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

I nvention relates to a clanpi ng mechani 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 interconnect between a seniconductdl - device (comonly 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
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are connected. One | eadfrane may have anywhere from less than ten to a few
tens of dies. In order to bring successive dies into a bonding area, a
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clanps, o each for indexing | eadfranes pear the input and output, sections
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of both speed™and accuracy of wre bonding grow nore stringent, al

critical subsystens of the wire bondi ng machi ne, including the indexer and
t he indechI r q;ed iob de increasingly nore robust, reliable and
accurate.—ﬁ%ﬁgBH%—ﬁﬂgiﬁ¥é§$gg, this translates to a requirenent of higher 30

cl anmpii;mg force without undue increase in clanp nass. A clanping force of 40N

In back-end semiconductor assembly processes, thermosonic ball 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



may be required for the clanp for which the cycle time can vary anywhere
from2 -2- to 60 seconds, dependi ng 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 tinmes, the index clanp needs to remain clanped near an already
bonded sem conductor 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 danage to the already bonded wires due to strong vibrations of the
wor k- hol defo @Lsécopdshdeprndinghrgpen dedie. siznwhiobrin teuiatemeines die nlmbehdex
clamp is t bot.h its upper_and |lower 4aws 10 shoul d eferably be

actunt ed i IOl et e BRR o Bhparey efipondrBlnd'e R o 2 BBher at i on
wi re bondi RideRBROINNES to BUER. ThisAs| RABECATR JREmeasthednd&hERRENEEESs to
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sol enoid Thisdetpgte gdard hfaiast ahepbssiblecdamage toithe allteadgtisonded wiedenoi d
plate which rotates _about the pivot to nove a clanping jawto clanmp a

subst r at e. du&i® stngnEPi@tinag obthepverikhrlder dyurigdhadongingePreseshout 50N.

De-cl anpi ng of the substrate is effected by turning off the solenoid
current, whereat a return spring which was conpressed during the clanping
acti on, noAestheheeqlilemenigof the indearciappdsithat bathriés upper Bod dpeer fdves j aw. 25
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substrate during clanping. Secondly, since the force falls off rapidly with

an incr easf@rqughi}he werp-holder channels, it always 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.



bet ween the sol enoid and sol enoid plate, thereis alimt to the stroke of
the plate 30 displacenent and thus a limt to the range of thickness of
substrates which can be clanped. -3- Thirdly, the prior art affords no
active control during de-clanping, but has to depend upon the return
spring. In order to enable quick de-clanping action, the spring force has
to be fairly high. This consunes part _af. the sol enoid force, thus 5 | eading
to a smaller clanmping force than woul d have been possi ble w thout the
spring. Thus, in order to effect a required | evel of clanping force, the
sol enoid has to be larger in size. An inproved act uati on nechanismis
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cl anpi ng, hasdo pedaigenin sizehat the cylindrical voice coil notor that is used
20 provides a relative lower clanping force than a solenoid of the sane
weight. Thus, it is less effective in providing a high clanping force. 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.
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-4.- It is another object of the invention to seek to provide an actuator
that offers a nore effective gripping force relative to its size while
avoi di ng sonme of the disadvantages of the aforesaid prior art. 5 According
to a first aspect of the invention, there is provided a clanping nechanism
havi ng cl anping jaws for hol ding an object, conprising: a solenoid pad
connected to at least one of the clanpifg jaws and operative to actuate
novenent of the clanmping jaw, a solenoid notor that is operative to attract
the solenoid pad towards it when it is energized; and a voice coil notor
that is rifiidlapofierchjgdted the invantiooltorasielt tpagtouide avhiactuaitar thpeofieisva t o

drive the solengid.pad in. directions t rds_or fromthe sa oid

ot or . Acc ORI rTECHYa Srobind SRl Ae RS SieEneln bvpiE. P B ihed o
net hod f or dish@l&htage£6f BB ASiesHR pibrarc! anpi ng mechani sm havi ng cl anpi ng
jaws, at |east 15 one of the clanping jaws being connected to a solenoid

pad, the nmethod conprising the steps of: noving the solenoid pad towards a
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and thereafter energizing the solenoid notor to attract 20 the sol enoid pad
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invention In greater detal b%/ reference to the acconpanyi ng draw ngs,
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the drawings gnd the rel ated description is not to be upderstood as.
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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 solenoid 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
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with the invention will now be described with reference to the
ng drawings, in which: FIG 1 is an isonetric view of a cl anping
mechani sm according to the preferred enbodinent of the invention; 10 FIG 2
is a side view of the clanping nmechanismlooking fromdirection A of FIG
1; FIG 3 is an end view of the cl anpi ng nmechani sm | ooking fromdirection B

; and 15 FIG 4 is a graphical illustration of an exenplary
me profile showing the activation periods of the respective

dBriefri2estription obthe Dihevimggy operation. Detail ed Description of the
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Zéieﬁgdimgﬁ?ﬁgﬁegﬁg%ﬂioﬁads 20, 22 are operative to -6- actuate

0S1 ng he clamping jaws 14, 16. In a case whe
| amping jaw i s novabl e and the other clanping jaw is fixed,
id pad woul d be required. ) ] S
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

i ng

and

re
only



5 The upper and | ower sol enoid pads 20, 22 are attracted towards opposite
ends of a solenoid notor in the formof solenoid 28 when the solenoid 28 is
energi zed. Accordingly, the solenoid 28 is preferably | ocated between the
two sol enoid pads 20, 22. Wien the sol enoid pads 20, 22 are attracted
towards the solenoid 28, the clanping jaws 14, 16 wll rotate towards a

cl osed position for clanping an 10 objegt, such as a | eadfrane or other
substrate of an electronic device. Each upper and | ower sol enoid pad 20, 22
is further connected to a part of a voice coil notor assenbly, conprising a
first conpometuate mpehingf andnatdsieg ewotion bf &k etan2gding rjaws pbt,at6. ngnca)idasef or
carrying an c current, and a se onent .in the form of

Iectr nd (of0)
magnet asse??‘z\e{/e 96 Yione GlamRyideap, "éf‘éﬂ‘ﬁ &ﬁ;ﬁgﬁg&damﬂ“\%@ iy sdixedi ‘P”'Mot or

assenbly 'Sohb%bl@r%ﬁﬂé@%ﬂl&@eFéh?ur%@sloeCt'Ve sol enoid pads 20, 22 in order
to drive each solenoid pad in directions towards or away fromthe solenoid

28. As conpared to the prior art, rigid coupl I ng of each corrponent of the
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veLce Coh TheSlapRE AR ek PREE 12 2 SO Bl LBt
when t he C@%&Iérﬁtﬁd irfotbr @t form & édléndnhlzas%ah&ﬁe SBRMGidTDBis ehlaﬁguz&per
sol enoid pad 20 is rigidl angl ug@ed to the coil bracket 24, and separately,

the | ower s&@ﬂ@nrwlmathezg iipreferablyl lecated bteh@eerzme(m%qlemémﬂsy 26.

Al ternati veI h 0 t
nmagnet asse I 2522/\/”%%%3%}62\%& Bg@?%lqogg”a% %ﬁﬁ&gg tgb\é (Eﬁ y% % é?gaﬂfo t he
coil br aCkethéélanﬁﬂl@%l’éiN@gmr’lGale foefttitowaafs &wlesst pbsition ifor Elampirgpahs
carried by the coil bracket 24, the solenoid pads 20, 22 rmay be driven to
nove t oWar dobisct sal aﬁr%'#?fjfﬁém@cﬂré}%‘?roﬁ%"a?ooﬁ%?'eﬁf‘i@“'éld&mng jaws may be
30 noved towards closed or opened positions respectively. -7- FIG 2 is a
side view of the clanping nechanism 10 | ooking fromdirection A of FIG 1.
In the ill u&achtuppey mdebwearwlejmin; pad, 2@ 2D ét ﬁﬂtlrmrtdwneeuenehota\pfampfper and
| ower sol enoi d pads 9 nﬁ t he sal.enoi ‘{1 2{ Therefare tthere
voice' coil” motor assem y, comprising a firs component ih the ‘form of & il
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 iower solenoid pad 22 is rigidly coupled to the
25 magnet assembly 26. Alternatively, the upper solenoid 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.



correspondi ng gap 15 between the upper and | ower clanping jaws 14, 16. \Wen
5 the lower solenoid pad 22 is driven towards the sol enoid 28, the upper
clanping jaw 14 will rotate about the pivot 18 and nove towards the | ower
clanping jaw 16. Concurrently, when the upper solenoid pad 20 is driven
towards the solenoid 28, the |ower clanping jaw 16 would rotate about the
pi vot 18 and nove towards the upper clamping jaw 14. Finally, the upper and
| ower clanping jaws 14, 16 are 10 closed to performthe clanping operation.
FIG 3 is an end view of the clanping nmechanism 10 | ooking fromdirection B
of FIG 2. AlG. ddia side view ofi¢he olasmpingl nxhanism HE Ipekipg dtarw elireplier Aaofd

| oner sol engiLd _ pads, 20 2...the view gives arer illustration of a
subst ant | al INCpMant hecuftiohy fhaa e barcr £ BRfiRseLinesFsbRivanufier

di sposed inand Rwer Btierididtpdds 20, bRasid tifisbiehblid/ 28nCTbeesfoRy thbe manet
assenbly 26. The coil bracket 24 and the nmagnet assenbly 26 are configured
to nove rel &orrgepensiegenr dbratwaen the vepertansklower slampinaiaves 14 16t \Whest i on,
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t he encl osujaw fidrwittdotate albsutiting piiot 48 3@Ahyve fowarts tiny Rwer cdldmping a6t e
direction. In either case, the movenent of the coil bracket 24 and/or the

magnet asser@ANFUEENHY.iwhan hersssolanoidipadi gids deyer ivardsdae soleaall 28, t he

| ower sol engy | ' [ V. Brhve

Preferably, %%L&glcﬁg?@gg@hﬁ? \é'g@%ﬁirgtaﬁ%gsﬁg%% e?(%/tewggﬁc?rst (C:j[a\fvragjr?tthgnd t he
voi ce coi | uppeoclanypiny jdw g4t eBintbly,rtee aipper ansdowed ctampiagtjavbdid, 16 arepar at e

fromthgpflrgztéedggrrff?fré%rrl Thi s enables the two notors to be controll ed

separ at €Py, © s Ah8'2BP NG 8PEIAUQ8: r ati on of the cl anpi ng mechani sm
10 in operation with reference to FIG 4. As a result, the upper and | ower
clanmping jaws 14, 16 are 30 drivable to open or close by the voice coil

motor. | n oféGaBiidan antkviewi fdhe slampingtroechanisnd 19clooking ftam @irgetiomBiofy to
open or clo the ¢l amping | 14, 16, 58- re th ol i d uld be
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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 coll

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



"once the clanmping jaws 14, 16 close onto a substrate. FIG 4 is a graphical
illustration of an exenplary current-tine profile showng the 5 activation
periods of the respective actuators during a typical indexing operation.

G aphical line 32 relates to the voice coil notor conprising the coil
bracket 24 and nagnet assenbly 26, and graphical line 34 relates to the

sol enoid 28. The voice coil notor is fiigst activated to nove the sol enoid
pads 20, 22 towards 10 the solenoid 28. During this time, the sol enoid 28
shoul d substantially not attract the solenoid pads 20, 22. A first current
32a (say, whegtéas tire selbhyidr28iwoald be operdtivelprimddly t@apbiy a aldmpiag foteeat i on
(say, 30nms). Wthin that duration (say after about 25ns), a second current
34a (say, (9”8@;&73 Flamping Awss T+ 16 ¢lpge aBfoensiikpteate. By this time, the
clanping jaws 14, 16 are preferably already clanping onto a substrate. 15
Since the voice coil motor force constant remains the sane al ong the full
travel rard@. éfis ahgrapbichl lusicatsn ﬁ@ma&mp@rwtumsﬂdhbé;prdfﬂe shbwingatheows t he
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thi ckness. @@Pﬁwﬁnne tsbere?é?ey%%%icle éant%t&lddh\fﬁ.é.ﬁgem‘é a8PbReticRv] 14, 16
to close gently and rapidly via the input, of a sinple current-tine proflle

due to the emdrfﬁa@lettrassmbb'rze @ncegrapbinak linet 34 tatates 4o the selesoi@oi d 28 wil |
be activated to provide a main clanping force after 25 the clanping jaws
14, 16 close onto the substrate. This mnimzes the force inpact on the

substrate. Theevdite 8bil autoent firglactivatddetonimoat ae soletdif badape, 2heowaeisce coi |
not or once the solenoid 28 is activated with the second current 34a to

apply tiRe dhesplengidiast cBurisg thip dimes Jsmselaneig 2thshayld spbaigntiahcrotialtrad i ver ed
3;’Lf;¥rpegy tgé‘téﬂli%ﬁéﬁg;gérd}e%@-?ZgAﬁ?tc(%&‘fPéhts@S ELAPEBR) 1PY5ivied tHonBERM tO be
bracket 24 for a first duration (say, 30ms). Within that duration (say, after about
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



~is lower than the second ent 34a is delivered to the solenoid 28.

Al though at this point, a high clanping force is no | onger necessary, this
| ower clanping force is applied to avoid abrupt opening of the clanping
jaws 14, 16. Therefore, the 5 clanping jaws 14, 16 would still be clanping
onto the substrate, albeit with a |ower force. Before the third current 34b
is termnated, a fourth current 32b (say. 2A) is provided to the voice coi
notor. This fourth current is operative to hold the solenoid pads 20, 22 to
danp any vibration experienced during unclanping of the clanping jaws 14,

16. 10 At When thiemRithpingijaws 14hee siddtto decurictariped et dureHt@dbayhiaipove,
therno stress in the substrate nay concentrate around the clanping area.

Uncl anpi ngis lewer thaanhesgepadsunrant 34a (g deliveredaiocthameiensid 8. bovah @hse of

thernmo str : ' nj .t f . t 32b
2t hus aptis o S bR g e RO IORIeR RePlahh mkNBuer Ui 19rER,
time from ishapplied\vto siveid abrupt@pehing ditheuslamping3jaivs( $4y16.f Thepafotd)ehe S5ns) ,
the third current 34b is term nated. After about 20ns, after any vibration

due to ? heCBBRGRYOA40f Ot Weuldostlinke larepinaTie therbstinlsighribwithi e
fourth cur (G fbreed'ERA 'thié tﬁf?&'ﬁpﬁgnﬁﬁfb f%%lk{gin'afed,% fopﬁﬁ @uﬂ@h?ﬁzb  the
remai ning stress I's gradually released. 20 After the tourth current °i's

t er m nat ed2Apisfprovided tw thenvoiG doi( smyor. Thigjourth aprEnt ésloperatide to/leolt Hiee

I i d I id 28 the cl ' | 14, 16.
a0t o e 58, 1000 R st S ebon SsprneHATRA Wslang b, o
20ms),  af Rrclampingljawei1ag16aws 14, 16 have been separated and the clanping

jaws 14, 25 16 are in the open position, the clanping nmechanism 10 may nove
to anollher position to clanp the substrate again to index it or to clanp

openi ng. of AL KUefamih SPGEHE Fupsitdis ek Gif 1 oy Eodrooo® et ' 2°
spring to &egeindhesubBial mapicdBcbayate Fouhdiise BRNKSing @rea. 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



-10- reduce the weight of the solenoid 28 because it is not necessary to
have a larger clanping force to overcone any return spring force during
clanping. It should be appreciated that the cl anpi ng mechani sm according to
the preferred 5 enbodinment of the invention mnimzes vibration caused to
t he substrate during clanping and unglanplng, and this mnimzes bonded
wire deformation during substrate ihn Qxlng Si nce sone devices are carried
by a device carrier instead of a substrate, the inpact force during

" caat ng 10kt B Eelolf of € el 8 Backlar ¥ bl B El§ i A< DGR Vo co

coi | not oglar mgﬁm:ettbeweﬁﬂﬁﬁeanylrétgvr%pmigaﬂmasumglxélaﬂrﬂaunglG and then using
the relatively high solenoid clanping force only after the substrate has

been cl anped, such high inpact forces during clanmping can be avoi ded.

Advant 29eughiig et b S aRRERINdoARiSAL S dRGUS L pfgddre, voi ce

coi | e an e cl anpi ng

mechar§ sneribodimentraf Itﬁeairﬂlehh@ mmumaﬁr@tm\ casedaoythel §dtnrstrbteadunngwc rease
in the index potor power that is necessary in conven sol enoi d-dri ven

cl anpi ng RENGi ang U“‘Z@""fmﬁgl ﬂ%ﬁ’f"?dﬁ'”ﬂ@?@?lmeﬁe‘ﬁ’@é 'rﬁo?%mzqrp@eﬁwlnﬂ eto
variati Onﬁjbsggfg |Eb8ﬁhg°'$§nc?en hé degvggé LEOBS UM a hBABe CARRS Iﬁsgéﬁd BT cal l'y

descri bed IS td be understo that the 1'nvention I ncludes a such
vari at i ona subsicité; thet impast mrdemiunagdllampmg wmay chusalthe devichita juie wpirit and

ft t 1-. CLAIMGS: 1. A cl t h
o1 anpi ng THGUPREY SAOFGARYRE53BisrEAINGHR dets i P S R E A SO BPRST ng: 5 a
sol eny d fppsk ﬁ@rﬁrtﬁ@K/@i@etdéll%otb?&ﬁho@@%@ﬁpéé}earfd Bk e&mw? jangliaomgrative
to actuate novenent of the at |east one clanping jaw, a solenoid o erative

t o attrac@nd thengisinghihied efsdivelydugh gelenpid clamptngi faraehenly after the substrate
has been clamped, such high impact forces during clamping 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 conventional 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.



the solenoid is energized, the solenoid being energized by a first current;
and a voice coil notor that is fixedly coupled to the solenoid pad and is
10 operative to drive the sol enoid pad towards and away fromthe sol enoid,
the voice coil notor being energized by a second current, the second
current being separate fromand electrically unconnected to the first
current such that the first current dog¢g-not energize the voice coil notor
and the second current does not energize the solenoid. 15 2. The cl anpi ng
mechanismas clainmed in claim1l, wherein the voice coil notor conprises a
magnet asse@bAf&nd a coil bracket, the coil bracket including
current-carrying coils, the magnet assenbly and the coil bracket being
novable relative to each other, and wherein the solenoid pad is fixedly

coupl ed 0 one of cighoihl tmeBEMm HEIHE LIt 1R §H holBingcke bbjct, (e

cl anpi ng nechanismas clainmed in claim2, wherein the sol €noid pa
fixedly coupgdmgingonethanisinicompaisingt . 25 4. The cl anpi ng nmechani sm as cl ai ned

inclaim?2 or claim3,.wherein th et assenbly .includes an air _gap
formed Cher oi n. aitlaHRi 5 barriadied BECleSl S8 o) thE Siaphal Pl ol onar
construct i cdperatile 1o FhsNe PRSemhdiionttdst Iahst drilampinglj®; ¢l anpi ng mechani sm
as clainmed in any one of the preceding clains, 30 turther conprising a

second sol enoi d srlenad vpetaivetto atirant e selpaeiginag towardsothe spdenaid Whgnt he

novenent of v Cl | | ' . . .4 -.12- pads are
arranged sutg%@? ﬁﬁ#%‘%gﬁgm%d;?r&é Sé\{ef‘ %gfﬁew%é?@é%%ﬁ%hf%b&%ﬁéwd pads.

6. The cl anpi ng ameeitantsimnastor ltisatmedfixetlg | iuplde, tovike edoterwi¢ el andiid pad 5
is fixedly coupled to a first component of the voice coil notor and the

second 1050l desntiyepiay drive the soignoid padelewasis agd cawmay doRp dhre o, HE v oi ce
coi | notor votié%?‘&pil MoBMEING ebidizd £6P & Lecofidtdifreht Ak LBBREERENt being

separate from and electrically unconnected to the first current such that the first
current does not energize the voice coil motor and the second current does not
energize the solenoid.
15
2. The clamping mechanism as claimed in claim 1, wherein the voice coil
motor comprises a magnet assembly and a coil bracket, the coil bracket including
current-carrying coils, the magnet assembly_and the coil bracket being movable
relative to each other, and wherein the solenoid pad is fixedly coupled to one of
20 the magnet assembly and the coil bracket.

3. The clamping mechanism as claimed in claim 2, wherein the solenoid pad
is fixedly coupled to the coil bracket.

25 4. The clamping mechanism as claimed in claim 2 or claim 3, wherein the
magnet assembly includes an air gap formed therein, and wherein the coil

bracket is of a substantially planar construction and is disposed within the air gap.

5. The clamping mechanism as claimed in any one of the preceding claims,
30 further comprising a second solenoid pad connected to another clamping jaw for

actuating the movement of the other clamping jaw, wherein the two solenoid



7. The clanping nechanismas clained in any one of the preceding clains, 10
wherein the voice coil nmotor is operative to provide a relatively weaker
force to nove the solenoid pad relative to the sol enoid, and the sol enoid
is operative to provide a relatively stronger clanping force for clanping
t he object. 8. A clanping nechani sm having clanping jaws for hol ding an

obj ect, the 15 cl anpi ng nechani sm conprpsi ng: a sol enoid pad connected to
at | east one of the clanping jaws and operative to actuate novenent of the
at | east one clanping jaw, a solenoid operative to attract the sol enoid pad
t owar ds t hepadd areoadtamdneh sutlin¢hatathe nsolehadid i heraed ediwddre treeotven soldnbil ng
energi zed qﬁﬁf first current provided 20 by a first current source; and a
voi ce coil ¥ Sor that is fixedly coupled to the solenoid pad and is
operative to drive the solenoid pad towards and away fromthe sol enoid, the
voi ce coil notor being energized by a second current provided by a second
current soud.ce, Theeclsmpingimeaharism asotlaicediioi algjms2paherein énepsolanacid pad

el ectricall. 5 .,unconnected to,the first rrent source, such, that the first
current Hodh Meth EHEET 36 2 1t sBfwenedl pf i SPoarit e ABh i eLteo%H  does
not energi zgiéneid paal i8MXedly coupled to a second component of the voice coil motor

that is movable with respect to the first component.

7. The clamping mechanism as claimed in any one of the preceding claims,
10  wherein the voice coil motor is operative to provide a relatively weaker force to
move the solenoid pad relative to the solenoid, and the solenoid is operative to

provide a relatively stronger clamping force for clamping the object.

8. A clamping mechanism having clamping jaws for holding an object, the
15 clamping mechanism comprising:

a solenoid pad connected to at least one of the clamping jaws and
operative to actuate movement of the at least one clamping jaw;

a solenoid operative to attract the solenoid pad towards the solenoid when
the solenoid is energized, the solenoid being energized by a first current provided

20 by afirst current source; and '

a voice coil motor that is fixedly coupled to the solenoid pad and is -
operative to drive the solenoid pad towards and away from the solenoid, the
voice coil motor being energized by a second current provided by a second
current source, the second current source being separate from and electrically

25  unconnected to the first current source such that the first current does not
'energize the voice coil motor and the second current does not energize the

solenoid.



