-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 winde 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 bondi ng energy to bond
the wire at the tj ed to all ow
wire to feed thrcas =2 : L capillary and
thereafter is closed to grlp and control the wire. The wre clanp is al so
used to hold the wire in position during the making of first and second
bonds on tHieldedfdhedmventiooonponents. The clanp is further comonly wused to
enabl e _| ooping of a |l ength of bonding wre between el ectrical contact
poi nt s¥Yon the el ectronic conponents, and/or to pull wres frombonds after
the 25 b H?/%Y\goﬁergfété?ﬁ?wﬁghﬁoﬁf?lérg drld? éﬁﬁ@h%"f"t{) h& 38Bdihg SoF Wirdeyabl e
arm or , I’ xed arm or nemnber e novabl e arm i s opened and

cl osed by baommh@posmom; darihg mé@ bormding.r and is usual | y urged towards the
fixed armby a spring or the notor. The

Backaground 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 mil or less. Thus the wire is

easily broken if it is subjected to excessive force. It is important that a gap



30 bonding wire is very fine, often to the order of 1 m| or less. Thus the
wreis weasily broken if it is subjected to excessive force. It is

i nportant 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 | is a plan view of a wire clanp 100 of the
prior art. The wire clanp 100 generallg conprises a fixed clanping arm 102
and a novabl e cl anping arm 104. The novabl e clanping arm 104 is novabl e
relative to the fixed clanping arm 102 about a pivot 106. A wre clanp
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recei ving bonding wire. To control the size of the clanp gap 112, 15 the
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opening motion of the movable clamping arm 104 and to define a clamp gap 112.

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.



the size of the clanp gap 112. Therefore, a jig has to be used to set the
clanp gap 112, using apparatus such as that described in US patent nunber
6,948,387 entitled "Clanp Calibration Apparatus and Method". This is
time-consunmng and has to be done every tine the clanp gap needs to be
changed for different wwre 30 dianeters. -3- An exanple of another prior
art nmethod to control the clanp gap is disclosed in Japanese patent
publication nunber JP 6-244234 entitled3Wre Bonder”. It uses a first
spring menber to control the closed position of a novable armand a second
spring menber to control the open position of the novable arm Wen 5 the
nmovabl e ar Aniexamplé fof aup&ernmkjrtarbmetbodm eonfrol the €lammgapds disglasked inovabl e
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h 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 flexes 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.



gaps. According to a first aspect of the invention, there is provided a
nmethod for 25 controlling a clanp gap between clanping arns of a wire
clanp, conprising the steps of: providing a notor to generate an actuation
force for noving the clanmping arns relative to each other; positioning a
resilient menber such that the actuation force acts upon and flexes the
resilient menber to an extent that is proportional to the clanp gap; and
controlling the clanp gap by adjusting-#he 30 anount of actuation force
according to a predeterm ned rel ationship between the actuation force and
the clanp gap. -4- According to a second aspect of the invention, there is
provided an apparatus for controlling a clanp gap between clanping arns of
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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

Pl

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;



‘extent to which the resilient nmenber is configured to flex. It wll be
convenient to hereinafter describe the invention in greater detail by 20
reference to the acconpanyi ng drawi ngs, which illustrate one enbodi nent of
the invention. The particularity of the drawings and the rel ated
description is not to 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 gpreferred enbodi ments of wire clanp
control nechanisnms in accordance with the invention will now be descri bed
with reference to the acconpanying drawings, in which: 30 FIG | is a plan
view of a prior art wire clanp; 5 FIG 2 is a plan view of a wre clanp
accordi ng first preferred, enpodi nrent of the inveption; FIG 3.is a
plan view 0.2 g Blap) gy 0d @cliraic E@Csong@zﬂ)tmagr%frgef%@d edimeMfof t he
invention;thgliﬁ., dlighs @ plan view of a wire clanmp according to a third
preferred enbodFT menf of the invention; 10 FIG 5 is a graph showi ng a

|l i near rel ationship between spring force and spring flex distance for the
purpose of _calibrating a wire c¢clanp, according to the inventiaon; 15 FIG 6
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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. 5 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.

P
F. X

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.



invention; and FIG 7 is a graph illustrating howa wire clanp gap is
determ nable froma notor 20 force exerted by a wire clanp notor. Detailed
Description of the Preferred Enbodi nents of the Invention FIG 2 is a plan
view of a wire clanp 10 according to a first preferred 25 enbodi nent of the
i nvention. The wire clanp 10 conprises a fixed clanmping arm 12 and a
novabl e clanping arm 14 that is novably nmounted with respect to the fixed
cl anping arm 12 about a pivot 16. Awrtgclanp notor, such as a |linear

notor 18, is used to generate an actuation force to nove the clanping arns
12, 14 relative to each other, and in this particular instance, to drive

movenent ohstdad of38 fixedadtbpper asnin tige prior a4, W idsilicas perhbéostidie abi o fhf
clanping arm 12. -6- Instead of a fixed sto]pper as in the prior art, a
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force on the wire clanp structure during opening of the wire clanp 10. In
fact, the hesflapropgning f‘i)"é"epﬁik the wireclamphstiyrdtre: daring opaningnok hecwire act s
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the form oécts ipohemid faXesrtbe 2éafwWpeingi20.i s flexed. During actuation of the
| inear notor 18 to open the wire clanp 10, an actuating notor force 24 is
applied onto the novable clanping arm 14. The | eaf spring 20 exerts an
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nmovabl#® by the resilient member in the form of the leaf spring 20 when it is flexed. During
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. In 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

AT

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.



15 clanmping arm 14 so as to obtain a desired clanp gap 22, the notor force
24 is balanced with the spring force 26, such that the spring force 26 is
equal and opposite to the notor force 24. In turn, a spring flex distance
28 noved by the leaf spring 20 is related to the clanp gap 22 produced at
the tip of the novable «clanmping arm 14. 20 By know ng the physi cal
characteristics of the |eaf spring 20 when a flexion force is exerted, a
predeterm ned rel ati onship between the.gutor force 24 and the clanp gap 22
can be established. The clanp gap 22 is controllable by obtaining the
corresponding elastic spring force 26 for a desired clanp gap 22, which is
in 25 turn obtai nable by adjusting the anmount of notor force 24 in
accordance_wth the g{edetern1ned rq’at|onsh| which will be illustrated

bel ow i n r EMeEckption et e ligear metog; 18 to SOF&”pﬁEﬁ'n MR fClampinge aENalp 3
d I
oot monCréafsSE fiBforABRIDA Which TRAGSTHR 16t sphifia IMFHVAB2. rHidil |

pi vot 32 iresukbed am egimtatmamreat:'admarpvwmg farket 2@ gemralbkjenmltrwmpwsaem 14
relative tg the fixed cl anpi ng - 7- The actuatjon of the |inear notor
18 to Sperdifafdionpyabie @ﬁ@HﬁPnBYaWHCIM the rleat espringnwithy Pivatc822flexgs o

fl t h 32T, |
et onncareBBlrRl e bafheRiapbaSXndBhid oo 6 hugbratd biinee
di stance bylamiiap 20ewhiehfis sprtraithbie bir agiustihg 3Be Matsefores 24proportional to

the clanp gap 22. The spring force 26 can thus be related to the clanp gap
22, which is controllable by adj usting the notor force 24. FIG 4 is a plan
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10 embodiment of the invention. Here the movable clamping 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,



with respect to the fixed clanping arm 12 about a pivot 16. A conpression
spring 36 is nounted onto the fixed clanping arm 12. The conpression spring
36 is positioned such as to provide a pre-load force onto the |inear notor
24 along a range of notion of the novable clanping arm 14. 15 Wen the

| inear notor 18 is actuated to open the novable clanping arm 14 of the wre
clanp 34, a notor force 24 is exerted onto the conpression spring 36.
Accordingly, a spring force 26 is creat@dk 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 graguid $Heosprigg éoﬂcbrﬁ&that% ab('e[ted h$ ;eqhet and opposita do ftive oeotdb famd
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sprlng ‘the force constant is established. Mreover, since the
spring flex di stance 28 is proportional to the clanp gap 22, -8- and the
spring force 26 that is exerted is equal and opposite to the notor force
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C 10  spring flex distance can be represented in simple 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

T

graph is exemplary and presupposes a linear relationship between the spring

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



FIG 6 is a graph showing a non-linear relationship 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 relationship between the
spring force and the 10 spring flex distance can be represented in sinple
terms by the formula: Spring Force =f (Spring Flex Distance). In the sane
way as descri bed above, the spring flex distance 28 is proportional to the
clanp gap 22, and the spring force 26 r9-equal to the notor force 24, such
15 that the non-linear relationship between the notor force 24 and the clanp
gap 22 can be determ ned through calibration. Once the relationship is
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force 26 exerted by the 30 resilient nmenber on the novabl e clanping arm 14.
The notor force 24 is increased until it reaches F1, whereat a clanp gap 22
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force 14 diod atdiecrefdreaf exested by the linear motor 18 by the formula:

G = (F— F0) / k, where F0 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

P

embodiments of the invention serve to increase the accuracy and reliability in the
control of the wire clamp gap during wire bonding. In 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 result 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



resilient nmenber is flexed is being determ ned. The notor force 24 is
further increased to F2, whereat a clanp gap 22 of & is nmeasured. Fromthe
values of 5 the wire clanping forces FO, F1 and F2, and the correspondi ng
clamp gaps 0, GL and &2 respectively that are obtained, an elastic force
constant, k, of the resilient nenber is calculated. After the force

const ant has been obtained, the clanp gap G can be determined 10 for a
given force F exerted by the linear not¢9-18 by the formula: G= (F FO /Kk,
where FO and k have been determ ned through calibration. Accordingly, in
order to obtain a certain clanp gap G during wire bonding, the 15 apparatus
onl y needswire clamgr sitrectare,appuowantede wear and tearethBf might lredace laecarcyul at ed
using the above forpula. In other words, a maxi mum clanp gap during

oper ati on BV W%@?%\%‘)E@eﬁ RO -ned by a predeterm ned maxi mum extent
to which the resilient is configured to flex, and no nore. 20 It should be
appreciated that the wire clanps according to the preferred enbodi nents of
t he i nvent Tia isweniient desanibed drareinhis susceptitle t@ndanationap mMadifications lead/aront r ol
of the wire cla ap.during wire_bonding.. In rticular, the cl ap can
be ad (ot eAIdERS 9iGhATNORs SHRETEAN GSRCHRER AGOHLISIA her wedeTsiooR tiakig

adj ust nent; i i £ RN -an . kO ther: ctanpi ng
25 arm 14 Mo ARIES g R Rodicdleh odior OB A IR

posi tion within the spirit brd stapepobihe abesddesoriftmnchanged. Moreover, conpli cat ed
tools such as jigs need not be used to manually adjust the clanp gap and
this can result in both tinme and cost savings. Another 30 advantage of not

having a fixed stopper position is that there are no abrupt inpact forces
dgring opening of the wire clanp that may result in vibration of the -10-



wire clanp structure, or unwanted wear and tear that m ght reduce accuracy
provi ded by the fixed stopper position. The invention described herein is
susceptible to variations, nodifications and/or 5 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 aboyge description. -11- CLAIMS: 1. Method
for controlling a clanp gap between clanping arns of a wire clanp,
conprising the steps of: 5 providing a linear notor; using the |inear notor
to generatg@.AMsxctuation force in a first direction for noving the clanping
arns relative to each other to open the wire clanp; using the |inear notor
to generate an actuation force in a second direction for noving the

cl anping arms n | : I e\ I ; i tioning
aresili eﬁ‘t‘ me ée’d;%éli \rllfst:tgﬁp g@ﬁ n%\no% %ﬁ{mkécqa%nggfﬁvetr?@t gl\rm@ﬁnéﬁ @hat Oflg h@ﬂgct uation
f or ce genalahpdcdnmpridineg therstépsiof.ection creates a force |ine which passes

t hrough the resil i.gint nber 0ilnd acts directly upon the resilient nmenber to

flex tRe resil iPEAYIIRGAEC UK extent that is proportional to the clanp

gap; and_contr isiignBietlingar hidfat t8afenBYata AnUsdtibrefoP@IM 4 HES dRbclidiforct uati on
force 15 generatéd in the first direction according to a predeterm ned

rel at i onshhevibgtheeampingames telativertofeach etheiria ophe the wirp cigp; 2. Met hod as
o oL etk kg AR AU R L Hele G e«
20 an el agbt molingdhe eranitiRg AR rélhtigioghchr dthéMtoadlogepipesiitecidiipect i on to the
first 10 positioning a resilient member in contact with the linear motor such that
the actuation force generated in the first direction creates a force line which
passes through the resilient member and acts directly upon the resilient member
to flex the resilient member to an extent that is proportional to the clamp gap; and
controlling the clamp gap by adjusting a magnitude of the actuation force
15 generated in the first direction according to a predetermined relationship between

the actuation forces and the clamp gap.

2. Method as claimed in claim 1, wherein the actuation force generated in the
first direction acts on one of the clamping arms, and the resilient member exerts
20 an elastic force on the same clamping arm in an opposite direction to the first

direction.

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

25 the actuation force of the motor generated in the first direction.

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 in the first direction by the motor and the extent the resilient member is

30 flexed by the said actuation force generated in the first direction.



direction. 3. Method as clainmed in claim2, wherein a desired wire clanp gap
i.s obtained by balancing the elastic force exerted by the resilient nenber
agai nst 25 the actuation force of the notor generated in the first
direction. 4. Method as clainmed in any one of the preceding clains, further
conprising a calibration step of determning a relationship between the
actuation force generated in the firsf{odirection by the notor and the
extent the resilient nenber is 30 flexed by the said actuation force
generated in the first direction. -12- 5. Method as clained in claim4,
wherein the calMdihed i &) caiaed Wi t&gim £0Wketsiastid&afibefionf stdpt Qirfiepi Ng an
elastic force constant of the resilient nenber. 5 6. Method as clained in
any one ofconnyisgs clbedsliey ef sdetaminingran wlastie faree | ¢anstant nefnther resligiti ses a
| eaf springemper Method as clainmed in claim6, wherein the |eaf spring
further conprises a pivot. 10 8. Method as clained in any one of clains 1
to 5, wherein the resilient nenber conprises a conpression spring. 9.

Met hod _as ¢l ai in any one of the preceding clains, whereip the step of
T5' g Bt gt MEted AT AR e AL e cEdE P REURD: G Beish Bempr | ses
adj usti ng @gjli8MIREmYErLcONpAs<sd [fspRR@Vi ded to the [inear notor.

7. Method as claimed in claim 6, wherein the leaf spring further comprises a
pivot.

10
8. Method as claimed in any one of claims 1 to 5, wherein the resilient

member comprises a compression spring.

9. Method as claimed in any one of the preceding claims, wherein the step of
15 adjusting the actuation force generated in the first direction comprises adjusting a

magnitude of a current provided to the linear motor.



