a) may be considered to be described by the equation
F < Fmmax + 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 controlied
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
supplying 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



10 The first situation (a) may be considered to be described by the equation
F < Frmax + P where F is the required bond force, Pis the prel oaqlzojmt i3
conpression spring and Frmax is the maxi num force generated by the bon
force notor. In this situation the bond force can be controlled solely by
varying the output of the bond force $otor by varying the current applied
to the notor coil. In 15 particular, if the required bond force is greater

than th afthich i i - 0Sd AL i be
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the spri oVl i I ding force. The force sensor can be
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used to provi control 0O he current supplied to the coil so

that the bond_notor farce is accurately controlled 20 jch in turp wll
heour at ol y_contuaiion 4 Gwube Grabidtseito dHg yemteseRis Bhdne ARl Fior ce F
is smaller than the preload P of the spring, this can be achieved by

supp! yi nignreen toBpbsthie siuatiemthe @equneadagmd @iceos rabtaineddiyl cargralling thehe bond
force notor generates a negative force that acts upwardly against the

conpiessfopte FmoftAB BEKIE f&ce SnotongandAthel fortdiFs gedegadted eoybhedspAnRITHeor ce can
be accurately controlled by a closed |oop control using the force sensor.
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P. In this situation the required bon orce is obtain y controlling the
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current ctoontrolled by moving the bond head further downwardly towards the substrate
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 in the direction of
the arrow A in Fig. 4 that serves to compress the spring by a distance z 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 couid be repiaced by a ieaf 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



the nmotor coil as discussed above. The force generated by the spring is
controll ed by noving the bond head further downwardly towards the ByRslipt e
surface. The collet assenbly and di e cannot nove any further, and therefore
10 there is a relative novenent z of the collet assenbly and die in the
direction of the arrow Ain Fig. 4 tAft serves to conpress the spring by a
distance z and the force generated by the spring will increase to P + kz

where k §gridghgroviddsithe :ans erithet oft the tsaHd ftdee Withsall fife havahtagesdfizorce is
Fm+ P + kz and this can be controlled rapidly and accurately by varying
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is increased by driving in the bond head, may also be applied in scenario
(a). 20 forcenmdtonallawsithestadaldbemntiorce te rlﬁesra@rdibanqucucﬁtegfr@rnmgértty
invention there is provided a primary bond force generating nmeans in the
f or ms5of keans offarassadlvopprantie| Of treugirrédti supphiad do tiee nepdracsid by a | eaf
spring or by a pneumatic actuator). In addition, however, there is also

provided a CORRABERLAEY HRONGteUAhELINISMALiGH kA BrdB@ARg dcBuidie contrdl ef the bond
force notor. The conpression 12 JAN 2006 10 spring provides the nain
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the present invention is that it allows the impact force to be minimized. This can
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.



but the addition of a positive or negative conpensatory bond force fromthe
bond force notor allows the total bond force to be rapidly and aCfErgt%@%
controlled by 5 neans of a closed |oop control of the current supp £ ot

the motor coil. It should also be noted that in addition to providing
accurate control of the bond force in both small and high bond force
applications, a further advantage of the present invention is that it
allows the inpact force to be m ni mi zed. Hhis can be achieved by al | owi ng
the bond force notor to generate a negative bond force 10 at the nonent of

i npact and before the bondi ng process is comrenced. In addition, another
advant age i s that vWheais damed ishe bond head during novenent can be reduced
usi ng 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

t he bondi ng | ocatiofh, viApgratussfoofprobidingobbed fasseirblay di tlohdinghe bond head
can be reduced by using the bond force notor to generate a negative bond
force that causes bpaion,| esmpssiegrihyariso faroyéendtpived & yririnatdona to the
remai nder of the bond head as far as it can until 1t reaches a stop
position. 12 JAN 20f6cel Im¥¥ad fdrSgéreratiRdal omplensadip@ihaht Sofc@! apgovi di ng bond
force in a die bonding operation, conprising neans for generating a prinmary
bond 5 force, nmeansykahs IENEIROIMNG the CRARBRAS AR YoR®M6kck AiKeReny@Rd

bond force comprising the sum of the primary bond force and

the compensatory bond force may be controlled.

10 2 Apparatus as claimed in clam 1 wherein said
compensatory bond force may be directed either in the same
direction as the primary bond force or in the opposite direction

to the primary bond force.

15 3. Apparatus as claimed in claim 1 or claim 2 wherein said
primary bond force generating means comprises a preloaded

compression spring.

4. Apparatus as claimed in any one of the preceding claims
20 wherein said compensatory bond force generating means

comprises a motor.



means for controlling the conpensatory bond force whereby a bond force
conprising the sumof the primary bond force and the conpensatory Zqﬂﬂ 6
force may be controlled. 10 2. Apparatus as clainmed in claim1l mhe? i gg}d
conpensatory bond force may be directed either in the sane direction as the
primary bond force or in the opposite direction to the primary bond force.
15 3. Apparatus as clained in claiml or claim2 wherein said primary bond
force generating nmeans conprises a prel odded conpression spring. 4.
Apparatus as clained in any one of the preceding clains 20 wherein said
conpensatory bond force generating nmeans conprises a notor. 12 JAN 2006 12
5. Apparatus as clained in any one of the preceding clains further
conprising a force sensor for sensing the applied bond force, and for
produci ng an out put5.f or Appatatak lasotpitnke in ang onpenh e pregediogdldims ce
generating nmeans. 6. Apparatus as clainmed in any one of the preceding clains

wher ei n the pri maryfukpedcdraptenganierdat sergomtaneneMignthessplied bbaaf spring or
a pneumatic actuator.
force, and for producing an output for controlling the

5 compensatory bond force generating means.

6. Apparatus as claimed in any one of the preceding claims
wherein the primary bond force generating means comprises a
leaf spring or a pneumatic actuator.
10
7. Apparatus as claimed in any one of the preceding claims
wherein said primary bond force generating means is movable
relative to a die holding means whereby the bond force
component provided by said primary bond force generating
15 means may be varied by moving said primary bond force

generating means relative to said die hoiding means.

8. Apparatus as claimed in any one of the preceding claims
wherein said primary bond force generating means comprises a
20 spring, and said compensatory bond force generating means

comprises a motor including a coil, wherein the direction and



10 7. Apparatus as clainmed in any one of the preceding clains V\h?zei@zﬁ id
primary bond force generating nmeans is novable relative to a die'hol @
nmeans whereby the bond force conponent provided by said primary bond force
generating 15 neans may be varied by noving said primary bond force
generating nmeans relative to said die holding neans. 8. Apparatus as clained
in any one of the preceding clains wherein said prinmary bond force
generating neans conprises a 20 spring, d8d said conpensatory bond force

generating nmeans conprises a notor including a coil, wherein the direction
and 12 JAN 2006 13 magni tude of the conpensatory bond force may be changed
by changi ng t he dimegtitwe afftha compeesdtogppdrdefdrdeomagibé amahged bgi |, and

sai d apparatus further conprising a bond force sensor for sensing the bond

force and for contreddnightg theedissutign cfra endrentSa@ivieti tecsdid ns@bdcsipi | to
mai ntain a desired bond force. The apparatus of claim8 wherein said notor

coi | surrounds sai dariPE4iBGhpphPatdd furthie RRPRsRIGUS behd GbrakBehser forl ai m 9
wherein said notor generates a bi-directional force that respectively
opposes or sensing the bond force and for controlling the said current

5 applied to said coil to maintain a desired bond force.

9. The apparatus of claim 8 wherein said motor coil

surrounds said spring.

10 10.  The apparatus of claim 8 or claim 9 wherein said motor
generates a bi-directional force that respectively opposes or

complements the force of said spring.

11.  An apparatus for providing a bond force along a bonding
15  axis in a die bonding operation, comprising:
a housing;
a die holding means mounted in said housing for
movement relative to said housing along said bonding axis;
a primary bond force generator that generates a force
20  which opposes movement of said die holding means relative to

said housing in a first direction along said axis; and



conpl enents the force of said spring. 11. An apparatus for providing a bond
force along a bonding 15 axis in a die bonding operation, conprqgjg Wit
housi ng; a die holding nmeans nounted in said housing for novenent felative
to said housing along said bonding axis; a primary bond force generator that
generates a force 20 which opposes novenent of said die holding neans
relative to said housing in a first direction along said axis; and 1"2 JAN
2006 14 a conpensatory bond force generatld nounted in said housing that
noves said die holding neans bidirectionally relative to said housing al ong
said axis. 5 12. The apparatus of claim 11l wherein said conpensatory bond

force generator conprisescampehsatotyabomd) férce @enetdiat mositgdomngsidsai d pri mary
bond force generator. 13. The apparatus of claim 11l or claim 12 further

including a 10 sensdsidrthaensdves tde &ier aeldaiPIm&thst eidhdictordilg hol ding
means, and a controller responsive to the sensed force for controlling said

conpensatory bond fifged688idHRENgHond sa18bRkQd of generating a desired bond
force in a die
5 12. The apparatus of claim 11 wherein said compensatory
bond force generator comprises a motor having a coil that

surrounds said primary bond force generator.

13.  The apparatus of claim 11 or claim 12 further including a
10  sensor for sensing the force applied to said die holding means,
and a controller responsive to the sensed force for controlling

said compensatory bond force generator.

14. A method of generating a desired bond force in a die
15  bonding operation, comprising: providing a primary bond force,
generating a compensatory bond force in the same direction or
opposite to said primary bond force, summing said primary
bond force and said compensatory bond force to generate said
bond force, and controlliing the magnitude and sign of said

20 compensatory bond force to control said generated bond force.



15 bondi ng operation, conprising: providing a primary bond force, generating
a conpensat ory bond force in the sane direction or opposite to sqlod ﬁ{dzqmary
bond force, sunming said primary bond force and said conpensatory b0

force to generate said bond force, and controlling the nmagnitude and sign
of said 20 conpensatory bond force to control said generated bond force. AN
2000 15 15. A nethod as clained in claim 14 conprising sensing an

i nst ant aneous bond force, and controllindSsaid conpensatory bond force in
response to said sensed instantaneous bond force. 5 16. A nmethod as cl ai ned
in claim15 wherein said conpensatory bond force is generated by a notor
conprising a notorixoi lA netlcbdrae criimed fire claing Hidt cochepréasivey sergpinginsai d
conpensatory force is controlled by varying the magnitude and 10 direction

of a current appli edstantadi@bds &hb . folce, dhdneddtagliras saibacdmgendat@py one of
claims 14 to 16 wherein said primary bond force conprises a preload

conponent, and whergdny fdiee dRNREPHRSE RONBId BERSE MREMERE0ID bbRg sum of sai d
prel oad conponent and sai d conpensatory

force.

16. A method as claimed in claim 15 wherein said
compensatory bond force is generated by a motor comprising a
motor coil, and wherein the magnitude and sign of said
compensatory force is controlled by varying the magnitude and

10 direction of a current applied to said coil.

17. A method as claimed in any one of claims 14 to 16
wherein said primary bond force comprises a preload
component, and wherein the generated bond force comprises
15 the sum of said preload component and said compensatory

bond force.

18. A method as claimed in any one of claims 14 to 17
wherein said primary bond force comprises a preload
20 component and a variable component, and wherein the

generated bond force comprises the sum of said preload



bond force. 18. A nethod as clained in any one of clains 14 to 17 wherein
said primary bond force conprises a preload 20 conponent and a var%zbj§7%
conponent, and wherein the generated bond force conprises the sum fﬁ dié
preload 1 2 ' AN 200 16 conponent, said variable conponent and said
conpensatory bond force. 19. A nethod of controlling the inpact force in a
die bonding 5 operation, conprising noving a bond head bearing a die toward
a substrate in a first direction, and pro\6 ding neans for generating a
conpensatory force in a direction opposite to said first direction at the
nonent of inpact of said die on said substrate.

component, said variable component and said compensatory

bond force.

19. A method of controlling the impact force in a die bonding
5 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 said
first direction at the moment of impact of said die on said

substrate.





