1 15 FEBRUARY 2006 ACTI VE VI BRATI ON ATTENUATI ON Field of the invention 5
The invention relates to the attenuation or reduction of vibration caused
when noving a nass with a notor due to,a reacti on {DFEBRUARYSIIMESE tO
the driving force. Such vibration attehoation is achi evabl e by attenpting
to cancel or reduce the effects of such reaction force concurrently with
the generation of a 10 driving force to nove the nass. Background and
Prior Art According to Nei E VIBRATION 4 bt for every action,
there is an equal 15 and opposite reaction. In practical application in
an industrial machine, when a notor is activated to nove a mass or object,
t he obj ect Feldraf $heninvesstaini on force on the notor equal to the force
generatzsd to the object by the notor. This reaction force acts on the
notor as well as on parts connected to the notor. As a result, the

reaction f oreeinvestRinvrethtéy/td fhe datehostion br redlUElich eNtibdatioRalisédRheauses
vi bration or shock to the machi ne. Vibration and shock are undesirabl e and

wi 'l af f ectMPHRS ARV 2 FRRI0E due 4 gdepglian forge infespenseds tbe 8Wrgi ndust ry

wher e speedoed BUES Vit florR afeniidtiAr rsaéehiemleewm{é?nﬁtﬁagwfbeeaﬁae?%?i ng wire
bonds to nmake el ectrical 25 connections between el ectri al contacts on a

seni conduct’Bfues besftects of sghirpastionfsreecancureathhwitadhe aereratien ofa not or

has t0 180V &rigihgdBiR%tb moveAiBInag. bond head and attached ultrasonic
transducer of fhe machine, between different predeterm ned el ectrical

contacts on the die and the |eadfrane. To achieve higher throughput, the
not or has t nbid A:?.P head at a high speed. However, reaction
forces cre ' novenent acts on the notor and notor
platform causing vibration of the sanme. Thus, precision may be
sacrificed A@ctcol’cnﬁg ?3( R%\rf]v?c?n’g ihiFéP Ig\(?vdcn‘I r%ot?oun? r}or_ e?very 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



15 FEBRUARY 2006 vibration is not attenuated. Conversely, to achieve

hi gher precision, the bond head has to be driven at a | ower speed. A
conventional solution is to separate a body of a driyFR8RWARY Jgogmits 5
pl atformor base. A vibration insulatorZ2i-s inserted between the notor body

and its bas n-thi g\@éﬁ | prat] r . or b t he
rest of theﬁbﬁglgﬂilﬁgatcan ugYéfgrr%\é#]e S%@ t@ﬁ%“&%‘%ﬁé%%ﬁ%‘%&Paﬁ‘g?é’ﬁomver,
since the heatl/hag torbreedmnenoat & loweosperther rigidly fixed, there is a need
for nore critical <control requirenents and conplicated control
algorithns. 10 There have al so been attenpts in other industries to

attenpt to Aagwreentiofidrsalutonais fooseparateAn IsodyTpt @ fivibgirdolop fiRAGEs bed in
for "Actuator for Active Vibration Control".

US Pat N 5, 231, 33f .
An e?egt on’é\gﬁg{”i‘ grbage. dgf’@’r’atloé‘ igsylateq sdnserted betweendie mpten hasdyand

under goes rigChasCH tHIDWagNvibratibh fORERARFR the nilochb&dy td il resnNBtihesi gnal .
The noving el enent is decoupled from any nechanical | oad in one

enbodi nent H3chige t@nppe daEwenedchy 8ie vibration inguliatas. nblpwewer, sincet hecancel
vi brat i onal pddy Gethe B Y€ ho. IBngr A ixBY, tdfe i18 e AP RAficLner el n
Is that it reduires a vibration sensof to sense the vibrations of a

vi brating seartmet eedqoirtments and corplitatesheordiod algodttessed by a 20 processing
unit t roduce a suitable feedback. The processing unit generates a
driving signal to electromagnetic coils to inpart notion to an armature
in such a nBmerer hans tatsopbedn cattareptst inontheorindgstties rtedatempthéo caaosied

vi brations. .Thi. ns that vibrations.need to. be sense i t hen
neasur ed, bvé?%}@n%ef(% e?gcf’ﬁ(%gl?o?tg@"ﬁ & §&R P&ﬁe'& pg EE{?@E}SL{W!’

vi Br ati ons].c5,251,‘EB'6 sfos CAdtuatu? ioslAKIIVﬁSVfb_fétibinethN‘olL.esllﬁDélbtﬂﬁomb@}i?i_c _

vi bration forces are continua changi ng, .and there is not suffjcient
Vet o serRicatr Braanesareo Yake It Hemint Sateripay feareBsmatemn such
vi brati@n. reBpbige tol fihéiebfrichnBpatnyrtal d Thaduat R ERMmertis HBcdubidEfraRsi rabl e
to develop a 30 solution wherein the effects of vibrational forces are

reduced i n &Y Biecheniea loaddnsenss eERCAETT) 38 dAtRIREEeR: reaginerforgesi o
having a moggich alPbhé uBEE!Yo 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 instantaneous manner while having a motor's main body
fixed to the rest of the machine for stability.



fixed to the rest of the machine for stability. 3 Sunma of the invention
15 FEBRUARY 2006 5 It is therefore an objective of the invention to seek
to provide an apparatus and nmethod for vibration ais®REBRUARY B0#s t hat
the effects of reaction honmes caused by3an object being noved are reduced
substantially concurrently with the generation of such reaction or

vi brational forces. 10 According to a first aspect of the invention, there
is provided an apparatus for attenuating vibration when driving an

obj ect, coma)§| EI Hg ﬂgl Yi nﬁl.rreans for generating a driving force to drive
- the object actuator nounted in reciprocal relationship
with the driving nmeans for generating an attenuation force substantially

concurrengly with the generation_of the said 15 driving force; wherein the
att enuat i q@rh’eﬁm@sg% °§lﬁ?“‘éﬁ of thesinveatian 91 seek to an apnasatusn force

exerted by tdHe maiel for NibrRforCafdhualon 3acH Hal the oFR&s of Gordsto 2
second aspect of the invention, there is provi deg a met ho or

at t enuat i ng SPUSRELY 3R hirG being mavedareoieducad suhstantially nonauivently wish of 20
generating andgbMératlon 8f Sfeh Y olol .« and generating an
attenuati on ?grce substantig?wncﬁrﬁ:%‘gﬂﬁg&vﬁth the generation of the
driving force, such that the attenuation force opposes and at | east

partial lgs C [ f e. e .the ghj.ect in response to
the dri v?bng ?or ce@%gﬁgtﬂa#?ul?ghgeowgé%n&e%' B@ﬁﬂr‘f'm@& e the
i nventi on i rattgnealing vibeitianl when drieihgramobjett cohprisingo driving inveard’ ani ngs,
whi ch il ust e, epbodi pent . of I nvention. The rticularity of
the drawi ng egﬁga e rJ(IT'Ib eg’er‘aaeé%ﬂnﬁ?ir}gﬁ Q%edrﬂldn?ﬁ %“ﬁ 2yl o5
super sedi ng méunted ire rediprogalofeldtibasiip with ihdediividg Aans Tor §éndriing awent i on
as defined by, the.cl ?lol ns. go B{ii ef description of the drawin -4 15
FEBRUARY 20 enuation force substantially concurrently with the generation of 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. '

Brief description of the drawings




Exanpl es of a nethod and apparatus for attenuation of vibration in
accordance with the invention will now be described with reference to the
acconpanyi ng drawings, in which: 5 Fig. 1 is an i SOlRFEBRUARY 2W06an X-Y
table of a wire bonder machine incor pb’r‘ati ng attenuation actuators

according t ferr diaen nélr%p] B QinrdidS an
| sonetric Vl?keegvn@?% ﬁ{a %gﬁggl SH?nEBQ%rSF%SP?% a tghﬁg‘% i gfnqnabcr%tlljéa'fo'ﬁs
accor di ng tascardanicerwith dieinvedtientydtiinomnbe ofeschibed witmtéferencéofhg. 3 is a

si de view qf =Yt e |ogking. fromdirection A of Fig. 2; and Fig. 4
s a cross-aggtgﬁﬁ’gh&é'ﬁg\??%&'/ﬁg%‘ 'ﬁﬁ'hg "enuation actuator that may be used

with the preferred enbodi nents of the invention. Detail ed description of

t he preferred enbodinents 15 Fig. .1 i isometric view of an X-Y table
10 of aswi r@gbgnﬁeﬁnnﬁemeﬁ%" Vi'q’l'gd)rfpﬁrl’ i‘%éa'ift%fnaaﬁrﬁnb Giaf8ranes, 26
accor di ng tigc@ppradihgratfuatisr adivaint setoldigy td veplefdfed EMbolinmaNtigi ty of
illustratiogn, the rest of the wire bonder machine is not illustrated. The
X-Y tabl e 10°@BePHPRes generally of an 20 X-Y tabl e base 12, on which is
mount ed an pg Y2 & #9Rckt vieWeorhe' XA Ride iftorp¥ratnd 2télflatiBR g iatRE 16 s
mounted onto the X-Y stage 14. An ultrasonic transducer 18 for

ul t r asoni cacegrding ta anptherrpretesiedembodipant efdhe inventiorsi de of the bond head

16. Mouanmerd; ot - ' : i i r | S,. dy
di rect ﬁgn (rﬁ'g%(:s’ggg%(rvfge\igﬁﬁg )%gﬁ%ig!ﬁgﬁlﬁﬁgﬁgﬂ&cﬁ%&%%'1?2 T gﬁgducer 18 25
t o bondi ng fgs# ti$ angosssectonal gewdefcaroatteiet@ndadteatdf tratengnbe usbown) ,

wher eby wr ' | . . r 20 drives the X-Y stage 14
and bond hevgﬂp%%dérﬁgtrﬂﬁg %ﬁ@%ﬁ@ﬁ%@%@@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 espect ive notors 20, 22, it generates
reacti on fore€ i M%ing forces fromthe notors.

Consequyently, the reaction forces are transmtted through the respective

motors 20, 22 to the X-Y table base 12, and the whol.e _
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



-5 15 FEBRUARY 2006 X-Y table starts to vibrate. Such vibration may al so
be transmtted to other parts of the wire bonder machine that are
connected to the X-Y table 10. The drawbacks of Vi{ypeEBRUSCRY!IIH6eWM I e
bondi ng process have al ready been nent$ened above. One way to reduce the

12, “out ¢niX Y BBl Sarsdg oratd SRR Thiian e el dscntey o fedast

partial |y oramsedf thélemeftfcﬁmtetsrrmfchhbéthateaétdoﬁﬁeét@ﬂ e thet X-Y tabld 10viTheat i on of
the X-Y table 10. Ac ordlg&to the fir enbodi nent of the invention, an X

attenuatio rﬁ‘d’%ﬁ%’iso viyabon jan ihe yirge We'”ﬂhgrokeﬁ%thﬁvezérmé’
att enuat i Omagtidhldubole. I@nea%@weéwc@ tﬁ@@ﬁé’ctm&%r%m i§he sirengt%bﬁn of the

attenuati on actuators 24, isto enerate a force that Odpgg N
ragi®at | s,

reacti o® fdh@@%’éWlOrﬁéf‘Q%'Yet?@I’ﬁ Base he but #ipiscrgtidealpitovanldbe
d h |
in a directjandkhgt t' Iéagtpﬂé}ﬁélzﬁg%rgbﬁ”\% Eﬁ@&%'d?lrlh?orgéﬁ 1{\1}3‘?@@ o limi"e val ue

of the attenuatlon orce 1s s 'y equa reactlon force,
but if thatvipretioof hedsiYidhkblediPe t o design requirenents, the value of the
attenuation force may be a portion of the reaction force instead. It is
possi ble to generate an attenuation force that is substantially equal to
t he react ifAorofding do ltver finsé emtblodinmesd cff itles irfventien, i e X qaitehuationy atuatoro t he

drivin fro e,.r ecti.ve tors, 20,..22 i C s kn

det er mqrqa éfs-ﬁgt@cg%é Eﬁq"gﬁﬁg"tofoé gﬁ%?ﬁeﬂ?h%«?ctﬁgq Eﬁés ﬁ%%‘%\éﬂé‘a to

produce a fthece mbrir 2> m@efmduahl of wahem@attdnea@tu'atdr@gw z&6s thut

nmechani cal |y decoupled fromthe th%i negp{lorce S an bﬁometrl c
o

vi ew of t heIeREAME a8 18rcen el CORRPSPSL %‘hﬁ%"t‘:?oﬁ&'”@SOHc?% 484, 26
accor di ng trgsperdive ShotBfsed @ ra2e thR i) ol ianmrtiction tHa e b;ﬁb’cﬁéﬂb't@@he behctibh S

enbodi nent, the X attenuation notor 24 is attached to the X-Y table base

12 i nst ead fofce; oldeplly. thenalye afdhe prieguatignolercenigysubstantially gevalrtaghe or
necessasy irbali Rrdss bl Wid: ko HosSBREG,OR edidh HAEIEERIL tn Dale"

attachnent of X attenuation notor 24, because of ot her o,e3|
consi der at iafribe aﬂénuamrbtmmmaycbe atmétlon at tf@nr@aptl@hfcuee ingtead. 28 ISs st il

attached t qdslpie’ tdYeREraté-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 turming
moment may otherwise be present if the force of the attenuation actuator 24



Mechanically, it is nore desirable to | ocate the attenuati on notor 24, 26
in alignnent with the driving force of the notors 20, 22, since a
resulting turning nonment nmay ot herw se_be present ISFEB(RU&RYGZO% t he
attenuation actuator 24 -6 15 FEBRUARY-$006 and the reaction force are not

al i gned, asad lthe ?@a&%ﬁ'f@kd&egré Hot”erq?meQEta@'\%wll el ?éfam'éﬁv‘?\r ﬁwg?e SRt the

effect of the reaction force is ant reduce
not wi t hst anlegleny- t INeveghelgss.gthee affect Tof @&eeani@nefdmnjummm sighificeaitiyat es

that the at att ched at_.an osition 5 in
rel ation to'teﬁHH@@( R\? ! tﬁ%tﬂﬁqgﬁ ﬁ'ﬂé' rgo(r?\’g%ﬁ"%%t %a%efcémgf \Hl}h(%gﬁﬁ?’ﬁg an
attenuat i onlltﬁsjrat% thept tHe atttermntiom actuatoy 24026 tnmydne eftadhenl dting gokaiehi on

of the nmotars 20, 22. and this force

I:g:lcge h '%1"}11%65' tc{j@" #egctg% ﬁ@’nf’g IGRg &St RS ypPaRkle PR RFRIUSNG 8Rce. 10

Fig. 3is aatfemiletwm dorcefl edua tok-ahdt mbhe obpobited eirastidn &Fnadfera%ﬁér'\ %‘rc@‘ of Fig.
2. This view e c{)usw el i1 lustrates the forces acting in the

direction, HE#t Y:e"sd”‘é' gi mgtiem of e ynefiore el g, fasKl H’W éor§en¢arabe

principle. yarfbmitédh @y nbﬁts ﬁ%@?éd%mebxa&tibﬁ f&rcgot or 20, whi ch
creates a reaction for ce, . att’enuat1 on actuator 24 pr oduces a

driving force N, Wmch in turn generates a 15 reaction or cancellation

O for 0 | T8, |5 £SO BRARIL? e tﬂa%ouaﬁ%h%&i%%h%“ofﬁgefvrwg (N s

preferably e opposi t re 1 n essence
cancel the \éewmltmvedmdlusta@sumn forsaseactier &v theng( timeétlogm KRt folves

fol I ow ng 'a%tﬂ?mﬁr fhedit ﬁlrle ﬂmd?o?r‘&w gt él%gﬁ%lhh§|¥ X Hgmq_lg for%es The

driving force Fequi r|vearrass Sin the X
di recti on igereratetdnetre é(, molter 2@ awhichncreatesea achétivn forcé hE'. XThetr 20 is

F'. The att red tq.can e effect of the reaction
force F |§{}“hﬁ%{'@?ﬁ%® foﬁgﬁvpjﬁﬂlé%e gf'wag fFSH@é%“' h I betiseae@tes aF = =
N = N 1525 réastion agcadmtlattdurefoctra M mgafdméamnl\bpsﬁosttmo At weé reuttiant uat or
S generat d by wher e | S theqforce const ant of

the attenu 97°8n act afs Pref?'&hgz%quadrﬂi‘dl °P%°St'tﬁet°cﬁr’ tBREETTeOR €$5EHGBN t he
|i near not asenrdlihg tdarfdel HRUSHCPBF thaGbakitiopfod, 26. As the driving force, F,

is known or can be determ ned, the
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 | 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



attenuation force N can be generated accordingly by providing an
appropriate 30 current flow | through its notor. Furthernore, a turning
nonment is created by the reaction force, which is eFEBRIEARYI D0 X L1.
Wth the addition of the attenuation acfdator 24, 26, the 15 FEBRUARY 2006

count eri ng ddiférivg t[lﬁi@ﬁwoﬁw’é?ﬂ’bﬂﬁﬁhé&’bg}t’ﬂ% a%heswﬂo% SN'GELLSIMNheX L2. In

the event, since F= , the value of the resultant turning nonent is F X
(L1 - L2). evemd ﬁ'ﬂﬁet'fa‘-l Nt d?mvaige ﬁf)ﬂﬂéﬁ@sw@nhbﬁﬁiégW@Uﬂ@@dsfsxc(d;mpdrrz)sd to

when t here 4 ; ' ; 5 ' t he

smal | er theﬂgal @?grl gﬁ@@aﬁﬁé?ﬁv\géﬁ E?e &c%g‘é %1%%%?5%8 glg%rteh? @ turni ng
nmonent . Theattemuationy forceneltwould behapptesiadddniisat tblei smakelr ihe dllffermeenuat i on
act uat ol 2 ' ch he. 1 egtive drivin 0 22 as in
B o5 perBeh Ty B TS EE bt Molf B Uirfo ERie o e flang? 53, ' 6
that may bemomentiseay thiushbd laen@steélmatedi ﬁetﬂeoalntmlsnoéctmdner 2@y estison. The
act uat or 2 | at e é’o att g the actuator 24, 26

24
to a mount e ﬁ%?‘? H@éesg%'ﬂggé'eggd??tw 22 or an X-Y table

base 12. Preferably, the nmounting plate 30 |s attached to the surface
usi ng screws (not shown) although other neans of attachnent are possible.

Ext endi ng fi@nf i cIessinctenalgiow &f anadienyationsagtpatos 24028 that rawPey at its
center 490 hadgewmh the BRIFGT&S @qu%ermé}qs%ﬁmv%ﬂzmt Uy Qauétgr bRgo46. A

noving el ement 34 is ~connected he conpression spring 44 and extension
spring 46 thast Remopgting plde Filafas @tacamg Hieapetuator 2|4qe26cdm &xyinting spri ng

34_and ext iy, s 409 AriShBict 20298 SnbDR bl SN AOpRUEITRRY, 37 1o

bi ased at an rium I on' substanti cen of the
shaft 32 sdhagnomthr@vyateea@@httacmﬂbto messwm oslnglstcrmms $nateshwivnd he shaft

32 dependi h [ ed enment 34
subst anti al ;/18[] be&gefhégﬁagf ag%cﬂme fazegf&g '1% Efg}\ og'gatﬁ%ng t he
shaft 3%. Bustmtings pkfe HHl s tao shafll 3% Withi at cavitydat |t300d5r‘ﬂer g |rtb'usg aotion.
The novi ng eI urt

i ncor por at 68 "?Pngﬁ ipr Z‘fE"ngl'ﬁg %?&bﬂﬁg g‘g'igh%%g%g %gggh‘%ﬁ?%\ﬁ@%eﬁ%“tige shaft
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



el ectromagnetic linear notor, wherein the magnet is a novabl e conponent.
Ot her configurations are possible, such as a noving coil |inear notor.
When 30 current is passed through the coil 42 wthi s FERBRAARY 20089Nnet i c
flux generated by the magnet 40, an et8ctromagnetic force, N, is created

whi ch t endsyt rNpVEe: 0 ' 34,i,n the direction
of such for%bgnﬁmrggc%él}g%q?g{r@ét% o?@cﬁiﬁ%%f#@ﬁeﬁg%gugmatﬂdthSpposi te
to el ect r ondriyireg foccd Brafa didvirid nTeEBRROAZZ RB6Fid\, 3)anktteN disdohtinssriceaft 0
counter or gancgl,the reaction force F due to the drivi orce F of a
Qi g motDE SBeroBEetaR” I RE U RS Darfeabent i dmoush bhcknts s

el ect r omagnequilibriuaT gssitdn bhthersrprgssioe BBritig 44 an® er@nbiRksphiAg 4bs

equi li brjum position by the conpression spring 44 and extension spring 46.
5 The att enuation actuator 24, 26 can be introduced as an add-on nechani sm

for a maching afénbiitichtachfatén2a i gimbe RAkddUREd BB ggd% mecHatihed onto

the nmachine. Although the attenuation actuator 24, IS shown to

conpri se a for arBashiReI AU agaap iBtedex A of a motahtsubel mauntashortoi theed t hat
ot her typeﬁ?géhiﬂr&_ RiHRLSh Y &nd . re%{t@t*&?h%% igastP\%Wnetooéorggﬂ?s%rS%;;ng a

controlled Torce in an ~opposite on to'a reaction forc
exanpl es arlmepneaten by way rafaxampié, viksisoutd beappraciated that athieo hydes of

el ectr | s Wihall r t : ) Ll screw. The
Feact! oF T anelsrs RYHE A uldy iR seBeBRE anere o & AR BT s RN o i
ot her typesoppositadirecs) tong reactiont faldee Boniefdxaaiplenare pnddmachssary. The
various enbodi nents (%f the i,nvention nake it. postsibl Eio cancel . the
effects of FEET PbAGeS 8E FUPHOITH LeHpanglic, B0tBrrowl dpedt SEmENt i vi ng
motor is rigichl as bi batidsdrewt hEheaehidtion, fordeeafianshtioar prirkgabnakreipRRA Ol 1S

al so obviated, 20 Anot her. advanfage of such apparatus and method is that
a machi ne &J%%beh@E@m?&Ee 8 g e%WPgﬁQ?H?CBPﬁ@r‘O(EI%éuﬁt@ﬁ%mwo@%'&%ge

vi brati1en frycessarg! €Thé eaHEES enfoddihEiteWrahe RhRGDhRakd ittpsRME e can be
i nproved as expl ai ned above.. o )

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, modifications and/or
additions other than those specifically described and it is to be understood that
the invention includes all such variations, modifications and/or additions which
fall within the spirit and scope of the above description.



25 The invention described herein is susceptible to variations,
nodi fi cations and/or additions other than those specifically described
and it is to be understood that the jgvention incliSIPERRUARYCID06

vari ations, nodifications and/or additions which fall within the spirit
and scope o description. -9 What is clained is: 15 FEBRUARY
2006 1 . Anpgkggiggﬁﬁﬁﬂgr attenuating vibration when driving a bond head
of a wre bonding machine conprising: 5 a driving device operative to

generate a drivi forc ich drives th bond head; and an attenuati on
act uat or rmgnt edﬂﬁﬁppga?ﬁmgéﬁr&epﬂ?% ‘Hﬁ@ﬁp'ﬂ &HARvRg a%”\?ﬂﬁg” A ce
operative twirgdoatingenadhins tenpadingn force substantially concurrently
with the generation of the drivi n% force, 10 the attenuation actuator
includi My a | i neaffHpg devicg AnsiAtedn genetate) afnving, foms whisheliives ithedabl y
mounted to pbed ead:tangf the notor for generating the attenuation force;
wherein the attenuati on force opposes and at |east partially cancels a
reaction force eXerafteguatipn ﬁ@tuﬁg%ﬁdnﬁ\é@@dilﬁ egppesas delagiopstip dwithvithey f or ce.

15 2. An apﬂﬁﬁiﬁé U&e\ﬁGeCQfg@irﬁi}glet % Cé%’ie'irété’ g?’u"”iﬁ@r\ tibneto%é %@Hn‘ﬁgl&?m uat or
conprises a noving magnet 11 near tor. 3. An apparatus according to claim
1 or cl ai m eonauventy with hhe generatien oiothe dpigingdonget or i s nounted to the

drivin evi ce. Ikl %w i : a_[;% recedi ng
cl ai ms%qjurt her tﬂgoér%%rnl SI nggguﬁtgge ooﬂj]d;gﬁ'bg?tl 5’9{}%&’9{%%@%@ aﬁ@\ﬂ ce,
wher ei n t hemawvingrelemeotrslidablyuradunted $o thesttadicofttoe tritorbfas gen@atibg thin
apparatus a i,:N any one of the preceding clains, wherein the
driving devgﬁ%@gﬂﬁﬁ@%’s a linear notor.
wherein the attenuation force opposes and at least partially cancels a
reaction force exerted by the bond head in response to the driving force.
15
2. An apparatus according to claim 1, wherein the attenuation actuator
comprises a moving magnet linear motor.

3. An apparatus according to claim 1 or claim 2, wherein the attenuation
20 actuator is mounted to the driving device.

4. An apparatus according to any one of the preceding claims, further
comprising a base for supporting the driving device, wherein the attenuation
actuator is mounted to the base.

25
5. An apparatus according to any one of the preceding claims, wherein

the driving device comprises a linear motor.

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



6. An apparatus according to any one of the preceding clains, wherein 30
the attenuation force is substantially equal to the driving force. -10 15
FEBRUARY 2006 7. An apparatus accordi ng,to any one 0§ FEBRIPARYZH06D
clainms, further conprising a resilient” menber which biases the noving

elenent in gn equilibriumposition relative to the shaft of the |inear
notor. 5 8. a}'An a Ba?pﬁaﬂ%tuacac%BP@%Pq Bnlﬁlo&erﬁf?{hevﬁéP%‘?'ﬁgtqlﬂémlse&ﬂheént

menber  conpoipesing & OERIleAS intEMSET WhhaBhsas 1Bt RRSINGN eRMdrtGinCaRnect ed
to the corrpreTs@j.on Spr.i n(]:‘; in series. 9. An apparatus for attenuating

vi brat i on wREHBHYR)PRETIGR TeBliveto the shatt ghibeiliopagmotordr i vi ng devi ce for
generating a driving force to drive the object; and an attenuation
actuator_nounted in reciprocal relationship with the driving device for
generatifg 8n at ABMRRATAHST aecoediBaidst elaim 2, | whereirc the eesilisnt mistribet he

generation i LVd: i t

Tncl udi ng. aCompliees”d ontieyeid s Bna i rEndbh 1R Sndikt Boifeg

el enent sl i dappressionrspedgtimsedas. shaft of the notor for generating the
attenuation force; wherein the attenuation force opposes and at | east
partially cancels a reaction force exerted by the object in response to

the driving9forcan appdr@tusAdoramtienadtirg adsratich Nghé® afiahdn Sh  dbjeéher
conpri si'“irpg g @gﬁ%ib'_ent menber for biasing the noving elenent in an
equilib ?) 'n relative to the shaft of the notor. 25 11. An

appar at us accor da dgvihg delisk ridnevdtrigel drivilefor@std drtat thBRBRRE angoMPr i ses a
conpressi on spri nrgénd n extension spring connected to the conpression
an pienlialigly aelyatasr maukted JAt festprosabratationshim emthitha/i ng a

spring in series®
bgnd ﬁead Oérivingidegice 38r eRératifg FRCAHENB atisr? faE: SUBSahBRIYSLS BBty
with the generation of the said driving force,

15 the attenuation actuator including a moving magnet linear motor
having a shaft and a moving element slidably mounted to the shaft of the
motor for generating the attenuation force;

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

20
10.  An apparatus according to claim 9, further comprising a resilient
member for biasing the moving element in an equilibrium position relative to
the shaft of the motor.

25 11.  An apparatus according to claim 10, wherein the resilient member
comprises a compression spring and an extension spring connected to the
compression spring in series.

12. A method for attenuating vibration when driving a bond head of a wire
30 bonding machine, comprising the steps of:
generating a driving force to drive the bond head, and



generating a driving force to drive the bond head, and - 11 - 15 FEBRUARY
2006 generating an attenuation force substantially concurrently with the

generation of the driving force, such {jhat the attejyFEERUARNESgRPPOSES
and at l|least partially cancels a reaction force exerted by the bond head

by a1 hear ot of g 14 ahh Eftion ik <BLERHA, Bl ey bl Beonc ed to
the shaft. g8neratioeichtie didog dome, suchcthat theltenvadoreiferce prw?soan@orzrpri ses
a novin n . . 10 14. net hod .according tao claim 12 or
claim 13,g er%%srt\ ééﬂggé’t gg'h‘%ﬁ iaorﬁea(ﬁ't‘.?Pﬁ@r?% e@‘@ﬁ%‘ﬁ yeg"? ﬁ’oé"ﬁi BRREM with
the dri vi ngrdspoose tdthe dkiviret forrd, accordi ng to any one of clains 12 to 14,

wherein the drivjn 15 force is generated by a linear notor. 16. A nethod
accor di n% to any{hﬁg?gteé‘f’a&?%ﬁ?’r%e E?'%B(Qeﬂﬁfat%éy & imephaotefthavinga sBaft f orce i s

subst anti al hyd agh@ling elehtent idabinmoliffedfo tdsHaft,. A Method for attenuating
vi bration when driving an object, conprising the steps of:. generating a

driving force to drive the object; and generating an attenuation force

substantial hy CcORCHEfrR EXC(WH%Q bhﬁlairﬂef%rﬁhér%ﬂ\ % trn&ofréol el o ce, such

that the attenuation force opp0ses and 5 at least partially cancels a
reaction fofM@¥ingdeagneet lingat metosbj ect in response to the driving force,
the attgqpuation force being generated by a noving nmagnet |inear notor
having a shaft and a noving el ement slidably nmounted to the shaft. 30 18.
A net hod actér di Agnetbod |agconding, tof claimhd? cralpmi $3, nghdrbim theegttepiatidrasi ng

the movi ng Bl SIRYedhan LR ATRESINhgRkg! 211 ve to the shaft of the

15. A method according to any one of claims 12 to 14, wherein the driving
15 force is generated by a linear motor.

16. A method according to any one of claims 12 to 15, wherein the
attenuation force is substantially equal to the driving force.

20 17. A method for attenuating vibration when driving an object, comprising
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
25  at least partially cancels a reaction force exerted by the object in response to
the driving force,
the attenuation force being generated by a moving magnet linear
motor having a shaft and a moving element slidably mounted to the shaft.

30 18. A method according to claim 17, further comprising the step of biasing
the moving element in an equilibrium position relative to the shaft of the
motor.



19. A method according to claim 18, wherein the biasing step is perforned
by a resilient nmenber conprising a conpression spring and an extension
spring connected to the conpression sprRi-ng in serie$s FEBRUARY 2(0@ar at us
for attenuating vibration when driving a bond head, conprising: a driving
device for generating a driving force to drive the bond head; an
attenuation actuator mounted in reciprocal relationship with the 10
driving devil@e fdmelbedpseardigade claimn dSuwhetsin ther Rasisg btapds pedbinyed
concurrentl i 1A Lon. h A e at i on
actuator i ngy ?d?%é@?nﬁﬂgéﬁg%@ﬁéﬂag tghg?rﬁ&:%te\ré\'gliag Jr?gi\rr/]pn%n& gﬁe%&eéfg?s i dably
mount ed t o springsterinectedrtogameerapiesgionispring ireserisi on force; and 15 a
resili erg menber for biasing the noving elenent in an equilibrium position
relative to the shaft of the notor; wherein the attenuation force opposes

and at | easROparAnadpparateadet attenuategc vibeatichowben eriRirige@ bynd heagond head
in response_to the driving force. 20 21. The apparatus of claim 20,
wher ei n t he®WBPSY"Sf the attenuation actuator is selected fromthe group

consisting of a PARIAGHeCicE® enprétim?esrdrimgfUrc@Mrr@ttﬁé!beﬁelhea@;t or. 22.
The apparatus of claim20 or claim?2l, wherein the resilient nmenber 25
conprises a conpie&EpHatigsy ARyalanMarntedtiBreckhroed relrorgimaittedhe o t he
CONpr €Sy ONgMARg HBvicE oL bbRSrating an AteMRRAGR tdtee fsObst@hfi ' fppr ati on
when driving a £!g)on\cfl head,@ cgrlrlg.g?_iagi ng: 30 a fi?sst séltr%l %iﬁﬁz]@éé{ec\gﬁg}éﬁ%per ative
t o gener at ewdh the genetation efghe griviegdpicen drives the bond head al ong a

first Tinear ax g adudf FERRUBRYCRORG mbtiHilindrd diRarPY isuper ati ve

to generate a secon rivin
element slidably mounted to the shaft for generating the attenuation force;

and
15 a resilient member for biasing the moving element in an equilibrium
position relative to the shaft of the motor;
wherein the attenuation force opposes and at least partially cancels a
reaction force exerted by the bond head in response to the driving force.

20 21. The apparatus of claim 20, wherein the motor of the attenuation
actuator is selected from the group consisting of a pneumatic motor, linear
motor and rotational motor.

22.  The apparatus of claim 20 or claim 21, wherein the resilient member
25 comprises a compression spring and an extension spring connected to the
compression spring in series.

23. An apparatus for aftenuating vibration when driving a bond head,
comprising:

30 a first driving device operative to generate a first driving force which
drives the bond head along a first linear axis;



whi ch drives the bond head along a second linear axis which is
perpendicular to the first linear axis; and first and a second

attenuation actuators respectively nuyged in 5 rets PEBRUARY 20conshi p
with the first and second driving devices, the first and a second

attenuati on actugt b td gﬁ}%r &?P ces
substanti al | coﬁc%??réd;? f'g‘g%ngﬁk? h%ﬁégaeﬁl\@rtgt on r%%ea ? %u{;'a |$‘I§{'Rd;#c58ésecond
driving forwaish divgsitihe perpbead alongmmasiond tneartexisewbichsh pemiendichlar i r st
and second Hiad i : rs each include a 10 linear notor having a
shaft and aﬁr%@i ng I@P%rr@ﬁ%' SlI't dably nmounted to the shaft for generating

the attenuation first casl, aarecande attaotatoonbetyatoesl @spectiveli mounest i at

I t tiall . a.reaction.force exerted by the bond head in
Feaponees t o/ TRIOFTERHG i BEh 1 8/sDRRE aikE BlrinaHevitasenuat i ng-vi br at i on
when driving a bihedfiltadndfa asetone atteridition S@0HoRe, bdiff dprAed &pnprising
the steps of;: gre erating a first driving force to drive the bond head
along a fir8¢n PP%@&?”'@%PE;f°r§@ﬁéf"9§t?ﬁbalgl copedrenthr with e gereration ofir i ve t he

bond head atr@‘fﬁsﬁanoe&c@ﬁa@ﬁdinbife@@&,%mrééﬁééﬂvéﬁfﬁﬁi@&ﬂ%%tb,ar to the
first linear axis; generating first and second attenuation forces

substantial ly cWhews & Ifiystudndh serend)atfepuatiopnaetiatore eachsinclyde aecond
dri Vi N016 Or iRfar MBr iMBvingoS RAGH @ SPRAAN] LRMIISTAGY MbFel fo tha1e i rst
and second attenuation fOrces are generated by respective I near
mot or s, eachahiegeneraheg theymitenuation frjces; canshare leiadaltopnfigotedt ant t o t he
attenuati ng poyaned S B0l bERURY caRod ¥ FeRtofibrek Brerieity, B 6SHE 3,
| east parti beéadinceapensetodpediiving foreesti on force exerted by the bond head
in response to the first and second driving forces.
15 24, A method for attenuating vibration when driving a bond head of a wire
bonding machine, the method comprising the steps of:
generating a first driving force to drive the bond head along a first
linear axis,
generating a second driving force to drive the bond head along a
20  second linear axis which is perpendicular to the first linear axis;
generating first and second attenuation forces substantially
concurrently with the generation of the first and second driving forces, and in
respective opposition thereto, wherein:
the first and second attenuation forces are generated by respective
25 linear motors, each having a shaft and a moving element slidably mounted to
the shaft for generating the attenuation forces; and
the first and second attenuating forces are so directed, and of such a
magnitude as to at least partially cancel respective reaction force exerted by

the bond head in response to the first and second driving forces.





