17 FEBRUARY 2006 -1 CLAMPI NG DEVI CE FI ELD OF THE | NVENTI ON 5 The present
invention relates to a clanping device, especially but not limted to a

cl anping device in the formof a wire clanp used gener gt FEBRUARY 206 bondi ng
machi nes or wire bonders in the sem conductor assenbly industry. 10
BACKGROUND AND PRI OR ART In a wire bondi-ig process, electrically conductive
W res are bonded between electrical contact pads found on a sem conduct or
die and | eads on a substrate onto which the die is attached, usually a
sem conductor | eadframe. The wire 15 needs to be held firmy, fed to the
bonding site and stripped off at GUAMBING BEVICEunctures in the process. This
is usually achieved using a wire clanp. Over the vyears, the operational
speed of w re bondi ng machi nes has increased considerably, with the result
t hat the w r EIELDQF THEANVENTGNact uat ed at hi gh speed while exerting
controlled force on the wire being clanped, wthout 20 damaging the wre.
Modern day wi re bonders for making so-called "ball-bonds" are designed to

execute a rogkkgesBMt iiienfbn felBRBto ROSYMMHCHe i, IdsBEciallpPBitdhdtdintieal . about
a suitably |ocated pivot. Since the wire clanp is generally carried on the

rocki ng 25 béh@ B@EPINg dereeds e EMnefdd wike |qiajhe Uesdp@araliein Mg i nerti a
about the bBBHdiHgﬂYadﬂg]%%tor%ﬂe%&ﬁ%F§inFtﬂ Qémﬁ:%nagﬁy a@s%nfﬂ?yﬁﬁid%ﬁy{.' n order to
bo or undul y

enabl e high spee ndi ng operation w thout nee an ar ge
actuator or notor for actuating novenent of the bond-body. Even so, the

Yo hioh- TesoRaRT BN ANR PRISKART o ati on. Thi s ensures that any resi dua
vibration of the wire clanp at the end of the bond-body stroke is of |ow
e g ol oG ShSss ASah il HacREh e 255 oA Bepicar ' ©
electrical contact pads found on a semiconductor die and leads on a substrate
onto which the die is attached, usually a semiconductor leadframe. The wire
15 needs to be held firmly, fed to the bonding site and stripped off at appropriate
junctures in the process. This is usually achieved using a wire clamp. Over the
years, the operational speed of wire bonding machines has increased
considerably, with the result that the wire clamp needs to be actuated at high
speed while exerting controlled force on the wire being clamped, without

20 damaging the wire.

Modern day wire bonders for making so-called “ball-bonds” are designed to
execute a rocking motion of a bond-body which carries a bonding tool, about a
suitably located pivot. Since the wire clamp is generally carried on the rocking
25 bond-body, it needs to be made as light as possible. Its inertia about the
bond-body pivot axis needs to be as small as possible in order to enable high
speed bonding operation without need for an unduly large actuator or motor
for actuating movement of the bond-body. Even so, the wire clamp needs to
have high static and dynamic stiffness thus giving rise to high resonant
30 frequencies of vibration. This ensures that any residual vibration of the wire
clamp at the end of the bond-body stroke is of low amplitude and high
frequency, and that it settles fast enough, to enable high speed bonding

without adversely affecting the bond quality.



17 FEBRUARY 2006 -2 In the past, a variety of actuation nethods such as

voi ce coil notors, solenoids, piezo-electric actuators, magnetostrictive
actuators and others, have been used to actuate w re Cl EIPRUARYVIODE
bonders. 5 US patents 3,672,556 and 4, 142, 714 di scl ose sim |l ar variations of
a solenoid actuated wire clanp. These d@signs are of a "normally open" type
nmeaning that if the power to the solenoid is cut off, the clanp remains in

the open pog; ttlh@"bas‘thﬁr eayettan@fl abibfich trh@th%é &uchr §§amcéi%annbﬁ>rbonders
demand a "normally cl osed pe wire clanp. Als designs in the

0,
af or esai d paﬁ@ﬁf‘%’dio pf%éitﬁ"?‘é”%@?é‘l‘ﬁiﬁ@ ﬁﬁ?g%et‘?%”@tf\’ﬁn§ﬁ*i“?tqr$1@r1§’ct°mﬁr$ on force
fromthe sol ﬁ?\gﬁ]geérpug&eto é‘ét l\,ﬂ,@ élé’rﬁ%hmrre BBhGerfekes it cunbersone for

pr esent - day speed wre anpi ng erein the clanp nay need to operate
at a rate of about 20 tines per second or even nore. At this speed of

operatio t t abl e,
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| eading to facmhie@nwmed:ladmrTh@v@éﬁ@nsdem ofns “nbrmaillgzaperl ¢pde meaninge cl anps
have al so be nt ed u a]s far exa le, jn US patent punbers

5501 806,  erasel erpder B §sdSnoi kO ik cl BAGE VR BF SNl ect ri ¢
actuator el eﬁwﬂén atﬂdréb?fmidlaiﬁybtné_(ihétvﬁltéitwwéwtmwaw@lb@ﬁd@ﬁép@é'rﬁarv&aw re EDM
(Electro Dischar ge Machi ni n he operati ng@vol tages for piezo-electric

actuators, imMmamally glege oWPQdﬂfezdémpvé‘i'?t% theyfesigpe K meg?féfesﬁﬁaﬂat?%se f or
el eCtromP@”eFéﬂ%ur@%ﬁ?érBusgpéﬁéJto %%Pﬁh@%ct@?ﬂn‘f&r’c@fﬁoﬁ?trle éHPér%&}o th35 FIG 1

shows a conmonly used vol ce coﬁ nmotor actuated wre clanp. is
cl anped bet welempinglegations Taisenakesib duBbartsbmeciar D@Sﬁhéd%)hﬂlgh@pead Mﬁeabl e arm

4 and Tixed g1 GRRRet incelimo ThE, HLLE 15hBIRI 5t SPHAIGGLRN: 20 haad- body

t hr ough noun VoI cé coli |s used to
actuat e t he pevsddomdasrrevénwnbrte. riedipecpeed of bperfaltme,dtharlamgSterffhehatnMabI e 30
arm4 is piv rd pivot

| d on the fixed armb usi
Dal|  boari ngeT% HAMB BT PaE0 Rt BFY Al o FaKS BRI ERr ng 9

provi des15 against each other, thus leading to friction and wear.

Several designs of piezo-electric wire clamps have also been patented, such
as, for example, in US patent numbers 5,901,896, 5,388,751 and 5,314,175.
These involve expensive piezo-electric actuator elements and compliant
20 structures made using expensive wire EDM (Electro Discharge Machining).
The operating voltages for piezo-electric actuators, in the range of 100-200
volts, are much higher than those for electromagnetic actuators (eg. solenoids

and voice coil motors).

25 FIG. 1 shows a commonly used voice coil motor actuated wire clamp. Wire 1
is clamped between clamper plates 2 and 3 affixed to the ends of a movable
arm 4 and fixed arm 5 respectively. The wire clamp is mounted on a bond-
body through mount holes 6 on the fixed arm 5. A voice coil motor 7 is used
to actuate the movable arm 4 with respect to the fixed arm 5. The movable

30 arm 4 is pivotally mounted on the fixed arm 5 using smooth and hard pivot ball
bearings 8 made of wear-free material, eg. ruby. Extension spring 9 provides
a small initial bias force (also called “preload force”) between the movable and
fixed arms 4, 5. The extension spring 9 is located on the same side of the

pivot balls 8, as the clamper plates 1, 2, thus ensuring that the clamp is



a small initial bias force (also called "preload force") between the novabl e
and fixed arns 4, 5. The extension spring 9 is |located on the sane side of
the pivot balls 8, as the clanper plates 1, 2, thus elVsHEBRYARN22006 he cl anp
is 17 FEBRUARY 2006 -3 normally closed. Wen the coil of the voice coil
nmotor 7 is energized by an electric curdent in one direction, a force is
exerted on the novable arm4 such that the novable arm 4 rotates about

pi vot balls Boiallyh€loshd. amhé®mhé il oatRdvEiYe cBll WioF7 it Naiergipebpant he wire
cl anp. On de-ener gi z&ng the coil, the spring orce of spring 9, rotates

. , ol |, ; S5 f 9
the novabl e &l&FE GBEIE in ore Bredionpalierse ¢ p¥eriaseon Mermeyaldn apgpfbside to

arrow F, t hU?naQ'tt%H&?a%ngarW 4 Fot&led HRoulBiost Balt’ﬂﬁ &iRithe Hﬁ$ctﬁi?ﬁh9k§%g b?/%/oan

electric current in the opposite direction, e notor force tends

i ncrease t heagpwnipi Mys fapeomgothet Wise wlamp. 10m devinangigingripercodl theespring and 3.
The cl anpzopen) ; T - Y [ ing 10 a
hard st Op%er?cgg(?lg)f%@Flﬁ%%ﬁé@é}ﬁ%@@g%ggﬁéﬁ tﬂha a&ﬁgbé&g}?\@g %?f%ge%%l of the
fixed arm 5 directiohubpposdpdoexdroposi thusnclogisg deeniienclahnp. Aidoare thesait ispt i on,
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force to cl osendshte indreasectr@nglampimgsfordeesiutiel wige & Isgiwveaq cmpergsiates 2on to the

force generated by the voice coi| nmotor 7 to, contribute to clanmping force.
e asator " as08 e ane G BeeINg SRR PLbE oVl RIRA. BatTias i ehBines

oper at i omg of atHiRd StdpPef bANMO k& ok VfoY oM witB EPh&rdendd sHABARY ofine THE
| NVENTI ON The present invention seeks to provide a design of a clanping

devi ce that f%ed 3w’ 5iadafabuerenadePasitidPer of conponents, and sinplify the

assenbly of the clanping device. 25 Accordingly, the invention provides a
cl anpi ng device for clanping an object conprising a pair of clanping arns
arranged i n pPisveeen inethe iabeydi gesdripliomasHch o2 heire ablemp dagi vomepaisnt , t he

clanpi ng ar ”EOQB%&QS %hafagéé‘g s%'ﬁqa Iég?j\éﬁtﬂi\?ot ball bearing 8. The ball bearing 8
15 on its own does not contribute to a force to close the wire clamp, thus

requiring a spring 9 in addition to the force generated by the voice coil motor 7

to contribute to clamping force. The use of a voice coil motor 7 involves a

bulkier device and makes operation of the wire clamp relatively more complex.
20 SUMMARY OF THE INVENTION

The present invention seeks to provide a design of a clamping device that
serves to reduce the number of components, and simplify the assembly of the
clamping device.
25
Accordingly, the invention provides a clamping device for clamping an object
comprising a pair of clamping arms arranged in pivotal relationship with each
other about a pivot point, the clamping arms having clamping ends movable
between an open position and a closed position; an attraction device
30 operative to provide an attraction force between the clamping arms about the
pivot point; and biasing means operative to provide a biasing force in
opposition to the attraction force about the pivot point; wherein the biasing
force is operative to bias the clamping ends towards the closed position.



bet ween an open position and a closed position; an attraction device 30
operative to provide an attraction force between the clanping arns about the
pi vot point; and biasing neans operative to provi de a i EBBRUARAI2066i n
opposition to the attraction force about the pivot point; wherein the
biasing force is operative to bias the '(f‘l'arrpi ng ends towards the cl osed
position. 17 FEBRUARY 2006 -4 It wll be convenient to hereinafter describe
the inventi oft Wi bgr ecrivenietétaihkerdiyafter efeecrirecthnet ioverttmnaoapaptengetay r awi ngs

whi ch il ust ' i nv ion. e particularjty of the
dr awi ngs andF%%%nggﬁgﬁg%%gé%%'ﬁ%%HF%@né%gﬁ%&ﬂﬁ%ﬂaﬁﬁg s?'é%%&f'ggnta%er sedi ng
tEe gfaner al i the olettien. bTloa@artidelarity bfcmteiduawin@sa{ndtthefréla\‘/a?ﬂémipﬁsr;m&el(‘ji ned by
the clains. BRI EF DESCRI PTI ON OF DRAW NGS Exa es referred enbodi ments
b a1 anpi nGOHEB/PC B e eEA SRR herge Bty 20 i BBROVAF RGN e

descri bedswi bhtHeahRsrRid&stdefihB8 bedsOaBmY i Ng  drawings, in which: FIG 1
shows a prior art wire clanp using a voice coil notor; FIG 2 shows a wire

clanp according to a first preferred enbodi nent of the 15 present

i nventi on; FbﬁlE? déé@ﬁfﬁ&ﬁbﬁo?rﬁm@? on of the clanp of FIG 2; FIG 4
C

shows a wire anp according to a second preferred enbodi nent of the
invention; FIG 5 shows a wire clanp according to a third preferred

enbodi nent o ' i on. 6 0 r odi ment
o the pr eselr et Riss vt AreieRiak Sbodinghns bra Qihaiblclite A &CcBlddike A
il lustrat@es the firveation deili mns e dekenhede witharafergace Hat theagcdoenpesgithgwi th  t he
preferred e odiirrent.sw%ll‘cht he i nvention. 25 DETAI LED DESCRI PTI ON OF THE

PREFERRED E

FIG. 1 shows a prior art wire clamp using a voice coil motor;

FIG. 2 shows a wire clamp according to a first preferred embodiment of the
15 present invention;

FIG. 3 illustrates the operation of the clamp of FIG. 2;

FIG. 4 shows a wire clamp according to a second preferred embodiment of

the invention:

FIG. 5 shows a wire clamp according to a third preferred embodiment of the
20 invention;

FIG. 6 shows another preferred embodiment of the present invention

incorporating a damping feature; and

FIG. 7 illustrates different designs of flexure bearings that may be used with

the preferred embodiments of the invention.
25

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The structure and function of a clamping device according to the preferred
30 embodiments of the present invention are now described. FIG. 2 shows a
clamping device for clamping an object, in the form of a wire clamp 20 for
clamping a bonding wire 21 according to a first preferred embodiment of the
present invention. The wire clamp 20 includes a pair of clamping arms, one of

which may be a fixed arm 25 mounted on a bonder body (not shown) using



The structure and function of a clanping device according to the preferred
30 enbodi nents of the present invention are now described. FIG 2 shows a
cl anpi ng device for clanping an object, in the form of ITFEKBREABNZGH6 20 f or
cl anping a bonding wire 21 according to % first preferred enbodi nent of the
present invention. The wire clanp 20 incFPudes a pair of clanping arns, one
of which nmay be a fixed arm 25 nounted on a bonder body (not shown) using
17 FEBRUARY 2Q06tiRdG holear6i n@d@hesclampin'gmrmmhwbe(a sopablg aamn2tingt ise a

nmovabl e arm i . LR a niyotal At the fixed
arm 25 about g;}'aéé]vo f %&'%tm%ﬁ%nﬁﬁ'egﬁﬁe\lhaer ﬁB{eA I'S iﬁﬁggﬁ%(}a glﬁlo? ”?l xed arm
25 using a fTegune/dbeaainm@4 i@ Mounted bnitise fhesd gme @5t using atflekate bédrindegr ees  of
freedom of t vabl e arm 45bu ne, wt ect . to the fixe arm25.
AT tnree tr SsWREh dndp iRt gttt af PeinhPhIFEIRE St s moraie 8RR deqr oos
of freedos apaf bnd,r With réspect BsltitiRsl al 28 MIhfae BhnélBEoriEP\GREIRsasfm 24, are
substanti al | XQ/ﬁrestrl cted. In other words, the flexure bearing 29 allows the

novabl e arm ¥ge Qfﬁl%ﬂdt@ertwpdloéat'ioﬁa'tq’ﬁgre%ﬁ pblreednmianartcieradhalyindicaisd G and
opposite to Bpré}mv@@bemh@nmv\éere BRA M4, té}atsu&tarﬁ.ahm@&tﬁéteanmhﬁhér' exure

bearing 29 towards oHen and cl osed positions o npi ng ends of the
cl anpi ng ar nwogds, tirstlextie beaing 2@ aiews thﬁgmggabls aar@aaﬁ @l te rptaéalraw\@ut t he

Do e” o0 AR ABPRE, Al PEOtUgsR B 5100 LO5ES ARG
is only $§nba Iocamddmt thes flexake |lHeadng i 29 tdveards topeanarpxbrmtmsedepcmﬁtlcmevca‘r al _
o1 s made | SADRURLTAE o B BTGP TN £ > speci fic strength. i e a hi g
ratio of strength to density, such as for exanple, a Titanium all oy. 20 An
o O G A AE AR AP o Tl Pl e AL ST ol S 26
made of soft of pevidildta prelctdf foxes td end branfmv@abeucarzo.2¢heT§1ﬁp%0bfem@| dis
15  flexure bearing 29 as depicted in the FIG. 2 is only symbolic and those skilled
in the art can conceive of several possible designs of the same. The material
from which the flexure bearing 29 is made is preferably a metal with high
specific strength, i.e. a high ratio of strength to density, such as for example, a
Titanium alloy.
20
An attraction device, such as a solenoid 27 coupled to the fixed arm 25, is
positioned in such a way so as to be in apposition with a solenoid plate 28
made of soft iron that is affixed to the movable arm 24. The solenoid is
operative to provide an attraction force between the clamping arms 24, 25
25 about the pivot point in the flexure bearing 29. It is possible to precisely adjust
a gap between the solenoid plate 28 and the solenoid 27, by moving the
solenoid 27 towards or away from the soft iron plate 28 before locking or
gluing the solenoid 27 in place.

30 FIG. 3 illustrates the operation of the clamp of FIG. 2. Biasing means, such
as the flexure bearing 29 that is designed to provide a preload or biasing
force, is operative to bias the clamping ends of the clamping arms towards a
closed position, thus ensuring a “normally closed” design. When the solenoid
27 is not energized, as shown in FIG 3a, the clamping ends that include



operative to provide an attraction force between the clanping arns 24, 25 25
about the pivot point in the flexure bearing 29. It is possible to precisely
adjust a gap between the solenoid plate 28 and the sol7driBRUARY 2696 novi ng
the solenoid 27 towards or away fromthe soft iron plate 28 before | ocking
or gluing the solenoid 27 in place. 30"FI'G 3 illustrates the operation of
the clanmp of FIG 2. Biasing neans, such as the flexure bearing 29 that is
desi gned t o pleopedpladepr2| Bhdrean lightwintact Withr each dtbenpees bt iheeaforesbidas t he

cl anpi ng end C i C i b t. ensurin
= “ror el 'y o BaasEnich B Menak e RUCRSTs e he 5 RBE' el e IR 20°Chomn
in FI G 3a, tpeladdfgpcerdpebretn thHeatlampel ptitesl 22 FEBRUANRYIIZDRGsméll.dhahiser pl at es

22, 23 are in_light contact wth ch.other due to.the aforesaid .

ot angenent | B15% Haere s B0 sbb PR SreTnEtba ang it (ol BHER beatngni ¢
prel oad f®rcggbetween the clanper plates 22, 23 is negligibly small. In this
case, there exists no substantial deformation and strain in the flexure
bearing 5 29. De-clanping action Upon electrically energizing the sol enoid
27, a force pa-@¥@plifgabliohhe solenoid 10 plate 28 affixed on the novable
arm 24. The resulting actuating nonent, Ms about the flexure 29 (in the
direction of arrow G, rotates the novable arm24 in the direction

i ndi cated by : ; I é}?g} i i nl e
cl anper pl at é’ggé%&%%@y %ﬂg&lﬁ%{r@t OIe [ xg_éf %ﬁg&%fgré}%[tg?gﬁgge ts%}s‘alaopeni ng
t he cl ant0 aspetoiB affixell @& Bie. mavakldarsdfe Thiemesulting ativatingimdrhentLb/snmovabl e
arm 24 reduc t i nd, t S i l,at e 28.
The reducti oﬁé?thqﬁ%ggg%%eﬁtérqﬁr?g}%@%@ﬁé%g %hgwgﬁz hq?%}ecsgt%&{%ﬁareb?é %‘B@%ﬂl e arm
24. The rot ain the difectibe ingivatbt dyaamov2 45 itlsrougls iss sradll laygleh eedultnguimethebear i ng
29 with a restor‘)lnglrmmentI M 28§°O osite .to QLrow Gr%av\hi cﬂ {s% e product
of the rot at{"ENP'eHTPPHR@ VNgeawa L I aMeNs JREA FHABRE At £ gl e of
20 rotation Eperifgtthe oam@lsesitswn & FIG 3b. At the same time, rotation of the
15 movable arm 24 reduces the gap between the solenoid 27 and the solenoid

plate 28. The reduction in the gap increases the solenoid force on the

movable arm 24. The rotation of the movable arm 24 is resisted by the flexure

bearing 29 with a restoring moment Mfo, (opposite to arrow G) which is the

product of the rotational stiffness Kt of the flexure bearing 29 and the angle of

20 rotation s of the movable arm 24.
Mfo = Kt x 6s — (1)

Thus as the angle of rotation increases, both the actuating moment Ms (in the
25 direction of arrow G) and the restoring moment Mfo (opposite to arrow G) on
the movable arm increase in magnitude. The flexure bearing 29 is preferably
designed such that, for an incremental increase in the angle of rotation of the
movable arm 24, the rotational stiffness of the flexure bearing 29 is high
enough to enable the restoring moment Mfo to increase faster than the
30 actuating moment Ms due to the solenoid. This is to achieve a condition of
stable equilibrium whereby both the moments exactly balance each other at a
given angular position of the movable arm 24 and furthermore maintain the

equilibrium position even under small disturbances.



M o=Kt xOs (1) Thus as the angle of rotation increases, both the actuating
nmonment Ms (in the 25 direction of arrow G and the restoring nonment Mo
(opposite to arrow G on the novable armincrease i n nhgREBRUARYTHE6f | exur e
bearing 29 is preferably designed such that, for an increnental increase in
the angle of rotation of the novable arm24, the rotational stiffness of
the flexure bearing 29 is high enough to enable the restoring nonent Mo to
i ncrease faster than the 30 actuating nonent Ms due to the solenoid. This is

to achi eve aTchM %{?o% tﬁé eqé@i@}i&rﬁénl%%%i bri um whereby both the nonents

exactly bal ance” ea r ven ‘angul ar position of the novable arm
24 and furthernore maintain the equilibriumposition even under snall

di sturbances. 17 FEBRUARY 2006 é‘] Ilws in the stable equilibriumposition,
Ms = Mo 5 FsxL2=Ktxos (2) wher&’i2™"€ the distance of the effective |ine of

action ofsthe solenoid force Hgpppthe,ehdective pivet—ef—rghation, as
provided by the flexure bearing 29. 10 The above equation (2) shows that the

angle of rotation of the novable arm 24 and in turn, the clanp openi ng gap

betueen the Glafpets il etdiceltring%rdciveiRB Y HcABR of ffe SBRnbRI RReO! the
ed by the 0

sol enoid whi ch can be control anount electric current fed into
t he sol enoi dfrem thexflagtivengivateofebtatipn, rag provided by dke tiepire bedringi2€1 G 3b, the
current in the solenoid is kept high enough so that the clanp opening gap
bet ween the clanper plates 22, 23 is |large enough for a bonding wire 21

i ntroduceéd i Mhe dbdowegapatido (2)bshdwsethabtheaarygle lofmptatign b theemo2abl€l ampi ng
Action On conpl ete de-energi zing of the sglenoid 27, as 0 in FI.G 3c, the
force over ERAnSINaB He:fafe SBePing o4b ARuESR i BPmPF RIlSY R M2 anced
restoring is proportional to the force of the solenoid which can be controlled by the

amount of electric current fed into the solenoid 27.

15  During de-clamping action, as depicted in FIG. 3b, the current in the solenoid
is kept high enough so that the clamp opening gap between the clamper
plates 22, 23 is large enough for a bonding wire 21 introduced into the gap, to
be free of any clamping force.

20 Clamping Action

On complete de-energizing of the solenoid 27, as shown in FIG 3c, the force
over the solenoid plate 28 is reduced to zero. Thus the unbalanced restoring
moment Mfo resulting from the elastic strain of the deformed flexure bearing
25 29 rotates the movable arm 24 in the direction opposite to arrow G. In the
absence of bonding wire 21 between the clamper plates 22, 23, the movable
arm 24 would have rotated back completely until movable clamper plate 22
comes into contact with the fixed clamper plate 23, thus closing the clamp as
shown in FIG. 3a leading to a complete release of elastic strain and almost no
30 residual deformation in the flexure bearing 29. However, the presence of the
bonding wire 21 between the clamper plates 22, 23 leads to stoppage of the
movable arm 24 before all the elastic strain in the flexure bearing 29 can be
released. This strain manifests as a clamping moment Mc which is balanced



monment Mo resulting fromthe elastic strain of the deformed fl exure bearing
25 29 rotates the novable arm24 in the direction opposite to arrow G In
the absence of bonding wire 21 between the clanper pl bt EEBRPARX32006he
nmovabl e arm 24 woul d have rotated back conpletely until novable clanper
plate 22 cones into contact with the fi~&d cl anper plate 23, thus closing
the clanp as shown in FIG 3a leading to a conplete release of elastic
strain and albyostreactioBOmoesantudt resdeftiog nfadrincan normalheeaictien doree béa@mat tige 29.

However, the presence of .t ondi n ire 21 tween the,.cla r p|lates 22,
5 Toads o STREISEE 22ne5 abs Aaru ARt Seer SR truse PRBE PeRL &t n i
the flexure heéid fexuzd bearnndeAccorditie ewldh sSthirtiriaw rof madtiohe fiesreastién cl anpi ng
nonent Mc which I’%d? | anced 17 FEBRUARY. 2006 -8 by a reaction noment M

resul ting frdPrc S3Be @B tMCIPBIPEY fBEC®t the ~clanper plates 22, 23, at
a nom nal sdi stance L1 fromthe effective pivot point in the flexure

bearing. According to Newton's third |law of notion, the reaction force Fc
is the same 48 thinecagpatiisi aguatiopcepresenting Mesmeaants ghéhie peattirBrrapdift esent i ng
the moments gitfeisy: Position can be witten as: Mc = Mc 10 FcxL1l= Kt xec
(3) Wiere 6 is the angle between the orientation of the novable arm24 in
the presence of the wire clanped between clanpers 22, 23 (as shown in FIG
3a) and its orientation w thout,the,w re between the clanmpers (as shown in
FIG 15 3c). Now, the angle Oc 1's proportional to the dianmeter of the wire
dw. Gc=dwOLl1l (4) 20 It can be deduddgd- fKtamcequat i ens—(3)—and(J)4) that the
clanping force Fc is

Where 6c is the angle between the orientation of the movable arm 24 in the

presence of the wire clamped between clampers 22, 23 (as shown in FIG 3a)

and its orientation without the wire between the clampers (as shown in FIG.

15  3c¢).
Now, the angle 6c is proportional to the diameter of the wire dw.

6c = dwiL1 —  (4)
20
It can be deduced from equations (3) and (4) that the clamping force Fc is
proportional to the diameter dw of the wire 21 being clamped. It is consistent

for the clamping force to increase with increasing wire diameter, dw.
25 Control of clamping force

As seen from the above description, the clamping action in the present
invention is provided passively which means that there is no active actuator
providing the clamping force. Clamping is effected by the elastic strain of the
30 deformed flexure bearing 29. However, de-clamping is achieved by positive

actuation by the solenoid 27.



proportional to the dianeter dw of the wire 21 being clanped. It is
consistent for the clanping force to increase with increasing wre

di anmeter, dw. 25 Control of clanping force As seen fr ol FEBREA®RA2006
description, the clanmping action in the present invention is provided
passi vel y which nmeans that there is no active actuator providing the
clanmping force. Clanping is effected by the elastic strain of the 30

def or med f | eXfor dighequalibgb@8lind-prueesses, theere lissamiangwi toleaatsechvadd definrgsi ti ve
actuation by the solenoid 27. 17 FEBRUARY 2006 -9 For hi ual i ty pondi ng
processes, tﬁﬁg?\gaﬁlg ‘%V@PP °¥%P&F§’ﬁé°é”g&%apw8?€'%ﬁer{’gameﬂf‘33&%ﬁ|fsqwﬁ%ifati on
S_bove and lb}ccalfovvead:tra véiep d'gm]:ejtat af qieamaimpFi]ng dsrce isetquimg)lcl itl(‘jmigheaaedmdw re o

I aneter. the c ng force s too high, |t mgnt ad t ndesi rabl e
{1l at tent ng ofnOREraHS BladEangoSh e e due oialasth Elaton 4% Koo ng
force is gl seiamsirg ataly @s@Uﬁ&@ethéf\sih@eméWn@Wnpsw_wrﬁbdr&ne&%_ﬂt%ﬂeo be
clanped firmy and Fulled to be stripped off at the right tinme in the

bondi ng pr o@iaéﬁpeq irmly amds pylied|te keostiiepedwffatdthe dight dilteeinathel konding beari ng
29 to give e ds¢ the 10 right amount of clanping force falling within the

narrowly specified force tolerance band for each wire. In order to overcone
this problem the followng strategy is adopted. As seen in equation (3),

t he cl anpi ng rea fon I e i i part. to the
rotational st”:c @fﬂ@géfeﬁ %88 'Igﬁﬁ%df Yggﬁgartg éaﬁ%%ﬁlén%e% g %@L@ﬁg %?@?#hﬁ m nd,
the flexaPe bigat iampud® dfsclapemigl fares Ifglling witen ghedharmwipvapelifigheforest i f f ness

than is need rt r.Lght ,anou I i r tra.clanmping
force is 't henog e cAad RErey TRE Th siisiof SPEBL R Gdpietl tngfolkite
de-cl anpi ng istratefglyeis taidpted. tisesesmnie equation (35 theletonpibgdorbeffor @ diverG  3b)
whereby the sol enoid, 27 js.energized an .electrjc cury high enough to
over cone t he ff% 'GF@‘%@M? e pé@%ﬂfq{\% P%F@afqt%tbo st‘ﬁ?ﬁfﬁ ’Blg&tv@grf%f‘w& cl anper
pl ates, whiclbebfing aZQJGKe%dFIﬁ@ thize inviniied diteereleRUred Wearihip VEY 8§ , spelaifigallyne Wi re
is required to be clanﬁ)e , the cu,](frent in the sol enon‘ﬂ1 _
15 designed to have higher stiffness than is needed for the right amount of
clamping force. The extra clamping force is then countered using the solenoid
27. So in this method, de-clamping is effected in the same manner as
described before (FIG. 3b) whereby the solenoid 27 is energized by an
electric current high enough to overcome the flexure bearing 29, thus creating
20 a gap between the clamper plates, which is larger than the wire diameter dw.
However, when the wire is required to be clamped, the current in the solenoid
27 is not shut off completely but is reduced to a value that is low enough so
that the actuating moment (Ms = Fs x L2) due to the solenoid force partially

cancels the flexure moment (Kt x 6c) to give the clamping moment (Fc x L17).

25
FexL1= (Ktx 6c)— (FsxL2) — (5
This equation reduces to equation (3), if the solenoid 27 is de-energized
completely (Fs = 0).
30

Thus we see that the clamping force is adjustable by changing the attraction
or solenoid force Fs relative to the biasing force from elastic strain of the

flexure bearing 29. For a given flexure bearing 29, and clamp dimensions (L1,



27 is not shut off conpletely but is reduced to a value that is | ow enough
so that the actuating nonent (Ms = Fs x L2) due to the solenoid force
partially cancels the flexure nonent (Kt x Bc) to gi v&7 FEBRUARYIMG nonent
(Fc x L1). 25 FcxLl= (Kt x Oc) - (Fs x L (5) This equation reduces to
equation (3), if the solenoid 27 is de-energi zed conpl etely (Fs = 0). 30
Thus we see that the clanping force is adjustable by changing the attraction
or sol enoi d +8hclBerslamging ifereetfor tfore epeWiFRy diasneter fanrr’P@I foded tyai n of

the flexure Y/ I i 9
di mensi ons (E?j%ég#‘g%%%aﬁr@dzg%rgé Fi%t{f?“é?ﬁrg%@é% O?Hg Pg?&ﬂu%{z for each

wi re di anet efedsigiteramedniof evirent injhe %Fd?fmi@ Phg the solenoid force Fs to an
appropriate value, by adjusting the requisite anmount of current in the
solenoid 27. 5 FIG 4 shows a wire clanp according to a second preferred
enbodi nrend of |Gt shbwsenwirerclampsaceadiing tcaafdeernd eréfeaed rag;nmﬂiimehﬁ of

enbodi nent uges.a ventional . ha ng.e S} QN _.S r|n 91to
provi de a cl i"WS nﬁ%?‘cefatslﬁ%gnoﬁ %eh%)&l?g aﬁ'%#?ﬁ’éﬁeéﬁf&dgﬁ?@t bs bi asi ng
means may t heoefentiondicball beaping Board éxnatsmrdsmfngae fd erovide abelamiping faﬂ;e

O herwi se, this V\‘!}re clag%functlons 10 Ln g Si_m tt t he Lirst
embodi nent, WhEN the SRI§ROIG 275 dReANE)dIgs sJ&Be @é@ﬂdﬂea”%@}éé &R PSApi ng
openi ng strotsgnmy‘ otimgedP¥pd Fiex e Medfing @Y. tBthbiisé alisbyire tRGIEINBERE hard
stopper ball 10 to cone into _contact with a har dened surface 11 of the

fixed ar FTQ25'%éﬁ“'{3rﬁé“’aé/otpéh%f£§t?qug'@%rtﬁ delpspdnermaiiidesedi d8g9Mis in a

fully-open p%’ré itA8- clak%uﬁé]@peﬁm@@r‘&e%f\fhé ﬁwd%bﬁi%rﬁ??@rrﬁéwgethﬁm%dtﬁg' rd
preferred embodi men i nvention. The variation in this enbodi nent as

conpared to inedIding athardiiopaehialt 10 to ¢¢ae intasoptags Wi ankafAenedayiacses a
second attragkipmmd@YdLem 25 when the solenoid 27 is energized and the wire clamp

is in a fully-open position.
15
FIG. 5 shows a wire clamp according to a third preferred embodiment of the
invention. The variation in this embodiment as compared to the first
embodiment is that the biasing means comprises a second attraction device
such as a solenoid 27b, and the movable arm 24 is movable between a first
20 solenoid 27b and the second solenoid 27a. There are thus two solenoid
devices 27a, 27b to actuate the movable arm 24. There are solenoid plates
28a, 28b affixed to each side of the movable arm 24 adjacent to each solenoid
27a, 27b respectively.

25 In this embodiment, a clamping force may be primarily provided by the
additional solenoid 27a instead of just from the flexure bearing 29. Therefore,
the two solenoids 27a, 27b are adapted to cooperate to reciprocate the
movable arm so as to actuate opening and closing of the wire clamp. In this
design, the primary function of the flexure bearing 29 is to provide a pivot

30 point, as well as some biasing force in a direction opposite to direction G to
keep the wire clamp in a “normally closed” position even when both solenoids
27a, 27b are de-energized. Alternatively, a closing force may be provided
solely by the additional solenoid 27a. It should be appreciated that a ball



such as a solenoid 27b, and the novable arm 24 is novabl e between a first 20
sol enoid 27b and the second sol enoid 27a. There are thus two sol enoi d
devices 27a, 27b to actuate the novable arm 24. There HEEBRVARYI 20| at es
28a, 28b affixed to each side of the novable arm 24 adjacent to each
solenoid 27a, 27b respectively. 25 In thi's enbodinent, a cl anpi ng force may
be primarily provided by the additional solenoid 27a instead of just from
the fl exure IbearinggnadPalsdhesr ebed ésteachef thwo flexiire nmadieg 2Z2ZRato prdyide theadapt ed
to cooperate R8$ﬁ8ﬁ{procate the novable armso as to actuate openi ng and

cl osi ng of t Re Fe'clanp. In this design, the primary function of the
flexure bearing 29 is to provide a pivot 30 point, as well as sone biasing
force in a diyection opposite to direction Gto keep the wire clanp in a
"normal |y cléégwmnﬂosition even when both sol enoids 27a, 27b are

de-energi ged. Alternatively, a closing force may be provided solely by the
addi ti onal sol enoid 27a. Hh shoul d be appreciated that a ball 17 FEBRUARY
2006 -11 bearli S@MEyens difhrilysueen Helng digxdre berings eaciinat Eapmeyned to

provi de the dampig RPHBkurebagRieg I, With Shatebb ehfMexdid Tased tnfotnen usi ng
fl exure bearings 29 that the anount of danping in flexures is very |ow,

with the res@eviceneep| eRigtiag fasea wistastiablydens rasiokeeptimeppeierenépeiior an
undesir abl y 'aﬁeﬁué}ﬁfn'reg?r&)ésé! Rl BElepbId REthe SoeLified Bl égﬁﬁ/b?%h% | evel

acceptable to the specified objective at hand. Thi's 10 not sl ows down
the enti 8@ pmotesly sewsiddendbé enbitg preagsarersidatakly duitynayaaise adverselr

Sub-systens i L Gl Rl 0 [ r itlve i prations
transmtted f rlﬂ:SIr:rl]hg W\e% %‘ggis&égrﬁr{]@gﬁg\s P%Lr%‘ %@rs%eéﬁ)et? %@Sbé%a%%r%glv?éyg speed up
t he att enuat ivirmatifinsutnaiessnitted | feonvithe alevicasin questisn.pinebrealid esubkiantisiyne ki nd

of danpi ng b%piegcs rquHg %ﬂeinl%tl%nt gfaunscfé%ﬁae@e v:||b5rations, it is preferable that some
kind of damping be introduced into the system.
15
Keeping in mind requirements of compactness and very low weight, visco-
elastic damping is most suitable to be used in the present invention in another

preferred embodiment as shown in FIG. 6.

20 A damping mechanism comprising a damper 30, in the form of a small mass
of suitable visco-elastic material is coupled to the movable arm 24. A stopper,
which may be in the form of a small screw 31 with a smooth curved tip such
as for example a sphere is positioned in the fixed arm 25. When the clamping
ends of the clamping device are in the open position, the smooth tip of the

25 screw 31 is made to engage and lightly deform the damper 30 without
damaging it. Through judicious choice of material, dimensions and location of
the damper 30, it can be ensured that the resulting force on the movable arm
24 and the stiffness of the effective spring action due to the elasticity of the
damper 30 is of low enough magnitude in order not to introduce a substantial

30 preload in the clamper plates 22, 23 and not to increase substantially the force
demands on the solenoid 27 during actuation. With the damper 30 and the
screw 31 in the position as shown in FIG 6, the energy of residual vibration of

the movable arm 24, at the end of the clamping and de-clamping strokes is



Keeping in mnd requirenents of conpactness and very | ow wei ght, visco-

el astic danping is nost suitable to be used in the present invention in
another preferred enbodi nent as shown in FIG 6. 20 ATdERBRHARYIAGNI sm
conprising a danper 30, in the formof a small nass of suitable
visco-elastic material is coupled to thelfdvabl e arm 24. A stopper, which
may be in the formof a small screw 31 with a snooth curved tip such as for
exanpl e a sphleicklyi abseoed. i dnieduick attemupticreof dhenvibsationhamptitude cdraaipisng  ends

of the cl anpi I i : i 1 4 he snooth tip of the 25
screw 31 is lrfr%g%rd@célrgetﬁ)gg‘g@dgﬁ86'3?5%?'39%?%%5% uﬁg{ydarrper 30 wit hout
damagi ng it. Through judicious choice of material, dinensions and |ocation

of the danper. 30, i n. be.e # th JTesult] for 0 e novabl e
ot ba ana s 804 PRBRLIM T I el BRlssbRBIORSY the Ml B8 E 4

el asticity oboleheid 2amed dathpes 30 in tw drawigds @eg wehack in maturdeandat t o

i ntroduce a substantial 30 preload in the cl.anper ates .22, 23 and not to
et oase” sabaena Phlaplages SHubed SarlsakontriPoRE bydhEiedatsin ik Al
actuation. Wth the danper 30 and the screw 31 in the position as shown in
FIG 6, the ener gzwgf residual vibration of the npvable arm 24, at the end

of the clanpfHg stiries dHigreHfesions b the lexie peplingarke BBoB1aY P2 Wasdck| v

absorbed. Thipsthauk Grerite@nerabb@menis bhthevinbedidronAapld tHedfg@eslhey faster
operation w thout conprom sing process quality. It is to be borne in mnd

t hat t hel? eppesfemedinivrialopxehof fthexsai@ flexdigsnyhen, maguigstusedi dFigrureand
danper 30 in : 1 - I pol ogi es
of These. par [oUiR8 BIeRao ALASENRERons ity Mmool ikl e metled £

il lustrates the asmead, désifghe wife thepf Rex dewenssr Bsgeert@net tboraythee used

with the pre e | t f LoV an. Q-0 i fy s show 10
preferred pi I}@%{E gx&é%?#mé%eaggi @E%Fteégrez(gh‘\ﬁg%h aqn%(ajna %Etﬂ%?@&. b%@?ure
nount i ng hol dssig0s ate pesisitdgé.e positions where the fl exures may be nounted to
the arns 24, 25 of the wire clanp 20. However, as nentioned above, the
iIIustrai] d designs are only neant as exanples, and other flexure bearing

It would be appreciated that the clamping device according to the
embodiments of the invention is of a very compact and lightweight design.
This results in substantial reduction in the moment of inertia of the bond-body
about its pivot axis, enabling faster operation without a corresponding

20 increase in actuator size. It may also result in considerable cost savings.

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
25 fall within the spirit and scope of the above description.



designs are possible. 15 It would be appreciated that the clanping device
according to the enbodinents of the invention is of a very conpact and

| i ght wei ght design. This results in substantial reduct’iiFBROARKE0A®NMENt oOf
inertia of the bond-body about its piveg-axis, enabling faster operation

Wi thout a corresponding 20 increase in actuator size. It may also result in
consi derabl e cost savings. The invention described herein is susceptible to
vari ati ons, nbdiatiscel@gimagddsand/ or additions other than those specifically
described and it is to be understood that the invention includes all such
variations, nodifications and/or additions which 25 fall wthin the spirit
and scope of 1h& cipurg dewce fqutcianmind Zn BERRUARNp20OB - 13 What is clained is:

1. A clanping devi (o] I i | .conpr.lsing. nal r. of ¢l anpi ng
2 arranged o oy FiaPRHeD AR sPanBRd of B ielliorSaByin Fagh ot

poi nt, thes cl atimer abowtravpivbapeing tid elamiping @ndshamingblampirzeendemoaablepen
position and S cl osedrpoosm attracti on device operative to

selectively p Svega ag pff’tproligﬁhcﬂ%gfao?leie BSen the cl anpi ng arns about the

pi vot point for noaH Bgratlieh 66 AEOPE ati RNESseMctivblg pedag®aAGttPIdIBN Feroar d t he
open position; 10 a biasing arrangenent operative to provide bi asi ng force
in oppositi oRe¥eenHEe HAPRIRY iBMSt Rk thBiYPt PABT forvBPVipEithe F&PPIBY asi ng t he

cl anpi ng endsegds bBe ClAMhErms Bvdr@ W shdhsogidgsed position; and a danpi ng
mechani sm conprising a visco-elastic material coupled to one of the

clanpi ng ¥ s at a@ pYssing ofArangRMeny peerstive fiooRravide A Ahipsing ek iN15 of the
cl anpi ng arns Bﬂ&'t%eﬁ bhe diRadide JRrAL 80st ¥birkt ey Qi i arns. 2.
A cl anpi ng de(\)n celas C a!“Fgredt ?ﬁ cl y%%%#hpe@éiﬁ t[hg l)rl&as{ngI a ?g%gemant
conpri ses a f¢tlaxwing enisrafiige clamping arms toward the closed position; and

a damping mechanism comprising a visco-elastic material coupled to
one of the clamping arms at a position that is remote from the clamping ends
15 of the clamping arms and operable to attenuate vibrations of the clamping

arms.

2. A clamping device as claimed in claim 1, wherein the biasing
arrangement comprises a flexure bearing.

20
3. A clamping device as claimed in claim 2, wherein the pivot point is
located on the flexure bearing, and the flexure bearing is adapted to flex

about the pivot point.

25 4. A clamping device as claimed in claim 3, wherein the flexure bearing
is adapted to substantially restrict all degrees of relative movement between
the clamping ends of the clamping arms except a degree of relative

movement towards and away from the open and closed positions.

30 5. A clamping device as claimed in any one of claims 2 to 4, wherein the

flexure bearing is made of a metal with high specific strength.



20 3. A clanping device as clainmed in claim2, wherein the pivot point is

| ocated on the flexure bearing, and the flexure bearing is adapted to flex
about the pivot point. 25 4. A cl anping device as clai BRRUARYi 2 &
wherein the flexure bearing is adaptedi40 substantially restrict all
degrees of relative novenent between the clanping ends of the clanping arns
except a degree of relative novenent towards and away fromthe open and

cl osed positions. 30 5. A clanping device as clained in any one of clains 2

Lo 4, wherelrgthe o 1 SULE S 99 43 R0R 0LeR Sl L Wl gogcfic

strength. 17 ?:EBRU ing device as clained’in claimb5,
wher ei n t he nEtaldiumallay. Titaniumalloy. 5 7. A clanping device as clained in
any one of the preceding clains, wherein the attraction device is a
solenoid. 8. A clanping device as clained in any one of the preceding
clains, vherein tAelaphsingidegicar 48 claitédide aayfoneedf eleapricegingr chigiyd a

novabl e 10 cl appi ng, arm arranged i.n pivotal relationship with the fixed

cl anpi ng ar mWQ%Smth?ﬁgr?ﬁt'\S’Btd%ﬁGFr‘ﬁ?SQWBO he attraction device is coupled to

the fixed clamping arm 9. A clanping device for clanping an object
conprising: 15 a fixed clanping armand a novabl e clanping arm arranged in
pivotal rel a&i ondhiCMRING deNiEet ask s@ineedpiany ArenPhBruPresegingotlaipti nt, t he
clanping  arindan e elafiPd 4rR0dSciimY BbhRBkNBRy afnORRNPABLAMeN and a
closed position; a first attraction device coupled to the fixed clanping
armand HD opemaingverm @rrespedtn wiMojal pelgtiprrhip Wiihy the Bxedr elemiping 8ot ce f or

pivoting the atSH?Jgath!eepiGJ)taBEH,‘gaﬁd The WRLRNt BEvidd 1€ L ThRAPI S fgegbout the
pi vot point; Ian '
clamping arm.

9. A clamping device for clamping an object comprising:

15 a fixed clamping arm and a movable clamping arm arranged in pivotal
relationship with the fixed clamping arm about a pivot point, the clamping
arms having clamping ends movable between an open position and a closed
position;

a first attraction device coupled to the fixed clamping arm and

20 operative to selectively provide a first attraction force for pivoting the
movable clamping arm towards the fixed clamping arm about the pivot point;
and

a second attraction device positioned opposite the first attraction
device and operative to selectively provide a second attraction force for

25 pivoting the movable clamping arm away from the fixed clamping arm about
the pivot point;

wherein the second attraction force provided by the second attraction

device is operative to bias the clamping ends toward the closed position.

30 10. A clamping device as claimed in any one of the preceding claims,

wherein the biasing arrangement comprises a spring.



a second attraction device positioned opposite the first attraction device
and operative to selectively provide a second attraction force for 25

pi voting the novable clanping armaway fromthe fixed E1EBRUSRY2¥0@about

t he pivot point; wherein the second attt@etion force provided by the second
attraction device is operative to bias the clanping ends toward the cl osed
position. 30 10. A clanping device as clainmed in any one of the preceding
clainms, wherein the biasing arrangenent conprises a spring. 17 FEBRUARY

2006 -15 11. 4 cl elﬂ(rmdgrgpagg‘ﬂe@%ea% ¢latha® G ia'?ngacﬂ"}é 8PP brddagi fagﬁ% ng

cl ai ns, \/\herelnthe arrangenent is structured to pr e a clanping
force betweeihemgn teabipbing aa*mement life stcUcinisidnig @rpmefanclammm@ﬂ‘ofget he

obj ect 5. NSSRELNRRD cdiping SR B8 ASHHAS Amecl| Al b UefackL

wherein the clanprng force Ts a angi ng Faction force
provi ded By ttheredetwessti on device relative to the biasing force provided by
the biasing arrangenent. 10 13. A clanping device as clainmed in any one of
the preceding clainms, further conprising a stopper adapted to engage and
l'ightly deforma.the viagping eédvdsd bs chmhed iradlaiaf 11 hﬁhéi’énﬂeeidwnpsm@hﬁﬁé sm when

t he cl anping ar d into, the, open 05|t|on i ng
devi ce as cl df n%gu&ﬂblél gnrﬁ(?1 RIINGKBFeRTALTRD rB%pQJPV'dE%ﬁH iéeeétt CggFeW with a
snoot h cur vedddvids reldtive Ao EeBEIRG fEHEY ibEsvidks 19) tieBRakihdagt@ygeéntof t he
preceding clains, 20 wherein the object is a bonding wire for a wire

bondi ng ntthine. 16. A cl anpi ng device for clanping an object conprising: a
pair of clampifng & %Fan%lﬁ&%%ﬁe' & RiavRédlin ra‘%l,\laédé)aﬁmeop}’éc%tim@a&&msm her

about a pi votf poi nt, the Clanping arns havi ng r’r'f) ends rnovabl e
urther comprlsmg a stopper adapted to engage and ightly deform the VISCO-
elastic material of the dampening mechanism when the clamping arms are
moved into the open position.
15
14. A clamping device as claimed in claim 13, wherein the stopper

comprises a screw with a smooth curved tip.

15. A clamping device as claimed in any one of the preceding claims,

20 wherein the object is a bonding wire for a wire bonding machine.

16. A clamping device for clamping an object comprising:

a pair of clamping arms arranged in pivotal relationship with each
other about a pivot point, the clamping arms having clamping ends movable

25 between an open position and a closed position,

an attraction device operative to selectively provide an attraction force
between the clamping arms about the pivot point for moving the clamping
ends of the clamping arms toward the open position; and

a biasing arrangement comprising a flexure bearing operative to

30 provide a biasing force in opposition to the attraction force for biasing the



25 between an open position and a closed position, an attraction device
operative to selectively provide an attraction force between the clanping
arns about the pivot point for moving the clanping erddFEIRYARYMUnping
arns toward the open position; and a bi & ng arrangenent conprising a

fl exure bearing operative to 30 provide a biasing force in opposition to
the attraction force for biasing the 17 FEBRUARY 2006 -16 cl anpi ng ends of
t he cl anpi ng @AmBindosRAsdoftthe ctararied aynsitewans therdosaderasiton, @é@gﬁewe bei ng
made of Ti t anbeup-ieifimacd od MG Hdving™ hBR%HBGInd eyt ampi ng devi ce as
clainmed in claimI6, erein the biasing 5 arrangenent” conprises a second
attraction device positioned opposite the first attraction device and the

novabl e cl anpjfg LS. mmvabl. t h, [ LStz a gl .ce and t he
second att raci?on%e@%@gwlgg\"% E%a‘%ﬁﬂaﬁ d@v?lfg‘erﬁ a‘LS’CPV‘é’IE%B% tﬁ% @?élh 16 or
claim 17, Swvheareangentent cobhppisesta paxiont atsadtowradeviceopositiendd epposgeltbar i ng, and

the flexure b i s  adapted, to fl bout the pivot point. 1 A
et o dov el 4B9etdh oM RS ahustls BRREind S5 R 8ie e hRteshine
f | exure bearifirgt atgraetitapiiedcd andihesdeaoind atttagtioredevicet all degrees of relative

15 novenent between the clanping ends of the clanping arns except a degree
of relative novenent towards and away fromthe open and closed positions.

18. A clamping device as claimed in claim 16 or claim 17, wherein the
10 pivot point is located on the flexure bearing, and the flexure bearing is

adapted to flex about the pivot point.

19. A clamping device as claimed in any one of claims 16 to 18, wherein
the flexure bearing is adapted to substantially restrict all degrees of relative
15 movement between the clamping ends of the clamping arms except a
degree of relative movement towards and away from the open and closed

positions.





