-1- WRE CLAMP GAP CONTRCL MECHANI SM AND METHOD Field of the Invention 5
The invention relates to wre bonders and in particular to the feeding of
wire to bonding positions during wre bonding. Background and Prior Art 10
Wre bonders are used in sem conductor assenbly and packagi ng to nake

el ectrical connections between bond pads of electronic conponents. During

W re-bondi ng of sem conductor devices, it is cormmon to utilize a wre clanp
to feed wire froma roll of bonding w+&-towards a bonding site, and to
control and 15 manipul ate the wire. The wire is fed to a bonding tool, such
as atip of a capillary attached to a horn. An ultrasonic transducer is in
turn coupled to the horn for generating uItrasonlc bondlng energy to bond
the wire at the ti j .6 to all ow
wire to feed thros ot apillary and
thereafter is closed to grip and control t he mﬁre The wre clanp is also
used to hold the wire in position during the making of first and second
bonds on t [éeldlofthe twvebtiemnponents. The clanp is further commonly used to
enabl e %ooplng of a length of bonding wire between electrical contact
points ©n the el ectronic conponents, and/or to pull wres frombonds after
the 25 bompe pgustidre fflafade. witdeokidefs ahdR garical to/ tee farding of avirabl e
armor nmenber, and a fixed arm or menber. The novable armis opened and
closed by RosdinarRasitians duringwie borging:, and i s usual |y urged towards the
fixed armby a spring or the notor. The 30 bonding wire is very fine, often
to the order of 1 ml| or less. Thus the wre is

Background and Prior Art

10
Wire bonders are used in semiconductor assembly and packaging to make
electrical connections between bond pads of electronic components. During
wire-bonding of semiconductor devices, it is common to utilize a wire clamp to
feed wire from a roll of bonding wire towards a bonding site, and to control and
15  manipulate the wire. The wire is fed to a bonding tool, such as a tip of a capillary
attached to a horn. An ultrasonic transducer is in turn coupled to the horn for

generating ultrasonic bonding energy to bond the wire at the tip of the capillary.

The wire clamp is opened to allow wire to feed through during threading of the
20  wire through a capillary and thereafter is closed to grip and control the wire. The
wire clamp is also used to hold the wire in position during the making of first and
second bonds on the electronic components. The clamp is further commonly
used to enable looping of a length of bonding wire between electrical contact
points on the electronic components, and/or to pull wires from bonds after the

25 bonds have been made.

The wire clamp typically comprises a movable arm or member, and a fixed arm
or member. The movable arm is opened and closed by a solenoid or a linear
motor, and is usually urged towards the fixed arm by a spring or the motor. The
30 bonding wire is very fine, often to the order of 1 mit or less. Thus the wire is
easily broken if it is subjected to excessive force. It is important that a gap



easily broken if it is subjected to excessive force. It is inportant that a
gap -2- between the novable and fixed arns is sufficient for the wire to
pass through, and yet not be so large as conpared to the size of the wire
when opened so that the clanping force cannot be easily or reliably
controlled. 5 FIG 1 is a plan view of a wire clanp 100 of the prior art.
The wire clanp 100 generally conprises a fixed clanping arm 102 and a
novabl e cl anpi ng arm 104. The novabl e €2anping arm 104 is novable rel ative
to the fixed clanmping arm 102 about a pivot 106. A wre clanp notor, such
as a linear notor 108, is used to drive the novenent of the novable
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recei ving bonding wire. To control the size of the clanp gap 112, 15 the

openi ng stopper 110 is adjustable to fix the nmaxi mnum openi ng position of the
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cl anping arm 104. Thus, an inpact force is experienced by the wire clanp

structure tlingtmovakigsianepingrarns i 04 s ovabledeladiveda the fixed Glampiog e 1G4,
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The clamp gap 112 located at the tips of the fixed and movable clamping arms
102, 104 for receiving bonding wire. To control the size of the clamp gap 112,
15  the opening stopper 110 is adjustable to fix the maximum opening position of the
movable clamping arm 104. A problem with this design is that the movable
clamping arm 104 is configured to hit the opening stopper 110 when opening the
wire clamp 100 in order to limit further movement of the movable clamping arm
104. Thus, an impact force is experienced by the wire clamp structure that
20 excites the structure and causes structural vibration. Such unwanted vibration
may affect clamping accuracy, and result in greater wear and tear of the

apparatus.

Moreover, since the diameter of modern-day bonding wires is generally small, it
25 s difficult to manually adjust the position of the opening stopper 110 to control
the size of the clamp gap 112. Therefore, a jig has to be used to set the clamp
gap 112, using apparatus such as that described in US patent number 6,948,387
entitled “Clamp Calibration Apparatus and Method”. This is time-consuming and
has to be done every time the clamp gap needs to be changed for different wire

30 diameters.



entitled "Clanp Calibration Apparatus and Method". This is tinme-consum ng
and has to be done every tinme the clanp gap needs to be changed for
different wire 30 diameters. -3- An exanple of another prior art method to
control the clanp gap is disclosed in Japanese patent publication nunber JP
6- 244234 entitled 'Wre Bonder'. It uses a first spring nenber to control
the cl osed position of a novable armand a second spring nenber to control

t he open position of the novable arm W&rR 5 the novable armis in the open
position, a notor force for actuating the novable armis less than a

prel oad force of the second spring nenber resisting the opening of the
nmovabl e ar An exarmplet ofaamothenprioopdmeatioddei eardiol itke dempgap iFaisddsakin he

novabl e cl er, the tor,.force is,. in t.0 rcone the preload force
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the wire during wreé bonding. Nonetheless, it still uses stopper in the form

of a scre®’econdspaRg imembanidgontrohidiecopgn positipnial thaanoyatie goei. t Wherof t he
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reliability. Sprmar% of the Invention It is therefore an object of ‘the
i nventi on vpepdgkofitbepnovable asm, sapghata maxoum=epaming masdionds mefioedi N a
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a first aspsieb € thdtahknedindosprindaigmber iBr faseded Ik thistwad fher diséesure
controlling a clanp gap between clanmping arns of a wire clanp, conprising
the 10 ‘seeks to minimize the clamp gap and also the impact force to avoid damage to
the wire during wire bonding. Nonetheless, it still uses stopper in the form of a
screw (item 32 in Drawing 2 therein) to limit the open position of the movable
clamper. The position of the screw stopper will still have to be manually adjusted
to fix the clamp gap size. The design of the wire clamp is also more complex and

15  requires more parts, which may reduce reliability.

Summary of the Invention

It is therefore an object of the invention to seek to provide an improved
20 mechanism for controlling a clamp gap of a wire clamp that avoids some of the

aforesaid disadvantages of the prior art that use fixed stoppers to limit clamp

gaps.

According to a first aspect of the invention, there is provided a method for
25 controlling a clamp gap between clamping arms of a wire clamp, comprising the
steps of: providing a motor to generate an actuation force for moving the
clamping arms relative to each other; positioning a resilient member such that the
actuation force acts upon and fiexes the resilient member to an extent that is
proportional to the clamp gap; and controlling the clamp gap by adjusting the
30 amount of actuation force according to a predetermined relationship between the

actuation force and the clamp gap.



steps of: providing a notor to generate an actuation force for noving the
clanping arns relative to each other; positioning a resilient nenber such
that the actuation force acts upon and flexes the resilient nenber to an
extent that is proportional to the clanp gap; and controlling the clanp gap
by adjusting the 30 anmobunt of actuation force according to a predeterm ned
rel ati onship between the actuation force and the clanp gap. -4- According
to a second aspect of the invention, thed4e is provided an apparatus for
controlling a clanp gap between clanping arns of a wire clanp, conprising:. a
notor for providing an actuation force to nove the clanping arns relative to
each 5 other; a resilient nenber positioned such that the actuation force is
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actuation force and the size of the clanp ga{), whereby to obtain a desired
cl anp gap. MUtoptIRraviding an actuation ferspdetmere theeclamping aons relativestg gach
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such that the actuation force is 15 operative to flex it to an extent that
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acconpanyi ng draw ngs, which illustrate one enbodi nent of the invention.

The pafficularity of the drawings and the related description is not to
According to a third aspect of the invention, there is provided an apparatus for

controlling a clamp gap between clamping arms of a wire clamp, comprising: a
motor for providing an actuation force to move the clamping arms relative to each
other; and a resilient member positioned such that the actuation force is
15 operative to flex it to an extent that is proportional to the clamp gap; wherein a
maximum clamp gap during operation is defined by a predetermined maximum

extent to which the resilient member is configured to flex.

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

Examples of preferred embodiments of wire clamp control mechanisms in
accordance with the invention will now be described with reference to the
accompanying drawings, in which:

30

FIG. 1 is a plan view of a prior art wire clamp;



be understood as superseding the generality of the broad identification of
the invention as defined by the clains. 25 Brief Description of the

Drawi ngs Exanpl es of preferred enbodi nents of wire clanp control mechani sns
in accordance with the invention will now be described with reference to
the acconpanying drawings, in which: 30 FIG 1 is a plan view of a prior
art wire clanp; -5- FIG 2 is a plan view of a wire clanp according to a
first preferred enbodi nent of the invenbton; 5 FIG 3 is a plan view of a
wire clanp according to a second preferred enbodi nent of the invention;
FIG 4 is a plan view of a wire clanp according to a third preferred

enbodi nent of the invention; 10 FIG 5 is a graph showing a linear

of cal i br afig2dt et Blendr aSun oD #Brio it PRIEASE ciodignbdfrose
graph showithgirveffion] i near rel ationshi p between spring force and spring

flex distance for the purpose of calibrating a wire clanp according to the
invention; and FIG 7 is a graph illustrating howa wire clanp gap is
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FIG. 4 is a plan view of a wire clamp according to a third preferred embodiment
of the invention;

10
FIG. & is a graph showing a linear relationship between spring force and spring
flex distance for the purpose of calibrating a wire clamp according to the

invention;
15 FIG. 6 is a graph showing a non-linear relationship between spring force and
spring flex distance for the purpose of calibrating a wire clamp according to the

invention; and

FIG. 7 is a graph illustrating how a wire clamp gap is determinable from a motor

20 force exerted by a wire clamp motor.

Detailed Description of the Preferred Embodiments of the Invention

FIG. 2 is a plan view of a wire clamp 10 according to a first preferred
25 embodiment of the invention. The wire clamp 10 comprises a fixed clamping arm
12 and a movable clamping arm 14 that is movably mounted with respect to the
fixed clamping arm 12 about a pivot 16. A wire clamp motor, such as a linear
motor 18, is used to generate an actuation force to move the clamping arms 12,
14 relative to each other, and in this particular instance, to drive movement of the

30 movable clamping arm 14 with respect to the fixed clamping arm 12.



25 enbodi nent of the invention. The wire clanp 10 conprises a fixed cl anping
arm 12 and a novable clanping arm 14 that is novably nounted with respect
to the fixed clanping arm 12 about a pivot 16. A wre clanmp notor, such as
a linear notor 18, is used to generate an actuation force to nove the
clanmping arns 12, 14 relative to each other, and in this particular

I nstance, to drive novenent of the 30 novable clanmping arm 14 with respect
to the fixed clanping arm 12. -6- Instedad-of a fixed stopper as in the prior
art, aresilient nmenber such as a |leaf spring 20 is positioned to provide a
preload force on the novable clanping arm 14 along its range of notion.
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el astic sprlng force 26 on the novable clanmping arm 14 in an opposite

di recti on B6ts¥ROMBNGflexes the leaf sprin®2der to maintain a position of the
novabl e 15 clanping arm 14 so as to obtain a desired clanp gap 22, the notor
force 24 is balanced wth the spring force 26, such that the spring force

26 is equalt wogd m@metiaté@tndteh@ntaMp tiap @2 i propartivhalnto the Txtertgndlerk
di stance 28 noved by the leaf spring 20 1s related to the clanp gap, 22

b 0ducds aby(ihe resiiermember gy i Ermaptdngiieal Sarmai2d when It s flexed. Buring
actuation of the linear motor 18 to open the wire clamp 10, an actuating motor

force 24 is applied onto the movable clamping arm 14. The leaf spring 20 exerts
an elastic spring force 26 on the movable clamping arm 14 in an opposite
direction to the motor force 24. In order to maintain a position of the movable

15 clamping arm 14 so as to obtain a desired clamp gap 22, the motor force 24 is
balanced with the spring force 26, such that the spring force 26 is equal and
opposite to the motor force 24. [n turn, a spring flex distance 28 moved by the
leaf spring 20 is related to the clamp gap 22 produced at the tip of the movable
clamping arm 14,

20
By knowing the physical characteristics of the leaf spring 20 when a flexion force
is exerted, a predetermined relationship between the motor force 24 and the
clamp gap 22 can be established. The clamp gap 22 is controllable by obtaining
the corresponding elastic spring force 26 for a desired clamp gap 22, which is in

25 turn obtainable by adjusting the amount of motor force 24 in accordance with the
predetermined relationship, which will be illustrated below in relation to FIGs. 5-7.

FIG. 3 is a plan view of a wire clamp 30 according to a second preferred
embodiment of the invention. In this embodiment, a resilient member in the form
30 of a bent leaf spring with pivot 32 is used to guide pivotal movement of the

movable clamping arm 14 relative to the fixed clamping arm 12.



By know ng the physical characteristics of the |eaf spring 20 when a fl exion
force is exerted, a predeterm ned relationship between the notor force 24
and the clanp gap 22 can be established. The clanp gap 22 is controll able
by obtaining the corresponding elastic spring force 26 for a desired cl anp
gap 22, which is in 25 turn obtainable by adjusting the anount of notor
force 24 in accordance with the predeterm ned relationship, which wll be
illustrated below in relation to FIG. &¢. FIG 3 is a plan view of a wire
clanp 30 according to a second preferred enbodinment of the invention. In
this enbodiment, a resilient nenber in the form30 of a bent |eaf spring
wth pivot 32 is used to guide pivotal novenent of the novable clanping arm

14 relative,to_the, fix cl | 2, -1- T, C i of . theI|
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invention. Here, the novable clanping arm 14 is novable wth respect to the

fixed cl amsiatgp gam2R2 witkeuts %orﬁrquablellw agjugiing thesaiolar forger24hg 36 1s nount ed
onto the fixed clanping arm 12. The conpression spring 36 is positioned
such as to provide a pre-load force onto the linear notor 24 along a range

of notion Gt he igogaplad olewmifng wire kmp BaVeeotrdirg | ioheathirdtsreferfed s
actuated to open the novable clanping arm 14 of the wire clanp 34, a notor

force 34 | embodiment ghihe ﬂ%%’@ﬁpr@@éﬁ dhegppyaljegdamping arm 14 is movable
with respect to the fixed clamping arm 12 about a pivot 16. A compression

spring 36 is mounted onto the fixed clamping arm 12. The compression spring
36 is positioned such as to provide a pre-load force onto the linear motor 24
along a range of motion of the movable clamping arm 14.
15

When the linear motor 18 is actuated to open the movable clamping arm 14 of
the wire clamp 34, a motor force 24 is exerted onto the compression spring 36.
Accordingly, a spring force 26 is created in the compression spring 36 that acts
on the movable clamping arm 14 in an opposite direction. By controlling the

20  motor force 24, the clamp gap 22 can be controlled.

FIG. 5 is a graph showing a linear relationship between spring force 26 and
spring flex distance 28 for the purpose of calibrating a wire clamp 10 according to
the invention. According to Hooke's law of elasticity, the spring force is related to

25 the spring flex distance by the formula: Spring Force = k * Spring Flex Distance,
where k is the force constant of a resilient spring member such as a leaf spring
20.

Since the relationship is linear, a distance by which the spring flexes is
30 determinable from the spring force once the force constant is established.

Moreover, since the spring flex distance 28 is proportional to the clamp gap 22,



Accordingly, a spring force 26 is created in the conpression spring 36 that
acts on the novable clanping arm 14 in an opposite direction. By
controlling the 20 notor force 24, the clanp gap 22 can be controlled. FIG
5 is a graph showing a |inear relationship between spring force 26 and
spring flex distance 28 for the purpose of calibrating a wire clanp 10
according to the invention. According to Hooke's |law of elasticity, the
spring force is related to 25 the spring8tlex distance by the formnul a:
Spring Force = k * Spring Flex Distance, where k is the force constant of a
resilient spring menber such as a leaf spring 20. Since the relationship is
li near, a dindtthacspring fance BGtthat ispexerted Iseequaliand Gppakitectonthealmotorffoose t he
spring for nce the.for constant i.s established, Mreouer, since the
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24, the notor force 24 can be directly related to the clanp gap 22.
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det er i Ped PHP'8U8R- 5 calibration. FIG 6 is a graph showi ng a non-Iinear

rel ati onship between spring force 26 and spring flex distance 28 for the

purpose of calibrating a wire clanp 10 according to the invention. In this
case, the fébabiismsgiaphbshonieg a hen-Ypeanglationsbimbetween swringtdree) 26| and
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bet weed0t haPrbe dlext distancecarm hetmpraseatad imsimple terms by the formula: Spring
Force = f (Spring Flex Distance).

In the same way as described above, the spring flex distance 28 is proportional
to the clamp gap 22, and the spring force 26 is equal to the motor force 24, such
15  that the non-linear relationship between the motor force 24 and the clamp gap 22
can be determined through calibration. Once the relationship is determined, the

motor force 24 can be used to control the clamp gap 22.

FIG. 7 is a graph illustrating how a wire clamp gap 22 is determinable from a
20 motor force 24 exerted by a wire clamp’s linear motor 18. For simplicity, the

graph is exemplary and presupposes a linear relationship between the spring

force 26 and spring flex distance 28. The motor force 24 is controlied by

controlling the amount of current flowing through the linear motor 18. Calibration

can be performed by controlling the actuating motor force 24 and measuring the
25 clamp gap 22 for different motor forces 24.

At the commencement of calibration, the wire clamp 10 is closed and there is no
clamp gap 22. The current in the linear motor 18 is increased until at FO, the
motor force 24 is equal to the pre-load elastic spring force 26 exerted by the
30 resilient member on the movable clamping arm 14. The motor force 24 is

increased until it reaches F1, whereat a clamp gap 22 of G1 is measured. In



can be determ ned through calibration. Once the relationship is determ ned,
the notor force 24 can be used to control the clanp gap 22. FIG 7 is a
graph illustrating how a wire clanp gap 22 is determ nable froma 20 notor
force 24 exerted by a wire clanp's linear notor 18. For sinplicity, the
graph is exenplary and presupposes a linear relationship between the spring
force 26 and spring flex distance 28. The notor force 24 is controlled by
controlling the amount of current flowing-through the |inear notor 18.
Calibration can be performed by controlling the actuating notor force 24
and neasuring the 25 clanp gap 22 for different notor forces 24. At the
comrencene®#SS&MCa; asinpe athieoplammegan 2@ &8 @nppartional &0 dbedexiaat therresilienho

clanmp gap 22. [The.current in the,.li r . _noLor IS _lngrLeas untJi |, at FO
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is measured. Fromthe values of 5 the wire clanping forces FO, F1 and F2,

and the comersbenigioalcwatedp gaps 0, GI and & respectively that are
obtai ned, an elastic force constant, k, of the resilient nenber is
cal cul ated. After the force constant has been obtained, the clanp gap G can

be det er m mdfi@gr thé foree congtant hakdsexm bbtalfeid ¢ide Blamihgapi Gean beteterdindzy t he
formula; G = (F- FO where FO and k have been detern ned through

- FQ [k .
cal i br A0i offer @ givesrtaraedT gxertad Hydae lipeamotarn &by the lamula:anp gap G duri ng
w re bondi ng, the

G = (F - F0) / k, where FO and k have been determined through calibration.

Accordingly, in order to obtain a certain clamp gap G during wire bonding, the
15 apparatus only needs to generate an appropriate motor force F, which can be
calculated using the above formula. In other words, a maximum clamp gap
during operation of the wire clamp 10 is defined by a predetermined maximum

extent to which the resilient is configured to flex, and no more.

20 It should be appreciated that the wire clamps according to the preferred
embodiments of the invention serve to increase the accuracy and reliability in the
control of the wire clamp gap during wire bonding. [n particular, the clamp gap
can be adjusted easily on-the-fly while eliminating human error from manual
adjustment. Any gap size within the range of motion of the movable clamping

25 arm 14 can be obtained without having to manually adjust a stopper position

each time the clamp gap needs to be changed.

Moreover, complicated tools such as jigs need not be used to manually adjust
the clamp gap and this can resuit in both time and cost savings. Another
30 advantage of not having a fixed stopper position is that there are no abrupt

impact forces during opening of the wire clamp that may result in vibration of the



15 apparatus only needs to generate an appropriate notor force F, which can
be cal cul ated using the above formula. In other words, a maxi num cl anp gap
during operation of the wire clanp 10 is defined by a predeterm ned maxi mum
extent to which the resilient is configured to flex, and no nore. 20 It
shoul d be appreciated that the wire clanps according to the preferred

enbodi nents of the invention serve to increase the accuracy and reliability
inthe control of the wire clanp gap duding wire bonding. In particular,
the clanp gap can be adjusted easily on-the-fly while elimnating human
error frommanual adjustnent. Any gap size within the range of notion of

t he novabl &vikg glaphmetstuiemor 4nvanted wearaanddear thatumighiviedyicecacaunacy | vy

adj ust a sto I, ROSLL .0 i he clanp gap needs to be changed.
Mor eover , Egﬁﬁﬁﬁ%ﬁyihéﬁég?§E§§%ﬁbggﬁpﬁgs need not be used to manual | y adj ust
the clanp gap and this can result in both tinme and cost savings. Another 30

advant age of not having a fixed stopper position is that there are no abrupt
i npact fordé&e aventian dpseribag bereiméds wusecptibiento vaketionsy medificatians andieat i on

of the =10-_ w.re cl pucture. ..or nt.ed wear .apd r.that, m

reduce gc C Epgh'\?(ﬁs 8}@%}}83@ t cg;set ?Peeﬁ'ff?’él&@ Hé?ﬂk’&gjra'b(gg ) Poolﬁé %@Hs}%t‘ﬁ%ﬂia? ?ﬁ?
described heeption inclbes efil sbte vapiations, airodfieationsl ishitrt hedisoran Hach {4l

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

that the withimihespintandrrepeaf thesakovadescptions, nodifications and/ or
additions which fall wthin the spirit and scope of the above description.
-11- CLAIMS: 1. Method for controlling a clanp gap between cl anpi ng arns of
a wre clanp, conprising the steps of:



5 providing a notor to generate an actuation force for noving the clanping
arns relative to each other; positioning a resilient nenber such that the
actuation force acts upon and flexes the resilient nenber to an extent that
is proportional to the clanp gap; and controlling the clanp gap by

adj usting the amount of actuation force 10 according to a predeterm ned

rel ati onship between the actuation force and the clanp gap. 2. Method as
clained in claim1, wherein the actuati-dril force acts on one of the clanping
arnms, and the resilient nmenber exerts an elastic force on the sane 15
clanmping armin an opposite direction to the actuation force. 3. Method as
clainmed in 2, Wherein a desired wire clanp gap is obtained by

bal ancing the elastic force exerted by the resilient nenber against the
actuation force of the motor. 20 4. Method as clained in any one of the

precedi ng gl ai mMethott fofrcotRiilinigs anBlandd ¢Ab beRidedn cBingiingf arded @fa Wing a
rel ati onshi p between the actuation force generated by the notor and the
ext ent t he fasBpJ ¢mprisipgitie stepsfafexed by the said actuation force. 25 5.

comri sas the sEIpBPO iy it 4EhEe ARG RrbaTat BRI I Bemping | o

menber. 30 spmsiveldiod tasachati@g i n any one of the preceding clains, wherein
the resilient nenber conprises a | eaf spriqg%. -12- 7. Method as clained in
clai m 6, wherei POSHENINGA reglientgnembenskch thaltie @stuation force acts upon and

flexes the resilient member to an extent that is proportional to the clamp gap; and
controlling the clamp gap by adjusting the amount of actuation force
10 according to a predetermined relationship between the actuation force and the

clamp gap.

2. Method as claimed in claim 1, wherein the actuation force acts on one of
the clamping arms, and the resilient member exerts an elastic force on the same

15 clamping arm in an opposite direction to the actuation force.

3. Method as claimed in claim 2, wherein a desired wire clamp gap is
obtained by balancing the elastic force exerted by the resilient member against
the actuation force of the motor.

20
4. Method as claimed in any one of the preceding claims, further comprising
a calibration step of determining a relationship between the actuation force
generated by the motor and the extent the resilient member is flexed by the said
actuation force.

25
5. Method as claimed in claim 4, wherein the calibration step further
comprises the step of determining an elastic force constant of the resilient

member.

30 6. Method as claimed in any one of the preceding claims, wherein the
resilient member comprises a leaf spring.



a pivot. 5 8 Method as clainmed in any one of the preceding clains, wherein
the resilient nmenber conprises a conpression spring. 9. Method as cl ai ned
in any one of the preceding clains, wherein the notor is a linear notor and
the step of adjusting the actuation force conprises adjusting 10 a

magni tude of a current provided to the linear notor. 10. An apparatus for
controlling a clanp gap between clanping arns of a wire clanp, conprising:
a notor for providing an actuation fored2-o nove the clanping arns 15
relative to each other; a resilient nenber positioned such that the
actuation force is operative to flex it to an extent that is proportional
to the clanp gap; and a control nechanisn1operative to adjust the actuation

rel ati onshi'p. betipR R Bl SR BEm 8 SHsb B ke f, AR Pioermates gap.
wher eby toagkiyet.n a desired clanp gap. 11. The apparatus as clained in

claim 10, wherein the actuation force is configured to act on one of the
clanping arms, and the resilient nmenber is 25 configured to exert an

el ast cf oce OiIBSANTShAUPIAC A TR InaRRASLERG HREt WA, e

act uat i on orce apparatus Wher ei

control rrew@iremrmembeﬁbemhsegatcmn@m'essmnzSpdmgl red wire clanp gap by
providing a sufficient actuation 30 force to balance the elastic force

exerted by the resilient nenber. -13- 13. The apparatus as clainmed in any

ggrel gg claigms 1QsdtRodas W& h 40 onb St ithe PREcATID BlaifiS RhERSS tiie hictbr
is a linear motor and the step of adjusting the actuation force comprises adjusting

10 a magnitude of a current provided to the linear motor.

10.  An apparatus for controlling a clamp gap between clamping arms of a wire
clamp, comprising:

a motor for providing an actuation force to move the clamping arms

15 relative to each other,

a resilient member positioned such that the actuation force is operative to
flex it to an extent that is proportional to the clamp gap; and

a control mechanism operative to adjust the actuation force to flex the
resilient member according to a predetermined relationship between the

20 actuation force and the size of the clamp gap, whereby to obtain a desired clamp
gap.

11. The apparatus as claimed in claim 10, wherein the actuation force is
configured to act on one of the clamping arms, and the resilient member is
25 configured to exert an elastic force on the same clamping arm in an opposite

direction to the actuation force.

12.  The apparatus as claimed in claim 11, wherein the control mechanism is
operative to obtain a desired wire clamp gap by providing a sufficient actuation
30 force to balance the elastic force exerted by the resilient member.



14. The apparatus as clainmed in claim 13, wherein the |eaf spring further
I ncorporates a pivot. 15. The apparatus as clained in any one of clains 10

to 14, wherein the resilient nenber conprises a conpression spring. 10 16.

The apparatus as clainmed in any one of clains 10 to 15, wherein the notor
Is a linear notor and the control nmechanismis operative to adjust a

magni tude of a current provided to the linear notor. 17. An apparatus for
controlling a clanp gap between clanpind3arns of a wire 15 clanp,
conprising: a notor for providing an actuation force to nove the clanping
arnms relative to each other; and a resilient nmenber positioned such that
the actuatildn fdheecaprargbis asiclaimed injany ppetdf dainatidnto IRatwheyein the

proporti on%si%ée}}t'itrﬁgwgggggmgggés aqem@gn a maxi mum cl anp gap during

operation i§ rédet er mned maxi num extent to which the
resilient menber is configured to flex.

14. The apparatus as claimed in claim 13, wherein the leaf spring further

5 incorporates a pivot.

15. The apparatus as claimed in any one of claims 10 to 14, wherein the

resilient member comprises a compression spring.

10 16. The apparatus as claimed in any one of claims 10 to 15, wherein the
motor is a linear motor and the control mechanism is operative to adjust a
magnitude of a current provided to the linear motor.

17.  An apparatus for controlling a clamp gap between clamping arms of a wire
15  clamp, comprising:
a motor for providing an actuation force to move the clamping arms
relative to each other; and
a resilient member positioned such that the actuation force is operative to
flex it to an extent that is proportional to the clamp gap;
20 wherein a maximum clamp gap during operation is defined by a
predetermined maximum extent to which the resilient member is configured to
flex.

5



