-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 reduction of vibrations in nechanical
conponents that undergo accel eration in-lse, for exanple in the mechanica

is positioning of a process head in different directions in the manufacture
of semi conductor devices where high accuracy is required. One such

manuf acturing process is w e hondi ng ngre a nachlne noves a wire bonding

head in orthogonal X, Y andPASSIVEDAMRL ed conmputer 20

control, to successively positj@pRa gﬂﬂpbm‘rsmue?b@d electrically connect a
series of wired connections befween contact pads on sem conductor wafers and
correspondi ng connection points on their aSSOC|ated supporting |l ead franes.

I n known bondhead assenblies, there are many vibration peaks observed in the
25 frequencyFIEAEHORINVENTIONON 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- andTMsaineesr)tioandalatesj\t@raGMeynmi bedtani aspgratubofomaedcing or panpirgyl ar,

t he wi rebonder exhi tbs man;& resonances in the Z-axis due to conponents
such as the WP@%W‘% 'éﬂtbonﬁl YRESSNF ("89St r ansducer. These vibrations can
limt orglegrade the accuracy or repeatability of the positioning of the
head, and thﬁﬁ%fféﬁob% integrity and reliability of the wire

The invention has application to the reduction of vibrations in mechanical
components that undergo acceleration in use, for example in the mechanical

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 successively position and then attach and electri'cally 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 observed 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 uitrasonic

30 transducer. These vibrations can {imit 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 be
satisfactorily operated.



bonds. This Iimts the speed at which the wire bonding machi ne can be
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, theé-vibration danmper being provided by
at |l east one cavity in the support structure, the at |east one cavity being

at | east parSUMMARYIOF INVENTIONG conposite material. 10 In a second aspect
the invention may be broadly said to be a nethod of danping vibrations in a
support structure, the nmethod including the steps of providing the

structure Wi fthsofe dbjediDsfetHeaHviehfish t@tddnep?éﬁ vr-b%ﬁdr@' Y af stppdre s&hcthﬁeast one
of the cavities with a conposite nmaterial. |Is Preferably, 1'n respect of

ei t her aspec%upppﬁévgca)m%able@omp@entm i ncl udes butyl rubber |oaded with
carbon pajticles. Preferably, in respect of either aspect, not nore than 60%
of the weight of the 20 conposite material is carbon particles. Mre
preferably, inrpneeaﬁvectth@fin\éﬁ'rﬂihem%ﬂﬁsmoadlarspitbwibﬂaaehgpcﬂt)%mturehmvmgiaght of

t he conposit r I er n p t of
ei t her aspec ggiggﬁj?ﬁ.,gg zh%gr |on@d1:"g et tﬁﬁwgﬁ@r a?ge&\‘%?}r’ﬁ ﬁ%‘ﬂ égﬁ? ng
finite el erresﬂpp@rtat.tymtlsr,e doe hattlbast diee caaiy tbwnlgaat lmast Qaatizdlg filed witpesi tion
of the support structu& e wth relatively fewer lines of force flow ng
composite material.
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.

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 suitable 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.



t hrough the structure, and the cavity may be |ocated at a position of the
support structure with a relatively higher |evel of strain. 30 Preferably,
in respect of either aspect, the conposite material is bonded to the cavity
wal ls. -3- More preferably, in respect of either aspect, the conposite
material is bonded to the cavity walls-by an adhesive material.
Alternatively, in respect of either aspect, the cavity walls are provided

with a 5 SumMors préferbly, en pexpebsr SNEPASPER. TRt &inddsitt SnABRSIad HoRdbdgo cavi ty
wal I s by engagi nq&t he surface texture on the cavity walls. Preferably, in
Fersa 3l

respect of e e Py apipghgsive maderiabne cavity is conpletely filled with
the conposite material. 10 Preferably, in respect of either aspect, the at
| east one cavity is a cylindrical hole in the support structure.
Preferably, Alleinaliyrlstinofesgpethel elgreaspect nibeatavitgawallsoaee provided withaa
drilled holegj h t Pr ef La_r f.either
aspect, the a%ﬁ?égagﬁm%rgeéﬂéﬁégﬁ% ycol?ﬁsd' Ogﬁé (%%ﬁnigja\ssi P éa@é%’rt%ftg? a(%l%@fq&ar*@rggpect
of either asprgaging the surface tetturervs tbavavity wallsfilled with a 20 conposite
material that is first cast as a cylindrical rod and then inserted into the
respective cavity. Preferably, in respect of either aspect, the conposite
material is PrfecibBdin respetl olesither sispée, that at lbhst dre tRAFtis @OMPRAIY fiedhi ch
acts as a m)ul,g to form.the shalpe of the 25 conposite naterial ich
solidifies iWthie eoUpesite matgfidk ably, in respect of either aspect, the at

| east onggcavity is provided with a

Preferably, in respect of either aspect, the at least one cavity is a cylindricat hole in
f 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.



vent aperture allow ng the escape of air fromthe cavity during the
injection or insertion of the conposite material into the cavity. 30
Preferably, in respect of either aspect, the support structure is a

wi rebonder bracket. -4- The invention may further be said to consist in any
al ternative 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 nothExRESRH Mawﬁrt(%yhe% %to%ﬁ?éﬁh%m@%ﬁeﬁ%ﬁ@@% Blngﬁ%r‘lg %{%ﬁ‘d. 5

BRI EF DESCRI PTi ON"OF Preferred forms, 'systens an
per forni ng téfefeptwenmestionsd Ihesin forirshigwn incthe caochmEanying drawisgendeiom t he

accompanyi nGed QRS BY HIRK Bl X RBRED! Wil e | foivekfiguy dlend g Lo be

limting, el n erspectirve view o assenbly
of awre bmwéethelessdéelgadeo Bemwmeda perspective view of a sinplified form
of a wire bonder bondhead bracket, Figure 3 shows a side elevation of the
bondhead bracket of Fi gure 2, |00kl ng in the direction of arrow A of Figure
2, 20 Fi gureBRIEmDESGRIPEHJNVﬁ)FCDRAWINIGSIati on of the bondhead bracket of

Fi gure 3, looking in the direction of arrow B in Figure 2, Figure 5 shows a
cross-sectional plan view of the bondhead bracket, taken 25 |ooking down at

line X-X of pfegtfopms 28¢terns 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,;

t 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 plan view of the bondhead bracket, taken
25 looking down at line X-X' of Figure 3, and

Figure 6 shows a front end elevation of the bondhead bracket of Figure 3
with representations of lines of force passing through the bracket.

30



Figure 6 shows a front end el evation of the bondhead bracket of Figure 3
with representations of |ines of force passing through the bracket. 30 -5-
DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENT(S) The invention will be
described by reference to a wi rebonder having a bondhead s noveable in
three orthogonal axes under progranmed donputer control. As noted above
W rebonders are used to nake wired el ectrical connections between contact
pads on sem conduct or vvafers and correspondi ng connection points on

associ at ed sugggrti ng | ead franes. Because of the many resonances appearing
in the z-axi BESAILEDR BN OF RREFFRREDLEMBQRIMENT(®) r e bondi ng can be
I nproved 10 by danping vibrations in the bondhead or Z-axis assenbly.
Figure 1 shows a perspective view of a bondhead assenbly 10 of a wire
bonder. TheThsinvhetan wiiseabescribed ibyoktedenceatosa pirebondsrawvitg d bbhdheads

affixed t et

corponent’s. BATFARRE i BRREotiodthal ShEY Unhlr R AnRL Bl Tohugl; o
carri age whindted apper wirebonddrs mes osedto nake svredesleddcd! @onpestibas etvgeen

ul trasonic bon in | asse Sé'Pf]?th o fee bonding wire to the

%’ a wre cl agp g

bondi ng si t e"UHRF PGP A} PERILENATELRH YA CRAESBONIRE, iCARNEAPB RAME AN spar ks
required duridigcistddesipportingdead fit@igr! aBdcaule Whties nihytreSortinced Eﬁpéé*ﬂ%or t
bracket 1 enabl es an operator to manually nonitor and control a wire

bondi ng pr ocBdke ZA4xi§ ¢fdhe wirghordaisihe fins! @Cé'(ﬁcrycﬂ’ﬁ g q%dl?ﬁrﬁalnd?%'"’[ﬁﬁ‘é\’%’ondl ng
process. uF 0b/ GarRpRlQTatorSh YREBAdHEaY bPIAls fbsBiny 1 fied form of a wire

bonder bondhead racket. I'n use, the support bracket 1 is carried on an XY
tabl e and supports a Z 25 axis carriage which supports wire clanping 12 and

bondi ng 11 ag61abl SRswSn RrSRcive IBAPHER bSndHER ASeMbiATBLRa e Bndlfscri bed

above.
The bondhead assembly 10 includes a support bracket 1 that is affixed to a

support base 17 by screws 16. There are a variety of components mounted onto
15 the support bracket 1, including a Z axis carriage which supports an ultrasonic
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 enablés 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
compaonents 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 flange2. 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.



The bracket 1, which is machined froma single piece of nmetal such as

alum nium or an alumniumalloy, has a base flange 2. Two side flanges 3
extend 30 perpendicularly fromthe 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 p1%1e 5 which is cantilevered at one
end 6 to extend forwardly beyond the base flange. -6- Holes 7, seen end-on

in the crossHelest7i eaeh eptlan mntﬁavcaifss@egutsr%l 5|anaﬂé\~5d1wgurb>5 afhaQalﬁamml Bynes in
t he side and eF%?I evat ons, of C{:ﬁg res are drilled in each side

flange 3 fr oRFPEER INSRIEY F&éjeo?” S?é’@t'qusa?fd:églﬂ'%@ ) dsarg dridledin 83 on i n

the rearvar dsiyé aungy 3 Foeiihe uhderiid SitBdBadyfdigeken lines in the side
el evation of Figure 3, are drilled into the top plate 5 fromits rearward

end. The holes 7, 8 are filled with a rubber conposition (not shown). The

preferreds 'FIoI%Q'EpQééﬁ bﬁ@ohsnﬁnewamaraﬁ%f hﬁ Suchaq?t# @P&ggéﬂfﬁ%e

is known fTor such brackets to be provi ScCri

above, to rlédheéildehéleb@tmfk@ftFlweg%tafarttﬂl”e%uﬁo|th§)tQWBlata1@f®peéﬁreﬁrwam ch the
wi r ebonder be effectively operated. Were such holes are present, it is
convenient t0 add 1s the rubber conposition to these holes. In one

enbodi nent of the I nvention, the addition of the rubber conposition to a

bracket mach I um ner sed the i ght, of the ack by about
10% | f nece ?'9 ?ﬂ] gEeqllj\&'tb & I‘?@”\pﬁﬁ'ﬁe’?? ﬁ“ecﬁﬁ' éegzlo
conpensatgd, c@ﬁpdsﬁwﬁlslarbLmﬁrrmbbéWomawuﬂmdauumrngamaesbracket froma lighter
material, for exanple, an alumniumlithiumalloy in the enbodi nent cited.

In cases where there are no suitable holes already provided, holes can be
provi ded expf esghowr R sUB® bPAkERS 1 praciaedWRHAlCA holdde ak WeB&HheaOIRQ8! ti on.

to reduce the bracket 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 rubber compésition can be

20 compensated, at least in part, by manufacturing the bracket from a lighter material,
for example, an aluminium-lithium 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.



25 The hol es can be provided by any suitable nethod, for exanple by
drilling. Suitable | ocations for the holes nmay be pre-determ ned by using
finite elenent analysis to predict the danping behaviour of the filled
cavities on the bracket. In particular,_locations are sought which have
relatively fewer lines of force passing'7fhrough them This is because where
there is a high density of lines of forces, 30 structural stiffness is

requi red. St Fudhermare,skicatiorssare alsb henught mtere tighed stfestids esxpacted toBiske i n

the structure wh here is rel ativel i gher .density of lines of force.
-7- Furthernﬁ?%o,ugﬁeg‘éé't I%gﬁlg\ogggoréﬁ \ggmgg’ﬁdﬁ?sq\ﬁﬂﬁ?e@t'ﬂﬁgﬂéjra Mess is expected
to be encountered. Such | ocations would be nost susceptible to danping.
Finite el emept .anal ysi.s . be perfornmed usi.ng comercjally-avail abl e
conputer- 5 BIUEERTTIEnalfEis e RReveaIes Engaenaral e ayalaBle SOEIRUS- ( hat
| ocati onss haidedgoblResafroae mnsyshednahapaQUE st jtGs merrmeauihdt elaapss t he
cavities are fornmed so as to nmaxim se the effects of danp Figure 6

] 1 i ng.
shows a fronhavpgths aforametioped charagigrstirs-ate feunsdikalorsrthecavities arefpimed j o

represent ati gss ¥ makingise He gffércgseofm ) through the bracket 1. Principal
areas where (?orces are generated on trllﬁ(;@bracket 1 are the Z axis carri age

(supporting conponents such as the ultrasonic transducer 11 and wire clanp
assenbly 12) . t ent " f . %I S
carriage is rﬁ'@@jn gdgh%(‘)’& ?ﬁ're()%lg%égEééé\ydf'%ﬁy&gggrqohgge{%EF%’?E%% E@G?eoéc@mléo
ori gi natiing fepoesentetionenfrieesfofifsrcgrpmesing th®dugh thbdracketria Benapal dreas | ngs
19 are found ﬁSi ng the met hod ddestgri beq(ﬁ?gove. Tge |.ines. of force 20 are
transnitted PAPGURRCEHY SR PN RGPra ouJR t_[]ﬁ B¢p &RE12P8 (ﬁ\"?‘?%'% t he
bracket 1 tocthposaHipeuth kasthe Litrasbpicsh@wauter 1Fiagit rvdird clatipeassenmily @9) 7 are
preferably forned in a | ocatjon V\,P%re the primary_lines of force 20 are
avoi ded. 20 and the centre of gravity 18 of the camera 13. The Z axis carriage 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 composition 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 compasition 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  example 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

likelihood of air pockets remaining. As explained below, air pockets degrade the



I n one enbodi ment, after suitable | ocations are determ ned and cylindrical
holes are fornmed in the bracket, the rubber conposition is cast in the form
of cylindrical rods which are then inserted into the cylindrical holes in
t he bracket. 25 In another enbodi nment, the rubber conposition is injection
nmoul ded directly in the cavities. In th8s case, the rubber conposition is
Injected as a fluid powler into the cavities and cured in the cavities. The

cavities are far i d  t ent .ho ; i net L.gures),
for 30 exarr%ﬁ&g? ?Eﬂé&gﬁn& “en Q%fieﬁlgacg@i {c?@%éé‘?&g ﬁﬁ%@/naw %]gldé?gape
duri ng i ntrocopeste meteriehdhe anpeararsapdfsthei eampasite materighexiting: fromBghe

all owi ng for f Al : IL1.es: r Ltion
may b ot rofteS St e ool g5 {1l Allcaliolf el oalfren ol sLisidt ] R
remai ni ng. Athabfunthai ingattibe lobmatetiat cocdases degr ade t he - 8- danpi ng
performance. Wien | oading the cavities by injection of a fluent conposite
mat eri al , the appearance of the conposite material exiting fromthe vent

hol es can beThsedgae cfrvibratiore dhmpingtibalepefdert apbh itles imértacial bohd ehaddry
filled and hat further injection of jymterial can cease, 5 The degree of
vi bration da ﬁ?f ckes @é’p@ﬁd@ﬁ?erpmpotsﬁ@”i ﬁf"éer L%’&qa}aﬂ"db@ﬁdje@éff%gﬂam RE:
bracket and fag HeubMRInce® BRI &M adA&vdRNSonPIMd dd3e ratRAoSBe Walld MR,
may be enhanced by using an adhesive to bond the cast rods to the walls of

. g
the cavitiegaviipstindhaprackel . 10 I nprovenent in the bond between conposition
and brackgt, and the resulting danping, can also be enhanced by cl eaning
the cavity walls, for exanple by plasna cleaning or ultrasonic washing, to
renmove oxi debn@evemart insthef herd bebyeemtempesition and bracket, and the resulting

t damping, can also be enhanced by cleaning the cavity walls, for example by
ptasma 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.



15 I nprovenent in the bond between conposition and bracket, and the
resulting danping, can al so be enhanced by providing the cavity walls with
a surface texture, by roughening the surface, for exanple by etching, or by
formng screw threads or other formations on the cavity walls. The rubber
conposition engages 20 the surface textu®#e or formations to nechanically
couple nore intimately with the bracket and thus provide an enhanced
danping effect. Air gaps or voids in the rubber conposition degrade the
danpi ng effect by reducing the nechanical coupling between the bracket and
the total nalseprovernérds of Biprtadisds i thepdampingrof vitmatimnst havel keen validatpddsy or

voi ds bet wee ffect.

A preferred %ua%ggtrelgésg&#(@tsel gﬁé%b@%@@f& Y)@& ?rggﬁgg’ggb%%%w e%ﬂs icles.
In one errbotﬂxermmlliuc&@%qﬁenbhplqteh@\m beﬂn gHosvrcipngine swweepridsts omthe fmllp&Yow ded
by the 30 carQon Ia “cles In a preferred enbodi ment 20% of the wei ght of
t he conpo%ﬂ@r is provided by the carbon particles. The cavities
may be partially fllled but are preferably conpletely filled. -9-

| mprovenents_of up to 50%in the danpi ng of vibrations have been validated
by shaker t%wg"@wgt\ﬁ%ra%mﬁméaa bgpd oraghel ViRGHeNe A Patingr in AR 41345 at

peaks in thgsamly tdtdeddrhSentRn iford ABeind aRsPREII SROMW thy Y N8bleVeRE; test s
on the full XY s wrebonder table. By rgzeg vibrations in the bondhead
jegluc

bracket, vi b¥maPdng the ingl pasitieyny ﬁcqqﬁgcyza ing deempetffingtienaiainpieratiensef or e

bei ng trq@snbﬁthgq\,,,%rbc;nge; he XY table, thus inproving the final positioning
accuracy and reducing the settling time of vibrations io of the wire

bonder. The foregoing describes the invention including a preferred
gmbodi ment t?ﬁé %Jrfegoing describes the invention including a preferred embodiment 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.



which is described by way of exanple only. Alterations and nodifications, as
will be obvious to those skilled in the art, are intended to be
incorporated within the is scope hereb-as defined in the acconpanying
clainms. -10- CLAIMS 1. An apparatus conprising: a support structure; a
conponeqhagﬁﬁgted on the support structure; a carriage drive nechanism

nount ed support structure for noving and positioning the conponent,
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 | eastl. one Adi apperatusreoptprisingh novermrent due to forces transnmitted through

t he support s rucgure, such forces being distributed in the support

st ruct uPé"PRY %BFIH% of high force density and regions of relatively | ower

force densmipynerditbuatedi i tht b@Fpodtasieturd;or reduci ng vibration in the
conponent in at |east the one direction during such use, the vibration
danper @c8piagsidriye meshynisy mounterbtosthp seRROTSIIGRIE for ROENE Rph pesitignipg the) y

Wi t hin 3 1lng&?etniton whi ch experiences a relatively | ower density of
transmtte orces than other |ocations, wherein the cavity is at | east
parti al lvhetdih kiccanidde racchaniasistopenibleadimbve the compagimttisasasne ldirectizat 1 n
claim1, wherein the conposite material includes butyl rubber |oaded with
carbon FuFRg H$eand 3. An apparatus as clained in claim3l1, wherein not nore

appar at o ShRPRElTbices 1 MErayoR TR, H3eATRE Uielod SFoRE R S of
t he forces transmitted through the support structure,

such forces being distributed in the support structure in regions of high 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,

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

2, An apparatus as claimed in claim 1, wherein the composite material includes butyl

rubber loaded with carbon particles.

3. An apparatus as claimed in claim 1, wherein not more than 60% of the weight of the

composite material is carbon particles.

4, An apparatus as claimed in claim 1, wherein approximately 20% of the weight of the

composite material is carbon particles.

5. An apparatus as claimed in claim 1, wherein the position for the cavity is determined

using finite element analysis.

6. An apparatus as claimed in claim 1, wherein the composite material is bonded to the

cavity walls.



conposite material is carbon particles. 5. An apparatus as clainmed in claim
1, wherein the position for the cavity is determned wusing finite el enent
anal ysis. 6. An apparatus as clainmed +hl €laim 1, wherein the conposite
material is bonded to the cavity walls. -11- 7. An apparatus as clained in

claim6, wherein the conposite material is bonded to the cavity walls by an
adhesi vd- mat é¥ apparagus a5rrlipisdrinwclpmds vherginthe somprasye mageriahiebaidgd ththecavi ty
wal | s arge. . qsd i . ce texture and the conposite material is
bonded tcgw h‘g‘)ﬁ!:sa i ;\M\}\l/gflﬁg %‘rr%ggagi ng the surface texture on the cavity
wal l's. 9. An apparatus as clainmed in claim1, wherein the cavity is
conpletely filled with the, conposite terial. 10. An_apparatus as, cl ai ned
in clai (ra% 1, vHefRRAFlphas eﬁwﬁ b §ﬁ‘&“s‘% e&?if‘ith? cgviby Mellaere arovided) with @ ¢ he
SUPPOI t ST CIRe ard the”PorRPRRE hateriASis YoAlSPHh tHe Ghity™ails BPeheidind iR
cavity iss a drill egﬂi%oleg%n t he supr|c1)ortS structure. ‘?g AnS ggpagdag%és as

cl ai ned sirfaceltertmrelon thbheawaiyrwallse cavity is an open cavity. 13. An apparat us
as claimed in claim1, wherein the cavity is filled with a conposite
material that is first cast as a substantially cylindrical rod and then

i nserted i nt Qf {§afRePACiAMRd RAVAiFY 1, iHereiith@ PRATTs Wonibletsly i Cwit tHel ai m
1, wherein the conposite material is injected in a fluent State into the
cavity whinppsigonaetidd. a nold to formthe shape of the conposite materi al
which solidifies in the cavity. 15. An apparatus as clainmed in claim]l1,
wherein the support structure is a w rebonder bracket.

10.  An apparatus as claimed in claim 1, wherein the cavity is a substantially cylindrical

hole in the support structure.

11.  An apparatus as claimed in claim 1, wherein the cavity is a drilled hole in the support
structure.

12.  An apparatus as claimed in claim 1, wherein the cavity is an open cavity.

13.  An apparatus as claimed in claim 1, 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.

14.  An apparatus as claimed in claim 1, 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.

15. An apparatus as claimed in claim 1, wherein the support structure is a wirebonder

bracket.

16.  An apparatus as claimed in claim 1, 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.



16. An apparatus as clainmed in claim11, wherein the cavity is in a region of
the support structure which experiences a higher |evel of stress resulting
from novenent of the conponent than ahdther region. - 12 17. A nethod of
danping vibrations in a support structure adapted for supporting a

conmponent. which is drivable to_nove in at |east one diyection during use,
and i s ddbj ect mehod,pfdampyig Vibratigms dp 3 SWRROT pEuGTe c2dapisd §>r UPRHUAS e mrent

due to fcefe[@slﬁe&r st drfbidoonate g, 1e§s’t‘BHQrcﬁre&Ed];nuﬁ%rg{ﬁeuse,sHx‘ﬂ‘is&s‘ﬁ%fé_%tstobei ng

di stri but In the support structure in regions o force density and
r egi ons vifratial mitthe ef lpadt one dirtdionerfdecdsinbygmernielumts Frodesi tresismattadgthtdugh gteeps

of :  praovidi a. carriage nechani smto the support structure operable.to
move and! SR RE T e Aiohs L BaRe SRBRAry Pretire aveBlpR AT i
support f&ick dehsity@nd PESbRY ANEREVAIY Govead\bic¥ demtity! @l ¥ndthdinBluAiRQht keps ¢ t he
support structuie which experiences a relatively |ower density of

transmi tprexdding racessriageamechanism teetiecnppord piducire] apgsablebr mioxe lapd positipmghet he
cavity with a %%@osi te material. 18. A nethod of danping vibrations as

cl ai med PHPEPEN 1% “fherein the conposite material includes butyl rubber

| oaded WréhAdiagakavitpaythe shgort skictufe;met hod of danpi ng vibrations as cl ai nmed
in claim17, wherein not nore than 60% of the weight of the conposite

mat er i alpopisiogiag hm cpayt antirdy within aRortiarefdthe fsupkarh Pt twre byhieh experigacesiaai med
DAl Rbdve YRR W SRR IRER R DY aB LD Rl Olg OF the composite
material "1'S Carbon particles. . nethod of &anping vi brations as cl ai ned

in clai mlést gattiallgetlingtewdvingwitha cobppsief magghbler m ning a position for the
cavity using finite elenent analysis. 22. A nmethod of danping vibrations as
clainmed claim 17, wherein the conposite material 1is bonded to the cavity

valls. 33 A Ié;ﬁ?&ﬁ 8F AP Yib¥AiRind dsOlSinfd & BLEA 7, Rifth&h Thé Zomp&HE! N

conposite mater
material includes butyl rubber loaded with carbon particles.

19. A method of damping vibrations as claimed in claim 17, wherein not more than 60%

of the weight of the composite material is carbon particles.

20. A method of damping vibrations as claimed in claim 17, wherein approximately 20%

of the weight of the composite material is carbon particles.

21. A method of damping vibrations as claimed in claim 17, further including the step of

determining a position for the cavity using finite element analysis.

22. A method of damping vibrations as claimed claim 17, wherein the composite material

is bonded to the cavity walls.

23. A method of damping vibrations as claimed in claim 22, wherein composite material

is bonded to the cavity walls by an adhesive material.

24. A method of damping vibrations as claimed in claim 22, 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.



is bonded to the cavity walls by an adhesive material. 24. A nmethod of
danping vibrations as clained in claim?22, wherein the cavity walls are
provided with a surface texture and th& eonposite material is bonded to the
cavity walls by engaging the surface texture on the cavity walls. - 13 25.
A nmet hod of danping vibrations _as clainmed in claim17, wherein the cavity is

conpl et Py f i msghed of dapwing yHEais #aclaimed m sRIMAL e PHEEIH they SN

vi brati ﬁqultHI i grein the cavity is a substantially
cyli ndr?gglp%aeéfgﬁ}en t etﬂgsgdplg%ﬁtééart%'ur e. 27. A method of danping

vibrations as clainmed in claim17, wherein the cavity is a drilled hole in

t he support structure. .28.. A net hod of danpin i.brations as . claimed in

cl'ai m 120 wnar SR EF CEDPirg YBralns go.qed it ol e oot i ing

vi brati QEgst@Aiafl &) 1iRRichMhdlé 8] (e Jdppo@heiue.t he cavity is filled with a
conposite material that is first cast as a substantially cylindrical rod and

then inserted into the respective cavity. 30. A nethod of danping

vibratiqns as, clainmed.in claiml17, wherein the conposit material i.s
et e n a FIosHE OF FAPBIEn BARES BT d SPECT & WETEIREEY o fim t he
shape ofgrillbdBole MBRSUpForfBbRidral Which solidifies in the cavity. 31. A

nmet hod of danping vibrations as clained in claim17, wherein the support

structure is a wirebonder bracket. 32. A nethod as clainmed in claim17,

wher ei n sL,he cavi is,in_a region of the Iy st uc e _whi ch
oxperi oftos 2 el ot daafenorefPudls JSed IR 17 b AdEh Al i ppopen
conponerhvithan anot her region. 33. A nethod of danping 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

29. A method of damping vibrations as claimed in claim 17, 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. A method of damping vibrations as claimed in claim 17, 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.

31. A method of damping vibrations as claimed in claim 17, wherein the support structure

is a wirebonder bracket.

32. A method 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.

33. A method of damping vibrations in a support structure adapted for supporting a
component which moves in at least one direction during use of the component, and is subject
to vibration in the at least one direction of such movement, the method including the steps of:
providing a carriage mechanism to the support structure operable to move and position the
component 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



to vibration in the at |east one direction of such novenent, the nethod

I ncluding the steps of: providing a carriage nmechanismto the support
structure operable to nove and positiolthe conponent during use; providing
a cavity in the support structure positioned entirely within a region of the

support structure I ch exL%eri ences a rel ti,velg/ ?hf'tgher | evel of stress
than ot REMPPREG! BIRYDRASH the s EQnégHﬁBﬁéﬂ?VeﬁgﬂﬂP%H % ﬁ@o@ﬂ?}ﬁﬂ?’t“flgt ructure
moves dyf jehg gHﬁﬁll?ﬁilErﬁk“ﬁh@%ﬂWlﬁB a é:gﬁﬁg\si%tm&t@ﬁﬁ? partially filling the

cavity wth conposite material. . met hod of danping vibrations in a
wi r ebonder bracket adapted for supporting a bondhead which noves in at

| east o di recti,o ring its use, and i.s,subject  t I bration _in,. the at
et ok di Futieren O Sdrhitnk vl Aot st Btet el R lphPingA°: he
W e bopgdhead whideinovéstiaht IO 8% Biedofign dufihg it W& thnldMs bltgeiMtd &itIRALI
bracket in regions of high force density and regions of relatively | ower

force déhesatisast enecdirestipal sushineiement due totfeyses Bansnygtted, thapygh the parertonder
nmechani h | d t..op I . -ROSI } |
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bracket dpgstytanddedorenifirelativelMldwidrfoke degNitgnNthe imethdiEindludihglibasieps &ft acket

whi ch experiences a relatively lower level of transmitted forces flowing in
the wir ®Ieyidiaep caripek arechausin & therwirebonggsbraghed operaplede mqysand gesition the) i ng

t he cavi ' osite material. 35. An apparatus conprising: a
suppor t bé%{c}ﬁt% lengnég‘{aggt ed for supporting a conmponent which noves in at |east

one di r @edviiding adleastnge wsety mntle msrehvnfadiradket podi@tedentitehy withirad rdgemasdf one

direction of suc veprent ; a carriage nechanj sm nouynted to the support

struct urke P %@F%@E@ Ebwgomﬁfl?ncemlewiﬁtwe%g%ﬂﬁwﬁtofsﬁwe&lmdepqrﬁ& udes

a Vi br atg QR FATRE lvire HRRdM UL {ﬁgngﬁ’gpg\%}gtﬁﬁjm provided by a cavity in the
y

support structure positioned entire in a location experiencing a
rel at i vet leadtipghinily lfidhined thofcawity with atchmposite mateeal. | ocat i ons

35.  An apparatus comprising:

a support structure adapted for supporting a component which moves in at least one direction
during use, and is subject to vibration in the at least one direction of such movement;

a carriage mechanism mounted to the support structure for moving the component,

wherein the support structure includes a vibration damper,

the vibration damper being provided by a cavity in the support structure positioned entirely
within a location experiencing a relatively higher level of stress than at other 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:

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 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 wirebonder bracket, the



resulting fromforces transmtted froma conponent nounted thereon when the
conponent noves during use, the cavity being at least partially filled with
a conposite material. 36. An apparatusl®onprising: a wre bonder bracket; a
bondhead novably supported on the wire bonder bracket whereby the bondhead
is novabl e east .one (i t.ion durin use, and is subject to

Ui brat | Gt bORE ResTROREd FOBHY OriE SiFtion e SBCHSHERT A TRANED: Givke
transm giRey LR iRkt forss RN bihet foHEﬁdﬁ% ethe SHALY E&ﬁg:aaempmaufd fkd whﬁt ed in
t he support”structure in regions of high force density and regions of
relatlvehympbﬁmﬁnmﬁwﬂce density; a carriage mechani smnounted to the support
structure for noving the bondhead, and a vibration danper, the vibration
danper conprising a cavity in the w rebonder bracket, the - 15 cavity being
positioned entirely within a | ocation which experiences a relatively | ower
density of transmtted forces than other |ocations, the cavity being at

| east partially filled wwth a conposite material.





