-1- PASSI VE DAMPI NG OF VI BRATIONS I N A SUPPORT STRUCTURE 5 FIELD OF

| NVENTI ON This invention relates to a nmethod and an apparatus for reducing
or danpi ng nechanical vibrations by passive neans. 10 BACKGROUND The

i nvention has application to the reductjon of vibrations in nmechanical
conponents that undergo accel eration im'use, for exanpl e in the nmechani cal
1s positioning of a process head in different directions in the manufacture
of sem conductor devices where high accuracy is required. One such

manuf acturi ng process i s w,re_honding her e chine nmoves a wire bonding
head in orthogonal X, Y ang2® F ammed conputer 20

control, to successively posi[N grB@p#'RnghEind electrically connect a

correspondi ng connection points on their associated supporting | ead franes.
I n knows bondhead assenblies, there are many vibration peaks observed in the
25 frequencHELES@BAN¥ENTHGNI on due to various resonances of individual
mechani cal conponents and in the overall system Resonances fromthe
bondhead can pass to an XY table assenbly adapted to nove the bondhead

al ong X- anThiy-iavergion aethtesity & fethodabih@cin hpgarark| fof Madadng oh daadging ul ar,
t he wi rebonder, exhi bjts. man resonances in the Z-axis due to conponents
such as themﬁﬁtﬂﬁ?aé?fi?r%mstﬁéﬂaﬁ'ﬂﬁinﬁea@@‘transducer. These vi brations can
limt ogy;degrade the accuracy or repeatability of the positioning of the
head, and therefore the integrity and reliability of the wire bonds. This
linits the BAGKEBROUMNR ch the wire bondi ng machi ne can be

! The invention has application to the reduction of vibrations in mechanical

components that undergo acceleration in use, for example in the mechanicai
15 positioning of a process head in different directions in the manufacture of
semiconductor devices where high accuracy is required.

One such manufacturing process is wire bonding, where a machine moves a wire
bonding head in orthogonal X, Y and Z directions, under programmed computer
20 control, to succéssiveiy position and then attach and electrically connect a series
of wired connections between contact pads on semiconductor wafers and
corresponding connection points on their associated supporting lead frames.

. In known bondhead assemblies, there are many vibration peaks ohserved in the
' 25 frequency response function due to various resonances of individual mechanical
components and in the overall system. Resonances from the bondhead can pass
to an XY table assembly adapted to move the bondhead along X- and Y-axes, and
adversely affect its performance. In particular, the wirebonder exhibits many
resonances in the Z-axis due to components such as the wireclamp and ultrasonic
30 transducer. These vibrations can limit or degrade the accuracy or repeatability of
the positioning of the head, and therefore the integrity and reliability of the wire
bonds. This limits the speed at which the wire bonding machine can bhe
satisfactorily operated.



satisfactorily operated. -2- SUMVARY OF INVENTION It is an object of the

i nvention to danpen vibrations in a support structure supporting a novable
conponent. 5 In one aspect the invention may be broadly said to be a support
structure having a vibration danper, the vibration danper being provided by
at | east one cavity in the support strtcture, the at | east one cavity being
at least partially filled with a conposite material. 10 In a second aspect
t he i nvent i SUMMARYOHINMENYIGMI d to be a nmethod of danping vibrations in a
support structure, the nmethod including the steps of providing the

structure with one or nore cavities, at least partially filling at |east one

of the cavittisesn whjdtt aofc thep irsichtormed eddarpen Mbriticise il Yuppdit Iseao@es  of

ei ther aspect, the conposite nmaterial includes butyl rubber |oaded with
carbon par t $4APSEINGE MCYRRIBICPMBCRePlespect of either aspect, not nore than 60%
of the weight of the 20 conposite material is carbon particles. Mre
preferably, in respect of either aspect, approximtely 20% of the weight of

t he conposi ineongsasperkineiisvaniiop orayoke biocgiysaip® rr @ seppdst strudturerhasipga  of

ei t her aspe ; | I L4110 - Vi ' ' . i ng
finite el en@%‘%atlgrﬁgﬁb@i%g,tﬁ%%%tidr{’acﬁ]ar{‘% béeﬂfﬂ @V'g% b@‘“ ll%%%?é%‘c%:ﬁt%%si tion
of the suppsuppost stoattunee the tdt leastabne alayity dewry ht hesst qfarfialy cfiled with ngy

t hrough t he structturetF.a]nd the cavity may be |l ocated at a position of the
support st PUBRAVE W EHa r el atively higher |evel of strain.

10
In a second aspect the invention may be broadly said to be a method of damping
¥ vibrations in a support structure, the method including the steps of providing the
structure with one or more cavities, at least partially filing at least one of the
cavities with a composite material.
15
Preferably, in respect of either aspect, the composite material includes butyl
rubber loaded with carbon particles.

Preferably, in respect of either aspect, not more than 60% of the weight of the
20 composite material is carbon particles.

More preferably, in respect of either aspect, approximately 20% of the weight of
the composite material is carbon particles.

25 Preferably, in respect of either aspect, a suitabie position for the cavity is
determinable using finite element analysis, such that the cavity may be located at
a position of the support structure with relatively fewer lines of force flowing
through the structure, and the cavity may be located at a position of the support
structure with a relatively higher level of strain.

30
Preferably, in respect of either aspect, the composite material is bonded to the
cavity walls.



30 Preferably, in respect of either aspect, the conposite material is bonded
to the cavity walls. -3- Mire preferably, in respect of either aspect, the
conposite material is bonded to the cavity walls by an adhesive nmaterial.
Alternatively, in respect of either aspect, the cavity walls are provided
with a s surface texture and the conpo§rte material is bonded to the cavity
wal | s by engaging the surface texture on the cavity walls. Preferably, in

respect of gidré@refembhttin rédprchbf bitRsitaspael, @Y tdMpdsiteCRRIal B! Borfdebiltgd Wi th
the conposite material. 10 Preferably, in respect of either aspect, the at

| east one clif ¢3Vity walls Oyanadhesiye maeali n  the support structure.

Preferably, in respect of either aspect, the at |east one cavity is a
drilled hole in the is support structure. Preferably, in respect of either
aspect, theAlernadively, theespeel of sitbemaspgmintheavhvily. walls eferpabviged iwithr aspect

of either a a t o\ 1s.fil Lth_a_ 2 ite
material °t hggﬁ{iése ft%@:{e t‘é?ﬂéﬁ ﬁgsm%%goyﬁﬁ?n@rg?églgr Igr g&hgg%% h@ﬁ ?ar@grﬁglgﬁ‘p :git o the
respecti ve eagagding tHer sirtacaliéxtura on thesjaeityt walls.ei t her aspect, the conposite
material is injected in a fluent state into the at |east one cavity which
acts as a nould to formthe shape of the 25 conposite material which

sol i di fi es iPrefefdblyaN iréspecPorbmticrdgpect, thd 8ERASE oM calityhierconsiiaely. filkBe at
| east one cavi t?;?l s provided with a vent aperture allow ng the escape of

ai r from t haited0e comaasiteygatenali nj ection or insertion of the conposite
material,into the cavity. 30

Preferably, in respect of either aspect, the at least one cavity is a cylindrical hole in
i the support structure.

Preferably, in respect of either aspect, the at least one cavity is a drilled hole in the
15 support structure.

Preferably, in respect of either aspect, the at least one cavity is an open cavity.

Preferably, in respect of either aspect, the at least one cavity is filled with a
20 composite material that is first cast as a cylindrical rod and then inserted into the
respective cavity.

Preferably, in respect of either aspect, the composite material is injected in a fluent
state into the at least one cavity which acts as a mould to form the shape of the
25 composite material which solidifies in the cavity.

Preferably, in respect of either aspect, the at least one cavity is provided with a
vent aperture allowing the escape of air from the cavity during the injection or
insertion of the composite material into the cavity.

30
Preferably, in respect of either aspect, the support structure is a wirebonder
bracket.



Preferably, in respect of either aspect, the support structure is a

W rebonder bracket. -4- The invention may further be said to consist in any
alternative conbination of parts or features nentioned herein or shown in

t he acconpanyi ng drawi ngs. Known equivalents of these parts or features

whi ch are not expressly set out are ne¢erthel ess deened to be included. 5
BRI EF DESCRI PTI ON OF DRAW NGS Preferred fornms, systens and net hods of

perform ng #H?M\léﬁﬁ@ﬁh‘%@fﬁ’l\'tﬂ\ér btéesdcldeot&stmtﬁ? élté‘?ﬁatWett{?nﬂﬁﬁeﬁfo‘ﬁ’Uf aftg the

acconpanyi ng ures way of exanpl e 0o Wt I nt en I'ng to be
limting, wlefes wesnngmtmw *ﬁﬁ@'ﬂsmashmrsp'ethel gecompanying dravingsheKdowssenbl y
of awre i S¢ By S el CLLV i ifiled form
of awre boﬁ@ggén omjﬁ’é %ra ﬁ%kée]f gr\gﬁgﬁ %}gwg' Oiell esﬁ/aeceéfsgl 3'\§/{a{6m)r$r%f t he
bondhead br aekethetdsskiegurea ta be nha:lodkedag in the direction of arrow A of Figure
2, 20 Figure 4 shows a rearward end el evation of the bondhead bracket of

Fi gure , looking in the direction of arrow B in Figure 2, Figure 5 shows a

Cross-sect i pREF BESCRIPFINONIOE bRAWINIBSad bracket, taken 25 |ooking down at
line X-X' of Figure 3, and Figure 6 shows a front end el evation of the

bondhead bracket of Figure 3 wth representations of |lines of force passing
through thepl@sk8ormi0 systems and methods of performing the invention will be further

described with reference to the accompanying figures by way of example only and
10 without intending to be limiting, wherein;

Figure 1 shows a perspective view of a bondhead assembly of a wire
bonder,

15 Figure 2 shows a perspective view of a simplified form of a wire bonder
bondhead bracket,

Figure 3 shows a side elevation of the bondhead bracket of Figure 2,
looking in the direction of arrow A of Figure 2,

20
Figure 4 shows a rearward end elevation of the bondhead bracket of Figure
3, looking in the direction of arrow B in Figure 2,
Figure 5 shows a cross-sectional pian view of the bondhead bracket, taken
25 looking down at line X-X of Figure 3, and

Figure 8 shows a front end elevation of the bondhead bracket of Figure 3
with representations of lines of force passing through the bracket.

30



DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENT(S) The invention will be
descri bed by reference to a wi rebonder having a bondhead 5 noveable in

t hree orthogonal axes under programmed conputer control. As noted above
wi rebonders are used to nmake wired el ectrical connections between contact
pads on seni conductor wafers and correspondi ng connection points on

associ ated supporting |l ead franmes. Because of the many resonances appearing
in the Z-axis of the w rebonder, the final accuracy of wire bonding can be
i nproved 0 by danping vibrations in the bondhead or Z-axis assenbly.

Fi gure 1 shBRIAH-Bfe IPTEON; Qi PREFERRER EMBOBIMENE(S) 10 of a wire
bonder. The bondhead assenbly 10 includes a support bracket 1 that is
affixed to a support base 17 by screws 16. There are a variety of
conponent s hoaimvedtionwil U6 deberitedpporaferbnee ked wirebiondénlhving a bondkéead

carriage_which por an .yl trasoni transducer 11 for performng
ul trasont c W@Kﬁg,'ﬁéh(?ﬁer grtﬁ?iqﬂ??gggntmc{gr PIOYEMeE CORwY Wg"ﬂkﬁ-e A% the
bondi ng si t gotet ibave wirebohdert adlé seBa G Make Wil électicaVdodBectRIredetivéad spar ks

required duri ng wi re bonding. A canmera 13 nounted on top of  the support
bracket 1 efRBAdPads ghspaiGNdpeton AR andneriTassending COHRestaN aoigsren 20

bondi ng pr ogee3iate sigpibrtild RAISRINE. éécﬁJs%chfrtﬁ@inﬁﬁy tes BN dbobhifingondi ng
process. Figure 2 shows a perspective view of a sinplified formof awre
bonder bondindbe Z-dvisekibe witaponder, thenfinas agpoacy ¢frvdtskleending earche mprdverh an XY

table and s S a7 axi | ZV\Q '!- rts wwre clanping 12 and
bondi nglgl a Qé’@%ﬁ@ﬁgp&%'ﬂﬁpébﬁﬁaﬁggﬁ%ﬁ S sl%%%sseggﬁg canera 13, as descri bed
above. The bracket 1, which is machined froma single piece of netal such as

| umi ni i nj | Loy, . h b f : i de 3
Sctend 30 BELREAZNEE 2 PSPruE e BLa poiteas Sl 10T AOwP BrnE <
rei nforced Phe ddpdhéadlassémBROlMendingesdut suppdrebratketThahats affited ftbadges are

joined at their distal_ends by a top plate 5 which is cantil evered at one
end 6 to exBURRPTrRASKAlIPY SE@WSHLE. ¢ here are a variety of components mounted onto

15 the support bracket 1, including a Z axis carriage which supports an uitrasonic
transducer 11 for performing ultrasonic bonding, a wire clamp assembly 12 to feed
bonding wire to the bonding site and a electrical discharge arm 14 to provide
electrical sparks required during wire bonding. A camera 13 mounted on top of
the support bracket 1 enables an operator to manually monitor and control a wire

20 bonding process. An induction sensor 15 electronically monitors the bonding
process.

Figure 2 shows a perspective view of a simplified form of a wire bonder bondhead
bracket. In use, the support bracket 1 is carried on an XY table and supports a Z

25  axis carriage which supports wire clamping 12 and bonding 11 assemblies or other
components such as a camera 13, as described above.

The bracket 1, which is machined from a single piece of metal such as aluminium
or an aluminium alloy, has a base flange 2. Two side flanges 3 extend
30  perpendicularly from the base flange 2. Each side flange is reinforced by a pair of
strengthening buttresses 4. The two side flanges are joined at their distal ends by
a top plate 5 which is cantilevered at one end 6 to extend forwardly beyond the

base flange.



base flange. -6- Holes 7, seen end-on in the cross-sectional plan view of
Figure 5, and shown by broken lines in the side and end el evati ons of
Figures 3 and 4, are drilled in each side flange 3 fromthe underside of
the base flange 2. 5 Holes 8, seen end-on in the rearward view of Figure 4,
and shown by broken lines in the side-8lrevation of Figure 3, are drilled
into the top plate 5 fromits rearward end. The holes 7, 8 are filled with

a rubber copRei7,isedn (@hators hpm)crog'di@ed@tbﬁél%lé@dlew 6f FIQUROS| AP Bhdven By but vl
rubber | oaded with carbon particles. is known for such brackets to be

provi ded wi PFPkeNdReR Hl Hhe si aB@@@Pl%@t'Q%QEF'QUf% ¥ 888 de arhdrilladdaieachwei ght

and thus '”Bi'i:l@‘ﬂ%né@@fﬁﬂﬁ% @iderbibe br iasaskmahgader can be effectively
operat ed. Where stch holes are present, It 1s"convenient to add is the

rubber conposition to these holes. In one enbodlnent of the invention, the

addi tion_of r | yi.pi um

| ncreasecsi tﬁ'é‘b\%effé%?ﬁgﬁmﬂs‘?%t%@y di%%)% ﬁ'?%ﬁ@g%fgg%%},?enﬁﬁggadded
wei ght of t retheuditie elevatipiosf Figune eaard)dnlm mtmrrqhertsatpdaaie Safrohatsrearwarpart, by
manuf act ur i nﬁ the bracket froma lighter material, for exanple, an

al umi ni um | €0%i um al | oy in the enbodinment cited. In cases where there are no

sui tabl e hol es already provided, holes can be provided expressly for the
pur pose of acconnodatlng t he rubber conposition. 25 The holes can be

provi ded by 1BBy0ies { aBl e filedoMth B JubRSIFAMROSEPNGOL Shawn). SEhe aefe™edcat i ons
for the ol %amggaﬁt.&%.sps sa@%swhesﬁe&wm@a jgamcﬁe% el ement analysis to
of t l'ed c

predi ct the danpi ng behavi our Ities on the bracket. In
particular, locations are sought which have relatively fewer |ines of force

assing thr | r e h
IPl nes of forl@ggho‘&g%spt?u&@t%?b tgfoc ?‘?i’ \i&% ‘E'Figﬁéhr *é‘!’dgs %s ﬁ%\i@ﬁ'%@%@wﬁ 'f ness
I s theref or ¢o rezilice ¢k bfackel weight and thus improve the speed at which the wirebonder
can be effectively operated. Where such holes are present, it is convenient to add
15 the rubber composition to these holes.

In one embodiment of the invention, the addition of the rubber composition to a
bracket machined from aluminium increased the weight of the bracket by about
10%. If necessary, the added weight of the rubbér composition can be
20 compensated, at least in part, by manufacturing the bracket from a lighter material,

for example, an aluminium-iithium alloy in the embodiment cited.

In cases where there are no suitable holes already provided, holes can be
provided expressly for the purpose of accommodating the rubber composition.
25 The holes can be provided by any suitable method, for example by drilling.
Suitable locations for the holes may be pre-determined by using finite element
analysis to predict the damping behaviour of the filled cavities on the bracket. In
particular, locations are sought which have relatively fewer lines of force passing
through them. This is because where there is a high density of lines of forces,
30 structural stiffness is required. Structural stiffness is therefore reduced if holes are
made in the structure where there is a relatively higher density of lines of force.



made in the structure where there is a relatively higher density of |ines of
force. -7- Furthernore, locations are al so sought where higher stress is
expected to be encountered. Such |ocations would be nost susceptible to
danping. Finite el enent analysis may be.perfornmed using
commerci al | y-avail abl e conputer- s aidéa'tools such as ANSYSTM and ABAQUSTM
It is preferred that |ocations having the aforenentioned characteristics
are found bEtdhermdie baetiensegreartsof srrughd whepe adgher steess nis sexpebiedetof ket s of
danpi ng. Fi o] head bracket of
Figure 3 w ?Héoﬂn?er?@p@g@l{cg? ?rtosn‘ggg 8§Stsgr§c€pérpte2t%pd% q through t he
bracket 1. Principal areas where forces are generated on the bracket 1 are

the Z axis garriage ortin ts such as the trasonic
tranedaser FME NP ARSI ML bepBl BT USER qorHE Celb AP FORALS- 18 of
the caneta 3dedTid6lsZs@e asCANEYEHE dng KBHWW Ot r%hﬁreharn%akﬁ{at ]Ioébﬁo%a“ ngs
19. Lines of force 20 originating fromthe centre of 15 gravity 18 of the

canera 13 ahavipg g afgeemen rﬂnedfCBara&teu@tm‘garﬁH@unﬁbbﬁ@&thed:é%e‘r peaifospede. The
lines of fo gﬁs%@n%&ﬁmts% Eﬁéc@&&mﬁ h t he bracket 1 down thr ough t he
I XI ng the bracket

screws 16 a ltot support base 17. As shown in Figure
6, the cavities 7 are preferably formed in a | ocation where the primary

| ocati ons af U Per A B St AR Roch e RIEHERT brakel & PSS Wiacker

t he rubher axpmmtatiom ofslinessdf forvet fessingr thirafghcthki irdeketal.  Principavéead are
then i nsert%?] o the Cé| [ ndrr cal _holes in the bracket. 25 In another
enmbodi nent IHefre ated; Phthesbragiet o penthRot PYIE LATIFAS(SLPPPTHNG he

cavities. | Boﬁ‘erﬁerﬁ@%@rchtd@thb%@ﬁon‘?@ffﬁﬁ%u&épﬁﬂ i 2hdi Wire Gladth assémbiyUizg powder
Into the cavities and cured in the cavities. The cavities are preferably

provi ded w 8nd tecentes ebomanidy 1819bite Famenae! I Be ésaxis eagriage is mounted to
the bracket 1 by bearings 19. Lines of force 20 originating from the centre of

15 gravity 18 of the camera 13 and bearings 19 are found using the methods
described above. The lines of force 20 are transmitted through the bracket 1 down
through the screws 16 affixing the bracket 1 to the support base 17. As shown in
Figure 6, the cavities 7 are preferably formed in a location where the primary lines
of force 20 are avoided.

20
In one embodiment, after suitable locations are determined and cylindrical holes
are formed in the bracket, the rubber compasition is cast in the form of cylindrical
rods which are then inserted into the cylindrical holes in the bracket.

25 In another embodiment, the rubber composition is injection moulded directly in the
cavities. In this case, the rubber composition is injected as a fluid powder into the
cavities and cured in the cavities.

The cavities are preferably provided with vent holes (not shown in the Figures), for
30 exampie at the blind ends of the cavities, to allow air to escape during introduction
of the rubber composition into the cavities. By allowing for the escape of air from
the cavities, the rubber composition may be introduced smoothly and with little
tikelihood of air pockets remaining. As explained betow, air pockets degrade the



30 exanple at the blind ends of the cavities, to allow air to escape during
I ntroduction of the rubber conposition into the cavities. By allow ng for
the escape of air from the cavities, the rubber conposition nay be

i ntroduced snoothly and with little |I|ikelihood of air pockets remaining. As
expl ai ned bel ow, air pockets degrade th&--8- danping perfornmance. \Wen

| oading the cavities by injection of a fluent conposite nmaterial, the

appearance ghblif SRRBARAICE, MeiHchalodhile! 1 UBL | BF nkEln pl 8onsgn De

used as an indica hat the cavities are substan and  t hat
furt her injeempositeofnatenabr ihgl apraararcesef e Toropostyr saterfal \extiingt fram thenpi ng

compos t1 onveitiPiescHh b ked 28R e B M Lavideh ard B e Bl AN T B0 Lo g
an adhesi vethab furthed irtjéetiooas materitd cho cese. wal | s of the cavities in the

bracket. 10 Inprovenent in the bond between conposition and bracket, and the
resulting danping, can al so be enhanced by cleaning the cavity walls, for

exanpl e by TREafgeed bPABIlion Vampiig RSddPetd¥MSibondthe lifteffaBBNBorKbalgeeAr Ot her
surface contam nants. 15 |Inprovenent in the bond between conposition and

bracket, anih& REckelsanq fegrubBanEPRRosiah dheHopd. anthiirceedrBy Prddmmrinty t he
cavity wal |l gt %é;eﬁhéﬁﬁeﬁadyeusiﬁﬁéh dResibY t6 BHAG R E?Sttraﬁs o' tHeARSlIs H0hgexanpl e

by et chi ng, formng 'screw threads or other formations on the cavity
wal | s. The rcaylies indbepoadket. on engages 20 the surface texture or formations
to rrechggi cally couple nore intimately with the bracket and thus provide an
enhanced danping effect. Air gaps or voids in the rubber conposition degrade
t he danpi nglrapfozemehy in the bond between composition and bracket, and the resulting

(¢ damping, can also be enhanced by cleaning the cavity walls, for example by
plasma cleaning or ultrasonic washing, to remove oxides or other surface
contaminants.

15
Improvement in the bond between composition and bracket, and the resulting
damping, can also be enhanced by providing the cavity walls with a surface
texture, by roughening the surface, for example by etching, or by forming screw
threads or other formations on the cavity walls. The rubber composition engages
20 the surface texture or formations to mechanically couple more intimately with the

bracket and thus provide an enhanced damping effect.

Air gaps or voids in the rubber composition degrade the damping effect by
reducing the mechanical coupling between the bracket and the total mass of the

25 rubber composition. In particular, air gaps or voids between the bracket and the
cavity walls degrade the damping effect.

A preferred rubber composition is butyl rubber loaded with carbon particles. In
one embodiment, 60% of the weight of the composite material is provided by the
30 carbon particles. In a preferred embodiment 20% of the weight of the composite

material is provided by the carbon particles.

The cavities may be partially filled but are preferably completely filled.



reduci ng the mechani cal coupling between the bracket and the total mass of
the 25 rubber conposition. In particular, air gaps or voids between the
bracket and the cavity walls degrade the danping effect. A preferred rubber
conposition is butyl rubber |oaded with carbon particles. In one
enbodi nent, 60% of the weight of the cofiposite material is provided by the
30 carbon particles. In a preferred enbodi nent 20% of the wei ght of the
conposite material is provided by the carbon particles. The cavities may be
partially filled but are preferably conpletely filled. -9- Inprovenents of
up to 50% i hnprremantsiafgiroto 4% riathe dempingeofodienations hae beerbyalidatekby t ests
on the bond LARE . ) i 1 he
It ude- P OGRS Sf e, Btk R BRREERNS brodBRshis AsBL BE SBpedhadd (01 1 v
5 wi r ebondethet arhpléuddireqaenmy mipts havabeemshown bhsineewdiepddstb oatke full XY
vi brations ori giqn)dat i&g in the Z-axis assenbly are danpened before being
transnit t ed "SAPQWE A8y table, thus inproving the final positioning
accuracy and reducing the settling tinme of vibrations io0o of the wire
bonder. The foregoing describes the invention including a preferred .
embodi ment B &lBEHING Wharatiang i tekandperd Brackely vibrations epgeating in tha4-a¥at i ons
and nodi fi cagLigngy &% Wahbendt® RRAEOHSING OrdriATRed dr k& tnk Nxy NEwR tin ar e
i nt ended tog%)ée |_n¥:orporat Egnév}\ft hin til?:e éi S scopeé her eof as de%ib%'re'd t'h the
acconpanyi nimprogingsghe find-positioning.aceuragy and hedticsg thaspiting Umechvibmionsn a
support str r d for supporting a conmponent which is drivable to
move in ‘Bt #gg.'%tﬁ(r)eﬁg&g]fe?‘ecti on during 5 use, and is subject to vibration in
the at least one direction of such novenent due to forces transmitted
;t hrough t heTﬁgpfgperg%in%tééJs%tri crase ’thes Pn%gntfié)nr %%Fud?negl Q gprgI e?rteale?ntoe |m|eer thereof

which is described by way of example only. Alterations and modifications, as will

be obvious to those skilled in the art, are intended to be incorporated within the

15 scope hereof as defined in the accompanying claims.



t he support structure in regions of high force density and regi ons of
relatively lower force density, the nethod including the steps of:

providing a carriage nmechanismto the support structure operable to nove 10
and position the conponent during use; providing a cavity in the support
structure; positioning the cavity entifglLy within a portion of the support
structure which experiences a relatively |lower density of transmtted
forces than other regions; and at least partially filling the cavity with a
conposi t eChAMMSi al . 15 2. A nethod of danping vibrations as claimed in claim
1, wherein the conposite material includes butyl rubber |oaded wi th carbon
particles. 3. A nethod of danping vibrations as clained in claim1 or claim

2, wherein 20Anetethod e of dampidy afbratiensvanglat sappbhestracwesi a¢aptetiefdral i s
carbon particles. 4. A nethod of danping vibrations as clainmed in any one of
the prece8UPRPIRY & FRMPARRAtaVhich D dryabIgtte| Moyedn 8t laass oneidifection duriag

conposjte terial.li I .part Lcl : '

Vi br at% onggg’sﬁﬁ %i %bzecl:tﬁggﬁ@% 8@@ “J(&)#h%t %Zlesg‘fg%rg%gﬁsgﬁ%ﬁ@fﬁ@éh &@%h@?‘t |dH(e, | udi ng
the step @ fledetrahsthit@dahagih thesupportiditictdel sichfirbes beifigtdistriBLRIERt
analysis. 30 6. A nethod of danping vibrations as clainmed in any one of the

pr ecedi ngthecsupneast stiuatves in repions fascerdensitiuand segionsl ofi ralativehe lovari t y
wal I's. -12- 7. : i ' iops as clainmed in claim6, wherein
conposi te}0’%98%@?&5&?@%%ﬁﬂ@ﬁ%&ﬁ%@%@%?ﬁm| I's by an adhesive naterial.
8. A nmethod of pevidih§@ ¥arliagki reshatisml toi theuppofl stribtlreObpéraBidto’ moveer ei n
5 the cavity walls are provided with a surface texture and the conposite
mat er ilé&l @pd position the component during use;
providing a cavity in the support structure;
positioning the cavity entirely within a portion of the support structure which
experiences a relatively lower density of transmitted forces than other regions; and
at least partially filling the cavity with a composite material.
15
2. A method of damping vibrations as claimed in claim 1, wherein the

composite material includes butyl rubber loaded with carbon particles.

3. A method of damping vibrations as claimed in claim 1 or claim 2, wherein

20  not more than 60% of the weight of the composite material is carbon particles.

4. A method of damping vibrations as claimed in any one of the preceding
claims, wherein approximately 20% of the weight of the composite material is

carbon particles.

25
5. A method of damping vibrations as claimed in any one of the preceding
claims, further including the step of determining a position for the cavity using finite
element analysis.

30 6. A method of damping vibrations as claimed in any one of the preceding

claims, wherein the composite material is bonded to the cavity walls.



bonded to the cavity walls by engaging the surface texture on the cavity
walls. 9. A nethod of danping vibrations as clainmed in any one of the
preceding clains, wherein the cavity is conpletely filled with the
conposite material. 10 10. A nethod of danpi ng vibrations as clainmed in any
one of the preceding clains, wherein_yhe cavity is a substantially
cylindrical hole in the support structure. 15 11. A nethod of danpi ng
vibrations as clainmed in any one of the preceding clains, wherein the
cavity is7a drAlmethasopbdampinigevibratinnst as claimedrie claim 6 Awherdin tootpasitepi ng

cavi ty +smao i biEGed (b PReRAT elmallaR e trnEhal o7 at 'ons ae o ai med

in any one of the preceding clains, wherein the cavity is filled with a
conposite material that is first cast as a substantially cylindrical rod
and t hen Bnser femethuidoot dampingoeibratianscas ictajmed 3n laima6 gt ¢laitn G mdmn@mng

b f th di
bompost ¢ eyt atd PR Rifca biitaft FEflierdh fod chinoSE Rl B act s
as a nol dbbﬁdé&fdnhmea pwusoé y ENGadifgans éﬁr%é@ie%dr@'oﬁ"ﬂﬁb%vﬁ?'ﬂéﬂbf'es in

the cavity. 30 15. hod of danplng vibrations as clainmed in any one of
t he precedlng clalns wherein the support structure is a w rebonder

bracket . 6, t n_an .0of the precedin cl.ai ns,
wherein t He ca?h W%QEO?E@R'B%W@W%PW lé ﬁ?t'"s&l%%g g Rﬁ'ﬁ
exper i encegifs WaERIn ﬂﬁ%’t%wi‘}fls%bﬁﬁ@(el ﬁ@H'WtiW&éé&ﬁb@Qt@%fgna‘i’f the
conmponent t han anot her regi on 7. An apparatus conprising: a support
structior e;
10. A method of damping vibrations as claimed in any one of the preceding
claims, wherein the cavity is a substantially cylindrical hole in the support

structure.

15 11. A method of damping vibrations as claimed in any one of the preceding

claims, wherein the cavity is a drilled hole in the support structure.

12. A method of damping vibrations as claimed in any one of the preceding
claims, wherein the cavity is an open cavity.

20
13. A method of damping vibrations as claimed in any one of the preceding
claims, wherein the cavity is filled with a composite material that is first cast as a

substantially cylindrical rod and then inserted into the respective cavity.

25 14, A method of damping vibrations as claimed in any one of the preceding
claims, wherein the composite material is injected in a fluent state into the cavity
which acts as a mold to form the shape of the composite material which solidifies

in the cavity.

30 15, A method of damping vibrations as claimed in any one of the preceding

ciaims, wherein the support structure is a wirebonder bracket.



a conponent nounted on the support structure; a carriage nechani sm nounted
to the support structure for noving and positioning the conponent, io
wherein the carriage mechanismis operable to nove the conponent in at

| east one direction during use, and the conponent is subject to vibration in
the at |east one direction of such npyenent due to forces transmtted

t hrough the support structure, such forces being distributed in the support
structure in regions of high 15 force density and regions of relatively

| oner ford€. deAgnethodaagiclaimedimanyeneatjee pregedingideimg, whenein thencavityt he

i | h ' i on. i ng. h i i
danper coliplh &iregRR b it Rblcibly BB Shnisies 4 hne JRedf diesdly
within a fagmingfomiineledeResf HBMpondrttifdr X6dthet ndensity of
transmtted forces than other |ocations, 20 wherein the cavity is at |east

partially filled wwth a conposite material. 18. An apparatus as clainmed in

claim17, gner%ipn the cavity is in a region of the support structure which
experi%ncé "a gqpé:}ar?té@eqo NSM%ess resul ti ng from novenent of the

conmponent than I iren. 25 19. An apparatus as clainmed in claim17 or
a%‘dbg) ArstfRAIS!

claim 18, wherein the conposite material includes butyl rubber |oaded with

car bon parti cl azonymnent mppdedioosghasuppart strociune;any one of clains 17 to 19,

wh ' t 30 than 60% of th ' f th it terial i
Car bon par | of Bccardgee ARz MolRee i The Pupei, SERRG S for FAMAS 2hck o 20

wher ei n ﬁBQi'ﬁ@ﬁiingﬁhé'c\Sn?dB)ﬁeﬂ{ the weight of the conposite material is carbon
particles. -13- Z2. An apparatus as clainmed in any one of claims 17 to 21,
wher eillh t he powgiherrein thearartiage cdchapisns isleperatile dol moienthef coinpenenteimeatt
anal ysi s. o .
least one direction during use, and
the component is subject to vibration in the at least one direction of such
movement due to forces transmitted through the support structure,
such forces being distributed in the support structure in regions of high
15 force density and regions of relatively lower force density; and
a vibration damper for reducing vibration in the component in at least the
one direction during such use, the vibration damper comprising a cavity in the
support structure positioned entirely within a location which experiences a
relatively lower density of transmitted forces than other locations,

20 wherein the cavity is at least partially filled with a composite material.

18.  An apparatus as claimed in claim 17, wherein the cavity is in a region of the
support structure which experiences a higher level of stress resulting from
movement of the component than another region.

25
19.  An apparatus as claimed in claim 17 or claim 18, wherein the composite

material includes butyl rubber loaded with carbon particles.

20. An apparatus as claimed in any one of claims 17 to 19, wherein not more

30 than 60% of the weight of the composite material is carbon particles.

21. An apparatus as claimed in any one of claims 17 to 20, wherein

approximately 20% of the weight of the composite material is carbon particles.



5 23. An apparatus as clainmed in any one of clains 17 to 22, wherein the
conposite material is bonded to the cavity walls. 24. An apparatus as
claimed in claim23, wherein the conposite material is bonded to the cavity
wal I s by an adhesive material. 10 25. An apparatus as claimed in claim23 or
claim 24, wherein the cavity walls are3provided with a surface texture and
the conposite nmaterial is bonded to the <cavity walls by engaging the
surface texture on the cavity walls. is 26. An apparatus as clainmed in any
one of claims 17 to 25; wherein the cavity is conpletely filled with the

Conposi t ey5at ehhaalg\?a%gtus% éQuP@é’ch‘fn”ﬁn bﬁlélgﬁﬁ (]'?té‘ ré’E tﬁ{e%o@ﬁuow to

26, wherel'n the cavity Is stantlal rica support

st ruct ur efor2Re 28vityAis dgtpaniatd usirgy finikd elerhdnt aaalysiane of cI al ms 17 to 27,
wherein the cavity is a drilled hole in the support structure. 29. An
apparatus as clainmed in any one of clainms 17 to 28, wherein the cavity is

25 an ppeRacavipt.y PRA; Siqa | ai
29, vvhge)re?% th}g\hcgeﬁ%t@ a%f ?ﬁﬁrﬂ%H k %ng %ﬁoénﬁsél"l 7g?‘?aﬁ ﬁ%?l‘ tf?.'l rst
cast as acompebiamatelial ispbhaed te e d:awity\@ail%.then |nserted into the

respective cavity. 30 31. An apparatus as clained in any one of clains 17 to
30, wherein the conposite material is injected in a fluent state into the

whi on”sol PA1 11 80 PEPRALE S b T CIR 28 Rk 18 CBMBRSH BFRHALE) one
of cl ai s bdrdéd tdthe vdwatyavdllsttiiean ddnesive nsdtetgk ure is a w rebonder bracket.
10
25. An apparatus as claimed in claim 23 or claim 24, wherein the cavity walls
are provided with a surface texture and the composite material is bonded to the
cavity walls by engaging the surface texture on the cavity walls.

15 26. An apparatus as claimed in any one of claims 17 to 25; wherein the cavity is

completely filled with the composite material.

27.  An apparatus as claimed in any one of claims 17 to 26, wherein the cavity is
a substantially cylindrical hole in the support structure.

20
28.  An apparatus as claimed in any one of claims 17 to 27, wherein the cavity is

a drilled hole in the support structure.

29.  An apparatus as claimed in any one of claims 17 to 28, wherein the cavity is

25  an open cavity.

30. An apparatus as claimed in any one of claims 17 to 29, wherein the cavity is
filled with a composite material that is first cast as a substantially cylindrical rod
and then inserted into the respective cavity.

30
31. An apparatus as claimed in any one of claims 17 to 30, wherein the
composite material is injected in a fluent state into the cavity which acts as a mold

to form the shape of the composite material which solidifies in the cavity.



5 33. A nethod of danmping vibrations in a support structure adapted for
supporting a conponent which noves in at |east one direction during use of
the conponent, and is subject to vibration in the at | east one direction of
such novenent, the nmethod including the steps of: providing a carriage
mechani smto the support structure opefghle to nove io and position the
conponent during use; providing a cavity in the support structure positioned
entirely within a region of the support structure which experiences a
relatively higher level of stress than other regions when a conponent

nmount ed oR,the,su r tru e, hove rEng; of,4the co nent nd at

| east par 3?‘al I eﬁf%%ir%tagtaﬁe&%@{\ﬁq &'ﬂ Wfﬂrq%otff%%gﬁ? eto 3113 Eﬁﬁﬁﬁs”@HPﬁA

met hod of slgemrd @ & WireBbh@sYShraBkét, Wi r ebonder bracket adapted for supporting
a bondhead which noves in at |east one direction during its use, and is

subject to vibration in the at | east one direction of such novenent due to
forces_20,Lrangm t throuwagh the wire bonder. bracket. . such forces being
distri but gg in ﬁ'éétﬁaﬁjrgf b %nggby\égcfﬁﬁ?r_‘ﬁ Hnr@gisblﬂgoﬁf SHPB re 0?%@%8gn§qrt y and
regi ons ofupsdrihe \Ebymbenent whRhcmodessh tar 1Ieé§1%r¥€3Hﬁ@éﬁdﬁ‘8hﬁhﬁ’g R@etdrehat eps

of : providing a Carriage nechanismto the wire bonder bracket™ operable to
move and pomipohent, targ horslibject ttunvibigtiondn the pt deasti ngeadiréatiost obrseichbavi ty

in the wire bonder, bracket .pgsi,tiqped,entirely wthin a region of the wire
bonder b TIYEM&IN; 7 TBRBEH ARA0OINESERS iy | ower 1 evel of transmitted
forces flow ngpidiidifg a'tarfiaBe tHEENAHISHKS! the HSfudte Sbsrapleitfinfiivel €ast
partially fill Png tﬁg cavi t?/ wth a conposi [%Jbﬁgteri% . -15- 35. An ©

appar at us and pesitionribe campappot dugng us¢ur e adapted for supporting a conponent
whi ch noves in_at . . o " . s .
providing a cavity in the support structure positioned entirely within a region
of the support structure which experiences a relatively higher level of stress than
other regions when a component mounted on the support structure moves during
use of the component, and at least partially filling the cavity with a composite

15  material.

34. A method of damping vibrations in a wirebonder bracket adapted for
supporting a bondhead which moves in at least one direction during its use, and is
subject to vibration in the at least one direction of such movement due to forces

20  transmitted through the wire bonder bracket, such forces being distributed in the
wire bonder bracket in regions of high force density and regions of relatively lower
force density, the method including the steps of:

providing a carriage mechanism to the wire bonder bracket operable to
move and position the bondhead during use;

25 providing at least one cavity in the wire bonder bracket positioned entirely
within a region of the wire bonder bracket which experiences a relatively lower
level of transmitted forces flowing in the wire bonder bracket than other regions;
and

at least partially filiing the cavity with a composite material.



| east one direction during use, and is subject to vibration in the at | east
one direction of such novenent; 5 a carriage nechani smnounted to the
support structure for noving the conponent, wherein the support structure

i ncludes a vibration danper, the vibration danper being provided by a
cavity in the support structure positiqged entirely wthin a location
experiencing a relatively higher level of stress than at other io |ocations
resulting fromforces transmtted froma conponent nounted thereon when the
conponent 3doveSnd@pparfussemurséndgavi ty being at |east partially filled with

It tal ., 36. A .1 Si . 15 . bond
br acket: a bondreREoeT s e FRREE i S iHTENG e oesrant WS reVeaBr oy ¢ ne
bondhead ie%sm_v\ébuﬁeéﬂbr%uhﬁgsasézn@ndiii§ it BUGbPRtidr Tnh YBE . atkRdst Dnaubi ect

to i brat'i on in the at | east one direction of such novenent due to forces
transmi t t digectionr efugichtrnevemeptirt structure, such forces being distributed in

the support 20 _structure in reqgions of high force densi d regio of
relatively | owBr¢8'8pge m88ﬁ§ri"§ ; n%?"@g‘?q iqag%'em% St ﬁ'?fg?a mﬁapﬂgﬁgupport
structurechppofit g the bondhead, and a vibration danper, the vibration
danper conprising a cavity in the 25 w rebonder bracket, the cavity being
posi ti oned entwhetginvihehsupport strattuse nbiudes 2 yieatien aksanper, ehat vibstipnl ower

0t o bk N SolBeAy BB B St weBHohl S
within a location experiencing a relatively higher level of stress than at other
10 locations resulting from forces transmitted from a component mounted thereon
when the component moves during use, the cavity being at least partially filled with

a composite material.

36. An apparatus comprising:
15 a wire bonder bracket;

a bondhead movably supported on the wire bonder bracket whereby the
bondhead is movable in at least one direction during its use, and is subject to
vibration in the at least one direction of such movement due to forces transmitted
through the support structure, such forces being distributed in the support

20  structure in regions of high force density and regions of relatively lower force
density;

a carriage mechanism mounted to the support structure for moving the
bondhead, and

a vibration damper, the vibration damper comprising a cavity in the

25  wirebonder bracket, the cavity being positioned entirely within a iocation which
experiences a relatively lower density of transmitted forces than other locations,

the cavity being at least partially filled with a composite material.



