-1 LI NEAR ACTUATOR COWPRI SI NG VELOCI TY SENSOR Fi el d 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 Aft- 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
transfer substratwﬂr cQ ' E@W chi nes t hat
make wire connecti EUAJ ee+ on the
substrate and el ectrical connection pads on the substrate. Mre
specifically, in a typical wre bonding machi ne, an ejector systemis used
to 20 ej duieldaiitke investioncomnmonly in the form of |eadframes) from a nmagazi ne
onto a_wor k- hol der channel. The substrates are pushed one at a tine onto the
wor k- ﬁol der and held in position by clanping devices. Thereafter, a bonding
tool  per figjg véintien b8 %008 iftirsaktEbiort 6FSaomotibR ytémhRIrdgriviNgiae the
substrates are being held by the clanping devices. An indexing system
associ at ed@ctuationt agn,2and limparticularcto adinear mstyatorsthat ds ffitledpwitie ias elpcityndexi ng
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substrate and connection pads on the sem conductor device nounted on the
substrate. 30 Conventionally, the ejector systemconprises an ejector arm

that 119 dBagkgraundsand PEeEAHn drive using a DC notor. A prior art ejector
system 100 is illustrated in

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 substrates 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 | eadfrane
104 into a work-holder 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 nmotor shaft 5 108 of a ge@red DC notor (not shown).

Deep- grooved ball bearings 110 are positioned along the route of notion of

the ejector arm 102 to provide snooth and precise linear notion to it. At
| east one AIG.thelhaejeckrsysiry 1000hassanwignaterdarny 02 tpmaisbaalleadiramer 104
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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 widths. Even with stringent control over manufacturing tol erance 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 detecting sensor 120. Especially for thick

| eadf rames, the deformation in -3 the t8adframes may be small, meking it
very difficult to sense defornmations in the |leadfranmes if they are jammed.
Finally, this jamsensing nodule entai|ls significant additional cost, which
i s |ikely the leadfearaes m smadnmakingcib yeryodiflichlt to sease slefeimationsiindes. 5
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i nvent i on YPSOT sixstem itsefear actuator for driving an actuation arm

conpri gi ng: a magnetic field; a first coil that is controllably novabl e
withinthe 15 magnetic field by adjusting a current flow ng through the
first coi |Swhaaepefthe Indention t he 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 co enlSi [ f Vil A di | t he
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coi | BReednipoffesia melistactve, apd bogietigryl dredransmnii o als oMy m | ¢
woul d be cRpy&RIeNt hereinafter to describe the invention in greater detail
by

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

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 drawi ngs 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 exanpl e-df- a preferred enbodi nrent of a linear
actuator in accordance with the invention incorporated in an ejector system
will now be descrl bed with 5 reference to the acconpanying draw ngs, in

whi ch: : Aipyor aWigasvi ew of a prior art ejector system FIG 2
is an isometric view of an EJ ector systemconprising a |linear actuator in

10 accordance with the preferred enbodi nent of the invention; FIG 3 is a
schemat i ¢ A @xaniphs of @npleféirde enisodident lof aclirtedradctastor emdceoidange witlong
sectional line A-Aof FIG 2; 15 FIG 4 is a schematic cross-sectional plan
vi ew of tHBeeinwenlipn Jpeerparatedkinngn aiestay sytemondll naw des-dessribed avith: £l g

51s agsc r rol system for thellnear
act uat Or ; t}gﬁéé‘ge ﬁ)@te %qogﬁgﬁ{ﬂgq)ﬁfé%é’% ﬁu (r%atlon of a jam detection and
| eadf rane protection process of the ejector systemof FIG 2. Detailed
Descri ptlon of the Preferred Epbodi nent of the Invention 25 The preferred
enbodi nentFI& 1tis@ sahesatic $ide ¥aw eha WiPT afeieEeesyYHiemM with reference to
FIG. 2 and 3 inrelation to an ejector system although it should 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
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 cross-sectional side view of the ejector

system | ooki ng al ong sectional 1line A®&-of FIG 2. The ejector system 10

I ncl udes an actuation armin the formof an ejector arm 12 5 for pushing an

such as a leadframe 14. The ejector arm 12 is npunted onto a housing
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i nduci ble'in the 25 sensor coil 28 that is nominally proportional to its
vel ocity.

maghets 36 dhataig arrgnged 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
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.

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
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
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

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 preferably wound on top of the notor coil 30,
as in the present 30 enbodinent. -6 Thé-notor coil 30, sensor coil 28 and
bracket 26 are novable as one unit relative to the central yoke 18. To

facilitate_nmovenent by these co_ngonents relative to the central yoke 18,
t he brackethemoiorctaild?Q;, sensersoibed @anddyacket:2tae movableds one gnitwelabivaf t s

20, 22 whi r t A | .Fﬁ‘%ﬁti r : ntral
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| i near beédhenghtid yakeol8,tthe bragké&le26 Afcludedbdinebr delringsvithat ars pemintéd t he
shafts 20, .22 an elp t pyi de snooth, and precise |inear notign .to the
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pr edet er mlimedr &eaengs @4 allow the Brdcket 26ciosie sBdablenwitharéspect te dins shaftd

ositione j.ace tqQ the ejector, arm 12 detect reference . indicia forned
oot he o 2 a2 siihheth o et SFaits SaRinresiSe UG ses BRtoh to e BlakkeEeB. arm 12
especially to determ ne when a fully retracted position and a fully 15

extended position respectively are reached. The home and |linit sensors 34,
35 are usHfagjettor asmst2initialliytrestsiat @ hemeardetracted pasitiom. i Wiheataotimatedhen t he

VCM t t il.30,and S 3 t uat h Lect
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direction of the notion. Electrical signals relating to the speed and

di rect i on ad adipiit sensar 3thpositiened adiacent to thecejestariatoviid IdetessTefeseaee t o
Estabiish iﬁ‘di\él%l f%?ﬂln%&_on the ejector arm 12 so as to determine a position of the ejector
arm 12, especially to 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
ejector arm 12 to push the leadframe 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
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 notor current, as wll be explained in
further detail below. Once the current/7exceeds a predefined threshold, the
ej ector system 10 may determ ne that novenent of the ejector arm 12 has
been obstructed and a Ieadfrane@jan1has been encountered. Any current that
y

exceeds t POSpiblaise ithaldt sy be simely ex¢lidadywher determintng whethes deererhas on i s
pr ogr amme as -7 possible so that it may be sinply excl uded
when det e%%hﬁié;%a\aﬁgﬁﬁgr%hhere has been a |leadfrane jam FIG 4 is a
schematic cross-sectional plan view of the ejector system 10 | ooking 5

al ong sectijgnal, line B-B,of FIG 2. For. sinplicity,.the housin 6 of the
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a VCM g confd | hatp | ted g t f i g; avel
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VCM conf i gystem d0 ismeot sheown. wiThie diiaivirg showsra eedssrsaptionahwiems of AOVEMG. 4
shows a pair_of r.ectangul a 0 ets 36, moynted on back yokes, 38 that
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magnets 36. This arrangenent of the back yokes 38 and the central yo
i n bet weemaysvayyvittadifferantitfayehrequineseéntsf i el ds 37 of noninally equal
I ntengjti es between each magnet 36 and the central yoke 18, so that the

respective notor coil 30 and sensor coil 28 experience a uniform nagnetic

field intengi hyshdwd 8 paEwbNEECthdlIar bdX enatite BeCmbuRtedSon back yokes 38
that are arranged with the indicated polarities. The back yokes 38 are affixed

e
e 18

symmetrically on opposite sides of the central 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 parallel 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 coil 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 30-8everses 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 nmotor coil 30.
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in the magnetic field 1nduced the motor coil 30 and the saturation |evel

in the ceoil &2 aneel out aafé!hgthene Full sasceliation efithe irdugadoyoltages is hard to

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 microcontroller 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 to the sensor coil 28, as represented by the
velocity sensor module 46, for receiving feedback Vieedvack 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 systemgenerally conprises a controller

device, which may 20 include a mcrocomroller 40 and a

proportional -integral (Pl) controller 42, a voice coil notor nodule 44 and
a velocity sensor nodule 46. Inputs that are received by the
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to the m fhotsr (r:]lgrrré)nt that éosetnget rﬁﬁd‘f,ack,h.s also fed back to the microcontrolier 40 for
jam detection. Velocity fluctuations should result in quick changes to the motor
15 current signal lcmg(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 triggers 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 Vq"d(t) and maintain the specified velocity
profile. Mdtor current that is sensed, Ifeedca k, is also fed back to the
m crocontroller 40 for jamdetection. Velocity fluctuations should result
in quick changes to the notor 15 current signal Ind(t) to correct the
velocity error. Once the detected noterlOcurrent |feedbadc exceeds a certain
val ue, leadfrane jamis presuned. However, since it is |ikely that the
current feedback signal will exceed the predefined threshold during

accel er at iTbe ejagtof system tQ preferably@peratesdn aucenirelled ivelagitytloop wilsteem

dGecel or at nonezBfEl FEPIsh-BLY G PRI yEEkbE: ey Ve et sl Bhore
durati onsthel berrémeﬂl@wnpetﬁrdtﬁjrefr@mtdrewpawaﬁ@cilt frie8 tb haimitaih dhisapofile
preferably progranmable to cater for different situations. FIG 6 is a

gr aphi cal duringdisr apeetiops ¥Vhemneejase 1acsHrsRg iNebigr Ptae the @rdisingo motors

Vel ooi by griraft 8 3RA RN RGRAT iR e mbV B CABRIRERE. KB, Beefflr
current  guebnErictibe dusingonstamiwelucity mectisn. VErolighstin tige veloaity yeaphs Vi ng

direction_initiated by the VCM but the values may al so be Fos,it_l ve, the
prinmary r8Pebenskowpuhery theLiasioniarie 1¢aisuavelingeat spastant velaGitynig e ecti on

does not - ' [ @W&m. 2 he

ej ector s?&%gﬁrﬁq@?g}ée%bggﬁ/g 3%.6%%5 élﬂr?]JeEB{égrﬁ]fEr{)ﬁ%e vel ocCl yt 9’8@@ 6\% th a
t r apezoi dadpresémstrctment redreasésy/ tondcdeldrate and dgbeleraterthé efpctorarnc ¢t rol | er
devi ci of the current flow ng through the notor coil 30, and it tries to
maint®n this profile during its operation. Wien no jamoccurs as in Fig
6(a), the UlrHhi\N M A i LS S | | vi ng
conponent %hpﬁ)n@gmeg a@d@ﬁ%aﬁrﬁghf?fgtjlgg{n pru@?%é g%ﬁg‘?éaﬂntt%éggc%? trﬁr'i;t I on.
Tr oughs i ©ricectheed is ianyolsteydtion 60mos@menbd \of the rejeédtor armci2ranar anjadh iss

t | t t ant I [ty in th . .
ravett ngeﬁco&r?tgrsef r%he \égsglﬁ{e (Y,urlrgnt in ?he motor current graph 64 increases rapidly

(to about 1.6A), which exceeds a predefined protection threshold which is set
15 according to the characteristics of the leadframe 14 in use. The motor current
exceeds the predefined protection threshold for the duration t,-t;. This duration is
longer than that which is expected during acceleration and deceleration of the
ejector 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 ejector 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
so, 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 obstruction to novenent of the ejector arm 12
and a jamis encountered, the absolutdicurrent in the notor current graph
64 increases rapidly (to about 1.6A), which exceeds a predefined protection
threshold which is set 15 according to the characteristics of the |eadfrane
14 in usebotththerM@M and ruslacityesensaisto: shargr simiter Teagnetin apdi mechanisshol d

dur i ng- actaiBPaB Arcoraleisdinicrng hes 158 Boeh IAbBhiH (e dnbant P =

the syst etheletrsing ngaalityhaf thdeepchpsehesr) whichdadierpippaant Keaatommaty y, the
ej ector system 10 can be stopped and renedial 20 action taken.

Al t er nat i iam detegtioneand deaditasae tpfotestard Withtthis design:r aulematiggleagdframe
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predeterm ned threshol d f(i)r ﬁ certain period of tine a? illustrated in the
velocity QPﬁWﬁr%qugé@W&ﬁp ¢.1thgsystemn cpp Ca%,toﬁﬁ%reﬂh&?ag ragesiniusst e an
obstruction to novenent of the ejector arm 12 and appropriate renedial
action can be taken. 30 The | eadfranme ejector system 10 using the linear
act uat or Testsrusing the desciited embodiment: shove esoellexd vetxity i dhvadacteristics efoove

enbodi grent. of the invention enables -11 both.the d. velocity sensor to
shar o8} niheyelnal 80T Arvelban HEouRteh SN aad roliaDlkiah dataaUHN A¥one has
al so beend gplpie fidh Sadifes foPGiffefdht tfisedAkhafkst he vel ocity
sensor, V\/LéIC I'S eFedr%gclidr?r]portarllt@tso au'tomatti?:kSle affes!
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 | eadfranme protection. Wth this design, automatic

| eadframe 5 jam detection can be achi eved w 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 |eadfranes in use. Tests usi-f@ ¢+ he descri bed enbodi nent show
excellent velocity characteristics of 10 the velocity sensor as well as
adequately sensitive and reliable jam detection and |eadfrane protection
capabi | i t GLAIMS: 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 nvent i on 1i, ncl wdkisearldctigatohfor alrivimig amactuatidn armatonaprisingrd/ or addi ti ons whi ch
fall within the spirjt ﬁnd scope of the above description. -12 CLAIMS: 1. A
| i near actuato@'ﬁ@gn%WQQ¢ﬁg an actuation armconprising: a magnetic field;

5 a figst coil gt hSi r:Ql QAT N i el by
adj ust"f)ng a cura r teﬁ?ét Fﬁ l(')vc\tnﬂ E{g I?héﬁ%ﬁgﬂla’mqﬁéﬁ% c\'g!tﬁnv\ﬂg? @gaﬁéﬁﬁrﬂfé\'}g tﬂhe
act uat i onadjustingaa samentl flowirlg thraugh shedirstbeail whehetiyh&o drive tthe cadtuatioh

configured such that a voltage is inducible in the second coil that is
proporti of8Mto its velocity; and 10 a controller device connected to the

second coil for ¢ hv&d?lgthata%d%gsbl ie\nﬁﬂﬂ?é"ﬁ%ﬁ cblf@nd%d %réd"gﬁa?gfdg%the

: é?aﬁ e
second coil whereby a velocity of th actuation armis determ na
wher ei n t heltageis indueiblediethe secend c¢oil tieat is propertienil to istviebodityy snd coi | and i s

operatjve to adjust, the current flqw ,n the first .coil base on said
Fbedndlk for cantonrolss dvie gprgedtil B lG.seend, PRl G5 receting TeedBick
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.

15
2. The linear actuator as claimed in claim 1, further comprising a central yoke
oriented parallel to a direction of motion of the first coil, and magnets arranged
about the central yoke for producing the magnetic field.

20 3. The linear actuator as claimed in claim 2, including back yokes that are

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
25 the first and second coils are disposed in the same magnetic field for

electromagnetic interaction.

5. The linear actuator as claimed in claim 3 or claim 4, wherein the second
coil is wound on top of the first coil.
30



2. The linear actuator as clainmed in claim1, further conprising a central
yoke oriented parallel to a direction of notion of the first coil, and
magnets arranged about the central yoke for producing the magnetic field.
20 3. The linear actuator as clainmed in claim2, including back yokes that
are symmetrically arranged on opposit-eél3si des of the central yoke for
nmounting the magnets. 4. The |inear actuator as clained in any one of the
preceding clains, wherein 25 the first and second coils are disposed in the
same magné: i c flihel dnear actyater rasnetpi@edcin raryr eoei oh.the. prasedinan&ldimsct uat or
as cl ai megq, 4;ny; | Lo 4, | . Al L top
of the i MgaBb Blapket obinBring o MRESTbSardcbioFioHtnd a logb redtaFaal ¢

t he precedindgthel adtoation arm)| wiierginahbrimelaebearingris hounted lomaashaftethat i f or

nmounting at |east t first coil _and. the actuatiQon arm wherein the |inear
bearing i @Wﬁ@ﬁﬁf’é{?%ﬁe'é\‘@ rection of mationpftha fiEst GOy al 1 el to a direction of
noti ongof the first coil. 5 7. The linear actuator as clainmed in any one of

the preceding clains, further conprising a third coil that is configured to
i nduce a t7r ansfltentveav @ctuater adalaimed inEnysone of theaptecadifgoclaims, \fahthege

i nduced in the, second. goi | en the first coil is carryin current. 10 8.
The i nearCOH!ﬁfl?H’c%?qggg c,qoé{itﬁgﬁ'ﬁ configured o 'Wm‘&%ﬁﬁ@ﬂ?@o%mﬁ’?@mﬂ that is

el ectri cal t i ini iz ji T i r
S etunt or - SppoSRE I el dinidloHaG8 T fcid in the Wbcona i Spherd thelfit b 7
carrying a current.
10
8. The linear actuator as claimed in claim 7, wherein the third coil is

electrically connected to the second coil in anti-series.

9. The linear actuator as claimed in claim 7 or claim 8, wherein the first and

15 third coils are disposed in the same magnetic field.

10. The linear actuator as claimed in claim 9, wherein the third coil is wound

onto a central yoke of the linear actuator.

20 11. 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.

25 12. 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.



15 third coils are disposed in the sane magnetic field. 10. The linear
actuator as clainmed in claim9, wherein the third coil is wound onto a
central yoke of the linear actuator. 20 11. The linear actuator as clained
in any one of the preceding clainms, whguein the controller device is
configured to detect when the current in the first coil exceeds a
predeterm ned threshold Iimt whereby to indicate an obstruction to

movenent qf t hehadinkak hetiatdris dainded inTay bh@%ﬁthé‘ﬁi‘éﬂ:@ﬁﬁf @8ints, WHBEin n any
one of the preceding claims, wherein the controller device Is configured to
det ect whée sonteoliasideyics ist eenfigired to santeheurrentflavwing dn he desteso

act uat | onttHOVIHERP G Bt R 3fcks A BHplertidd bty BRI One ot (he

precedi ng clains, wherein the controller device is configured to control
current flow ngi_ in the first coil such that novenent of the first coil
tracksda phedetlBedingataciiatariasclainggd incanysone of thecpreiceding claimsvdiergin

o os e HooRfef k8B BERRALLECH ShrRongheF s A MoBbhal hBlardey °5,
| i near actopatrolleras cl ai ned in any one of the preceding clains, wherein 10

the actuation armconprises an ejector armthat is configured and arranged
to push a sem conductor device positioned along a path that the ejector arm

I's driveqs  The jinear actuator as claimed in any one of the preceding claims, wherein
10 the actuation arm comprises an ejector arm that is configured and arranged to
push a semiconductor device positioned along a path that the ejector arm is

driven.





