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the i ndex@Backiffolih@ andd®rioccAdap need to be nmade increasingly nore robust,

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



reliable and accurate. For the index clanp, this translates to a
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through the work holder channels, it always rested on the lower jaw of the

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 solenoid 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.



25 lever 16 thus rotates as shown by arrow D and cl anps the substrate 19
against a fixed ower jaw 20. De-clanping of the substrate 19 is effected
by turning off the solenoid current, whereat a r et UIHFEBRIUAR 2006hi ch was
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15  clamping force, the solenoid 14 has to be larger in size.

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 return 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.
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provide an actuation force to the clanping nechanism According to a
second aspetacordieg ith @csaciopd 3spech esnenienhyavides acmgifisidnigr clamping ect |

conpri sing [ . C | m Wikl | system
to actuate a(q:]‘lrgdr%l n%ﬁfﬁ@"%ﬁg 0 'tﬂane?rgrrl%i n H)rrvgdgrr'\@% ?%fda%h
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



15 wherein the step of providing the actuation system conprises providing
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char act er i $ah@le0frh@ inclusion of a VCM 35 in the clamp apparatus cooperating with
the solenoid motor 34 facilitates movement of the plunger regardiess of the
15  solenoid gap. In other words, the motion of the plunger 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 return 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



10 typical solenoid is highly non-linear, with force dropping off rapidly
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An exemplary variable reluctance actuator is discussed next. At the bottom of
the housing 1 is affixed another ring-shaped coil, 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 piate 8 is

25 attracted towards the lower face of the housing 1.

Figs. 3a, 3b and 3¢ show respectively, plan, etevation 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 solenoid coil 7-7' is contained.



circular arc is nounted on the inner cylindrical surface of the housing 1.
An annular air gap 10 forned between the inner cylindrical portion of the
housing 5 1 and the magnets 2, contains/a radial nagn®FEBRUARY 2008 sposed
inthe air gap 10 is a cylindrical voice coil 3-3 . The voice coil 3-3
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solenoid plate 8 with it, an increasingly higher force is further 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.



30 1 * dividing conpartnments containing the voice coil 3-3" and sol enoid
coil 7-7" respectively. There is an annular air gap 10 between the voice
coil 3-3" and housing 1, and a void 118in whi ch t helSBEBRUARY 006 7-7' is
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an i ncr easiindhg dhectioes ifdicated resplectivaheby arxews élaoe Hdfd-igshaft 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

sol enoi d f oTKeldver 2abis tantédéd Yo tHegtiamptdramt 3 trabugh sphiveg W@dn8pwhiohr i ng 20
cl anpi ng acti on, althouq{égb th forces act in tande the cqntri lﬁtion of
the sol enol@Y &PMRSIsena Neled] sArpecR | D& §N%A: ¢SS FEGRA N8I hat of

t he VCM835. jinear motion of the shaft from the rotary motion of the lever 22 about pivot 23.
The spring 9 also ensures that irrespective of the substrate thickness
clamped, the solencid 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, until 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 channel 33. The rotation of

lever 22 about pivot 23 in the direction of arrow G brings the upper jaw 25 in



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 travel s -tthr ough secti o5 EEBRUARYZ2006ame
direction as the flux 12 of the per manent magnets 2. However, as
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FEBRUARY 200% Vo'ee Cé?t' t%”rdesoé‘?m"? |;(;n ‘gﬁont%’ég%ﬁ{%fé fgﬁps"é?ﬂ?écfat us is
now descri bads\WdffectiveHgs ﬁf‘ﬁ%gh@tnfb&ura@mn‘@?fe@ha§BQM@mbBQ:réthQQ we of the
whol e clanp apparatus. |In the unclanped state, an object such as a

substrat e e far C§LF§pﬂ3Ft‘é@""b§5 temgninel lever. 22 in the q*ﬂeé?"é? PeRO b Enent
| f
cl anpi ng o rak@@ tﬁﬂ%hfe@% Xdﬁfeétu% éﬁg t{%\ﬁr@%sm i drhe FiRmg, conpri se

an upper jaw ever r Jaw 27 (nmounted on
| ever 28), tumirgf Toédh%dew @%rﬂiﬁtamuﬁges zihle ferupunger f ¥ de the direcherte
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to the ¢la orce” transm ssi on ake the
formof t raots:ltemamgetﬂm amuwenordlrbomm'eHlthg shdingtdommasuriacaciQiaf i ng

i cat ed PAEE 2DV BES S pPoRdRuR e 287 F 2 e Tever 22 ta
connected to the cl arrp shaft 5 through spring neans, which nmay conprise a
el D gD S heR % B oot e Febihes, ™ "
15 to the initial position for the next indexing stroke. After de-clamping, the
substrate 26 lies in the support channel 33 without any 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 channe! 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 graduat, smoother motion
of the clamp jaws thus enabling clamping of the substrate 26 with minimal



The spring 9 also ensures that irrespective of the substrate thickness

cl anped, the solenoid plate 8 travels its full distance towards the

sol enoid housing 1, thus enabling maxilBum possi bl e 19FEBRUARNZBO! enoi d
7-7" on the solenoid plate 8. In effect, the clanp apparatus exerts its

force on | 0 i C al so
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| ower for tdﬁlthimanorsmhslems Emited\ﬂddmtege bed taltoy dightiunominedrargpiation t he
voi ce coi Sf qb ates the notion of the shaft 5 in the direction of
arrow A (F| Orga M $9 1€l 4R ient | y, the sol enoid 25 34 al so exerts an
increasingly higher force on the shaft 5 in the same direction. As the

shaft 5_noves in direction A rotating the |lever 22 about the pivot 23, a
cam mechaniTéf '§Y%W°'&§’e§°r@§ﬁ1rlﬂ"ﬂﬂé%§us§gp\im¢ &Chvafsat'ﬁmraa@:&%aﬂoagan%f | ever
22 by spripgdd8ns Bﬂh\é?%hdn”thgéé gséd.ﬁaanfdé&rr@uafénaqpi@%tbetawelréwod fat I n
doi ng so, inclined surface pl un%er 30 rotates the lever 28 30
about pi votheinventipn Weluges @Htﬁué'h Vﬁﬁ%ﬂ%‘ét edifipatignsoandpr addiiansiwlich ever 28
rests on t réoébtl I P ger 30. As the lever 28 so
rot at es, tr@mmg%r ja@va@%%é?r&é?tﬁ%aggmg%?n%ﬁ the substrate from bel ow
and lifts the substrate through a small height, fromits support channel
33. The rotation of |ever 22 about pivot 23 in the direction of arrow G
brings the upper jaw 25 in 9- 15 FEBRUARY 2006 contact with the substrate
26 from above. This results in the substrate 26 being cl anped between
jaws 25 and 27. After clanping, the substrate 26 is indexed precisely
through a specified distance in a direction perpendicular to the plane of
Fig. 2. Then, de-clanping is effected by reversing the current in 5 the
voice coil 3-3" and solenoid coil 7-7'. Upon current reversal, the
solenoid 34 is ineffective due to nmagnetic saturation effect as expl ai ned
previously. 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
time, turning of the lever 22 al so pushes the cam plunger 30 in the
direction 10 opposite to direction F,_jyhus allow ng {hEEBBUMRYLYG ded by
light spring 24, to rotate in a drrectron opposite to direction H, while
sliding down surface 30" of plunger 30, thus de-clanping the substrate
26. An i ndexpRgt i8¢ldiak@ls: (not shown) then returns the open cl anping
mechanism 15 to the initial position for the next indexing stroke. After
de-cl anping, the substrate 26 lies in the support channel 33 w thout any
contact fromthe clanping jaws 25 and 27. So during the return stroke of

t he i ndexi ng, act Siik] f ot b 6 |sturbed
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bot h actuati on nmeans, as well as noderation of clanping force and can
handl e nor e 48y[58§ T8EPEGINElY rGarePriski 2 vAEaRle reictancerGtuatonangralivgdte of t he
voi ce coil notor 35 affords the clanp apparatus a greater flexibility
t hrough pr ofingdudignorctyater gewnied itegptioerr arthedapedrtentogpesdte| ongrovidavol ves a
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2. An apparatus according to claim 1, wherein the variable reiuctance

actuator is capable of generating a relatively higher actuation force and the

linear induction actuator is capable of generating a relatively more

15 consistent actuation force.

3. An apparatus according to claim 1 or claim 2, wherein the actuation

system is housed within a housing made of soft magnetic material.

20 4. An apparatus according to claim 3, wherein the variable reluctance
actuator comprises a solenocid coil mounted inside a compartment of the

housing, such that the housing relays magnetic flux from the solenoid coil.



i npact force. Current profiling, although possible with a sinple solenoid
clanp of the prior art, lends Iimted advantage due to the highly
non-linear variation of force with s kenoi d gap. 5 BEEBRUARY 2006
described herein is susceptible to varfations, nodifications and/or

addi tions other than those specifically described and it is to be

under st ood t§1at A%higpcd]apg@g]tzicgg\ﬁdg#kouﬁﬁﬁn %I ‘!)r aaﬁbd,\’@c{hie?éiﬁ Cfi?ﬁg htoggqélfi cations

and/ or additTons wh e spirit and scope bove

description.. -1 [ | aj s - 15 FE Y. AN ratus for
cl anpi ng an '%%f%%ﬁvg,]ﬁééﬁ%ﬁ&% H@'?‘g”@?%h%f?%%&%%@%%@’%gé‘%&”%q?eggﬁ'@ét. on
systemto actuate clanping, and de-clanping, 5. 0f . the clanping chani sm
whereim ¢ he saTateT aRISyE LR i PPUBE s ebianted 1 08RY SRR REE R ar o
operatively coupled whereby to,provide an actuation force to the clanping
Tochani sm AHSIG: o e Mene IRy Gl G0 0 8 QATaPE P el AAINGe a

vari abl e rel uctance actuator and a |inear induction actuator coupled

t oget her Sand"@&l@9iS8H to cooperate to provide 10 the actuation force to

t he cl anpi ng mechanism 2. An apparatus according to claim1l1, wherein the
vari abl e reluctance actuator is capable of generating a relatively higher
actuation force and the I|inear induction actuator is capabl e of

generati ng &.rel &ni applayatus @ecerdmgderasy anemf the preasding ¢laimse whereimn
apparatus according to claiml1l or claim2, wherein the actuation systemis
housed wi t hithe dinka gidugtion detuatorsedropriaegneng or megrer ¢cils. fopatryingna appar at us

according to claim3, wherein the variable reluctance actuator conprises
a sol enoi d awirfentyowhiohd coilsi ate disposgrhramemowdabléeneby electromagnetic

10 induction within an air gap located adjacent to a permanent magnet.

7. An apparatus according to claim 8, including a force transmission
mechanism operative to actuate movement of the clamping mechanism

when the coil moves.

15
8. An apparatus according to any one of the preceding claims, wherein
the variable reluctance actuator and linear induction actuator are connected
electrically in anti-series,

20 9. An apparatus according to any one of the preceding claims, wherein

the clamping mechanism comprises a pair of clamping jaws.



housi ng, such that the housing relays magnetic flux fromthe sol enoid
coil. -12 15 FEBRUARY 2006 5. An apparatus according to claim3 or claim
4, wherein the housing includes a fl ug rel ay portiohs FEBBRNARY 2Méi gned to
be close to magnetic fl ux saturation 'amd the flux rel ay portion is
adapted to relay virtually no flux arising fromthe solenoid coil during

de- cl anpi ng t i ani rding to any
one of the p eceﬁéﬁﬁﬁitﬁ%wﬁiﬁﬂo &a% RreSlh BBRAGRMAI R ko

i sposed anddRRbRIe B9 uare dreRAAATEaRd 6ot on within an i r gap

| ocated adj acent to a permanent magnet. 7. An apparatus according to claim

6, including a force transm ssion mnechanism operati ve to act uat e novenent
of the cl arrpl ng nmechani sm when the coil npves. ar at us

accor di ng t o any ASh@PBRratye 35FENG Ry QiR RsOr \ﬁf?émeﬂﬂ "i \/%r P&BI e

rel uctance actuator and |inear induction actuator are connected
el ectri c& | yransmisgien maanssconpectng the aghalioarsystest @of ditdeast @ngrigwone of
the preceding clains, wherein the clanping mechani smconprises a pair of
cl anpi ng j avaf.the MmN RERIARSM Y G lever maghaigar at us according to claim9,
wherein both clanping jaws are adapted to be actuated during clanping and
de-clanping. 11. An apparatus according to claim9 or claim 10, including
force

12.  An apparatus according to any one of claims 9 to 11, including force

transmission means connecting the actuation system and at least one jaw

10 of the clamping mechanism by a cam mechanism which is responsive to an

actuation force from the actuation system.

13. An apparatus according to any one of the preceding claims,
including a support channel adapted to solely support the object when the

15  object is de-clamped and the clamping mechanism is being re-positioned.

14. An apparatus according to any one of the preceding claims,
including spring means to bias the clamping mechanism through a force
transmission means to increase clamping force on the object.

20
15.  An apparatus according to any one of the preceding claims, wherein

the object is a semiconductor substrate.



5 transm ssi on neans connecting the actuation system and at | east one jaw
of the clanpi ng nmechanism by a | ever nmechanism 12. An apparatus accordi ng
to any one of clainms 9 to 11, includiq% force transnb FEBRUARY 2606
connecting the actuation system and at "l'east one jaw 10 of the cl anping
mechani sm by a cam nechani sm whi ch is responsive to an actuation force

fromthe ath.éatl N S%{@ﬁ%&isl%m&& ?r ?:La'l’rﬁ q%co ﬂb%ﬁht € SO?'RPﬁgOf t he

precedi ng clalns, suppo annel™’ apted y-support

t he obj ect I mechani smis
bei ng re-po?ﬁ?ﬂbne ﬁﬁ%gP ﬁ&gﬁdgpggsgggggggaﬁﬂ%b%ﬁ&n ;ﬁ%%gﬂ%f t he
precedi ng cl ai s, |nclud|ng spring neans to bias the cl anpi ng nechani sm
through a force transm ssion neans to increase clanping force on the
object. 20 15. An apparatus according to any one of the preceding clains,
wherein the object is a sem conductor substrate. -14 15 FEBRUARY 2006 16.
An apparatus according to claim15, wherein the clanping nechanismis part
of an indexing systemof a w re-bondi ng nachi ne.





