TI TLE Nano-Positioning El ectromagnetic Linear
Actuator FIELD OF THE | NVENTI ON The invention rel ates
to el ectromagnetic |inear actuators, particularly to
nano- posi tioni ng actuators. BACKGROUND OF THE

I NVENTI ON Hi gh preci si on nano-positioning systens
typically use linear actuators to effect positioning
at the nano-scale range. Positioning speed and
accuracy are determned largely by the type of |inear
actuators used. It is desirable that such systens have
THIgh positioni ng speed and accuracy as they directly
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processes i n ey are comonly used. Various
types of nano-positioning |inear actuators are

FOUY @PTHY ndvVenti e, with the nost popular one being
solid-state Piezoelectric (PZT) actuators as they are
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stiffness. However, PZT actuators have a limted
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coantyitsed. ng repeatability, and hence accuracy. Use of
notch-type flexure joints instead of mechanica

bearings can help to achieve frictionless, wear-free
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rel atively high stiffness in the lving dire
gihstiftpesg However R Tragieptans Ap et liptited fgt ererangs & the bundtsds of

mﬁf‘oﬁiﬁ, VrRH malldUfem dB@faBle i} apIEARR Wierd PRI BHRAZ! df BRI We

| i.near actuator available that can offer accurate
fewliegg?{’é?“e‘fthea ) copesptenal ehictrpmpggtiGagtuaigsdant eangravide milfimater
mdt{h RaR Shav8 sndlBdubiut foRk YndTo@ btiffiébd Thesé pRAly usd KBt &fiodal¥@ler or

baﬁ S?ngﬂ,lgﬁqwg _rindh%ﬁwfﬁ/&%glfﬂana%& Crg?lal(r)]rlfll %‘?cttrgr[ \IPVITIC Efg'egtcs: Sgsii%?lintg ?epga?ability,
and hence accuracy. Use of notch-type flexure joints instead of mechanical bearings can help to
achieve frictionless, wear-free and repeatable motion at high resolution. However, such flexures
have a small motion range and possess relatively high stiffness in the driving direction which

reduces the maximum output force that can be achieved.

Thus, there is presently no nano-positioning linear actuator available that can offer accurate
millimeter displacement with moving speed greater than 100mm/s and relatively high output force

greater than 50N, in order for nano- manufacturing processes to be automated.

SUMMARY
According to one aspect, there is provided a flexure for an electromagnetic nano-positioning linear
actuator having a support and an actuating body. The flexure comprises a first resilient end for

attaching to the support; a second resilient end for attaching to the actuating body; and a




According to one aspect, there is provided a flexure
for an el ectromagneti c nano-positioning |linear
actuator having a support and an actuating body. The
flexure conprises a first resilient end for attaching
to the support; a second resilient end for attaching
to the actuating body; and a 1 substantially rigid

i nternedi ate portion |ocated between the first
resilient end and the second resilient end. According
to another aspect, there is provided an
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Fig. 3 is a schematic side view of magnetic flux of the electromagnetic assembly shown in Fig.2;

Fig. 4 is a perspective view of an actuating body of the actuator shown in Fig. 1 assembled with the
electromagnetic assembly shown in Fig. 2;

Fig. 5 is a schematic perspective view of the actuating body assembled with the support of another
embodiment of the invention;

Fig. 6 is a schematic perspective view of the actuating body assembled with the support of yet
another embodiment of the invention; and

Fig. 71s a schematic perspective view of the actuating body assembled with the support of a further

embodiment of the invention.

DETAILED DESCRIPTION
According to one aspect, there is provided a flexure 18 for a nano-positioning electromagnetic

_ l_inear actuator 10 as shown in Fig. 1. The actuator 10 comprises a support 12 coupléd toan




enbodi ment of the invention; Fig. 6 is a schematic
perspective view of the actuating body assenbled with
the support of yet another enbodinent of the _
invention; and Fig. 7 is a schenmatic perspective view
of the actuating body assenbled with the support of a
further enbodi nent of the invention. DETAILED .
DESCRI PTI ON According to one aspect, there is provided
a flexure 18 for a nano-positioning el ectromagnetic
linear actuator 10 as shown in Fig. 1. The actuator 10
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thus attached to the support 12 at first resilient end
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have a laterally symmetrical configuration in order to minimize imbalances so as to achieve high

positioning resolution. Movement of the actuating body 14 is effected by means of an

electromagnetic assembly 16 connected to both the actuating body 14 and the support 12,

The electromagnetic assembly 16 is depicted in Fig. 2. It comprises a rectangular frame 36, two
core magnets 32a, 32b and two shell magnets 34a, 34b. The frame 36 is made of a ferromagnetic
material such as Fe. The magnets 32a, 32b, 34a, 34b are preferably NdFeB rare-earth permanent
magnets having a remanence magnetic flux of at least 1.0 Tesla. A divider 38 bisects the frame 36.
The core magnets 32a, 32b are mounted in an attracting position with respect to each other on
either side of the divider 38. The shell magnets 34a, 34b are mounted within the rectangular frame

36. One shell magnet 34a is mounted on an inner side of the frame 36 in an attracting position with




at second resilient end 21b. First resilient end 21la

is attached to the support 12 by neans of screws 29.

In this way, the actuating body 14 is coupled to the
support 12 via the flexures 18. An output shaft 30 can

be secured to the actuating body 14. The |inear

actuator 10 is designed to have a laterally

symretrical configuration in order to mnimze
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ﬂanges 54 at e1ther end. The core magnets 32a, 32b are encompassed within the coil holder 52, but

not in contact with coil holder 52. The coil 50 is wound around the coil holder 52 so that the coil 50
is disposed in the air gaps 39 to allow moving-coil actuation. The flanges 54 are rigidly secured to
the arms 26 of the actuating body 14 that are secured to the flexures 18.

By providing leaf springs in the form of flexures 18 together with the dual-tnagnet configuration of
the electromagnetic assembly 16, an infinite positioning resolution and high continuous output
force that is proportional to input current can thus be achieved. Unlike notch-type flexure joints, the

leaf-spring joints readily allow millimeter displacement due to their low stiffaess in the driven




air gaps 39 between the shell magnets 32a, 34b and the
core magnets 32a, 32b conpletes the electromagnetic
assenbly 16. It also results in the anplified, nore
evenly distributed magnetic flux 40 passing across

the coil 50. By securing the coil 50 to the actuating
body 14 and securing the franme 36 to the support 12,

novi ng-coi |l actuation having infinite positioning

resol ution can be achieved when a suitable current is
passed through the coil 50. A linear relationship is
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from the present invention. For example, different materials may be used for the various parts of
the actuator 10, so long as they have the necessary material characteristics set out above. Also, the’
_present invention can take on a moving-magnet configuration instead of the described moving-coil
configuration. In the moving magnet configuration, the actuating body 14 and electromagnetic
assembly 16 are adapted such that the actuating body can be secured to the frame 36 of the
electromagnetic assembly 16. The frame 36 is adapted to be allowed to move relative to the support
12, while the coil 50 is adapted to be secured to the support 12. Figs. 5, 6 and 7 show alternative
moving-magnet embodiments of the actuator 10. The flexures 50, 52, 54 can be in various different

locations as long as they allow linear movement of the frame 36 and the actuating body 14 with




coefficient of thermal expansion and magnetic
properties have to be consi dered when selecting a
suitable material for the resilient strip 19 of the
fl exures 18. Theses properties will also be dependent
on the actual configuration of the actuator 10. For
t he enbodi nent -described, the resilient-strip 19
shoul d be nade of a material having a Young's nodul us
of at |east 190GPa and a Poisson's ratio ranging from
0.28 to 0.32, typically being 0.3. Stainless steel is
repiedt tpethe supporicli Hie sipport 12 el actestitigibedyt 14sbu have d@regfondihgy different
dgg@g ' gegsag ' ' tuating
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of the electromagnetic assenbly 16 should be nade of
non- magneti zabl e or non-ferrous materials so as not
tointerfere with the magnetic flux 40 of the magnets
32a, 32b, 34a, 34b and the coil 50. The chosen
material nust also provide the necessary strength and
stiffness for these parts to withstand the output
force and novenent, while being stable at tenperatures
rangi ng fromroomtenperature to about 150 C. Al is
the preferred material for the enbodi nment descri bed.
Ti or carbon fiber may also be used. Wil st there has
been described in the foregoing description a
preferred enbodi nent of the present invention, it
wi |l be understood by those skilled in the technol ogy
concerned that many variations or nodifications in
details of design or construction nay be nmade wi t hout
departing fromthe present invention. For exanple,
different materials may be used for the 'various parts
of the actuator 10, so long as they have the
necessary material characteristics set out above.
Al so, the present invention can take on a
novi ng- magnet configuration instead of the described
~nmoving-coil configuration. In the noving nagnet
configuration, the actuating body 14 and
el ectromagneti ¢ assenbly 16 are adapted such that the
actuating body can be secured to the frame 36 of the
el ectromagneti c assenbly 16. The franme 36 is adapted
to be allowed to nove relative to the support 12,
while the coil 50 is adapted to be secured to the
support 12. Figs. 5, 6 and 7 show alternative
nmovi ng- magnet enbodi nents of the actuator 10. The
fl exures 50, 52, 54 can be in various different
| ocations as long as they allow |inear novenent of the
frame 36 and the actuating body 14 wth



5 respect to the support 12. The support 12 and
actuating body 14 can have correspondi ngly different
designs as long as they are adapted to properly engage
each other via the flexures. 6 7 CLAIMS 1. A flexure
for an el ectromagneti c nano-positioning |inear
actuator having a support and an actuating body, the
flexure conprising; a first resilient end for

gg g"g to the support wherein the first resilient
bends ina . driven direction of the actuating
body a second resilient-end for attaching to the
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2 to 4, wherein the resilient strip is nade o
material having a Poisson's ratio in the range of
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4. The flexure of claim 2 or 3, wherein the resilient strip is made of a material havinga
Young’'s modulus of at least 190GPa.

- 5. The flexure of any one of claims 2 to 4, wherein the resilient strip is made of a material
having a Poisson’s rafio in the range of 0.28 to 0.32.

6. -The ﬂexure of any one of claims 2 to 5, wherem the widih of the resilient smp is at teast
100 times groater than the thickness of the resilient strip

7. An eIect:omag.netic nano-positioning linear achuator comprising:
a support,
an actuating body moveable with respect to the suppart;
an electromagnetic assembly connected to the actuating body and the support for moving
the actuatmg body when a cutrent is applied to the eleciromagnetic assembly; and
at least one fléxure comprising



100 tinmes greater than the thickness of the resilient
strip. 7. An el ectronmagneti c nano-positioning |inear
actuator conprisi.ng. a support; an actuating body
nmoveabl e with respect to the support; an

el ectromagneti c assenbly connected to the actuating
body and the support for noving the actuating body
when a current is applied to the el ectromagnetic
assenbly; and at |east one flexure conprising 8 a
first rdstisilispenditrtifching iteaernprivberel thetfiest weilipobmd bends in a
wherei Rriteh@ircdlion st thd RGdting Bdal; end bends-in a driven

di recti f_1.h t uatil.ng pody: .a,second resilient
a1 o S Riaif AT MR, RO bR o0 ST 67 Brand e end
second byrdsin fie deyen dEreefionslgahds in the driven direction;
gn ? a- 8 bUdSing4 ;yi..-igiti hﬁd&dgiegoztimz&ﬁmg@%nﬁhéﬂ%km&& oA GaitRd
et ween first resilie .. second . |,
Pos Tt et i St i Kb B B By i e
i Nt er mexfliag ia the duiver dretivni mi zes  bending in the driven.
direction.. 8. The linear actuator of claim?7, wherein
the-fi .resilient. .end and the second.resilient end
o1 T8 g BB B R il BRI ol e S T end
rigid forpetepesdlion trinped the stbstengniymizid dxermedte pprlion @mprises two
pOr t i Oflat®fa fotlitn sreRirdsiieRbiriheiok BlaiRi BBvead am%?zaﬁﬂ ween
the two plates. 9. The linear actuator of claim8,
wherein the resilient strip is clanped between the two
pl atde sThy liggaragiyates niglaim §.hvdsreip the sesititet ipgécldnived rebeid thetmd

Strip pudd vie BSedel@alad iBSugh dOresildNBirp AR twa ekt or  of
claimB8 or 9, wherein the resilient strip I1s made of-a

material having a Young's nodulus of at |east 190GPa.
11. 1Gnide [njopragivato ef clpine Her Sofhesimthegesdien ftrig s aedepf Smterial Bying

wher eialyoluld@ nio@Shslor 8 Mast doGpp 1S made of a materi al
havi ng a Poisson's ratio in-the range of 0.28 to 0.32.

12. The linear actuator of any one of clainms claim8
t o 14 Thelnesr edtygior ¢f@nying eftelaists Sith i, Wiesinl thegesiliont stxip is made of &

material having 2 Poisson’s ratic in the range of 0.28 to 0,32

12. The Hnear actuator of any one of claims claim 8 10 11, wherein the width of the resilient
.strip is at least 100 times greater than the thickness of the resilient sixip.

13, The linear actuator of any one of claims 7 to 12 , wherein the elec&’omagnetic nssembly
comprises core magnets and shell magnets mounted on a frame, the shell magnets being
disposed adjacent the core magnets to define an air gap therebetween, and a coil disposed
n thé air gap around the core magnets.

14. The linear actuator of claim 13, wherein the core magnets and shell magnets are rare-
earth permanent magnets, '

13, The linear actoator of claim 14, wherein the rars-earth pcrmanent magnets are NdFeB
magnets having a remanence magnetic flux of at least 1.0 Tesla.
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strip is at least 100 times greater'than t he thickness

~of the resilient strip. 13, The linear actuator of any

one of clainms 7 to 12, wherein the el ectromagnetic
assenbly conprises core nmagne®s and shell magnets
nounted on a frane, the shell magnets being disposed
adj acent the core magnets to define an air gap

t herebet ween, and a coil disposed in the air gap
around the core magnets. 14. The Iinear act uat or of

;L Zi l:g?a'ﬂl]g lme\érg?t{lﬁcl)rgfé%nggﬁg ‘ngg gori? qh 3 h:ﬂs lr:onnecggl] gtths

act uatawatiof bagy miamotidg-coilicanfigiratior. he rare earth per manent
magnets are NdFeB nagnets havi ng a remanence nagnetic

qu east el ear uat.ar
Qﬁ;ﬂrhsﬁuéafarmﬂéfrarl o {5 Jeea%ée sty SRS £y Bpg B e

conneobeﬁﬂm@h@hmmaﬁwuaﬂmﬂgsbmmymmmdﬁwn@MpHg;00|

configuration. 17. The linear actuator of cIain116

wher t he actua |ncl s a coil holder and
e 15 B res oSk LR ot e e BB N

ar ound:odyheammdgnhmed@nﬁgm&n The li near actuator of
claim13 to 15, wherein the frane is connected to the

actuating bOdéiln a npvin net configuration. 19.
An & SEEFSTEyREC "o PHETS PR PP%¥ar act uat or
conpr iasippegh @ support; an actuatlng body noveabl e

W TN CEIRREE uded moRaniS MBRGEdes o aasusroact r omagnet i C

assenbl

ted th tuati d
suppoft g{?’%l?“ggﬂ%g? %&m%g’ ﬁ%’“%[‘? C éﬁ% ?ﬁ‘&‘“‘?ﬁ)"@@y %\’ﬂ gﬁ %ff?fr“é"ﬁ’f‘g

i 'S appkhaedidgbodshéerd @otit b Ampied heelaswagistiy sssavitby dierin the

t he g&&mﬁ&ﬂgﬁgggﬁhgmﬂﬁﬁgnbly conprises: a first core
magnet, a second core net,  a f| st shg ﬁ%ﬁ?ﬁ ant
a secbiie T BpFeh B oore & st sﬁ"’l 23ff P AgEREPe SR
f r amemowst@ ineh mrangenieliten afimangenent ,
whereit in the arrangement, :
. the first core magnet is in an attracting position to the second core magnet;
fhe first shell magnet is in an attracting position to the first core magnet, thereby defining
a first air gap between the first shell magnet and the first core magnet; and
the second shell magnet is in an attracting position to the second core magnet thereby
defining a second air gap between the second shell magnet and the second core magnet,
wherein a coil is disposed in each air gap and the arrangement of the core magnets and
the shell magnets generates a common magnetic path; and
at Jeast one flexure comprising
. a first resilient end for attaching to the support wherein the first resilient end bendsin a
- driven direction of the actuating body;
* g second resilient end for attaching to the actuating body wherein the second resilient end
bends in g driven direction of the actuating body; and
a substantially rigid intermediate portion located between the first resilient end and the
second resilient end, wherein the substantially rigid intermediate portion minimizes

bending in the driven direction.



the first core nmagnet is in an attracting position to
the second core magnet; the first shell magnet is in
an attracting position to the first core magnet,
thereby defining a first air gap between the first
shel | magnet and the first core magnet; and the second
shell magnet is in an attracting position to the
second core nagnet thereby defining a second air gap
bet ween the second shell magnet and the second core

ma ' ik, 1S disposed in each air gap

and 1 g“%ﬁﬂ%%ggﬁ%%§%%thhe core magnets and the shel
magnet s generates a conmon nagnetic path; and at | east
on . ¢ . N

ot t o RS FrIORMRS LELEERMACNETIC ERRAENCIIIET, 1y
end bends in a driven direction of the actuating
boQyexBre¥6:CARMLcEGRIzhdi€ RhnoSditibRhe ﬁ{eglaaﬁmhtgﬁlatfﬁg b Qlﬁ)port and an
actuating body wherein the second resilient end bends
in aﬁuﬂmggerh@ e fleers @HPEsing he act uating body and a

subst ambd radiliet dnld Grdcedching i MEbRp&t; por ti on | ocat ed

bet ween tge first resilient end and the second

r esi 1360 SRt RAG Pk pifpchifodbRFsuaiRE PRAY: 90¢ i gi d

I Nt eraeRetatieRQid inRinddaf fhZaJocaRe BEWAA thaYirkth&ilRhd MEAnd the
directi on. ABSTRACT OF DI SCLOSURES NANO- PCSI TI ONI NG
ELECT! ERIEFTIEY| NEAR ACTUATOR A flexure for an

el ectromagneti ¢ nano-positioning |inear actuator
havi ng a support and an actuating body, the flexure
conprising: a first resilient end for attaching to the
suppoit; a second resilient end for attaching to the
actuating body; and a substantially rigid internediate
portion | ocated between the first resilient end and
the second resilient end. Fig. | 10
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