-1- ACTI VE VI BRATI ON ATTENUATION Field of the invention 5 The invention
relates to the attenuation or reduction of vibration caused when noving a
mass with a notor due to a reaction force in response to the driving
force. Such vibration attenuation is achievable by attenpting to cancel or
reduce the effects of such reaction forct-concurrently with the generation
of a 10 driving force to nove the nmass. Background and Prior Art According
to Newton's third |law of notion, for every action, there is an equal 15
and opposite reaction. |n RCINE VIBRAPION AFTENUATION! i ndustrial nachi ne,
when a notor is activated ToO nove a nass or obj ect, the object exerts a
reaction force on the notor equal to the force generated to the object by
t he notor. Qldsofrtﬁ@ﬁﬁbﬂfbé orce acts on the notor as well as on parts
connected to a result, the reaction force received by the
motor, ifSsufficiently 20 Iarge causes vi bration or shock to the machi ne.
Vi bration a shock are ffe hi ne rf ormance,
especially inﬂnef Wé(egté‘?ﬂ I Eot%‘F %&H Wngt'ogp@tvdbrﬁﬁ "é%%s‘?"?ﬁp ar e
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connecti ons et weeSM:el ectrical contacts on a sem conductor die an a
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between different predeterm ned electrical contacts on the die and the

| eadf ran THViRiosAtoHMEYRINEtM@Bughput , the motor has to nmove the bond 30

head at a high speed. However, reaction forces created by the driving

moverment acts on the notor and notor pl atform causing vibration of the
Background and Prior Art

According to Newton’s third law of motion, for every action, there is an equal
15 and opposite reaction. In practical application in an industrial machine, when

a motor is activated to move a mass or object, the object exerts a reaction

force on the motor equal to the force generated to the object by the motor.

This reaction force acts on the motor as well as on parts connected to the

motor. As a result, the reaction force received by the motor, if sufficiently
20 large, causes vibration or shock to the machine.

Vibration and shock are undesirable and will affect machine performance,
especially in the semiconductor industry where speed and precision are
important. An example is when creating wire bonds to make electrical
25 connections between electrical contacts on a semiconductor die and a
leadframe using a wire bonder machine. A motor has to move an object,
namely a bond head and attached ultrasonic transducer'of the machine,
between different predetermined electrical contacts on the die and the
leadframe. To achieve higher throughput, the motor has to move the bond
30 head at a high speed. However, reaction forces created by the driving
movement acts on the motor and motor platform, causing vibration of the

same. Thus, precision may be sacrificed at the expense of speed if such



sanme. Thus, precision may be sacrificed at the expense of speed if such -2-
vibration is not attenuated. Conversely, to achieve higher precision, the
bond head has to be driven at a | ower speed. A conventional solution is to
separate a body of a driving notor fromits 5 platformor base. A
vibration insulator is inserted between 2he notor body and its base. In
this way, vibration forces fromthe notor body to the rest of the machine

can be danpeYir@tiy is pet aftepratedoConysinelr & achipvidigher aiegision; the benstly of the
nmotor is no ﬁéﬁ&g?éstﬁi&icghlénfaité%luert k8. is a need for nore critical

control requirenents and conplicated control algorithnms. 10 There have al so
been attenpts in other industries to attenpt to cancel vibrational forces.
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processing unit generates a ng signa ctromagnetic coils to
impart ndtion to an armature in such a manner as to produce reaction
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actuator is arranged so that a moving element undergoes reciprocal motion in
15 response to an electrical input signal. The moving element is decoupled from
any mechanical ioad in one embodiment so as to produce reaction forces
which may be used to cancel vibrational forces. However, a drawback of the
device described therein is that it requires a vibration sensor to sense the
vibrations of a vibrating surface before the vibrations are processed by a
20 processing unit to produce a suitable feedback. The processing unit
generates a driving signal to electromagnetic coils to impart motion to an
armature in such a manner as to produce reaction forces to reduce the
sensed vibrations. This means that vibrations need to be sensed first, then
measured, before a counteracting force is generated to reduce the vibrations.
25 This solution is not sufficiently responsive where vibration forces are
continually changing, and there is not sufficient time to sense an amount of
vibration before seeking to counteract such vibration.

In the light of the above disadvantages, it would be desirable to develop a

30 solution wherein the effects of vibrational forces are reduced in an efficient
and substantially instantanecus manner while having a motor's main body
fixed to the rest of the machine for stability.



vi bration before seeking to counteract such vibration. In the Iight of the
above di sadvantages, it would be desirable to develop a 30 solution
wherein the effects of vibrational forces are reduced in an efficient and
substantial ly i nstantaneous manner while having a notor's main body fixed
to the rest of the machine for stability3-3 Summary of the invention 5 It
Is therefore an objective of the invention to seek to provide an apparat us
and nethod for vibration attenuation such that the effects of reaction
forces caused by an object being noved are reduced substantially
concurrently with the generation of such reaction or vibrational forces.
10 Accor di ngSummary ptthe inveplieR of the invention, there is provided an
apparatus for attenuating vibration when driving an object, conprising:
driving neans for generating a driving force to drive the object and an
att enuat i®on lads therefore apwbjective of tee inveotien to eeelt topedvide an Eppatadusdri vi ng

nmeans for ge i 2al i ' r |_al copcurrently with
t he generati%ﬁ{ﬁieﬂ?%e%ga\’i'bgsﬁépgﬁéwaﬁ%8?@46%%%3{98% +]fgre {']%rhf?é??%n force
opposes and eduskddytarpalsjectaiding mossd ares raaiucedsubstantialy conexregritgdrity t he
object in reﬁgonseﬁtgo t he ‘g{/i viﬁothor_ce_ Aﬁg‘?rdi ng to a second aspect of
the i nvent i oRe SEREFALION OF Sueh reastienoribiational §orcesyt t enuat i ng vi brati on when
driving an object, conprising the steps of: 20 generating a driving force
to drive the object; and generating an attenuation force substantially
concur r et} | yAGgoreing e adisstaasaerionf tae investien. itherads pervided aruapparatugtfor he
attenuation ; t S ' ; i force
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descri pti on attenuation force substantially concurrently with the generation of the said

15 driving force, wherein the attenuation force opposes and at least partially
cancels a reaction force exerted by the object in response to the driving force.

According to a second aspect of the invention, there is provided a method for
attenuating vibration when driving an object, comprising the steps of:

20 generating a driving force to drive the object, and generating an attenuation
force substantially concurrently with the generation of the driving force, such
that the attenuation force opposes and at least partially cancels a reaction
force exerted by the object in response to the driving force.

25 It will be convenient to hereinafter describe the invention in greater detail by
reference to the accompanying drawings, which illustrate one embodiment 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




not to be understood as superseding the generality of the broad

i dentification of the invention as defined by the clainms. 30 Brief
description of the draw ngs -4- Exanples of a method and apparatus for
attenuation of vibration in accordance with the invention will now be
described with reference to the accompafying drawings, in which 5 Fig. 1
is an isonmetric view of an X-Y table of a wire bonder nmachi ne
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the inventio 84 K t ' rating
attenuat i on éakfsctoﬁi%gfgwmgé@é;r'ﬁ 'ng ta”"ﬁﬁ‘é%”ﬁ’éérq%ﬁéhgﬁ(‘é" h %E&%’?érfééﬁc?ﬁﬁ t he

i nventi on; laccempanginggirawingslenwhinh: of the X-Y table | ooking fromdirection
A of Fig. 2; and Fig. 4 is a cross-sectional view of an attenuation
actuator that nay be used wth the preferred enbodi nents of the invention.
Det ai | ed !'ﬂlesléigi pt iisnranofsot‘dmrlanvﬁvero‘fem etrwocﬁumrﬁfsa 1\5|reFitQ>ndér iffaghing sometric
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sinplicity ofelihepgibfiati on, the rest of the wire bonder machine is not
illustrated. The X-Y table 10 conprises generally of an 20 X-Y tabl e base
12, on whi chFigs2 ifomisemediic yew Osfttfafgé Y tablg incpposatingtatienuation agthaterssonder
bond head 1 rasoni c transducer 18
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with the preferred embodiments of the invention.

Detailed description of the preferred embodiments

15
Fig. 1 is an isometric view of an X-Y table 10 of a wire bonder machine
incorporating attenuation actuators 24, 26 according to a preferred
embodiment of the invention. For simplicity of illustration, the rest of the wire
bonder machine is not illustrated. The X-Y table 10 comprises generally of an

20 X-Y table base 12, on which is mounted an X-Y stage 14 of the X-Y table. A
wire bonder bond head 16 is mounted onto the X-Y stage 14. An ultrasonic
transducer 18 for ultrasonically forming wire bonds is mounted on one side of
the bond head 16. Movement of the X-Y stage 14 in the X direction or axis
and Y direction or axis carries the bond head 16 and ultrasonic transducer 18

25 to bonding positions on a semiconductor die and leadframe (not shown),
whereby wire bonding is performed.

An X motor 20 drives the X-Y stage 14 and bond head 16 in the X direction
whereas a Y motor 22 drives X-Y stage 14 and bond head 16 in the Y
30 direction. As the bond head 16 is driven in either direction by the respective
motors 20, 22, it generates reaction forces in directions opposite to driving
forces from the motors. Consequently, the reaction forces are transmitted
through the respective motors 20, 22 to the X-Y table base 12, and the whole



25 to bonding positions on a sem conductor die and | eadfrane (not shown),
whereby wire bonding is perforned. An X notor 20 drives the X-Y stage 14
and bond head 16 in the X direction whereas a Y notor 22 drives X-Y stage
14 and bond head 16 in the Y 30 direction. As the bond head 16 is driven in
either direction by the respective notofs 20, 22, it generates reaction
forces in dlrectlons opposite to driving, forces fromthe notors.
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to vibrate. Such vibration may al so be transmtt to other parts of the
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enbodi ment ofipfaien oPedyaablearm. X attenuation actuator 10 24 is attached
to the X notor 20 and a Y attenuation actuator 26 is attached to the Y
notor 22. The function of the attenuation actuators 24, 26 is to generate

a force thatA%?ﬁﬁg%ttﬁlﬁlfiﬂs?gﬁ%be%érﬁro?% ivefitbr? anoR GReRbatoRCactidgpect | ve
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20, 22, whicfordes kizally) the veRieestthe tkRuatibicforce is substantially equal to the
15 reaction force, but if that is not possible due to design requirements, the value
of the attenuation force may be a portion of the reaction force instead. It is
possible to generate an attenuation force that is substantially equal to the
reaction force because the reaction force is equal in value to the driving force
from the respective motors 20, 22, which is known or determinable. The
20 attenuation actuator 24, 26, is thus designed to produce a force that is
essentially equal to the driving force, but mechanically decoupled from the
driving force.

Fig. 2 is an isometric view of the X-Y table 10 incorporating attenuation

25 actuators 24, 26 according to another preferred embodiment of the invention.
In this embodiment, the X attenuation motor 24 is attached to the X-Y table
~base 12 instead of to the X motor 20. This layout may be more desirable or
necessary if there is insufficient space next to the X motor 20 for attachment

of the X attenuation motor 24, or because of other design considerations. For

30 comparison, the Y attenuation actuator 26 is still attached to the Y motor 26.
Mechanically, it is more desirable to locate the attenuation motor 24, 26 in
alignment with the driving force of the motors 20, 22, since a resulting turning
moment may otherwise be present if the force of the attenuation actuator 24



20 attenuation actuator 24, 26, is thus designed to produce a force that is
essentially equal to the driving force, but nechanically decoupled fromthe
driving force. Fig. 2 is an isonmetric view of the X-Y table 10

i ncorporating attenuation 25 actuators 24, 26 according to another
preferred enbodi nent of the invention. lg.this enbodinent, the X
attenuation notor 24 is attached to the X-Y table base 12 instead of to
the X notor 20d théreagtigpdotcenafe pet afianeddesiwitiblecexpaingd de saereydetail t here i s
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non-al i gnment. This second enbodinent illustrates that t attenuation
actuator 24, ramsmed Béth&tqoamwanﬁtaf@ﬁgeddvsthe reactioniferceel ation to the X-Y
table 10, as long as it is capable of producing an attenuation force equal
to and in an opposite direction to a reaction force created by a driving
mot i on of0 t heigndisoa side0jeve Bf thand Yitabls 1Ddomimg:ﬁumbﬂrectimraAsuﬁFig @d This t he

conponent s C . t' force.,. 10. F d vi ew of the
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15 reaction or cancellation force N’ in a direction opposite to that of the reaction
force, F’. N’ is preferably equal and opposite to F', therefore in essence
serving to cancel the effect of the reaction force.

Referring to Fig. 3, the following is a more detailed description of the various

20 forces. The driving force required to drive a mass, such as the bond head 18,
in the X direction is F. Therefore, the reaction force acting on the X motor 20
is F’. The attenuation force required to cancel the effect of the reaction force
F'is N'. Since the values of these forces are equivalent, F = F' =N = N.".

25  Assuming that the driving force N of the attenuation actuator is generated by a
linear motor, N = S|, where S is the force constant of the attenuation actuator
24, 26, and 1 is the current flow through the linear motor of the attenuation
actuator 24, 26. As the driving force, F, is known or can be determined, the
attenuation force N' can be generated accordingly by providing an appropriate
30  current flow | through its motor.

Furthermore, a turning moment is created by the reaction force, which is
equivalent to F' x L. With the addition of the attenuation actuator 24, 26, the



15 reaction or cancellation force N in a direction opposite to that of the
reaction force, FF. N is preferably equal and opposite to F, therefore
in essence serving to cancel the effect of the reaction force. Referring
to Fig. 3, the following is a nore detail ed description of the various 20
forces. The driving force required to dffve a mass, such as the bond head

16, in the X direction.is F. Thereafeé@:s he reactio for?\le cti on the X
yr‘b I a]ezelf1
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reaction foreeentRindesF ™ N, Sherealué bEth\éabstﬂ@n@iurﬁuhgmnﬁémG@F RI(E, £ani val ent,
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attenuation actuator 24, 26, the -7- countering turning nonent provided by
the attenuation force is N x L2. In the event, since FF = N, the val ue

of the resul Figny i§ urdaomsémﬁﬂtwew oFan@ﬂ(ehGatronLé’c)tuatoﬂ'Q¢ zmtﬁa&maytw ni ng
noment hence, reduced as conpared to when there is_no attenuation force.
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15 mounting plate 30 is a shaft 32 with a cavity at its center to house a
compression spring 44 and an extension spring 46. A moving element 34 is
connected by the compression spring 44 and extension spring 46 to the
mounting plate 30 and shaft 32. The compression spring 44 and extension
spring 46 help to ensure that the moving element 34 is biased at an
20  equilibrium position substantially at the center of the shaft 32 so as to have
enough travel distance on either side of the shaft 32 depending on the
direction of a force generated.

The moving element 34 substantially covers the shaft 32, and is slidably
25 located along the shaft 32. Bushings 36 help to reduce friction due to the
sliding motion. The moving element 34 further incorporates a magnet 40
whereas the shaft incorporates a coil 42. The magnet 40 and coil 42 form an
electromagnetic linear motor, wherein the magnet is a movable component.
Other configurations are possible, such as a moving coil linear motor. When
30 current is passed through the coil 42 within a field of magnetic flux generated
by the magnet 40, an electromagnetic force, N, is created which tends to drive
the magnet 40 and moving element 34 in the direction of such force. A
reaction force N’ is created that is equal and opposite to electromagnetic force



surface, such as a driving notor 20, 22 or an X-Y table base 12.
Preferably, the nmounting plate 30 is attached to the surface using screws
(not shown) although other means of attachnment are possible. Extending
fromthe 15 mounting plate 30 is a shaft 32 with a cavity at its center to
house a conpression spring 44 and an exgension spring 46. A noving el ement
34 is connected by the conpression spring 44 and extension spring 46 to
the nountinly. gt 8l sente dpagountsr orTeancebihsr esastion fefsei Mgdule! tauthk
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Bushi ngs 86 help to reduce friction due to the sliding notion. The noving
el ement 34 further inco whereas the shaft incorporates
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back to its equili béi Pmrposi H}on bél' t he conpression spring 44, and
ext ensi on spPYHga%E gl screw. e reaction force attenuation principles herein can

also be implemented in other types of machines, with suitable modifications if

15 necessary. The various embodiments of the invention make it possible to
cancel the effects of reaction forces significantly. Since the body of the driving
motor is rigidly fixed to the machine, the need for feedback control is also

obviated.

20 Another advantage of such apparatus and method is that a machine base
need not be as strong as otherwise required because vibration forces are
reduced. Furthermore, precision of a machine can be improved as explained
above.

25 The invention described herein is susceptible to variations, modificatiocns 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 within the spirit and scope of the above description.



The attenuation actuator 24, 26 can be introduced as an add-on nmechani sm
for a machine, or built as an integral part of a notor to be nounted onto
the machine. Although the attenuation actuator 24, 26 is shown to conprise
a |inear notor by way of exanple, it should be appreciated that other
types of 10 notors may be used if they age capable of generating a
controlled force in an opposite direction to a reaction force. Sone
exanpl es aregbwﬁiltic | inear drivers or notors, or rotational

el ectromagnetic notors with linear elenents, such as a ball screw. The
reaction force attenuation principles herein can also be inplenmented in
ot her types &f nefhi agparatyst fiors witteabatingnodhiréfiont whers drivirids arecelsisetr y. The
vari ous emo&'&ﬂ?ﬁ%ﬁ .of the invention nmake it possible to cancel the
effects of réactiomforces si gnificantly. Since the body of the driving
motor is §igidly drivikgoimeand foe generating a drikiegiered té drivd theddibjedt arentrol i s

al so obviated. 20 Anot her advanfage of such apparatus.and.nethod is that a
machi ne base neédl’ ﬁﬁ?n@m&sa tf’?ﬁ?ﬁg“%’_’%érf&Kﬁcg’éoqaid'ﬁ_ﬁ%u%s c"é'ﬂ'égh‘?/i bration
forces are dmdng esbansUot lgensmlieg dpr &€driiaBbn Grcd SUBSANGAIYCashdafrehtipr oved as
expl ai ned abgve. 25 The invention described herein is susceptible to

variations, wB*a#fq generatien of top sid diMiRSfeeRs ot her than those specifically
described and it yiferbp 8 tRABARIPRIC Bebosesthd mggt%tiﬂv?mt@ﬁ%m% #11 such

vari ations, nodifications and/or additions which in the spirit
and scopt) of regetionisneaexpstegithe ehjecbincespanse ta thendrivampiareg.us f or
attenuating vibration when driving an object, conprising: 5 driving neans
for generating a driving force to drive the object; and an attenuation

act uat or nouat ed Am appaiatusoacdordieg doicaishil pwhetdin thee attenuation actuator

comprises a motor.

15 3. An apparatus according to claim 2, wherein the motor is selected from
the group consisting of a pneumatic motor, linear motor and rotational motor.

4. An apparatus according to claim 3, wherein the attenuation actuator
comprises a moving magnet linear motor.

20
5. An apparatus according to claim 4, wherein the attenuation actuator
comprises a moving element slidably located on a shaft of the motor.

6. An apparatus according to claim 5, wherein the moving element is
25 biased in an equilibrium position relative to the shaft by resilient means.

7. An apparatus according to claim 6, wherein the resilient means
comprises a compression spring and an extension spring connected in series.

30 8. An apparatus according to any one of the preceding claims, wherein
the attenuation actuator is mounted onto the driving means.



driving neans for generating an attenuation force substantially
concurrently wth the generation of the said driving force; wherein the
attenuation force opposes and at |east partially cancels a 10 reaction
force exerted by the object in response to the driving force. 2. An
apparatus according to claim1l1, whereinfpghe attenuation actuator conprises
a notor. 15 3. An apparatus according to claim2, wherein the notor is
selected from the group consisting of a pneunmatic notor, |inear notor and

rotational ngtor.ad. AP ' cl ai .. rej he
attenuation act uatorapﬁggnprlaéc'g}sraﬁggﬁr%w gdr‘r%gtnee ':”%ﬁg%{ﬁgngo %P‘. ngﬁF%n An

appar at us actheratiengatian attaator i, modrdee bntot hbase $Lgmpodingahe advingthesansconpri ses
a noving elenent slidably |ocated on a shaft of the notor. 6. An apparatus

according to claim5, wherein the noving element is 25 biased in an

equi l i brisim posi tAoappatatis secdréing e apadrie bl theesiebeding JBIRBS whéreirf\n

apparatus ac orcijj n% to claim®6, erein the resilient means conprises a
@Y?r i

conpr essi on YOG CURRIERS B8P MO - connected in series. 30 8. An

apparatus according to any one of the preceding clains, wherein the
attenuation actuator is nmounted onto the driving neans. -10 9. An apparatus
accor di ng t ohny Amaprparafyfeagrosdiegitn nyl anensf thehereeeding haimat wheredn i on
actuator 1s fﬁ'él{-gfvﬁg B4R Grivedshe ?H@EP&I&MQQ nhé"é‘réi& .ving neans. 5 10. An
apparatus according to any one o e preceding clainms, wherein the
driving Heans conprises a linear notor. 11. An apparatus according to any

one of the p'ifcedAﬁ]gpﬁé‘ﬂUgBacc%ﬁge kg cla‘rneﬁ(,jWh\éi'é?rg ange%%ﬁdergv}ﬁ%smEQr?s obj ect

along a linear axis.
drives the object along another axis perpendicular to said linear axis.

13.  An apparatus according to claim 12, including an attenuation actuator
15 for each of the driving means and second driving means respectively to at
least partially cancel reaction forces arising both driving means.

14.  An apparatus according to any one of the preceding claims, wherein
the attenuation force is substantially equal to the driving force.

20
156.  An apparatus according to any one of the preceding claims, wherein
the object is a bond head of a wire bonder machine.

16. A method for attenuating vibration when driving an object, comprising
25 the steps of.
generating a driving force to drive the object; and
generating an attenuation force substantially concurrently with the
generation of the driving force, such that the attenuation force opposes and at
least partially cancels a reaction force exerted by the object in response to the
30 driving force.

17. A method according to claim 16, wherein the attenuation force is
generated by a motor.



12. An apparatus according to claim 11, wherein a second driving neans
drives the object along another axis perpendicular to said |inear axis. 13.
An apparatus according to claim12, including an attenuation actuator 15
for each of the driving neans and second driving neans respectively to at

| east partially cancel reaction forces -artising both driving neans. 14. An
appar atus according to any one of the preceding clains, wherein the
attenuation force is substantially equal to the driving force. 20 15. An

appar at us acqgr di AehdtRodAycoPdifig & clalt® 1P WE&EinEe ThALIR seWtfdcPirdm thdie obj ect
s a bond head of a wire bonder machine. 16. A nethod for attenuating

vi brati on wh@RuRcesistNgG:af Bnewnaticapater iliseagmotes ang sotetienal mgter. gener ati ng a
driving force to drive the object; and generating an attenuation force
substantially concurrently with the generation of the driving force, such
t hat the &att ¢BuatAomethodcacenigiogeto alaum at8, wherein (e trhafior ycooprises sa a

reaction for&%vﬁé‘?ﬁéﬁ%tﬁ%érhﬁoﬁpj ect in response to the 30 driving force.
cording

17. A nethod ac to claim16, wherein the attenuation force is
generated by a notor. -11 18. A nethod according to claim 17, wherein the

notor is selgcted, fromthe r.oup, consi sfjng, of a pneunatic notor, |inear
not or and ro?@‘t i d%ame%fjo?c.’cogd'i‘@.toAdﬁ& h g@%rﬁfrbi"%'g MPQIOE |ICOMATEES Avher ein
the notor conpvingaterfentrglidallg IGtaGEESN & SASRBF thBtwstor. 20. A met hod accordi ng
to claimd19, wherein the notor conprises a noving elenent slidably |ocated

on a shat? of the motor. 10
21. A method according to claim 20, including biasing the moving element

in an equilibrium position relative to the shaft by using resilient means.

22. A method according to claim 21, wherein the resilient means comprises
15  a compression spring and an extension spring connected in series.

23. A method according to any one of claims 16 to 22 including aligning the
attenuation force with the driving force.

20 24, A method according to any one of claims 16 to 23, wherein the driving
force is generated by a linear motor.

25. A method according to any one of claims 16 to 24, including generating
the driving force to drive the object along a linear axis.

25
26. A method according to claim 25, including generating a second driving
force to drive the object along another axis perpendicular to said linear axis.

27. A method according to claim 26, including a generating an attenuation
30 force for each of the driving forces respectively to at least partially cancel
reaction forces arising both driving forces.



21. A nmethod according to claim 20, including biasing the noving el enent
in an equilibriumposition relative to the shaft by using resilient neans.
22. A method according to claim 21, wherein the resilient neans conprises
15 a conpression spring and an extension spring connected in series. 23. A
met hod according to any one of clains 182t-0 22 including aligning the
attenuation force with the driving force. 20 24. A nethod according to any
one of clainms 16 to 23, wherein the driving force is generated by a |inear
motor. 25. Apget mdnakear Séddddihg tBNInPHMe0bf &laihgB16l80 17, 2@nereltt livdli ng
generating the driving force to drive the object along a |linear axis. 25
26. A met hodaen@tian fRice is ubstantially equat toulbpsgivigerfeicgt i ng a second dri ving
force to drive the object along another axis perpendicular to said |inear
axis. 27. A nethod according to claim26, including a generating an

att enuat ion 280 fAmethdbaceesding tof amhenalof ajaimg 6o @8s wheegie thei obiégt it 0 at

| east partia I 2G| arising both driving forces. -12
28. A nethodééé@%ﬁggﬁaf?gﬁgﬁyngﬁgkg;ﬁﬁéainB 16 to 27, wherein the
attenuation force is substantially equal to the driving force. 5 29. A

met hod according to any one of clains 16 to 28, wherein the object is a
bond head of a w re bonder nachi ne.





