1 -CLAMP ACTUATI ON MECHANI SM 5 I ntroduction The invention relates to an

. actuation device to actuate a clanping nmechanism to clanp objects such as
sem conductor substrates. The clanp nay be used in an indexing systemof a
wi re bonding nmachine, in particular a gald wire 10 bondi ng nachi ne form ng
el ectrical connections between sem conductor dies and |eadfranes, but is
capabl e of wi der application. Background and Prior Art 15 In back-end

sem conduct or assenbly processes, thernosonic ball bonding is by far the
nost demandi ng. To make an interconnect between a sem conductor device
(conmmonly called "die") and its supstrate ("l eadfranme"”), very thin wire,
comonly gold wire of betwehAMRACTUATION MECHAMSM aneter, is bonded,
first onto a pad on the die and then onto the correspondlng | ead of 20 the
| ead-frame on which the die is nounted. This process continues until all

t he pads Sandntroductipondi ng | eads are connected. One | eadfrane may have
anywhere fromless than ten to a fewtens of dies. In order to bring
successive dies into a bonding area, a linear indexing system ("indexer"),
is oft enI :Jséthetmventioderelatésetolaemﬁtma}m deivich tbiagtuaps atcleﬁmmmg m'B&Eamadlexelrl Wgy
essentially c ris orizontal |inear tor_driven seryo controlle
Stage on whitB AN it i A ST AR sl B e T AT Ay gessedy

| eadf rames ngain ﬁnaexuhgryygtean@f@uwwtbonamgtmaaﬁn@fznapa/mélﬂalba iqgvirgachi ne
respectlvely Each i ndex clanp has an actuator to control the clanping and
de- cl anpi®hg Rendingempehing fffming stecitisal eqninectionsbeiween semicandueler it accur acy
of wire bon f I cal subsystens of the wre
bondi ng nacﬂ%dr?ljg £an é@bﬁt |s?:{$ bglgﬁdgne”’ide?algﬁdédttlhg i ndex clanp need to be made
i ncreasingly nore robust, reliable and accurate. For the index clanp, this

transl ates té)?&r%,&g“agﬁg?n roin%_ hi gher cl anping force wi thout undue
clanpi

I ncrease in C ng -2

15 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 onto a pad on the die and then onto the corresponding lead of

20 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 leadframe with high precision. The indexer may essentially comprise

25 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.

30 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 clamping force without undue increase in clamp mass. A clamping



force of 40N may be required for the clanmp for which the cycle tine can
vary anywhere from2 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 varypwidely from10 to 80 % This is so
5 because at tines, the index clanp needs to remain clanped near an al ready
bonded sem conductor package even as bondi ng takes place on another die

whi ch i s upsforesaof 40N may bearegulred fifrrthenslanihfos whidhpthet eyclputimel cagadanst any

possi bl e da t L ed wires due to stron L brations of the
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upper jaw was kept nmovable in order to effect anpi ng action. The
di fficul ti esbansdgd semicendiglor tngckagshevercasibpnding takesl glacenon @apther diesi ngl e
jaw wi Il be J | r ' e . rior
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15 nmounted on lever .16 ich is free to rotate about a pivot 17. \Wen
t he sol enoi d¥4" 'noédeeréﬁfélpgit%mﬂo'ﬁ']@%p@ﬁe%ﬁ'ect ric current, it attracts the
sol enoi dypl ate 15. This rotates the lever 16 as shown by arrow C, about

pivot 17. A jaw 18 nounted on the 25 |ever 16 thus rotates as shown by
arrow D and AnetheisregHserngtefthe dndex claghiin iat both kedpperrnd lowgr fFvs
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15 index clamp. Only the upper jaw was kept movable in order to effect the
clamping action. The difficulties that arise due to such a clamp that only
actuates a single jaw will be described in more detail below with reference to
the prior art.

20 A conventional solenoid actuated clamp is generally of the type shown in Fig.
1. It consists of a fixed solencid 14 and a solenoid plate 15 mounted on a
lever 16, which is free to rotate about a pivot 17. When the solenoid 14 is
energized with an electric current, it attracts the solenoid plate 15. This rotates
the lever 16 as shown by arrow C, about pivot 17. A jaw 18 mounted on the

25 lever 16 thus rotates as shown by arrow D and clamps the substrate 19
against a fixed lower jaw 20. De-clamping of the substrate 19 is effected by
turning off the solenoid current, whereat a return spring 21 which was
compressed during the clamping action, rotates the lever 16 in a direction
opposite to arrow C leading to the opening of jaw 18. The clamp described

30 above is meant for use in the indexing system of a wire bonding machine but
can find application in other machines as well. After clamping the substrate
19, the clamp and substrate 19 are moved in a direction perpendicular to the
plane of Fig. 1 using either a linear motor or rotary motor with a rotary-to-
linear transmission system such as a ball-screw or lead-screw.



can find application in other machines as well. After clanping the
substrate 19, the clanp and substrate 19 are noved in a direction

* perpendicular to the plane of Fig. 1 using either a linear nmotor or rotary
notor with a rotary-to- |inear transm ss%on system such as a ball-screw or

| ead-screw. 3 There are several drawbackS of this design. First, since the
solenoid 14 is a highly non-linear device, its force increases rapidly as
the solenoid plate 15 approaches the solenoid 14. This Ieads to an

undesi rably high inpact on the 5 substrate 19 during clanp a Secondl vy,
since the folder3s¢ seveyet dﬁaﬁaa&ksjowmmdeaan.ﬂ@teagee the Wié”‘@j d4pgtaneen’ t he
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force, the sg|RRSdoikbipbRstel WS 4K IamBed! €. Fourthly, since only the

upper jaw 18 Is noved in the clanping process, the lower jaw 20 has to be
| ocat ed precisely such that the substrate 19 rests on the |ower jaw 20

even as e r t I Af ter
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bet ween the substrate 19 25 an | owner 20 whi ¢ former rests,
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Fourthly, since only the upper jaw 18 is moved in the clamping process, the
lower jaw 20 has to be located precisely such that the substrate 19 rests on
the lower jaw 20 even as the substrate 19 is supported by the fixed channel
20  33. After clamping, the substrate 19 is indexed precisely through a specified
distance in a direction perpendicular to the plane of Fig. 1 after which the
upper jaw 18 is moved up thus de-clamping the substrate 19. The indexing
actuator then returns with the clamp to the initial position for the next indexing
stroke. However during the retumn stroke, the friction between the substrate 19
25 and the lower jaw 20 on which the former rests, may disturb the precisely-
determined position of the substrate 19. To prevent this from happening it is
necessary to use another fixed clamp (not shown) which clamps onto the
substrate 19 in this precisely-determined position even as the index clamp
returns to its initial position for the next indexing stroke. This increases

30 complexity of the system and consumes more space.



subpstrate 19 in this precisely-determ ned position even as the index clanp
returns to its initial position for the next indexing stroke. This

" increases 30 conplexity of the system and consunes nore space. 4 Sunmmary
of the invention It is an object of the %nvention to seek to provide an

i nproved cl anp apparatus that can overcone sone of the problens identified
with the prior art. 5 According to a first aspect the invention provides an

appar at us f cgurbhfifpiofithe Rivedlibict , conprising a cl anpi ng mechani sm and an
actuation systemto actuate clanping and de-cl anpi ng of the cl anping
mechani sm wherein the actuation system conprises two actuator devices

whi ch are OH?fsaérL%ﬁééf o*%&iw&‘\d;ﬁaﬂ gt&’%@éﬁ'R:VprfoQidgr@ﬁh@g?\%@hcg&fuﬁ%ghgﬂéufsorCe to

t he cl anpi ng nec Ism According to a secon I'on provi des
a net hod f orthat canpdvegcone somp ef the probemissdentified sithdthe griar att.anpi ng
mechani sy providing an actuation systemto actuate clanping and
de-cl anpi*ng of the cl anpi ng nechanism 15 wherein the step of providing the

actuation sysdcordic@n® i freSasPery il MPehiivh pReideaiadr asiitheeJonbiaRipiy €
operatively coupl ed whereby to provide an .actuation force to the clanping
mechani sm ~ 13N RPIECt FORRIIBIh eFlaMPEInBeeN#s NN B8 cAstyatiamsYsteWel®t i on in

greater det ajdi,R¥ of niggza‘hﬁeél&ﬁaﬁ&iry‘@f t?‘u%cé?ﬁrﬁpﬁ%i rREcKH M nﬂrﬁere(Y)VP'h‘t&Ee

illustrate one enbodi of the Invention. e particularity
dr awi ngs andeatirdionebystem demprises itwn actualoot davicelse winiolle iase caperatively

super seding th Sty i . d i | fi.cat i t | nvention as
defi nedd%); t‘%?élﬁlcﬁ% al n{%)ﬁ@@ﬁ{/lg%%ge%ﬁaﬁgp if%r%@&# Heﬁiénhﬁ@aﬂrﬁ%@aﬁﬁa* 1 shows a
schematic structure of a prior art clanp apparatus; Fig. 2 shows a
schematic styucture of a cl apparat us .according to th referred
erbodi ment - ISP (R actReoni FBREFORS BIPNEPaEToudes 3unetnad dof SABIANG
respectivel yan ghjest, céthgiging proviiirtg #elahiping/mevRariémaproviding an actuation
system to actuate clamping and de-clamping of the clamping mechanism,
15  wherein the step of providing the actuation system comprises providing two
actuator devices which are operatively coupled whereby to provide an

actuation force to the clamping mechanism.

It will be convenient to hereinafter describe the invention in greater detail by

20 reference to the accompanying drawings, which illustrate one embodiment of
the 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.

25 Brief description of the drawings

Fig. 1 shows a schematic structure of a prior art clamp apparatus;
Fig. 2 shows a schematic structure of a clamp apparatus according to the
preferred embodiment of the present invention;

30 Figs. 3a, 3b and 3c show respectively, plan, elevation and bottom views of a
housing and magnets of a clamp actuator, all in cross-section; and
Figs. 4a and 4b illustrate magnetic flux paths of the actuator during actuation
for clamping and de-clamping respectively



housi ng and magnets of a clanp actuator, all in cross-section; and Figs. 4a
and 4b illustrate magnetic flux paths of the actuator during actuation for
" cl anpi ng and de-cl anpi ng respectively -5 Detail ed description of the
preferred enbodi nent Referring to the dr@mnngs Fig. 2 shows a schematic
structure of a clanp apparatus according to the preferred enbodi nent of
the present invention. 5 d anping action of a clanping nmechani smof the
appar at us i sDefailed dedctiptian of Hiveé prdferred eysiatiiment t he form of two actuat or
devi ces which are operatively coupled and which conprise a variable

rel uctance actuator, such as a solenoid notor 34, and a |linear induction

act uat or _suckeffiny & Hiedrivings, \m?cs shos! a Rhematic YeMetured of 3L bla
tandem The force-gap characteristic of a 10 typical solenoid is |ghly

non-| i near, a3RRakatpsaceo@ingla the glrerferf%;bembpqurﬁ ofj the rrFasentiinvartiengap

bet ween fi t.enuation
limts tﬁ’e r%ﬁg&)ﬁg g‘ft g‘?fr arre%?)ﬁ‘l ess fTﬁép@rﬁﬁB l%gﬁéﬁﬁgg)g il The

i ncl usi on ofaciualion S5tem, mhthecfoanmfawpaarcmajsr deopes whlchgaren cbﬂeram\tedaj sol enoi d
notor 34 facili es no nt of the ardless, of the 15 solenoid
Gop. 1 n ot nerouRisth SR RO BhraRing % B EEn ulctEeCplRIdy LSS At il 1y by
the VCM 35 wdulérid hmtmmandcd mrrmfcmsrcactuatoe%aemhsal ¢yfingricay veieg- by both
t he sol enoi d not or provi des a mmj_or contri butlon% and the VCM 35.

The prior ar30ilcMaifs (a Mﬁa@@@cﬂ'&%é‘? &andem o Tﬂegforqe deR gharastanistic offanir |y
stiff 2@ recS/HiE:QI s8kho@ &1 highly %th.heaﬁs\ﬁ.tﬁ/%ﬁé@ Hrloz:g'l?ftgngff “%?’. ng Fhstant'a'

part of the Solenoid force I's ‘consuned in overcom he s orce.
the cl anpi ngncrieaehimihergass betiween aviixediaone ahd @ambyabip phingeg, Thls stestpur n

-esponse, baPlEaiiigiof it ing e of RaAtFRH el B P B Foui ¢ of
the clanp amumda& u'ﬂweamclusﬁbnrrg d YChha5pin difiee clzeh appdratiisnenvperdtiag with
| ncor por at es the so?enmc{ miotor éf r'f]ac:(%ﬁa g£ %oevsemaertl'lt oﬂhe p}unger regardless of the
15  solenoid gap. In other words, the motion of the piunger is effected essentially
by the VCM 35 while the actual clamping force is essentially provided by both
the solenoid motor 34 (which provides a major contribution) and the VCM 35.

The prior art clamp apparatus according to Fig. 1 needs to use a fairly stiff
20 retumn spring 21 for quick passive de-clamping. So a substantial part of the
solenoid force is consumed in overcoming the spring force. In the clamping
mechanism of the invention, ideally speaking, no return spring 21 is required
as the VCM 35 is adequately designed for quick response, both during
clamping and de-clamping.
25
The magnetic circuit of the clamp apparatus according to the preferred
embodiment also incorporates a feature, which generates an asymmetric
force characteristic with respect to the direction of an energizing current.
While affording a high specific clamping force, this design concept facilitates
30 active de-clamping using the VCM 35.

The structure and function of the actuation system will now be described with
reference to Figs. 2, 3 and 4. A housing 1, typically made of soft magnetic

material, houses the actuation system and forms part of a magnetic circuit. An



force characteristic wth respect to the direction of an energizing
~current. Wile affording a high specific clanping force, this design
concept facilitates 30 active de-clanping using the VCM 35. The structure
and function of the actuation systemwlg._.now be described with reference
to Figs. 2, 3 and 4. A housing 1, typically made of soft magnetic

materi al, houses the actuation systemand forns part of a magnetic circuit.
An 6 exenpl a@xereplatydmiediment @fhféeI|lnﬁél”a|ﬂdUﬁ@lﬂoﬁqtuﬁioawﬂhﬂiskﬁe discussedr st be

scosee A RS S bl R O o SR IBAR £5,
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portion of the housin and .t he magnets 2 a radi al nagnetic
Prel oo spoiah it §ab 10 fordles Beledtt e jer cyiptaal PRt Bl foush’  The
voi ce coif 3t 3dnditte MAGAER D, @Bnﬁlrﬁsoa Iraduéitmwfehcﬁeldwmsﬁase@udth@rhur gdp af fixed
to a central shaft 5. The shaft i s allowed freely nove throu
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sel f-1ubri C%dﬁb@d@%l&?ﬁlﬂuﬂg |§’aﬁW@HQ@a ntal SReCs I he Qﬁ’afhﬁ Eﬂ?(e"zp 1. When

the voice coil I's energized an electric current
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voi ce  col | £ sRugl 'ﬁﬂln = l§r|C%m 08h b Bu‘g FrXBq 't hoe s the
current passmgg hro t e Vg)l € [ =37 8ve Gt i et on of
the coi l1Q@urt. e%enrtbammihe 3diis eatigiedoby hheeléctddmedeht)rme shafh An
exenpl ary variahle reluctance a I s discus At .t he bottom of
Che hous; ng TXHEGeRFdS LN B0Rdiie P PRSP UCIAR Betifedh 419 HGh d. col |
7-7' . The v&jicg-Taild fagneind, WF@)séQhQ@ﬂtL@eCi@ mﬁroﬁoﬁmn@f%‘il@é‘r&ﬂeﬂﬂ

electrically in anti- series, This neans that en a current passes through
the voice coﬁ’ffssﬁ‘gﬁhrqqghattholﬂecR?Hva 3eRaversing 1BA drsctieneal hedipiltneenbp of

Fig. 2, the gR8RetWd 8ctiBADS B inlilddUBhet e sol enoid coil 7-7' in the
counter-clockw se direction, as seen from the top of Fig. 2, and vice

versa. Al&solenoid plate 8, typically nmade of soft
An exemplary variable reluctance actuator is discussed next. At the bottom of

the housing 1 is affixed another ring-shaped cail, called a solenoid coil 7-7".
The voice coil 3-3' and the solenoid coil 7-7' are connected electrically in anti-
series. This means that when a current passes through the voice coil 3-3' in a
20 clockwise direction as seen from the top of Fig. 2, the same current passes
through the solenoid coil 7-7’ in the counter-clockwise direction, as seen from
the top of Fig. 2, and vice versa. A solenoid plate 8, typically made of soft
magnetic material is affixed to the lower end of the shaft 5, such that when the
solenoid coil 7-7' is energized by an electric current, the solenoid plate 8 is
25  attracted towards the lower face of the housing 1.

Figs. 3a, 3b and 3c show respectively, plan, elevation and bottom views of the
housing 1 and permanent magnets 2 of the clamp actuator, all in cross
section. They illustrate the housing 1, that has a flux relay portion or section

30 1™ dividing compartments containing the voice coil 3-3° and solenoid coil 7-7’
respectively. There is an annular air gap 10 between the voice coil 3-3' and
housing 1, and a void 11 in which the seolenoid coil 7-7’ is contained.



magnetic material is affixed to the |lower end of the shaft 5, such that
_when the solenoid coil 7-7'" is energized by an electric current, the
solenoid plate 8 is 25 attracted towards the | ower face of the housing 1.
Figs. 3a, 3b and 3c show respectively, pran, elevation and bottom vi ews of
the housing 1 and pernmanent nmagnets 2 of the clanp actuator, all in cross

section. Thea(_ illustrate the housi ng 1, that has a flux relay portion or
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4a, and thus_the nmagne 3 dueto the solenoid col |l owi ng in
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t he perthanetesigregnttas |t215 VEIne cldsextolSatbmatior doleyy t:lhe touheeﬂnlx 12 of tiee sol enoi d
coil 7-7" partially cancel ut.th qu , thusr then flux
density in %%E}ainSHyTagnﬁtﬁf -@W ﬁ %W&QJE}VHBWJF"&Q '?' e to the
current flowas paﬁhﬂWahﬁelEl@t‘tﬁe flure1 2/ aha$ ré@iding the n@xﬂuweﬁsr&pwe on the
shaft 5 in the upward 15 direction as_shown by arrow AL As the shaft 5

moves upwar SRR g Anddakingibaway fremafux ?t\}\ﬁalt'ﬂn i lpue i theneyreardifiew 38 ni gher
force is furdfifin iprg Hﬁdth@ﬂ/o’icféecousﬁgféxeﬁs%rée%ﬁﬂe%‘ft‘% Al Ak %8?51“#“' chis

strongly attracted by solenoid f at the bottom surface
housi ng 15 adirgctionAsr shewr Dyt aEOWa‘Bt és thefh@afﬁi hamovesoupwaldd taking: éhe s

substantial | %Ig\"\cﬁ@%faté %a\ﬂltﬁ ﬂ,agn %cré&%g\{fMgﬁgr f(PHé ﬁsnﬂlrther exerted on the
shaft 5 due to solenoid plate 8, which is strongly attracted by solenoid flux 13
at the bottom surface of the housing 1, as it approaches the latter. The final
solenoid force is substantially higher than that of the VCM 35. During
20 clamping action, although both forces act in tandem, the contribution of the
solenoid 34 to the total force is substantially higher than that of the VCM 35.

When the direction of the excitation current is reversed as shown in Fig 4b,
the magnetic flux 13 of the solenoid coil 7-7' also reverses direction such that

25 it now travels through section 1%, in the same direction as the flux 12 of the
permanent magnets 2. However, as previously mentioned, section 1* of the
housing 1 is very close to saturation solely on account of the flux 12 of the
permanent magnets 2. Thus it can relay virtually no more flux arising from the
solenoid coil 7-7'. Thus in this case, the attractive force exerted by the

30 solenoid coil 7-7°on the solenoid plate 8 is small and so the predominant force
is generated by the voice coil 3-3’ in the downward direction as shown by
arrow B. This is utilized to produce the de-clamping action.



2Q cl anping action, although both forces act in tandem the contribution of
the solenoid 34 to the total force is substantially higher than that of

* the VCM 35. When the direction of the excitation current 'is reversed as

shown in Fig 4b, the magnetic flux 13 o _the solenoid coil 7-7' also
reverses direction such that 25 it now travels through section 1*, in the
sane direction as the flux 12 of the permanent magnets 2. However, as
previ ousl y mkhe stueiure anstiunctionof thé entire cldropapparatusiis noerdesclitexbwitio

aturation s CoUNk.:.Qf .t | 12 of .t he er manent nagnets 2.
isl'hug It can ré?ﬂgécé/):fbrf @a?l’ 9}*' 'ncg' ?ﬂ?% &F&ﬁuﬁﬁf%%@eﬁ% t P 8BPABId coi |
7-7'. Thus im tha anctamged ltsltaie,agn rmﬁdt\sfafh (6: 7" semsﬁét@dz@gs Eb@pé’rtﬂadfsﬁjr enoi d
coil 7-Ton the so 0j at is s and so t redom nan orce is
gener a% edg_lrolyc "’H@e&/g?ﬂcb @gii:eéf@;jrﬂb‘%@ggﬂm'ﬂﬂ (9?#&2%?%%22@&2 by
arrow B. i 8l i 0 -
structure angam:]dg i oérc]:hgf St hgﬂgnt iﬁfﬁ cl a'rer agpggﬁa%éﬂuga‘?s sng'\?lvoggsgr'l bed with
ref erence t olereg22)andmicwerdawad (meuintad e tevere2d) is effealerbby genarating

t ] . Nelell 26 |
Sppanat s o A SRR Thahart PRl SRR R
substrate 26froy dh& ad:taaﬁixtjmgpy:stmﬂnatq she ;:Iahtﬂhqgr?mgclmamal;mse ah%umge j aw 25

d I 22 ower, n on .l ever I S
i Toct ed by GeTTERPRiedanam P4V tete e dit BRENTErBE the Srlmfict fosré
mechani st t by totatiwiatly atfatif@levers 27 amd D8 fespettially 8o RN GTRS @nkifya, cl anpi ng

nmechanism The force. tra nt1 sion nechani sm nay take the form of

S : [
t ransf er ri ng™tie d4eelpnsingicated respestivly byarews FandHAE Fith@i ng | evers 22 and
28 respectively about pivots 23 and 31, in the directions indicated

respectively_by arrows G and H of Fig. 2. The lever 22 is connected to the
cl anmp shaft §he IveLdR is gennaftedththe dlampshafidy theagdy sprimgampaans, orlickspri ng 9.
The spring 9 de. | - h Sed i Rear |0 ’g;e t from

the rotary nrgt‘apgc'lr{Jr Istghiﬂégé\;/éelﬁggba%oa-th%pls‘%@g g‘anBEﬁ?eE'%%IuPh g?gtl?éso

ensur es that linear exieotadf e sffaft frem shebstarytneotioni af kinee leser 22 abpatdhivadt28. sol enoi d

plate 8 travﬁhé é.ptr%gf 5' Ialsgi %gunrgg thgw%rrrgsspetcg\?e Soql &%Oisgbstrate thickness
clamped, the solenoid plate 8 travels its full distance towards the solenoid
housing 1, thus enabling maximum possible force of the solenoid 7-7' on the
solenoid plate 8. In effect, the clamp apparatus exerts its force on lever 22
20 through spring 9. The presence of spring 9 also ensures that the clamping
force is higher for thicker substrates and lower for thinner substrates.

As described above, during clamping, the voice coil 3-3' initiates the motion of
the shaft 5 in the direction of arrow A (Fig. 4a) and subsequently, the solenoid
25 34 also exerts an increasingly higher force on the shaft 5 in the same
direction. As the shaft 5 moves in direction A, rotating the lever 22 about the
pivot 23, a cam mechanism such as a cam plunger 30 which is preloaded
against lever 22 by spring 29, moves in direction F through support bearing
32. In doing so, inclined surface 30’ of the plunger 30 rotates the lever 28
30 about pivot 31, in the direction indicated by arrow H, untii the lever 28 rests on
the horizontal surface 30" of the plunger 30. As the lever 28 so rotates, the
lower jaw 27 comes in contact with the substrate from below and lifts the
substrate through a small height, from its support channe! 33. The rotation of
lever 22 about pivot 23 in the direction of arrow G brings the upper jaw 25 in



housi ng 1, thus enabling maxi mum possi ble force of the solenoid 7-7' on the
. solenoid plate 8. In effect, the clanp apparatus exerts its force on |ever
22 20 through spring 9. The presence of spring 9 also ensures that the
clanping force is higher for thicker supstrates and | ower for thinner
substrates. As described above, during clanping, the voice coil 3-3
initiates the notion of the shaft 5 in the_direction of arrow A (Fig. 4a)

and subsequesPntact withetheopiehidiate 26 from Aboyeelbist kesHits imdhea4bsitaty 28 gher
: o . . . : "
orce on eoe?rk.g‘f:fa_ S’d%%t@iég@iéﬁszgggﬁoﬂ.%ﬁer%&%ﬁg;@l,@ dubriRVES hé n

direction A rotating about 't he a cam nechani sm
such as a cdndgrednrrecisely thuoiugh a spasifiedadistanice mgaidirectidreparpediclar &pri ng 29,

noves in dir i hrou u [ ri i g so. inclined
surface 30 tgétpﬁ%% ijfl '%J'a'gée)'r qgsﬁ’r%{z@?@gﬁﬁg}é %@@%eﬁ@sﬂegﬁgﬁi%@? cﬁ“ﬁ?&? 31, in
the dired@ i cheivoitiecmile33’ ghdagoleneidicoll M7’ | Upoh dudrent red@riadthé selenoldhe

hori zontal surface 30" of the plunger 30. 5Aé?fthe | ever 28 so rotates, the
Lower | aw 274 8raatechve GHe 42 MABNENC SauTataB Sltest a5 PYRIRNBARERYICHSY. 0T £ 5 t ho
substrate t hheughtedofstiel VCPBStms! theMeldrs22 WP WireBRIH8ppobe tHNE, rotati on
of lever 22 about pivot 23 in the direction of arrow G brings the upper

jaw 25 in - Jaising heturpet v B2 inagyeetiancopmesite dmaapw\@. Atithe samestimes in t he
substrate 2 | d ' it 409, the
substr at o 26T BE i AERE%IS AP PshW i watl Biier 30 B LFS, SR
directi dfd pempeaité butlinectioo F tthes pliewieg te Ever 2@ aidEddy, light sptipgr@édntp i s

coi | 77 o€ T bt GBIGTR o ety B BRUE S dorn @S DEofle 1o
magneti ¢ satplursder @0, thukeletclanpieythasutsstrapy 2680 ously. So the force of the

VCM 35 turns the lever 22 in the direction opposite to E, raising the
upper jaw 25 in a direction opposite to arrow G At the sane tinme, turning

of the | everaRhdaking dUEIGS(NbhEhGAN tREN RitBinsIRe ofeh RBNKPIAE FidcRBnidMH opposite
to direction F, thus allowing the l'ever 28 aided bxgélght spring 24, to
S

rotate it® a 18i hectitigh RosHesi e the naxdt dedexiig strokhi poHaTOPIBGWES Ur f ace
30" of plunggita@ 26Nide Heme! &PpoRIchdthed YaSWRRSR £F contact from the
clamping jaws 25 and 27. So during the return stroke of the indexing actuator,
the position of the substrate 26 is not disturbed by the jaws 25, 27. Hence the
substrate may be supported solely by the support channel 33 and its position
20 is maintained without a need to use any other fixed clamp to maintain the
precise position of the substrate 26 in the channel 33, as the index clamp

returns to its initial position for the next indexing stroke.

Thus, it will be appreciated that the preferred embodiment of the invention
25 employs both a solenoid and a voice coil motor (VCM) for its clamping action.
Such hybrid actuation enables better control over the impact force during
clamping. It also results in a clamp with an extended range attainable by a
combination of both actuation means, as well as moderation of clamping force
and can handle more types of substrate thickness.
30
Further, the presence of the voice coil motor 35 affords the clamp apparatus a
greater flexibility through profiling of the actuating current. Current profiling
involves a stepwise increase in current leading to a gradual, smoother motion

of the clamp jaws thus enabling clamping of the substrate 26 with minimal



An i ndexi ng actuator (not shown) then returns the open clanpi ng nmechani sm
15 to the initial position for the next indexing stroke. After de-clanping,
the substrate 26 lies in the support channel 33 wi thout any contact from
the clanping jaws 25 and 27. So during4ghe return stroke of the indexing
actuator, the position of the substrate 26 is not disturbed by the jaws
25, 27. Hence the substrate may be supported solely by the support channel
33 and its pieact mcedurentarafiiag ralthough hossible witheaisimplaiseleasiy ctantyer f i xed

33 s th i Rdns PrPRA. RS a8 aivehBe Hhel ding BRI BiFydsar ool

i ndexi ng strmerce'ﬁmﬂssolemmdvghp. be appreciated that the preferred enbodi nent
of the invention 25 enploys both a solenoid and a voice coil nmotor (VCM
for its clamping action. Such hybrid actuation enables better control over

the inpadg fvm&mvéhﬁdnrt!hscﬁﬁémﬁéreﬂ is bhsc@pﬁﬂe&@%b‘ﬂnét%nk MmadifitABRs WhiAr an
ext ended range attai nabl e onbi nati on of both actuation neans, as

wel | as noderqdiing Qstﬂercth%‘?rﬁ'l%Q SPS?'E‘@”Y Aascribgd angritiisdo ihsrundegsseed that
substrate t hfhﬁlﬁﬂf'e%%on %Ifdérstéileéucht\}é‘ﬁaﬁé Sﬁ{bﬁﬁlcﬁftor{shﬁ?] iffohs whIBH oF 35
affords the c par at us greater flexibiTity t roug prof| I'ng of the
actuating cuﬁBHmTtEInt FilplémnmPEDfﬂig abowe desasiptien.st epwi se i ncrease in
current leading to a gradual, snoother notion of the clanp jaws thus

enabl i ng cl anping of the substrate 26 with mnimal -10 inpact force.
Current profiling, although possible with a sinple solenoid clanp of the
prior art, lends limted advantage due to the highly non-linear variation
of force with solenoid gap. 5 The invention described herein is susceptible
to variations, nodifications and/or additions other than those
specifically described and it is to be understood that the invention

i ncludes all such variations, nodifications and/or additions which fall
within the spirit and scope of the above description. -11



CLAIMS: 1. An apparatus for clanping an object, conprising a clanping

. mechani sm and an actuation systemto actuate clanping and de-cl anping of 5
t he cl anpi ng nmechani sm wherein the actuation system conprises two

actuat or devices which are operativel y-qoupl ed whereby to provide an
actuation force to the clanping nechanism 2. An apparatus according to
claim1, wherein the two actuator devices 10 respectively conprise a

vari abl e rel uctance actuator and a |&LAWMS; hduction act uat or coupl ed

t oget her and adapted to cooperate to provide the actuation force to the
cl anpi ng mechanism 3. An apparatus according to claim2, wherein the

vari abl e rellct afe apgmaratus uderorclanpiogpabl ebgfct,geanmmprisingg a clampingvel y

hi gher actuat ] f d.the.|i ' | O | of
genor at g anparnisth &y e o a1 debleoHp R R0 JaRMRERE . o s
accordi n@ t ahel elamphgomedhanisnd, whirireithe t detuatidruaystem hsigesetwa s housed
w thin a housing made. of spft magnetic. materigl. 5 A par at us accordi ng
Lo cl ai m 4. SRl Hevises, PchoPe PeelRvENC o RIEd oBreeDy o PIEME A1C ol enoi
coi | nount edadtingtiofidozedd MAEAMpMg rAécHdmsm housi ng, such that the housing

rel ays magnetic flux fromthe solenoid coil. 25 6. An apparatus according
to claim4 or claim5, wherein the housing includes a flux relay portion

whi ch is desjgnegy Qp&ﬁams%&ofd?nweﬁimq,fvw Pfxﬁé%@técﬁﬁhtaﬁ e flux

relay portion is adapted to relay virtually noel ux arising fromthe
sol enoi diCoirespeatively ermpiisgnpivagabie reluctaricenpitnatoraotdamiligear BgugtionAn

appar at us acgal g |dlo® el o LaidPicleddbelae Y ETGldk IRCald AR
i nduction actuator conpri s€s one or fe coll's T0r carrying a current,
whi ch coi | sfomedodhes paspihgamechenisgabl e by el ectromagnetic i nduction within
an air gap |located adjacent to a pernmanent magnet.
3. An apparatus according to claim 2, wherein the variable reluctance
15 actuator is capable of generating a relatively higher actuation force and the
linear induction actuator is capable of generating a relatively more consistent

actuation force.

4. An apparatus according to claim 2 or claim 3, wherein the actuation
20  system is housed within a housing made of soft magnetic material.

5. An apparatus according to claim 4, wherein the variable reluctance
actuator comprises a solenoid coil mounted inside a compartment of the
housing, such that the housing relays magnetic flux from the solenoid coil.

25
6. An apparatus according to claim 4 or claim 5, wherein the housing
includes a flux relay portion which is designed to be close to magnetic flux
saturation and the flux relay portion is adapted to relay virtually no flux arising
from the solenoid coil during de-clamping of the clamping mechanism.

30

7. An apparatus according to any one of claims 2 to 6, wherein the linear
induction actuator comprises one or more coils for carrying a current, which
coils are disposed and moveable by electromagnetic induction within an air

gap located adjacent to a permanent magnet.



-12 8. An apparatus according to claim7, including a force transm ssion
mechani sm operative to actuate novenent of the cl anping nmechani smwhen the
coil noves. 5 9. An apparatus according to any one of clains 2 to 8,
wherein the variable reluctance actuatde-and |inear induction actuator are
connected electrically in anti-series. 10 10. An apparatus according to
any one of clains 2 to 9, wherein the clanping nmechanismconprises a pair
of clanping jaws. 11. An apparatus according to claim 10, wherein both

clanping javg ar ean agdpatass ta@c&@m@ﬁd@ta@rﬁ ?‘decﬂﬁhrﬁci ATRIred t?d?i@nﬁtfscﬁ'l anpi ng.

15 12. An apparatus according t | aim 10 or clarm 11, i1ncluding force

t ransmi ssi ormﬁé%msre@ﬁﬁ@éwerﬁrgasﬂweteampmemrpfsﬂp%p@mmmmmhama@twm j aw of
the cl anpi ng g@ﬁhm\,@? by a | ever nechanism 20 13. An apparatus according
to any one op cllains 10 to 12, including force transm ssion neans
connectirlg the actuation systemand at |east one jaw of the cl arrpi ng

' om the actdiat i G SyGRaNS 26749 ahEaPa: ot SBnS A o W ik of

clainms 2 to vddablencéluctance aactwipmant Krisannatucidapherdator sel ebryna:wport t he
obj ect when the ot“ de- clanmped and the clanping nechanismis being
re- positione‘ﬂeCt.’L?)a yArr‘naﬁhﬁﬁP%ﬁ us according to any one of claims 2 to 14,

i ncluding spring 30 nmeans to bias the clanping nechani smthrough a force
transm ssion nmeans to increase clanping force on the object. 16. An

appar at U act®br dify apparatys aﬁ@oremgcmaams oper of cRiIMartei%h whereinoljeect is a

sem conduct ofja Py irhé&dmism domprises a pair of clamping jaws.

11.  An apparatus according to claim 10, wherein both clamping jaws are
adapted to be actuated during clamping and de-clamping.

15
12.  An apparatus according to claim 10 or claim 11, including force
transmission means connecting the actuation system and at least one jaw of
the clamping mechanism by a lever mechanism.

20 13.  An apparatus according to any one of claims 10 to 12, including force
transmission means connecting the actuation system and at least one jaw of
the clamping mechanism by a cam mechanism which is responsive to an

actuation force from the actuation system.

25 14, An apparatus according to any one of claims 2 to 13, including a
support channel adapted to solely support the object when the object is de-
clamped and the clamping mechanism is being re-positioned.

15.  An apparatus according to any one of claims 2 to 14, including spring
30 means to bias the clamping mechanism through a force transmission means

to increase clamping force on the object.

16. An apparatus according to any one of claims 2 to 15, wherein the
object is a semiconductor substrate.



17. An apparatus according to claim 16, wherein the clanping nechanism is
. part of an indexing systemof a wre-bonding machine. 5 18. A nethod for
cl anpi ng an object, conprising providing a clanping mechanism providing
an actuation systemto actuate cl anping18rd de- cl anping of the cl anping
mechani sm wherein the step of providing the actuation system conprises
provi ding two actuator devices which are operatively coupled whereby to
provi de an actuation force to the clanping 10 nechanism 19. A nethod
accordi ng t o1zl aiAn apparaturaticordimietot sainacs udliereindfe i clfiping @saahiswel ¥
conprise a variable reluctance ac% uator, and a |inear induction actuator

coupl ed t ogeBR8R of N INIRXNGSYSIEMQF R d¥irerandlg machie®-uat e cl anpi ng and 15

de-cl anpi ng of the clanping mechanism 20. A nethod according to claim 19,
wherein the variable reluctance actuator generates a relatively higher
act uati orP f otee dhdnethed (fPhelamnig @n oljesle rc@Mpsisingr proyiding lay clagining

consi st ent I : i 0 ; i

mechani sm gﬁf&&i&dﬁﬁh@g@r&%gﬁ%@fgsg{%%%Fﬁgbogétg?% r% g@,ﬁ aa{eﬂraelag t he

vari abl e retlampugcef #vt wrapingmdecHanidri nehereéimdbe tstem ofcprosidory #ee housed
within a hougi f . Rg | terial ..25 22 A nethod according
to claim 21%%&’8?%9?%3‘ v%ﬁ%gg Bﬁ'h@iﬂgg agﬁ"talét gév'g%?rp&ﬁggsa%? sol enoi d
coi | nount ecopenativity aousiepaviaretnt tobrdvive ahctiaton ferghtd il clahpidypusi ng
rel ays netic flux fromthe solenoid coil. 30 23. A nethod according to
clai m21%r PESANSD, wherein the housing includes a flux relay portion

which is designed to be close to nagnetic flux saturation and rel ays

virtually no flux arising fromthe sol enoid coil during de- clanping of the
cl anpi ng” mechani dnmethad Becordingsth Slpimc o r WNergin ea e Aetlater deviess 19 to

23, wherein felgedtivBatomprise a variable reluctance actuator and a linear induction
actuator coupled together to provide actuation forces to actuate clamping and
15 de-clamping of the clamping mechanism.

20. A method according to claim 19, wherein the variable reluctance

actuator generates a relatively higher actuation force and the linear motor

generates a relatively more consistent actuation force to actuate movement of
20 the clamping mechanism.

21. A method according to claim 19 or claim 20, wherein the variable
reluctance actuator and the linear induction actuator are housed within a
housing made of soft magnetic material.

25
22. A method according to claim 21, wherein the variable reluctance
actuator comprises a solenoid coil mounted inside a compartment of the
housing, such that the housing relays magnetic flux from the solenoid coil.

30 23. A method according to claim 21 or claim 22, wherein the housing
includes a flux relay portion which is designed to be close to magnetic flux
saturation and relays virtually no flux arising from the solenoid coil during de-
clamping of the clamping mechanism.



I nducti on actuator conprises one or nore coils for carrying a current,

. which <coils are disposed and noveable wthin an air gap | ocated adj acent
to a permanent magnet. 5 25. A nethod according to claim 24, wherein the
movenment of the coil actuates novenent 14f the cl anpi ng nmechani sm 26. A
met hod according to any one of clains 19 to 25, wherein the variable 10

rel uctance uat,0 ' i ti Uat connect ed.

el ectricall f/ﬁfn Aame?l?és&e%éf%g&r’%'}agﬁg%gﬁgﬁ?%ﬁgoﬁjfo%ft%ﬁ%ﬁv thﬁng?r cl ai s
19 to 26, whadgdtiontdntuatot esmprigesneEehanivone coig forseasryimgpaicurreft, avegipi ng
jaws. 15 28. A nmethad according to claim 27, wherein hoth clanping jaws are
act uat ed dur‘f‘ﬁa %Faﬁﬁﬁ’?ﬁfdaﬂ'ap Qv(ﬁagﬁap?”ﬁg?.” 99 aNgARIH eé(ﬁf’éﬁcﬁpnﬁéot claim
27 or clai mgdmanbRfhgnétn actuation force 20 fromthe variable reluctance

actuator and |inear induction actuator noves at |east one jaw of the
cl anpi ng Sechani sm by way of a |ever nechanism 30. A nethod according to

any one of o} Moy Fethalr BRcotiRf &) Biall 242GiAbh e MbGEEAOB! e cypr i abl e

rel uctance actuator and |1 near “i nduction 25 actuator noves at ast one jaw
of the cl anpictyptasotovament ofitheslampingimeshaniamschani sm which is responsive to
an actuation force fromthe actuation system 31. A nmethod according to
any one of clains 19 to 30, including supporting 30 and maintaining a

posi tion of 2the hmethodmaccardingfroany arieacitddimsiiintoi 25, whedsn thed earjabte and t he

cl anmpin chanism.is_ bein -positiaoned. . -15 32. A nethod according to
iy one ol dPBietanCe stiatahahd il hduc R Goaltt 4 cotpfiieg Sestiali i ne
cl anpi ng necdraindetidst hrough a force transm ssion neans to increase cl anping
force on the object.

27. A method according to any one of claims 19 to 26, wherein the

clamping mechanism comprises a pair of clamping jaws.

15
28. A method according to claim 27, wherein both clamping jaws are

actuated during clamping and de-clamping.

29. A method according to claim 27 or claim 28, wherein an actuation force
20 from the variable reluctance actuator and linear induction actuator moves at
least one jaw of the clamping mechanism by way of a lever mechanism.

30. A method according to any one of claims 27 to 29, wherein an
actuation force from the variable reluctance actuator and linear induction
25 actuator moves at least one jaw of the clamping mechanism by way of a cam
mechanism which is responsive to an actuation force from the actuation

system.

31. A method according to any one of claims 19 to 30, including supporting
30 and maintaining a position of the object by a support channel when it is de-
clamped and the clamping mechanism is being re-positioned.



5.33. A nethod according to any one of clains 19 to 32, including during a
cl anpi ng action, the step of generating a magnetic flux around the vari abl e
rel uctance actuator and a nmagnetic flux around the |inear induction
actuator, such that the linear inductigg_actuator initially exerts a
greater actuation force than the variable reluctance actuator and the
actuation force fromthe variable 10 reluctance actuator increases as the
cl anpi ng necdtani samethodsadcomingito driyeoneadfjotaimns 1940 3A, imeluding providingiang t o any
one of clains 19 .tp. 3 I ncl udi n ur.ing a de-clanping.action, the step of
Generat i ng rngieBias e GRMAIY REcOaisRnBugh & 1Sica Hantthustior Paes and o
magnetic fl UKcreBsé BRnpintERYcd ds}dgp@tdtg)ébt_act uator, such that the predom nant
actuation force is exerted by the |inear induction actuator, and the force

exerted by the variable reluctance actuator is relatively snall. 20 35. A
e condet oo o s eRT 8erding fo BnfTond e dayric 4 BESE RebiBo Whhla | ° e

cl anpi ng nectiemping dationptiet step ofrgenachding ray magseticrflok agounid thebwariibiey

mechi ne. 25 reluctance actuator and a magnetic flux around the linear induction actuator,
such that the linear induction actuator initially exerts a greater actuation force
than the variable reluctance actuator and the actuation force from the variable
10 reluctance actuator increases as the clamping mechanism moves towards the

object.

34. A method according to any one of claims 18 to 33, including during a
de-clamping action, the step of generating a magnetic flux in the variable

15 reluctance actuator and a magnetic flux in the linear induction actuator, such
that the predominant actuation force is exerted by the linear induction
actuator, and the force exerted by the variable reluctance actuator is relatively
small.

20 35, A method according to any one of claims 18 to 34, wherein the object is
a semiconductor substrate.

36. A method according to claim 35, wherein the clamping mechanism is
part of an indexing system of a wire-bonding machine.
25





