-1- LI NEAR ACTUATOR COWPRI SI NG VELOCI TY SENSOR Field of the Invention 5 The
I nvention relates to a linear actuator of a notion systemfor driving an
actuation arm and in particular to a |linear actuator that is fitted with a
velocity sensor for nonitoring the velocity of the actuation armthat is
bei ng driven. 10 Background and Prior-Art Ejector systens are used in the
sem conductor industry for a variety of purposes. One use is in the area of
automatically transferring a sem conductor substrate onto a work-hol der for
processi ng. For exanple, such an ejector systemis used 15 to automatically
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Ejector systems are used in the semiconductor industry for a variety of purposes.
One use is in the area of automatically transferring a semiconductor substrate
onto a work-holder for processing. For example, such an ejector system is used
15 to automatically transfer substrates from their containers to wire bonding
machines that make wire connections between electronic components attached

on the substrate and electrical connection pads on the substrate.

More specifically, in a typical wire bonding machine, an ejector system is used to
20 eject substrates (commonly in the form of leadframes) from a magazine onto a
work-holder channel. The substrates are pushed one at a time onto the work-
. holder and held in position by clamping devices. Thereafter, a bonding tool
performs wire bonding on the subsirates on the work-holder while the substrates
are being held by the clamping devices. An indexing system associated with the
25 clamping device is responsible for precisely indexing the substrate and
presenting it to the bonding tool. The bonding tool makes interconnections
between the connection pads (such as leads) of the substrate and connection

pads on the semiconductor device mounted on the substrate.

30 Conventionally, the ejector system comprises an ejector arm that is driven by a
traction drive using a DC motor. A prior art ejector system 100 is illustrated in




-2- FIG 1. The ejector system 100 has an ejector arm 102 to push a

| eadf rame 104 into a work-hol der channel (not shown). The ejector arm 102
is driven towards the |leadframe 104 by frictional force fromrubber rollers
106 pressing on the ejector arm 102. The rubber rollers 106 are nounted
directly on a notor shaft 5 108 of a géared DC notor (not shown).
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sem conductor substrates are generally fragile and vul nerabl e, and excessive

y
ext er nal destabeprelead o e prelnad avmdddcandthaial legshoparhaddiearmgut 10 ite

adoptD o MepLR; Seallt vBt BSriet & B PR (1R p e i ¢ e
(by pr ematisitigiiZRioneand ridtn, coreol tdhe lésﬁ:hiév@ﬂclﬁrélgrga iraé IsenSeN 1 16 agdagmabl e
and uncontrollable for different types of |eadfranes. A simlar thrust
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different materials, thicknesses

Due to variation of friction between the leadframe 104 and the magazine or
15 misalignment between the leadframe 104 and the work-holder channel, it is
possible for jamming of the leadframe 104 in the magazine or work-holder
channel to occur. Thus, a jam detecting sensor 120 is placed just above the
leadframe 104 to sense any lateral deformation of the leadframe 104 that would
occur during jamming of the leadframe 104. Jam detection is important because
20 semiconductor substrates are generally fragile and vulnerable, and excessive

external forces acting on their components during a jam can result in damage.

There are certain drawbacks in this conventional design. Since it adopts a
traction drive mechanism, its reliability and lifespan are limited by premature
25 wear. Also, the thrust force is generally non-programmable and uncontrollable
for different types of leadframes. A similar thrust force would therefore lead to
different impacts on leadframes that comprise different materials, thicknesses
and widths. Even with stringent control over manufacturing tolerance and
assembly, force consistency is difficult to achieve for the above reason. Further,
30  jam detection and protection capability depends considerably on the sensitivity of
the jam detecting sensor 120. Especially for thick leadframes, the deformation in




and wi dths. Even with stringent control over manufacturing tolerance and
assenbly, force consistency is difficult to achieve for the above reason.
Further, 30 jam detection and protection capability depends consi derably on
the sensitivity of the jam det ectl ng :Tg:nsor 120. Especially for thick

| eadf ranes, the deformation in -3- thé teadframes may be small, making it
very difficult to sense deformatlons in the leadfranes if they are janmmed.
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I nvention ear actuator for driving an actuation arm
conprising:. a magnetic field; a first coil that is controllably novable

within the 15 magnetic field by adjusting a current flow ng through the
first coiﬁgﬂﬁﬂﬁﬁhilﬂﬁﬂmﬁiméﬂthe actuation arm a second coil that is novable
with the first coil and configured such that a voltage is inducible in the
second coil that is proportional to its velocity; and a controller device
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Accordingly, the invention provides a linear actuator for driving an actuation arm
comprising: a magnetic field; a first coil that is controllably movable within the
15  magnetic field by adjusting a current flowing through the first coil whereby to
drive the actuation arm; a second coil that is movable with the first coil and
configured such that a voltage is inducible in the second coil that is proportional
to its velocity; and a controller device connected to the second coil for receiving
feedback indicating the voltage induced in the second coil whereby a velocity of
20 the actuation arm is determinable, wherein the controller device is further
connected to the first coil and is operative to adjust the current flowing in the first

s coil based upon said feedback for controllably driving the actuation arm.

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

25 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.

30



25 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 clainms. 30 -4-
Brief Description of the Drawi ngs An eXanple of a preferred enbodi nent of a
| i near actuator in accordance with the invention incorporated in an ejector
systen1wﬁbL w_be .descfr.i W T 5 reference to the acconpanyi ng draw ngs,
i n which: SFCIRlo de view of a prior art ejector system
FIG 2 is an isonetric view of an ejector systemconprising a |inear
actuator in 10 accordance with the preferred enbodi nent of the invention;
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systemfor the linear actuator; and Z0 FIG 6 is a graphical illustration
of a jamdetection and | eadfrane protection process of the ejector system

25 The pr EIGr | B SHRTARTEAReNOwRY By SR vERIR |1 "be "descri bed with-
reference to FIGs. 2 and 3 in relation to an ejector system although it

shoul d be
FIG. 2 is an isometric view of an ejector system comprising a linear actuator in

10  accordance with the preferred embodiment of the invention;

FIG. 3 is a schematic cross-sectional side view of the ejector system looking

along sectional line A-A of FIG. 2;

15 FIG. 4 is a schematic cross-sectional plan view of the ejector system looking
along sectional line B-B of FIG. 2;

FIG. 5 is a schematic control diagram showing a control system for the linear

actuator; and

20
FIG. 6 is a graphical illustration of a jam detection and leadframe protection
L process of the ejector system of FIG. 2.
Detailed Description of the Preferred Embodiment of the Invention
25

The preferred embodiment of the present invention will be described with
reference to FIGs. 2 and 3 in relation to an ejector system, although it should be
appreciated that the invention is also applicable to other actuation systems. FIG.
2 is an isometric view of an ejector system 10 comprising a linear actuator in

30 accordance with the preferred embodiment of the invention. FIG. 3 is a



appreciated that the invention is also applicable to other actuation
systens. FIG 2 is an isonetric view of an ejector system 10 conprising a
| i near actuator in 30 accordance with the preferred enbodi mrent of the
invention. FIG 3 is a -5- schematic crgss-sectional side view of the

ej ector system | ooking along sectional™“lFine A-A of FIG 2. The ejector
system 10 includes an actuation armin the formof an ejector arm12 5 for
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a velocity at which the ejector arm 12 is driven. 10 The mai n conponent for
driving the ejector arm 12 consists of a voice coil notor (VCM, which
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sensor preferably conprises at |east a second coil, such as a sensor coil
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I nduci ble in the 25 sensor coil 28 that is nom naIIP_I/ proportional to its
vel oci ty. Mmagnets 36dhatare apgnged about a central yoke 18 that is oriented parallel to

a direction of motion of the motor coil 30. The magnets 36 and central yoke 18

produce a magnetic field such that the motor coil 30 is controllably movable

15 within the magnetic field by adjusting a current flowing through the motor coil 30.
The ejector arm 12 is attached rigidly to the movable motor coil 30 via a bracket
26 such that movement of the motor coil 28 will drive the ejector arm 12 to move
With respect to the housing 16.

20 A velocity sensor is also coupled to the motor coil 30 and bracket 26. The

velocity sensor preferably comprises at least a second coil, such as a sensor coil

P

28, and a third coil, such as a compensation coil 32, which are arranged to
interact electromagnetically with the magnets 36. The sensor coil 28 is movable
with the motor coil 30 and is configured such that a voltage is inducible in the
25 sensor coil 28 that is nominally proportional to its velocity. The sensor coil 28
may be disposed in the same magnetic field as the motor coil 30 for
electromagnetic interaction, but it would also be disposed in a separate magnetic
field by locating it away from the motor coil 30. In the former set-up, the sensor
coil 28 is preferably wound on top of the motor coil 30, as in the present
30 embodiment.



may be di sposed in the sanme magnetic field as the notor coil 30 for

el ectromagnetic interaction, but it would also be disposed in a separate
magnetic field by locating it away fromthe notor coil 30. In the forner
set-up, the sensor «coil 28 is preferq%#y wound on top of the notor coil 30,
as in the present 30 enbodi nent. -6- e notor coil 30, sensor coil 28 and
bracket 26 are novable as one unit relative to the central yoke 18. To
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on the ejector ‘arm erm fAe a position ejector arm 12,
especially to determ ne when a fully retracted position and a fully 15

extended position re ctively are reached. The honme and |jmt sensors 34,
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vel oci ty- indicia formed on the ejector arm 12 so as to determine a position of the ejector
arm 12, especially o determine when a fully retracted position and a fully
15  extended position respectively are reached. The home and limit sensors 34, 35

are useful for system initialization and motion identification.

When the VCM (comprising the motor coil 30 and magnets 36) actuates the
gjector arm 12 to push the ieadframe 14, the velocity sensor (comprising the

20 sensor coil 28, compensation coil 32 and magnets 36) senses the speed and
direction of the motion. Electrical signals relating to the speed and direction of

C motion of the ejector arm 12 are continuously monitored to establish a velocity-
based closed loop control to ensure that the ejector system 10 tracks a pre-
specified velocity profile. The velocity profile is field-programmable to suit

25 different leadframes 14. Any undesired disturbance to the moving leadframe 14
results in a change of motor current, as will be explained in further detail below.
Once the current exceeds a predefined threshold, the ejector system 10 may
determine that movement of the ejector arm 12 has been obstructed and a
leadframe jam has been encountered. Any current that exceeds the predefined

30 threshold during acceleration and deceleration is programmed to be as short as



based cl osed | oop control to ensure that the ejector system 10 tracks a pre-
specified velocity profile. The velocity profile is field-progranmable to
suit 25 different |eadfranes 14. Any undesired di sturbance to the noving

| eadfrane 14 results in a change of or current, as will be explained in
further detail below, Once the current’éxceeds a predefined threshold, the
ej ector system 10 may determ ne that novenent of the ejector arm 12 has
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pr ogr ammepeén adeadffamedgaim. as -7- possible so that it may be sinply excluded

when determ ning whether there has been a leadfrane jam FIG 4 is a
schematic cross-sectional plan view of the ejector system 10 | ooking 5
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in bet weeMasvay¥vathadifierem tayehiattyrEIeMs £ i el ds 37 of nominal ly equal
intengjties between each magnet 36 and the central yoke 18, so that the
respective notor coil 30 and sensor coil 28 experience a uniform nagnetic
ield int&hGidyshawd e panvoingecridular bodenagrgte B6cmbuntedison back yokes 38

that are arranged with the indicated polarities. The back yokes 38 are affixed
symmetrically on opposite sides of the ceniral yoke 18 for mounting the magnets
36. This arrangement of the back yokes 38 and the central yoke 18 in between

15  generates uniform magnetic fields 37 of nominally equal intensities between each
magnet 36 and the central yoke 18, so that the respective motor coil 30 and
sensor coil 28 experience a uniform magnetic field intensity while moving within
the magnetic fields.

20  When the motor coil 30 of the VCM is energized by an electric current, a Lorentz

force directly proportional to the size of the electric current is generated in a
( direction nominally paraliel to and co-linear with a longitudinal axis 19 of the

central yoke 18. Reversing the direction of the electric current in the motor coil
30 reverses the direction of the Lorentz force.

25
The velocity sensor preferably uses the same magnetic as well as mechanical
configuration as the VCM. The sensor coil 28 is directly wound on top of the
motor coit 30 and moves together with the motor coil 30. Therefore, when motion
of the motor coil 30 is actuated by the VCM, a back-EMF is induced in the sensor

30 coil 28, which is directly proportional to the velocity of the motion. This allows the
velocity of motion of the ejector arm 12 to be determined.



20 Wen the notor coil 30 of the VCMis energized by an electric current, a
Lorentz force directly proportional to the size of the electric current is
generated in a direction nomnally parallel to and co-linear with a

| ongi tudi nal axis 19 of the central yoke 18. Reversing the direction of the
electric current in the notor coil 30 Yeéeverses the direction of the Lorentz
force. 25 The velocity sensor preferably uses the sane magnetic as well as
mechani cal configuration as the VCM The sensor coil 28 is directly wound
on top of the notor coil 30 and noves together with the notor coil 30.
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achieve due to variations in the magnetic field induced by the motor coil 30 and
the saturation level in the central yoke 18 along the travel path of the motor coil
15  32. Incorporation of a low pass filter is therefore desirable to suppress spikes
and extract only the usable velocity information that is detected.

FIG. 5 is a schematic control diagram showing a control system for the linear

actuator. The control system generally comprises a controller device, which may

20 include a microcontroller 40 and a proportional-integral (Pl) controller 42, a voice

coil motor module 44 and a velocity sensor module 46. inputs that are received

(_  by the microcontroiler 40 include a trigger input 48, home sensor input 50, limit
sensor input 52, velocity setting input 54 and jam threshold input 56. A
communications port 58 may also be included to establish communications

25 between the microcontroller 40 and other devices.

The controller device is connected tb the sensor coil 28, as represented by the
velocity sensor module 46, for receiving feedback Vieednack indicating a voltage
induced in the sensor coil 28 whereby the velocity of the ejector arm 12 is
30 determinable. The controller device is further connected to the motor coil 30, as

represented by the voice coil motor module 44, and is operative to adjust the



15 32. Incorporation of a low pass filter is therefore desirable to suppress
spi kes and extract only the usable velocity information that is detected.
FIG 5 is a schematic control diagram showi ng a control systemfor the

| inear actuator. The control systemgeperally conprises a controller

devi ce, which may 20 include a microcohiroller 40 and a

proportional -integral (Pl) controller 42, a voi ce coil notor nodule 44 and a
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m cr ocont fRdtheturfhtitRat 523N sb S eeiback, is also fed back to the microcontroller 40 for
jam detection. Velocity fluctuations should result in quick changes to the motor
15 current signal Icmg(t) to correct the velocity error. Once the detected motor current
lreedback €XCeeds a certain value, leadframe jam is presumed. However, since it is
likely that the current feedback signal will exceed the predefined threshold during
acceleration and deceleration of the ejector arm 12, the control system
automatically pre-empts and excludes jam ftriggers during acceleration and
20 deceleration comprising current increases that are of comparatively short
durations. The predefined reference velocity and jam thresholds are preferably
(_ programmable to cater for different situations.

FIG. 6 is a graphical illustration of a jam detection and leadframe protection
25 process of the ejector system 10 of FIG. 2. The graphs include a reference
velocity graph 60, a velocity sensor output graph 62 and detected motor current
graph 64. The values shown are negative due to a relative driving direction
initiated by the VCM, but the values may also be positive, the primary reference
being the absolute values. The relative driving direction does not affect

30  implementation of the preferred embodiment.



reference velocity command Vcnd(t) and maintain the specified velocity
profile. Mdtor current that is sensed, (feedback, is also fed back to the
m crocontroller 40 for jamdetection. Velocity fluctuations should result
in quick changes to the notor 15 curreqb signal lcnmd(t) to correct the
velocity error. Once the detected notor“current (feedback exceeds a certain
val ue, leadfrane jamis presuned. However, since it is |ikely that the

cccel er at 10 alatiofedaft 2o prefRRER, obBRaBE If 2, cBftiohel TR, BHh U e
aut omat i cahpgzgidgt esfpiencantdiceity pdfite trauyhieios bffuthengoritttiel elesiceosf and 20

decel eration conprising current iIncreases that are of conparatijvely short
dur at i onsthergerenteipwingdhroughethenmetarcetailc 39 .yangh i frigste Hpaigkin dBisaprafile

pr ef er abl . r t f I.f [e j_t i i LS. a
G aphi cal St i BBSRROR, * Qi o e Pl G e Elr B8, M srdbfin fhotd

process otufrbrt & eedal (shaitePdAY sifddsthe. mbhimggcampenenty vely acedfter ence
vel ocity graph 60, a velocity sensor out put_gra‘gh 62 and detected notor
current greiseRmesirictine dusing Sonstanhielpclty meefian. v eraygBstin the velostty geaphsi vi ng
di rectiongpi Rt | e.V WERY t he
primary rQPeﬁﬁgn%@ﬁg%'F%’bttﬁﬁeé{%B%“ea\E/a'Pu@é‘?@ﬁJﬁgmr/é:ﬁla [ \?EQ’&WWE fg'ier ection

does not dfréefin oBthe lsabifrariy ¢4.1 PMeakb dritktronghe i the ewterdiurratit.grapR-64The

ej ector system 10 preferably operates in a controlled velocity |loop with a
t r apezoi dsgPTeseRtr@iant ingreases lopcseierate and dgrelemiedbe eigptenamedds r ol | er
devicenof the current flowi ng through the notor coil 30, and it tries to
maintain this profile during its operation. Wien no jamoccurs as in Fig
6(a), theFiBUBH)Nipchuiesr ab ikustratioh ofsasjar prfilbda b24tee) timewe the taovi ng
conmponents_only need to L overcone friction ?uri ng constani vel ocity potion.
Troughs | PNCReNGET & i2NyORFEISHON Igomogemend ! ihe Plediar &aci dang: tiad iss

travel i ng ¢ftoGRBd Mhe UB5AGtd ¥urkéhtliR®he motor current graph 64 increases rapidly
(to about 1.6A), which exceeds a predefined protection threshold which is set
156 according to the characteristics of the leadframe 14 in use. The motor current
exceeds the predefined protection threshold for the duration tp-ty. This duration is
longer than that which is expected during acceleration and deceleration of the
gjector arm 12. As a result, the system determines that there has been a
leadframe jam. Accordingly, the ejector system 10 can be stopped and remedial
20  action taken.

( Alternatively, since the velocity sensed by the sensor coil 28 is significantly
reduced when movement of the gjector arm 12 is obstructed, the ejector system

10 can be programmed such that the controller device is configured to detect

25 when a velocity of the ejector arm 12 is below a predetermined threshold for a
certain period of time as illustrated in the velocity graph 60 between t; and t,. If

s0, this may also indicate an obstruction to movement of the ejector arm 12 and

appropriate remedial action can be taken.

30 The leadframe ejector system 10 using the linear actuator comprising a built-in
velocity sensor as described in the above embodiment of the invention enables



direction of the | eadframe 14. Peaks and troughs in the notor current graph
64 represent current increases to accelerate and decelerate the ejector arm
12. 10 FIG 6(b) includes an illustration of a jamprofile 66 between tines
tl and t2. Once there is an obstructi 0! to novenent of the ejector arm 12
and a jamis encountered, the absolufe 'current in the motor current graph
64 increases rapidly (to about 1.6A), which exceeds a predefined protection
t hreshol d i e t f frame
b}g{ﬁn@b \VCW éncﬁleﬂf& gérj{% @grgr gf?jﬁe %9 ﬁéﬁ %n mte%ﬁﬁlb

14 in use tor curren exceeds pro ion ol d

for the dupmiponents?- Alcorﬁbeﬁsaibhascrmme shaslals;@ereehhmplénhehtemiocénhmc@(pect ed
during accel eration and deceleration of the  ejector arm12. As a result,

the syst etheigersing faalibhaf the¥plocHy sepsen \ahlchéamm@ppaﬁnt e auiamati y, the
t |
o ot o B R SeiraRe kB o i i BeiGh, Sl tETloagrrame

si gni f§ cajudrh yletec&@nm bé achised witHoud hating tej ieplament an &ktensaldbedisasit ed,
the ejector system 10 can be progranmred such that the controller device is
conf i gur edlevigeduhich woy wﬁe%ﬁa/ewié.&lgnlmamwe g|neetibe arntthrasheld sw a

predet er trated in the
vel oci ty%mﬁ}%gﬁﬁgm%@ téiﬂ CPP I%‘%'iéorqgt %rlehg%agfrg OH %sﬁgl%s%t e an
obstruction to novenent of the ej ector arm 12 and appropriate renedial

action can be taken. 30 The | eadfrane ej ect or system 10 u the |inear
act uat or J@ﬁﬁr‘i’%ﬂﬂdh%dﬁﬁﬂ@eq gmbpgirgent §n ?P(%[E V@&%chﬁ'@dg?tﬁ"?% above
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share si m and mec nponen ensati on ene has
&l so beenieadﬁiammptc&dctim expabilities fbhdlfmeemnmequﬁlleadﬁraufest he vel ocity
sensor, which is very inportant to automatic
The invention described herein is susceptible to variations, modifications and/or
additions other than those specifically described and it is to be understood that the
15 invention includes all such variations, modifications and/or additions which fall

within the spirit and scope of the above description.



jam detection and | eadfrane protection. Wth this design, automatic

| eadf rane 5 jam detection can be achi eved wi thout having to inplenent an
external feedback device, which would increase costs significantly. Since
the current threshold is software-progranmable, the systemcan cater to
different leadframes in use. Tests usilBg the described enbodi nent show
excel l ent velocity characteristics of 10 the velocity sensor as well as
adequately sensitive and reliable jam detection and |eadfrane protection
capabi | i t ChAIMS: different types of |eadfranes. 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 15

i nventi on1i ncl wdireanbktustiefov driviayiapnactuatich Amaonwrisimyd/ or addi ti ons whi ch
fall wthin the sgi rit _and scope of the above description. -12- CLAI M5 1.
A linear actuaBdragrpticfigldi ng an actuation arm conprising: a magnetic

field;e5 a first @i ha; I (1N : iL,c field
by adjusting g g‘liér?rlexr)llt qﬁ%toﬁngﬂﬂﬁlghgﬁ%%e ?I @kﬁﬁmﬁ&ﬁ%éﬁ?nﬁgmgtrb?ve t he
act uat i onadpsstinga segentlflowing thratigh therfivstodall wheleliyhio Hiive the aictuadiod

configured such that a voltage is inducible in the second coil that is
proporti oM to its velocity; 10 a third coil that is configured to induce a

transforner vo tﬁ;% 5t St I ; : f | din
t he second coilfa eﬁam tplétr?ﬁﬂggﬁléﬁgliw%%rﬁ??ﬁg" ghgﬁéopﬁ%fe%gmﬁeé@#tshe
t hi rd coi koltsge isahduocibleyindhel sesome ooitithat ispoportiaial ty dkeeliodyt whi ch t he

the stond ool B 190 Faianet i sebaBiadk 1 180 SEATRPTIRE Votadsy detrBuced i n

the secongdygiite Y8 RINSTGIMER VRRAGY iffuded€in the second coil when the first coil is
carrying a current, wherein the third coil is stationary and is wound on a central

yoke about which the first and second coils are arranged; and
a controller device connected to the second coil for receiving feedback
15 indicating the voltage induced in the second coil whereby a velocity of the
actuation arm is determinable, wherein the controller device is further connected
to the first coil and is operative to adjust the current flowing in the first coil based

upon said feedback for controllably driving the actuation arm.

20 2 The linear actuator as claimed in claim 1, wherein the central yoke is
oriented parallel to a direction of motion of the first coil, and magnets are

arranged about the central yoke for producing the magnetic field.

3. The linear actuator as claimed in claim 2, including back yokes that are
25 symmetrically arranged on opposite sides of the central yoke for mounting the

magnets.

4, The linear actuator as claimed in any one of the preceding claims, wherein
the first and second coils are disposed in the same magnetic field for

30 electromagnetic interaction.



actuation armis determ nable, wherein the controller device is further
connected to the first coil and is operative to adjust the current flow ng
in the first coil based wupon said feedback for controllably driving the
actuation arm 20 2. The linear actuator as clained in claim1, wherein the
central yoke is oriented parallel to-dl3direction of notion of the first
coil, and nmagnets are arranged about the central yoke for producing the
magnetic field._ 3. The linear actuator as clained in claim2, including back
yokes t hatd-ar e Theslingarmatvateniesclaintesheelain Hphsdimet. swirreinthe seceisht r al
yoke for ' aThe linear actuator as clainmed in any one
of the prg%ﬂg%h@ﬂgpgﬁwggqgﬁﬁégﬁﬁéophe first and second coils are disposed in
the sane magnetic field for 30 electronagnetic interaction. -13- 5. The

| i near actuator_as clained in claim3 or . claim4, wherein the second coil
i s wound &h top Nr lipgar factuatoe A claimetl, in 1anye Aneapt (e oPreg8dtWacldsi n any

fih : ; Co e P S i
bear i ng 1 reUBEH BlckefpBhprisfo  fineh B IR HiSmGRIR bssrbeint 0L, |
t he | i neararethel aguatomawn| ededsinatheHcar theatingds nasurdtedeth pastalft thlt i a

direction of nmotion of the first coil, 7. The linear actuator as clained in
any one ofariangegrraraliglig adimctien almeetianof the frstcdlni rd coil is electrically
connected to the second coil in anti-series. 8 The |inear actuator as

claimed in any one of the preceding clains, wherein the first and third
coi | s are Wi spodedineartdctuatanas cgnediic ahy @ne.of the PrecEting clagas, wlodreat or as

clainmed in, any. one of the ecedin | ains, wherein the controller device
i s coﬂgi gdh%%ﬁcevbtse%@d%ﬁ% ?W‘“{?g‘?cf%ihei §pcond qoilir antiseriesexceeds a
predeterm ned threshold Iimt whereby to indicate an obstruction to

8. The linear actuator as claimed in any one of the preceding claims, wherein

the first and third coils are disposed in the same magnetic field.

15 9. The linear actuator as claimed in any one of the preceding claims, wherein
the controller device is configured to detect when the current in the first coil
exceeds a predetermined threshold limit whereby to indicate an obstruction to

movement of the actuation arm.

20 10. The linear actuator as claimed in any one of the preceding claims, wherein
the controller device is configured to detect when a velocity of the actuation arm
is below a predetermined threshold limit whereby to indicate an obstruction to

movement of the actuation arm.

25 11.  The linear actuator as claimed in any one of the preceding claims, wherein
the controller device is configured to control current flowing in the first coil such

that movement of the first coil tracks a predetermined velocity profile.

12.  The linear actuator as claimed in any one of the preceding claims, wherein
30 the controller device comprises a microcontroller and a proportional-integral

controller.



novenent of the actuation arm 20 10. The |inear actuator as clained in any
one of the preceding clains, wherein the controller device is configured to
detect when a velocity of the actuation arm is bel ow a predeterm ned
threshold Iimt whereby to indicate an obstruction to novenent of the
actuation arm 25 11. The linear actuatldr- as clainmed in any one of the
preceding clainms, wherein the controller device is configured to control
current flowing in the first coil such that novenent of the first coi
tracks a predeterm ned velocity profile. 12. The linear actuator as cl ai ned

in any ong.,of e preced) cl al s erein the caontroller Vi

compr 1 ses 12 mi JNBJBIRF oF M ETo Rt A BEREY Brae! tie Birtinecnfs MR 14
13. The | imeachfioH3dRi comptisak i ojcdtameigatol ddMfighfef afd ragRd®
wherein the actuation armconprises an ejector armthat is configured and
arranged poshpusemnicerdidondevicerperitionag plosig popath tiadribe ®jgeton ammais t he

ejectog armis 5 driven.



