-1- SOFT TOUCH CLAMP ACTUATI ON MECHANI SM Field of the Invention 5 The

I nvention relates to a clanpi ng nmechani smincl udi ng gripping jaws for
hol di ng an object, such as a substrate of an electronic device, so as to
position it. Background and Prior Art 10 In back-end sem conductor assenbly
processes, thernosonic ball bonding is by far the nost denmandi ng. To nake
an i nterconnect between a sem conduct-ot- device (commonly called "die") and
its substrate ("leadfrane"), very thin wire, comonly gold wire of between
20 to 75 mcrons in dianeter, is bonded, first 15 onto a pad on the die and
then onto the corresponding | ead of the lead-frame on which the die is
nmounted. This proce AT U b ! orrespondi ng | eads
are connected. One mb <L MHA ﬁSN E than ten to a few
tens of dies. In order to bring successive dies into a bonding area, a

| i near indexing system ("indexer"), is often used to index the 20 | eadfrane
W th highfﬁﬁkﬁﬁﬁédﬂﬂﬂmﬁﬂ I ndexer may essentially conprise a horizonta

l'i neargnotor driven servo controlled stage on which are nounted two index

cl anps, one each for indexing | eadfranmes near the input and output sections
of a w r&hedndemtpnreeihieseto e glonping| mechanismi imthuidired ayrippimgs jews doit uator to

control . cl anpi.ng and de-cl I hg ,of the | eadfrane. 25 As requirenents
of "both s BOGGATObIER, PHch 35 P SHPPEABTAN RICTRS Heviee. Sa 7% o
critical subsystens of the wire bondi ng machi ne, including the indexer and
the index clanp need to be made increasingly nore robust, reliable and

accur at e. Beckgrotied pnd&tiocAthp, this translates to a requirenment of higher
10

in back-end semiconductor assembly processes, thermosonic bail bonding is by
far the most demanding. To make an interconnect between a semiconductor
device (commonly called “die”) and its substrate (“leadframe”), very thin wire,
commonly gold wire of between 20 to 75 microns in diameter, is bonded, first
15 onto a pad on the die and then onto the corresponding lead of the lead-frame on
which the die is mounted. This process continues until all the pads and
corresponding leads are connected. One leadframe may have anywhere from
less than ten to a few tens of dies. In order to bring successive dies into a
bonding area, a linear indexing system (“indexer”), is often used to index the
20 leadframe with high precision. The indexer may essentially comprise a horizontal
linear motor driven servo controlled stage on which are mounted two index
clamps, one each for indexing leadframes near the input and output sections of a
wire bonding machine respectively. Each index clamp has an actuator to control
the clamping and de-clamping of the leadframe.
25
As requirements of both speed and accuracy of wire bonding grow more
stringent, all critical subsystems of the wire bonding machine, including the
indexer and the index clamp need to be made increasingly more robust, reliable
and accurate. For the index clamp, this translates to a requirement of higher
30 clamping force without undue increase in clamp mass. A clamping force of 40N

may be required for the clamp for which the cycle time can vary anywhere from 2



30 clanping force without undue increase in clanp mass. A clanping force of
40N nmay be required for the clanp for which the cycle tinme can vary
anywhere from2 -2- to 60 seconds, depending upon the die size which in turn
determ nes the nunber and length of the wires to be bonded.

Correspondingly, the duty cycle can vary wdely from10 to 80 % This is so
because at tines, the index clanp needs-to renmain clanped near an already
bonded sem conduct or package even as 5 bondi ng takes place on another die
which is upstreamon the sane |eadfrane. This helps to guard agai nst any
possi bl e @ffhsecandst dependingiapoblieudia siger whichdn éurngletermings tiepilmbeins of t he
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Wi re bondi machi nes, even as a | eadframe was passed through the
wor k- hol d@r"?%ﬁaﬁﬁm%d pean |aRapleady i Randsd Fﬁ@'qoﬁﬂHPtofd%@C&ﬁthﬁVﬁmd?@x cl anp.
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15 A conventl enoi d actuate rises a fixe and a
novabl e s®hisrelps b guerdvagainst any rpeessble damage tabe alreagy \bondet\vdrest he

solenoid ,is,e ized Wi th,an tric it, attracts the sol enoid
o1 at 6 whi D4 KERERLABEEE of fe Wodkdioder dinghe boRiBBIRIOFES. o ol anp- a
substrate. The sol enoid may 20 provide a clanping force of about 50N.

De-cl anpi ng of the substrate is effected by turning off the sol enoid
current, An@msatrewreemmmfsﬁhel indexvelamp viaghatclethritss spplerdand dewemhiaws anpi ng

2t 1o, B8 o BB el 0 00, AERGR b, SRR ABEReL I T 7
hi ghly neavibr geaerationi wite Bordlirigd heachiney, eaefsas apietdirante Wi passewi d plate
apprT OaChetshrough the work-holder channels, it aiways rested on the lower jaw of the index
clamp. Only the upper jaw was kept movable in order to effect the clamping
action.
15
A conventional solenoid actuated clamp comprises a fixed solenoid and a
movable solenoid plate which is free to rotate about a pivot. When the solenoid
is energized with an electric current, it attracts the solenoid plate which rotates
about the pivot to move a clamping jaw to clamp a substrate. The solenoid may
20 provide a clamping force of about 50N. De-clamping of the substrate is effected
by turning off the solenoid current, whereat a return spring which was
compressed during the clamping action, moves the clamping jaw in an opposite

direction to open the jaw.

25 There are several drawbacks of this design. First, since the solenoid is a highly
non-linear device, its force increases rapidly as the solenoid plate approaches
the solenoid. This leads to an undesirably high impact on the substrate during
clamping. Secondly, since the force falls off rapidly with an increase in the gap
between the solenoid and solenoid plate, there is a limit to the stroke of the plate

30 displacement and thus a limit to the range of thickness of substrates which can

be clamped.



the solenoid. This |eads to an undesirably high inpact on the substrate
during clanping. Secondly, since the force falls off rapidly with an
increase in the gap between the solenoid and solenoid plate, there is a
limt to the stroke of the plate 30 displacenent and thus a limt to the
range of thickness of substrates which can be clanmped. -3- Thirdly, the
prior art affords no active control du+ng de-clanping, but has to depend
upon the return spring. In order to enable quick de-cl anping action, the
spring force has to be fairly high. This consunes part of the solenoid
force, thus 5 |eading to a smaller clanping force than would have been
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mechani srrb 1? hF l.indrical motor conprises a cylindrical magnet creating
a magnet i 83§ [opglar rt'ﬂlsfFevml ch a coil is novable by el ectromagnetic

i nteraction. Wilst such a design can avoid inparting too nuch inpact onto

the substrate during clanping, one problemis that the cylindrical voice
coi | not oAntimgroves agleatioromephanismds desedbed inidS|Ratent Nua&r A% than a
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system comprises a variable reluctance actuator such as a solenoid that is
operatively coupled to a linear induction actuator such as a cylindrical linear
motor that cooperate to provide an actuation force to the clamping mechanism.
15 The cylindrical motor comprises a cylindrical magnet creating a magnetic field

within which a coil is movable by electromagnetic interaction.

Whilst such a design can avoid imparting too much impact onto the substrate
during clamping, one problem is that the cylindrical voice coil motor that is used
20 provides a relative lower clamping force than a solenoid of the same weight.
Thus, it is less effective in providing a high clamping force. A lower clamping

force makes it more likely that a substrate may slip during indexing motion.

Summary of the Invention

25
It is thus an object of the present invention to seek to provide an actuator which
is capable of driving gripping jaws of a clamping mechanism over a wider travel
range to enable it to clamp thicker substrates.



It is thus an object of the present invention to seek to provide an actuator
which 1is capable of driving gripping jaws of a clanpi ng nechani smover a

wi der travel range to enable it to clanp thicker substrates. -4- It is

anot her object of the invention to seek to provide an actuator that offers a
nore effective gripping force relative to its size while avoi ding sone of
the disadvantages of the aforesaid prdor art. 5 According to a first aspect
of the invention, there is provided a clanping nmechani sm having cl anping

jaws for hqolding an object, conprising: a solenoid ad connected to at

| east oneltds af‘ﬁ&'eéloglﬁ‘ijf ﬁ’g the, veRtian é‘bgﬁﬁ'f it Preide@n t\éatOFr@"\ﬁé S& the

cl anpi ng § i t b StaORE it d ahOadtitihac enoi d
pad tovvardggw? tﬁﬁﬁl@wbﬁggiﬂﬁzirge ?’é Ztr?dﬁi S\;ﬁo‘% \ggm[go?‘fdl%soéoéﬁg?f ﬁ{sél rigidly
10 coupl edisadvaritagesodfdheatbrpsaidsmidr @tti ch is operative to drive the sol enoid

pad in directions towards or away fromthe solenoid notor. According to a
second aspect of the invention, there is provided a nethod for holding an

obj ects UsABébraing! &R MestmaspEdi sMthdvihvehtiohatRerRd id PM6vidéd 4 e@ampingd one of
the clanping jaws being connected to a sol enoid pad, the nethod conprising
t he st epsMerhanipmi haying clasepieg daws ferdheldingr ais objesh| @mresmﬂstamsol@s\pt% a

Vhe. ot anbRdgoRhaged o A Ikt fnd o W, Sénbine s, S0 Wsftvalos et e >
sol enoi d gedemeant bf tHeeclaglpingpjalv; rpselehoidntlotonehataibt sperathvey @ attragt the

sol enoid notor, to attract. 20 t he sol enoi deapad and provide a cl,ang_i ng force
on the obferoidiad towards itwhendt isjenreigadicand a yaigesiollimetopHatds Naidly wi 1 1 be
convepy entodfled® HeBAIbRBIAISRF BAE WHlidiPid SO, Uy EEndR! Bad Py
reference to the acconpanyi ng draw ngs, Ich 1[Tustrate one enbodi nent of
the 25 i divantionshowdide opamaydrdnatiie golefoitimaotdr.awi ngs and the rel ated
description is not to be understood as superseding the generality of the
broad identification of the

According to a second aspect of the invention, there is provided a method for
holding an object using a clamping mechanism having clamping jaws, at least
15 one of the clamping jaws being connected to a solenoid pad, the method
comprising the steps of: moving the solenoid pad towards a scolenoid motor using
a voice coil motor that is rigidly coupled to the solenoid pad so as to close the
clamping jaws onto the object, substantially without attracting the solenoid pad
with the solenoid motor; and thereafter energizing the solenoid motor to attract
20 the solenoid pad and provide a clamping force on the object once the clamping

jaws have closed on the object,

It will be convenient to hereinafter describe the invention in greater detail by
reference to the accompanying drawings, which illustrate one embodiment of the
25 invention. The particularity of the drawings and the related description is not to
be understood as superseding the generality of the broad identification of the

invention as defined by the claims.

30



i nvention as defined by the clainms. 30 -5- Brief Description of the Draw ngs

An exanpl e of a preferred enbodi nent of a clanp actuation nmechanismin

accor danc
acconpany

e with the invention will now be described with reference to the

ing drawings, in which: FIG 1 is an isonetric view of a clanping

5

mechani sm according to the preferred enbodinent of the invention; 10 FIG 2
is a side view of the clanpi ng mechanism | ooking fromdirection A of FIG
1; FIG 3 is an end view of the clanping mechani sm | ooking fromdirection B

of FIG
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2;, and 15 FIG 4 is a graphical illustration of an exenplary

ign ohthe D@wWings activation periods of the respective
during a typical indexing operation. Detailed Description of the
Enbodi ment of the Invention 20 FIG | is an isonetric view of a
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FIG. 2 is a side view of the clamping mechanism looking from direction A of FIG.
1;

FIG. 3 is an end view of the clamping mechanism looking from direction B of FiG.
2; and

FIG. 4 is a graphical illustration of an exemplary current-time profile showing the

activation periods of the respective actuators during a typical indexing operation.

Detailed Description of the Preferred Embodiment of the Invention

FIG. 1 is an isometric view of a clamping mechanism 10 according to the
preferred embodiment of the invention. The clamping mechanism 10 has a
support structure 12 and clamping jaws comprising an upper clamping jaw 14
and a lower clamping jaw 16 fixed onto the support structure 12. The upper and
lower clamping jaws 14, 16 are pivotally mounted on the support structure 12
with pivots 18 so that they may rotate relative to the support structure 12 during
opening and closing of the clamping mechanism 10.

The lower clamping jaw 16 is connected to a first solenoid pad, such as upper
solenoid pad 20, and the upper clamping jaw is connected to a second solenoid

pad, such as lower solenoid pad 22. The solenoid pads 20, 22 are operative to

and



pad, such as | ower sol enoid pad 22. The sol enoid pads 20, 22 are operative
to -6- actuate opening and closing notion of the clanping jaws 14, 16. In a
case where only one clanping jaw is novable and the other clanping jaw is
fixed, only one solenoid pad would be required. 5 The upper and | ower

sol enoid pads 20, 22 are attracted towards opposite ends of a sol enoid
motor in the formof solenoid 28 whenr&he solenoid 28 is energi zed.
Accordingly, the solenoid 28 is preferably | ocated between the two sol enoid
pads 20, 22. \Wen the sol enoid pads 20, 22 are attracted tomards t he

sol enoi d chuatet ﬂ%erﬁm&rﬂ@ﬂngof'ﬁﬂrsmﬂ?ﬁm o5 the | glamping: iBwsodér 48 al"cRoRA88 posi ti on
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connect edonesalepaidtpadfwauid beireguiced.] not or assenbly, conprising a first

conmponent in the formof a coil bracket 24 incorporating coils for carrying
an electric current, and a second 15 conponent in the formof a nagnet

assemy y PRe hﬁﬁérgmd“lgmér BbIéhaidl fadsAo, @%@ta&racté_@ f‘ovyé}b§ %Bgesde BRdO6f assenbly

is rigidly coupl respective sol enoi d In order to drive
each sol ean@olﬁnpaumqtordnrtbetfoms)ftsompuis%rwrmmt}nefsoiamcudéB isotnengized.28. As
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in contropdizy Wiserpofd sdlenoidfpddie2@,0t2am dttRted owsrapane dolepoithes, t he
coupling is flexible. I'nthe illustrated enbodi ment, the up Fer sol enoi d pad

20 is ri g‘ihﬁ Jamping iaws: it He wilk sotate,fowvards apalosed Positionriar &amping@n ower
sol engy &@gcﬁéu IPad L9 L QBPBﬁ%rEQb%tE!ﬁe o?é chaé SHAP! y 26,
v e rigidly

Alternatl e upper so enor d coupled to the
nmagnet assenbly 26 and the | ower solen0|d 22 may be rlgldly coupled to the

carri od byAEhGPREt ARBIaRREEOASI P 20, SAdsduBbEiscatnect g BT af Fven 1o
voice coil motor assembly, comprising a first component in the form of a coil
bracket 24 incorporating coils for carrying an electric current, and a second

15 component in the form of a magnet assembly 26 including a plurality of magnets.
The voice coil motor assembly is rigidly coupled to the respective solenoid pads
20, 22 in order to drive each solenoid pad in directions towards or away from the
solenoid 28. As compared to the prior art, rigid coupling of each component of
the voice coil motor assembly to a respective solenoid pad allows greater
20 precision in controlling the position of the solenoid pad as compared to when the

coupling is flexible.

In the illustrated embodiment, the upper solenoid pad 20 is rigidly coupled to the
coil bracket 24, and separately, the lower solenoid pad 22 is rigidly coupled to the
25 magnet assembly 26. Alternatively, the upper solencid pad 20 may be rigidly
coupled to the magnet assembly 26 and the lower solenoid 22 may be rigidly
coupled to the coil bracket 24. Depending on a direction of current flow in the
coils carried by the coil bracket 24, the solenoid pads 20, 22 may be driven to
move towards or away from the solenoid 28, so that the clamping jaws may be

30 moved towards closed or opened positions respectively.



nove towards or away fromthe solenoid 28, so that the clanping jaws may be
30 noved towards cl osed or opened positions respectively. -7- FIG 2 is a
side view of the clanping mechanism 10 | ooking fromdirection A of FIG 1.
In the illustration, there are gaps 21, 23 between the respective upper and
| ower sol enoid pads 20, 22 and the solenoid 28. Therefore, there is a
correspondi ng gap 15 between the upper7and | ower clanping jaws 14, 16. Wen
5 the lower solenoid pad 22 is driven towards the sol enoid 28, the upper
clamping jaw 14 will rotate about the pivot 18 and nove towards the | ower

cl anpi ng 4 és a sigm¥ign: ehtheyclamping meehanigar 16 Inoking Hopdirestion A af i ven

t ds t I L d - : ' ' I : t th
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| ower cl aepd igwpasslehdid padsarzd), 22 aalothedsdlengidr2&r nThdreford atherends gper at i on.

FIG 3 is an end view of _the clanping nmechani sm 10 | oqking . fr irection B
of * FiL. * SOTespangiIG §4m 15 BOMRETCBRARbEr 858 Kl QHBPINGIRNE i 4SRN and

| ower gso ' g ; | | 24 o | ' f a
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di sposed jaw 4 will rotatembonhthe pivalt 18 and movpdowareds the dowerndamping jawelragnet

assenbly 26. The .coil bracket 24 and the ghet assenbly 26 are nfi gured
Co nove. r CORpIENo wheBiiRE hber s0BR0I AR 20 BreriendBh R el e B act on.
Dependi ngtimenlowae cRinififg j2w 16fwdiid Fétate AbcUthé pivoh 18 @d hevd owdraskior ated on
the coil bracket 24, the coil bracket 24 would either nove 20 further into

t he encl oYBPE" ¢lamping iy (e Fiaghetheyppenhand severcelamping jawst i 16pdsi t e
di rec]iéonclor%g?% ég'% n?%eclaﬁ\@ﬁlﬁeggﬁé}{ of the coil bracket 24 and/or the
y if e of th

magnet  asse rves fno e upper sol enoid pad 20 and/or the
| ower sol enoid pad 22 to which they are respectively connected. 25
Pr ef er abl ﬁGthe sol egoi,d 28 is configured to receive a _first current and the

voi ce cofl Mo IHAN eHdMgw iof ihe glamping machanisms 4@ fepking, freaydirqaligh B 6f separ at e
fromthe EiESh. In addition to the solenoid 28 and the respective upper and lower

solenoid pads 20, 22, the view gives a clearer illustration of a substantially planar
15  construction of the coil bracket 24, which is disposed in an air gap that is at least
partially enclosed by the magnet assembly 26. The coil bracket 24 and the
magnet assembly 26 are configured to move relative to each other as a result of
electromagnetic interaction. Depending on the direction of current flow within the
coils incorporated on the coil bracket 24, the coil bracket 24 would either move
20 further into the enclosure formed by the magnet assembly 26, or move in the
opposite direction. In either case, the movement of the coil bracket 24 and/or the
magnet assembly 26 drives movement of the upper solenoid pad 20 and/or the

lower solenoid pad 22 to which they are respectively connected.

25 Preferably, the solenoid 28 is configured to receive a first current and the voice
coil motor is configured to receive a second current that is separate from the first
current. This enables the two motors to be controlled separately, as
demonstrated by the illustration of the clamping mechanism 10 in operation with
reference to FIG. 4. As a result, the upper and lower clamping jaws 14, 16 are

30 drivable to open or close by the voice coil motor. In operation, the voice coil

motor would be operative primarily to open or close the clamping jaws 14, 16,



current. This enables the two notors to be controll ed separately, as
denonstrated by the illustration of the clanping nmechanism 10 in operation
with reference to FIG 4. As a result, the upper and | ower clanping jaws
14, 16 are 30 drivable to open or close by the voice coil notor. In
operation, the voice coil notor would be operative primarily to open or
close the clanping jaws 14, 16, -8- whreas the solenoid 28 woul d be
operative primrily to apply a clanping force once the clanping jaws 14, 16
close onto, a sub tra . §3~4 is a graphical illustration of an exenplary

current - tY"Hﬁf%S fnseegmv? e beSO%R’? NEaPrIBArilyeto; 2Rty 6f°'@'ﬁ9'“ﬂef9ﬂ?§ct ive
actuators Hég gdgmﬁ,mgdgﬁg 114nqlg>é|dgg dﬁ?@?%ﬁb@ﬁ' te. 3 aphical line 32 relates to

t he voice COI rising the coi brac et 24 and magnet assenbly 26,
and graphical line 34 relates to t he sol enoid 28. The voice coil nntor S
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constant remains the same along the full travel range of the coil bracket
24 and magnet assenbly 26, this allows the clanping aws 14, 16 to travel a

| ong di st AR oiss Q%'amot%és @fsérﬂﬂ'}‘@eﬁ dodnave thessglenoid rpéﬁﬁézo 224awands t hat i s
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25ms), a second current 34a (say, 0.83A) is delivered to the solenoid 28. By this
time, the clamping jaws 14, 16 are preferably already clamping onto a substrate.
15
Since the voice coil motor force constant remains the same along the full travel
range of the coil bracket 24 and magnet assembly 26, this allows the clamping
jaws 14, 16 to travel a long distance so that the clamping jaws 14, 16 may create
a gap 15 that is large enough for all kinds of substrate thickness. Moreover, the
20  voice coil motor allows the clamping jaws 14, 16 to close gently and rapidly via
the input of a simple current-time profile due to the consistent motor force

constant.

However, the solenoid 28 will be activated to provide a main clamping force after
25 the clamping jaws 14, 16 close onto the substrate. This minimizes the force
impact on the substrate. The first current 32a is terminated to deactivate the
voice coil motor once the solenoid 28 is activated with the second current 34a to
apply the clamping force, so that eventually the clamping force is delivered solely
by the solenoid 28.
30
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25 the clanping jaws 14, 16 close onto the substrate. This mnimzes the
force inpact on the substrate. The first current 32a is termnated to
deactivate the voice coil notor once the solenoid 28 is activated with the
second current 34a to apply the clanping force, so that eventually the
clanmping force is delivered solely by the solenoid 28. 30 -9- Wen the
clanping jaws 14, 16 need to be uncl aged, a third current 34b which is

| ower than the second current 34a is delivered to the solenoid 28. Although
at this point, a high clanping force is no |onger necessar{ this | ower

cl anpi ng Wéeadhe clampipg jaws 14, Hoeed be@pncl@nmﬁdmg_tbird cHeen! dHpwhish aws 14,
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motor. This fourth current 1s operative to hold the saolenoid pads 20, 22 to
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therno stress mpi ng _nechanj s tress,. The fourth rent 32b
i s thus a%&'?é’&o‘f' e‘ﬂ&l"@ﬁ‘lo CQ'IHgotoémerh @”Eﬁ&HﬁPHb‘Sf%’P&I'VGA’F’m& €short
time frond&eoid padsSa®mOto Wamp ARYNVIbRatidH EfPdrichead (GRthg ditlapRrigher Sns) ,
the third current 34b is termnated. After about 20ns, "after any vibration
due to thisetclampingtjaws 14f 16.nhe sol enoid cl anping force dissipates, the

fourth current is gradually reduced 32c until it is term nated, and t he
remai Ning stress is gradually rel eased. 20

At this moment, since the substrate is heated up to 150°C or above, thermo
stress in the substrate may concentrate around the clamping area. Unclamping
the clamping jaws 14, 16 will be accompanied by the release of thermo stress
and clamping mechanism force stress. The fourth current 32b is thus applied to

15 replace the solenoid clamping force. After a short time from the provision of the
fourth current 32b (say, for another 5ms), the third current 34b is terminated.
After about 20ms, after any vibration due to the termination of the solenoid
clamping force dissipates, the fourth current is gradually reduced 32c until it is
terminated, and the remaining stress is gradually released.

20
After the fourth current is terminated, a fifth current 32d (say, 0.4A) is applied to
drive the solenoid pads away from the solenoid 28 to open the clamping jaws 14,
16. After a short time from the provision of the fifth current 32d (say, for 20ms),
after the clamping jaws 14, 16 have been separated and the clamping jaws 14,

25 16 are in the open position, the clamping mechanism 10 may move to another
position to clamp the substrate again to index it or to clamp another substrate for

indexing.

Using the voice coil motor to drive the opening of the clamping jaws 14, 16 helps

30 to eliminate the use of a spring to force open the clamping jaws, so this helps to



After the fourth current is termnated, a fifth current 32d (say, 0.4A) is
applied to drive the solenoid pads away fromthe solenoid 28 to open the
clanping jaws 14, 16. After a short time fromthe provision of the fifth
current 32d (say, for 20nms), after the clanping jaws 14, 16 have been
separated and the clanping jaws 14, 25 16 are in the open position, the

cl anpi ng nmechani sm 10 may nove to anefller position to clanp the substrate
again to index it or to clanp another substrate for indexing. Using the
voice coil nmotor to drive the opening of the clanping jaws 14, 16 helps 30

to elim rngduce e weighhpf thessplenpid 2§ begause #ie Aot preessaRpioMavieAargefo t hi s
hel ps to 510 t J i e it is not
necessar yCI%'@phr{é\/qg@eﬁoaJr1\%é%%PQ%%tHEm%@eﬁﬁg %{{/e c%ﬁ@ag% return spring
force during clamping. It should be appreciated that the clanpi ng nmechani sm
according,to t preferred 5 enbqodi nent of the invention mninjzes

U brat | ot shoud b aprAgataog: e mPIageCI A ARG e RS edand ¢ hi s
mi i g7 eSeABBRA-ntior helANIGH fifiniéd WBratdn0edstlito! e YbSGate iy SO
devices are carried by a device carrier instead o a substrate, the inpact
f orce durd¢lagpirigaand nyclanypiog.usrd thie rdigimizes thondedpviog deformaliobrduringon t he

device carrnier, leading o defects.. By using the relatively Linea 0 force
from the wiiatepiRkg? st Sorit otvice? alf b e b dfefcs Frbr ins¥alle 14, 16,
and then al%uﬂﬁtrétb,etrfeeihaaacwdrrsemuﬁhgsc%rﬁpmgdnay 2B0s thd Bedee @6 jumpfdper the

substrate has been clanped, such high 1 npact forces during clanping can be

avoi ded. andivibratagedbe dgvicecarriasi lgndingftordeéecis| BisistngAbe celatively fisericed, and
the v Cefo?cgé irc@?ﬂ%&% c%g%ng@r temBle B ersddmbﬁegggrﬂéir@@()@ g, THUS,

the clampin anrsm mai nt ai n e salne Sp ccurdcy’'w t hout
any i ncr eascethenruginethenvaeativelytiigh potenoidtdiamping fomeantpafter thecubsgtratel onal
sol enoi d-driven cl anpi ng hrrﬁiégani sns. 20 The invention described hereinis

suscept i bNgs been elpmpedosic IMpRekiPEses duriag Flamping can be avoided.

Advantageously, the weight of the solenoid 28 can be reduced, and the voice coil
15 motor design is also made simple and lightweight. Thus, the clamping
mechanism 10 may maintain the same speed and accuracy without any increase
in the index motor power that is necessary in conventionai solenoid-driven

clamping mechanisms.

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



addi tions other than those specifically described and it is to be understood
that the invention includes all such variations, nodifications and/or
additions which fall wthin the spirit and scope of the above description.
-11- CLAIMS: 1. A clanping nechani sm having cl anping jaws for hol ding an
object, conprising: 5 a solenoid pad connected to at | east one of the
clanmping jaws and operative to actuatld -novenent of the clanping jaw, a

sol enoid notor that is operative to attract the sol enoid pad towards it
when it is energized; and a voice coil notor that is rigidly coupled to the
sol enoi d BRAIMBE which is 10 operative to drive the solenoid pad in
directions towards or away fromthe solenoid notor. 2. The cl anping
mechanismas clainmed in claim1l, wherein the solenoid notor is configured
to receivaé. a fAr skanping anécleamisrh hiraving calamping paworfor sholdibg camfolgeeted t o
receive a secagnd current that is separate fromthe first current. 3. The

cl anpi ng MR®RE#N@m as claimed in claim1 or claim2, wherein the voice coi
not or gonpri se i k | s O
curreﬁ?-carryiﬁgﬁggﬁﬁg?é?ﬂgﬁﬁggﬁégaggggA% J gﬁ%q?hgkcg?ﬁﬁgﬁgéﬁg%mgg?ng
novabl e 20peratige twactuateemovementof thectampieg gawy t he sol enoid pad is rigidly

coupled to either, th net .assenbl.y or the Il bracket. 4. Tge. | anpi ng
mechani sm as cf aEOFPéI&"CFeﬁ"r@a%ﬁ?ﬂ‘f W@téﬁentot fiira ﬁﬁ}&ﬁ&&ng' dpaq fowar, ?dry

coupl ed t ghkRetis@nbrdizatlaptd: 25 5. The clanping nechanismas clained in
claim3 or claim4, wherein the coil bracket is of a substantially planar

constructi on afdoice epikmotasdhal isHigidivsorpled to the solenoid pad and which is
10 operative to drive the solenoid pad in directions towards or away from the
solencid motor.

2. The clamping mechanism as claimed in claim 1, wherein the solenoid
motor is configured to receive a first current and the voice coil motor is

15  configured to receive a second current that is separate from the first current.

3. The clamping mechanism as claimed in claim 1 or claim 2, wherein the
voice coil motor comprises a magnet assembly and a coil bracket incorporating
current-carrying coils, the magnet assembly and the coil bracket being movable
20 relative to each other, and wherein the solenoid pad is rigidly coupled to either

the magnet assembly or the coil bracket.

4, The clamping mechanism as claimed in claim 3, wherein the solenoid pad

is rigidly coupled to the coil bracket.

25
5. The clamping mechanism as claimed in claim 3 or claim 4, wherein the
coil bracket is of a substantially planar construction and is disposed within an air
gap that is at least partially enclosed by the magnet assembly.

30 6. The clamping mechanism as claimed in any one of the preceding claims,

further comprising another solenoid pad connected to another clamping jaw for



gap that is at least partially enclosed by the nmagnet assenbly. 30 6. The

cl anpi ng nechanismas clained in any one of the preceding clains, further
conpri sing anot her sol enoid pad connected to another clanping jaw for -12-
actuating its novenment, wherein the two sol enoid pads are arranged such that
the solenoid notor is |ocated between the two sol enoid pads. 7. The cl anpi ng
mechanismas clained in claim6, wher#2n one solenoid pad 5 is rigidly
coupled to a first conponent of the voice coil notor and the other sol enoid

pad is rlgldly coupled to a second conmponent of the voice coil notor that
I's novabl ERiNG Hedvemans wherein tha twe spleneit pads anmarrangedisngh teathani sm as

clainmed i e %B)én%ﬂ?m%?or I%]poca{e%clg%%gn% SO'FH'S}WG' n the voice coil notor

i's operatlve prinari rovi aker force to nove the
solenoid pad relative to the sol enoi d nDtor and the solenoid notor is

operativ primgrily to provide a relatively str r for
cl anpi ng ‘he or[ﬁ] MPpiNg IGEChRIFY A5 JRIMeY ig ‘ﬁ‘%b?fsﬁ‘to"trgﬁg"%g @%npi ng
mechary S%Wﬁlﬁ}gcodﬂléﬁ% @f&s@“&)mﬁénérﬁaﬁt th@n\‘i‘m@é &h%ﬁl&”ﬁ#d‘%é dierbei ng

connected to a“sol enoild pad, the nethod conprising the steps of: noving the
sol enoi d qﬂeml@mddsrlgndlycﬂwptadjtormsenonabcomp@emptmeamn¢e coibmotortthatt i s

rigidly cqu he sol en ad so as . to close the clanping jaws 20
onto the 85’9" I ? §?%Hﬁ°}§.‘]%qmﬁtw5"lﬂ ractl ng the sol enoid pad with the

sol enoid notor; and thereafter energizing the solenoid notor to attract the

sol enoi degad and provide a clanping force on the object once the clanping
j aws haveB.cl osE® elamping m@jt:Bemsm as claimedin RBY oxre of the peeceding Clgims.o,

wher t or
conpr | Ge Vg2t Vol bl thdiis bRl bR WHdnab B ref B WEAREE T
not to t hfercseotoenmwel thotsorenomdad helative o tHe solengidzmotpri &ed the solencid

motor is operative primarily to provide a relatively stronger clamping force for

clamping the object.

15 9. Method for holding an object using a clamping mechanism having
clamping jaws, at least one of the clamping jaws being connected to a solenoid
pad, the method comprising the steps of:

moving the solenoid pad towards a solenoid motor using a voice coil
motor that is rigidly coupled to the solenoid pad so as to close the clamping jaws

20 onto the object, substantially without attracting the solenoid pad with the solenoid
motor; and thereafter

energizing the solenoid motor to attract the solenoid pad and provide a

clamping force on the object once the clamping jaws have closed on the object.

25 10. Method as claimed in claim 9, wherein the step of moving the solenoid
pad towards the solenoid motor comprises the step of providing a first current to
the voice coil motor but not to the solenoid motor, and the step of energizing the
solenoid motor comprises the step of providing a second current to the solenoid
motor but not to the voice coil motor.

30



sol enoid notor conprises the step of providing a second current to the
solenoid notor but not to the voice coil notor. 30 -13- 11. Method as
claimed in claim210, wherein the second current is provided to the solenoid
notor prior to termnating the first current provided to the voice coi

notor. 5 12. Method as clained in any one of clains 9 to 11, further
conprising the step of noving the sell@roid pad in a direction away fromthe
sol enoid nmotor wusing the voice coil notor to thereafter unclanp the object.
13. Method as clained in claim12, further conprising the step of activating
10 the volte cHethodaoelainsedheiping 10} wierei the peeonshewrentds ppvidad i or to

uncl ampi n B A SRBH Bffor & EfmRialih 468 S tEnf BRI BN, 1 i ng

t he step wbtoreduci ng the clanping force provided by the sol enoid notor onto
the object to a lower level 15 than its initial clanping force before fully
termnating the clanmping force provided by the solenoid notor.

5 12. Method as claimed in any one of claims 9 to 11, further comprising the
step of moving the solenocid pad in a direction away from the solenoid motor

using the voice coil motor to thereafter unclamp the object.

13. Method as claimed in claim 12, further comprising the step of activating
10  the voice coil motor to apply a clamping force onto the object prior to terminating
the clamping force provided by the solenoid motor and unclamping the object.

14.  Method as claimed in claim 13, further comprising the step of reducing the
clamping force provided by the solenoid motor onto the object to a lower level
15 than its initial clamping force before fully terminating the clamping force provided

by the solenoid motor.



