1 CLAMPI NG DEVI CE FI ELD OF THE I NVENTION 5 The present invention relates to
a clanping device, especially but not limted to a clanping device in the
formof a wire clanp used generally in wire bonding machines or wire
bonders in the sem conductor assenbly industry. 10 BACKGROUND AND PRI OR ART
In a wire bonding process, electrically tonductive wires are bonded between
el ectrical contact pads found on a sem conductor die and | eads on a
substrate onto which the die is attached, usually a sem conductor

| eadf rane. The wire 15 needs tomm fed to the bonding site and
stripped off at appropriate ju rocess. This is usually
achieved using a wire clanp. Over the years, the operational speed of wire
bondi ng machj |ner considerably, with the result that the wire
cl anp needs fmagiﬁﬁf’%\zﬁ@fﬁ# gh speed while exerting controlled force
on the wige being clanped, without 20 damaging the wire. Mdern day wire
bonders for neking so-called "ball-bonds" are designed to execute a
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about the beendimbeachingser wite bonderdsn the ssnicenduistariassemblysrdustry. i n or der
to enabl e high speed bonding operation w thout need for an unduly | arge
~actuator or motor for actuating novenent of the bond-body. Even so, the
wire cl atth nBASKGROUNR/AND RRRIOR ARTc and dynamic stiffness thus giving
rise to high resonant 30 frequencies of vibration. This ensures that any
residual vibration of the wire clanp at the end of the bond-body stroke is
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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 smali 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 guality.



In the past, a variety of actuation nethods such as voice coil notors,

sol enoi ds, piezo-electric actuators, magnetostrictive actuators and others,
have been used to actuate wire clanps in wire bonders. 5 US patents
3,672,556 and 4, 142,714 disclose simlar _variations of a solenoid actuated
wire clanp. These designs are of a " nornﬁl'ly open" type neaning that if
the power to the solenoid is cut off, the clanp remains in the open
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solenoid to hdmebe;elrﬁmamdrtg dehatd wiva claffpssin Wadestsoridersc unber some f or
present -day high speed wire clanping wherein the clanp may need to operate
at a rate of about 20 tinmes per second or even nore. At this speed of
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on the same side of the _ o
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 & 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 {alsc called “preload force”) between the movabie 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



pivot balls 8, as the clanper plates 1, 2, thus ensuring that the clanp is
-3 normal ly closed. When the coil of the voice coil notor 7 is energi zed by
an electric current in one direction, a force is exerted on the novabl e
arm4 such that the novable arm 4 rotates about pivot balls 8 in the
direction indicated by arrow F, thus opdning the wire clanp. On
de-energizing the coil, the spring 5 force of spring 9, rotates the novabl e

arm 4 about nérenghy\abdseldaMreerBthencdilhef thd i vioigt ci:cﬂlnmatm(YSist endrgized yvart-, thus
closing the el ectric current
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devi ce. L. provi des a cl anpi ng device for
cl anpi ng anA@’ic)ej a&b@%g%l.bpqpﬁagg%gﬁ&nof cl anping arns arranged in pivotal
relationship with each other about a pivot point, the clanmping arnms having

cl anpi ng ends_nobvabl.e bet n_open position and a closed position; an
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1 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 ctamping 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.



opposition to the attraction force about the pivot point; wherein the
biasing force is operative to bias the clanping ends towards the cl osed
position. -4 It will be convenient to hereinafter describe the invention in
greater detail by reference to the acconpanying drawi ngs which illustrate
one enbodi nent of the invention. The pafticularity of the drawi ngs and the
rel ated description is not to be understood as superseding the generality
of the broadltiviibeidoneenientto rfereihaﬁéredésmibemlheamveatlmiefri gmdtd@)detdibby:l ai ms.

BRI EF DESCRI f nbodi t
cl anpi ng devF-(féergﬁlﬁei E‘?A%%%@Wﬁﬁpérgw éﬁ;ﬁ“ﬁh &%ﬁe%qo?m s ?8ESCI’I bed
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FI G 3 il14 ussirihé asrehbfién Q@gémedqg},mgdmscl anp of FIG 2; FIG 4 shows a
wire clanp according to a seco preferred enbodi nent of the i nvention;

FIG 5 shows a wire clanp according to a third preferred enbodi nent of the

20 inventi ongRIEEDESCRIPTIONGE BRAVANG S red enbodi ment of the present
I nvention incorporating a danping ftfeature; and FIG 7 illustrates

di fferent deS|gns of flexure bearings that may be used with the preferred
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EVMBODI MENT T ruct re and lon of a device according to the
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2 shows a Cl%@f%ﬁﬁxﬁlgﬁ for clamping an object, in the formof a wre

clanp 20 for I'ng a bonding wire 21 accordlngtoaflrst preferred
enbodi nent of the

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 operaticn of the clamp of FIG. 2;

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

the invention;

FIG. 6 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



present invention. The wire clanp 20 includes a pair of clanping arns, one
of which nmay be a fixed arm 25 nounted on a bonder body (not shown) using
-5 nounting holes 26. The other clanping armnay be a novable arm 24 t hat
is arranged in a pivotal relationship with the fixed arm 25 about a pivot
point. The novable arm 24 is nounted o the fixed arm 25 usi ng a flexure
bearing 29, which is designed to restrict all degrees of freedom of the
movabl e armmuatirtgjnoleméﬁ %emth%s#mfnmingarmmmayfbe(adnmm%m Mlthatlmr ee
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the cl anpi ng arJns The flexure bearing 29 is adapted to flex about
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the FIG 2 is onlé@sfi/nbol ic and those skil In art can concei ve of
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a high ratio of stren en3|t or exa ani um
alloy. 2 AnISaipcatadtlndhedb\xuwebemaﬁowaecbl oper anamlmqopedtumrm vhe fixed

arm25, is a@g&é@b%ge esag'?[’ﬁ‘?%%sf‘ﬁa?g to be in apposition with a

sol enoi d pl ron is affixed to the novabl e arm 24.
The solenoid is operative to provide an attraction force between the
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iron pl a,} 5e 2#exure géaGrmlgofé( ‘I':lg geplctedqn ltlhenlglé rEelsSo?1lly,¢regg.9rrl1t?ol%;anid thgse 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 solenocid 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 ¢losed” design. When the solenoid
27 is not energized, as shown in FIG 3a, the clamping ends that include



30 FIG 3 illustrates the operation of the clanp of FIG 2. Biasing neans,
such as the flexure bearing 29 that is designed to provide a preload or
biasing force, is operative to bias the clanping ends of the clanping arns
towards a closed position, thus ensuring a "normally closed" design. Wen
the solenoid 27 is not energized, as shown in FIG 3a, the clanping ends
that include -6 clan'f) plates 22, 23 are in light contact with each ot her
due to the a¢lampsapla 98823 @@mtlgfdfconta@t witeeack otfenduado #%: afotesaith be
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cl anper pl atle-%i?anhblﬂfg adtijpni ng the clanp as shown in FIG 3b. At the sane
time, rotation of the 15 novable arm 24 reduces the gap between the

sol enoid 27 and the solenoid plate 28. The reduction in the gap increases
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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=Ktx s 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 solencid. 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.



enough to enable the restoring nonent Mo to increase faster than the 30
actuating nonent Ms due to the solenoid. This is to achieve a condition of
stabl e equilibriumwhereby both the nonents exactly bal ance each other at a
gi ven angul ar position of the novable arm 24 and furthernore nmaintain the
equi librium position even under snall di §turbances. 7 Thus in the stable
equi libriumposition, Ms = Mo 5 FsxL2=Ktx0s (2) where L2 is the distance
of the effective line of action of the solenoid force fromthe effective

pi vot of rotafid ch?ﬁtgpref%iﬁ%%f*ﬁp fl exure bearing 29. 10 The above

equation (2) s Yous ang Totation of the movable arm 24 and in
turn, the clanp openi ng gap between the cl anper plates 22 and 23 1is
proportional to the force of th s_% noi d whi ch can be controlled by the
amount of electric current fed e solenoid 27. 15 During de-cl anping
action, & depicted in FIG 3pgxitre= gugpent i n t he—soelerei QZ) I's kept high
enough so that the clanp opening gap between the clanper plates 22, 23 is
| arge enough for a bonding wire 21 introduced into the gap, to be free of

any cl anpi ngyf&cer |52@1e%§t'ﬁﬁbé‘%fﬁ%bﬁ§bt@ IHRgH fétlﬁ q4 tﬁ?%%@néldnfb @ the

sol enoid 27, as shown In orce over t e sol enol te 28 is
reduced to ziem therpfiectiva@iveh bhioativadas pravisiedriy thenfigxure biefacng é@ul ting from
the elastic strain of the deformed flexure bearing 25 29 rotates the
novable arm 24 in the direction opposite to arrow G In the absence of
bondi ng 1 r el abetereguatiohd 2f shope thatitbe angl2Xf rﬁt%uionmétmmwuivbble &mm 24
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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




bonding wire 21 between the clanper plates 22, 23 |eads to stoppage of the
novabl e arm 24 before all the elastic strain in the flexure bearing 29 can
be released. This strain manifests as a clanpi ng nonment Mc which is

bal anced -8 by a reaction monent M resulting froma normal reaction force
Fc at the clanper plates 22, 23, at a 1ninal distance LI fromthe

effective pivot point in the flexure bearing. According to Newton's third
| aw of noti dey at feactieraotanant Moresiltihg fremt é eosmaleresstiomdorce adfpahthef orce. 5

In this case t r ' e nt this .tion can be
witten as: %%Egrl\ﬁlg%%oé %r? 3XSE5%%EH'%I%%€%€ @ﬁ%@‘?@é‘%ﬁﬁﬁs P@ﬁépé{ﬂﬁ e

bet ween t he iarthefiemire drarihg.t Acconingid Neaton's2thindriawof matioes thecreacfiort he wire
cl anped between cl anpers 22, 63 as.shown in FIG 3a) and its orientation
wi t hout the W BB 3%’“???5"?8'%’5@’@ H€-shown in FIG 15 3c). Now, the
angle OCc §s proportional to the dianeter of the wire dw. 61c = dw L 1 (4)
20 It can be deduced frome uationseg%)] and (4) that the c]anping force Fc

is proporti'®nAis ¢35e: e gA SEPERTERING fne Monents abthis pogitighsanbat s
consistent \mttedde clanping force to increase with increasing wire
di aneter, dw. 25 Control of clanmping force As seen fromthe above
description, the clanping action in the present invention is provided
passively which neans that thergsds active actuator providing the
clanmping force. Clanping is effected by the elastic strain of the 30
def ormed!G | exure bearing 29. HéeeMers Kle- @l anpi ng—s actirev&] by positive
actuation by the solenoid 27.

Where &c 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.

éc = 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.




-9 For high quality bonding processes, there is a narrow tol erance band
defining allowable deviation above and bel ow t he appropriate cl anpi ng
force required for each wire dianeter. If the clanping force is too high,
it mght lead to wundesirable flatteni ng?of the wire due to plastic
deformation. Too low a 5 clanping force al so unacceptable since the wire
will slip when it needs to be clanped firmy and pulled to be stripped off
at the ri ghtFerhigh qualith bohdingiprerespes deere is atnarrowdioldranae loand)defmiggn and
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sol enoi d 27pro§@5g_n this method, de-clanping is effected in the sane nanner

as described before (FIG 3b) mhereby the solenoid 27 is energized by an
el ectric current high enough to overcone the flexure bearing 29, thus

creating 20 g .sgamd@ﬁttm.gtmsn&lrmsfe BlekGe bémingmg o éﬁé%{acw‘% the wire
di aneter dw. However, when the wire is required | anped,” the current

in the st en"éﬁhﬂ amouitsohslamgting feree fabing| wit Dythﬁufﬂafr@“lweﬁﬂ?@é'@dt@l'@ val ue
that is lowg @éi]dlfopéécﬁﬂﬁ al?mtcﬁ r}qa%vmth ro l{rﬁ tﬁe to the

sol enoi d force parti cance exure nonen ve t he
cl anpi ng nonsirateqy-ts &deIf?d A% seryx inl egquatikin(3dhe (dlammag er'.b‘)! fdihasglwuat i on

reduces to %H@h'ﬁa‘?ﬁ‘et&??}d@i i%rpgrgﬁqrﬁéi’rka?rié?itrﬁ'% ?Jtaﬁc?‘na‘i'%f f&d@e%ﬁanew' y (Fs

= 0). 30 Thus we see't cl anpl ng rcelsajus glngthe
attraction bearing 29. Keeping this in mind, the flexure bearing 29 is speclfcally

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 solencid 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 &) to give the clamping moment (Fc x L7).

25
FexL1= (Ktx gc)—{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,




or solenoid force Fs relative to the biasing force fromelastic strain of
the flexure bearing 29. For a given flexure bearing 29, and cl anp

di rensions (L1, -10 L2), the clanping force Fc for each wire dianmeter can
be controlled by adjusting the sol enoiﬂ force Fs to an appropriate val ue,
by adjusting the requisite anount of ¢ Prent in the solenoid 27. 5 FIG 4
shows a wire clanp according to a second preferred enbodi nent of the
invention. |kd:dB@ dAMBIng| eias Echivareas woe diamstesneaniibeecontilied by
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force when t -energi z biasi n

t her ef or e berequisiip amoynpof mnteaa'm tbe salehbigh@f e bearing 29. Qtherwi se, this

wire clanp functions 10 in a simlar way to the first enbodinent, i.e. it

has a "normal |y cl osed” design. Here, the cl anping openi ng stroke of the

novabl e & m BIG. vaghdves biwire etanipy acéonding do ragsecdnar stefer@apenbbdiment 6f t o cone

into contact,w th hardened,surfagce 11 of t fixed arm 25 whe

sol enoi d 27 1§ 'D¥&Y tﬂnZeg sgﬁ%d tq'#ea 31%?‘8"%%8%“9 Eg tmsae'?ﬁ?cin?‘eabé’ﬁe%@sl tion.

1;31 FIG 5 shemventioral baltbearingss and ﬁkt%mbﬁspnrﬁéfgﬁdpﬂfvﬁfﬁ bl@dmdpmgo@ebt therre][lt OI
t he |nvent|o on.in thjis e I ment as conpare o] e firs

enbodi nent R?’h-ﬁ[\e %Y@OEF?%JQ ISde- ﬁﬁ%{ﬂge%%ﬁq’é@”%@éﬂ%ﬁ@yé??rﬁgﬁ?| b&§? devi ce
such as a Soézrﬁihg@lngt@ad xR PBAHY 20. 2OMetdiskSthiPWARE chirie tuMRaohs first
20 sol enoid 27b and the second sol enoid 27a. There are thus two sol enoid

devi ces Wra, inArgmilar way tithe firaempodimest, denit pas arRefreallyr dosast’ dasigg. pI at es
28a, 28b af fll-lél%d tﬁ@clﬁﬁfﬁh\gsb% rqj sttra@e m}ﬁe%@vﬂéfg% ﬁ%aﬁetnrﬁ.féd

sol enoid 27a, 27b respectivel In this enbodi nent, cl anp force
may be pri rra'ﬂF'P?'npr&)bafGeﬁdOﬂgﬂth&1Ué§@pmednt§ﬂl capbaas ndihca narrdena@sembmf j ust

from the flexppeiasidehHim2sh wﬁaﬁrtﬁé esugno.dtfrqstemrg?i&aemd e &.?@daﬁ,gt are

adapted to cooperate to reciprocate armso as to ac
openi ng and islivgifully-eentgesitisnre clanp. In this design, the primary
functiongf the flexure bearing 29 is to provide a pivot

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 hetween a first
solenoid 27b and the second solenoid 27a. There are thus two solenocid
devices 27a, 27b to actuate the movable arm 24. There are solenoid plates
28a, 28h affixed to each side of the movable arm 24 adjacent to each solenoid
27a, 27b respectively.

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
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 solencid 27a. It should be appreciated that a ball




30 point, as well as sone biasing force in a direction opposite to
direction Gto keep the wire clanp in a "normally cl osed” position even
when both sol enoids 27a, 27b are de-energi zed. Alternatively, a closing
force may be provided solely by the additional solenoid 27a. It should be
appreciated that a ball -11 bearing nay1érso be used instead of the flexure
bearing 29 to provide the pivot point. Danping 5 It is an inherent
difficulty weaaringsinay discekeruseddastead of 2Be tfleatret bearago2 to erovidatm ng i n
flexures is &gégb&ﬁpm with the result that flexure based notion devices
n

keep vibrating f'or an undesirably |long period of tinme before their

attenuation reaches a | evel acceptable to the specified objective at hand.
This 10 not ﬁnl .sl ows down the entire process considerably but may al so
adversely a ?@i’f"%t her sub-systens in the vicinity, whose operations are
sensitivesto vibrations transmtted fromthe device in question. |In order
to substanti all gg.s eed U%ct he attenuatjon of undesirable vibrations, it is
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movabl e ar mkind of damping be introduced into the system.
16

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 sclencid 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




24 and the stiffness of the effective spring action due to the elasticity
of the danper 30 is of |ow enough nmagnitude in order not to introduce a
substantial 30 preload in the clanmper plates 22, 23 and not to increase
substantially the force denmands on the sol enoid 27 during actuation. Wth
t he danper 30 and the screw 31 in the'ﬂgs'ition as shown in FIG 6, the
energy of residual vibration of the novable arm 24, at the end of the
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representation of the flexure bearing 29, 5 solenoid 27, and danper 30 in
t he draw ngs,ar eneral .in nature.and a variety of topologies of these
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the arns 24, 25 _of the wire wever, as nenti oned above, the
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according to the enbodinents of the invention is of a very conpact and
| i ght wei ttht Rrefrepd. pivetdl saxessefl the saids fidatresiwhan mamuactwadi nFlexereronent  of
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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.




CLAIMS: 1. A clanping device for clanping an object conprising: a pair of
clanping arns arranged in pivotal relationship with each other 5 about a
pi vot point, the clanping arnms having clanpi ng ends novabl e between an
open position and a closed position; an attraction device operative to
provi de an attraction force between thé3clanping arnms about the pivot

poi nt; and biasi ng neans operative to provide a biasing force in opposition
to the 10 aCLAM®i on force about the pivot point; wherein the biasing
force is operative to bias the clanping ends towards the closed position.
2. A clanping device as clainmed in claim11, wherein the biasing neans 15
conpri ses a 1| exuk elabwing devicedfor Aampimpamgbjdendobeprdthgel ai med in claim 2,
wherein the pivot BOin#IiS . located on flexure bq%rinﬁq aﬁ? t he flexure
bearing i s adapt &PPHOt FRVPIGAIMSFERNISH IPIVRG! Riatiosghip wi ﬁ?cgh‘bt]'ﬁb devi ce
as cl ai me8l i gbathtah mpivot pbiet,ethe tlampinie dvear hadng Sclardpialt efdd meudpid antial |y
restrict all degrees of relative novenent between the clanping ends except

towar ds and BRUAFER ABAPEALOSIHAR apd & ¢19s5d POSHIOR] osed position. 25 5. A

clanpi ng device af giakt®s delicdBperitReddb HrbAtETarlatti@ction Y418s Helwédie
flexure bearing is made of a netal wth high specific strength. 6. A

cl anpi ng devingé&lampieg armeabeyt tae aivet BointiABFei n the metal is a 30 Titani um
alloy. 7. A cl anpj ' Lai i i j cl ai s,
wherein the att@éﬁ% Sﬁig@?é?ﬁ'k’gtg?fbé’hdﬁ %"B}’asi{%efgﬂiep\lhc ﬁ%ﬁﬁg%@% ce as

cl ai med 1t aatiraslinn ferce ahoup thecrivetpgingl ai s,

wherein the biasing force is operative to bias the clamping ends
towards the closed position.

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

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

20
4. A clamping device as claimed in claim 3, wherein flexure bearing is
adapted to substantially restrict all degrees of relative movement between the
clamping ends except towards and away from the open position and closed
position.

25
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.

6. A clamping device as claimed in claim 5, wherein the metal is a
30 Titanium alloy.

7. A clamping device as claimed in any one of the preceding claims,
wherein the attraction device is a solenoid.




wherein the clanping device conprises a novable armand a fixed arm and
the attraction device is coupled to the fixed arm 5 9. A cl anping device
as claimed in claim8, wherein the biasing neans conprises a second
attraction device positioned opposite the attraction device and the
movabl e armis novabl e between the attrdétion device and the second
attraction device. 10 10. A clanping device as clainmed in any one of the
precedi ng cl&i ns,A dédepiag evice as$ aldimgd npaany coemfi thespraceding rigims,l. A

cl anpi ng dev | 3l i \/ : i lal rein a
cl anpi ng for%ﬁ&e?%\rgo@érgg@gbd%vﬁﬁec i a!s?ié%gat nrr@gt%@g%i% %gj 8@%@%\ devi ce
as cl ai ned itheatteaation tevick és eduplacte tbe firgd agnf orce s adjustabl e by

changing the attraction force relative to the biasing force. 13. A cl anping
device as clainmed in any one of the preceding clainms, 20 including a

danpi ng reech@ni sm cramping degca agi daimeel insdlaim 8pivheledl theobiaking rhears cl anpi ng
armat a position that is rﬁm) e framthe, cl z%ﬂ,ioi n%_ eﬂldq of the  clanping
arm 14. A cFERISTS aferopd a S PR ARWEe PRSitieng RPESIt fng AYPAYPEI Shper t hat
is 25 adaptssl tife en@e and isi gblhde dedtaean tthe airasredaditd iy i al  at
the open position of the clanping ends. 15. A cl anping device as cl ai ned

in clai m 14,68 SHRALIAR I&YIEBper conprises a screw with a snooth curved
tip. 30 16. A clanping device as clained in any one of the preceding

clainms, wherein the object is a bonding wire for a wre bondi ng machi ne.
10 10. A clamping device as claimed in any one of the preceding claims,

wherein the biasing means comprises a spring.

11. A clamping device as claimed in any one of the preceding claims,
wherein a clamping force is provided by the biasing means.

15
12. A clamping device as claimed in claim 11, wherein the clamping force
is adjustable by changing the attraction force relative to the biasing force.

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

20 including a damping mechanism comprising a visco-elastic material coupled
to a clamping arm at a position that is remote from the clamping end of the
clamping arm.

14. A clamping device as claimed in claim 13, including a stopper that is
25 adapted to engage and lightly deform the visco-elastic material at the open
position of the clamping ends.

15. A clamping device as claimed in claim 14, wherein the stopper
comprises a screw with a smooth curved tip.

30

16. A clamping device as claimed in any one of the preceding claims,
wherein the object is a bonding wire for a wire bonding machine.






