APPARATUS AND METHODS FOR GENERATI NG PRESSURE WAVES
REFERENCE TO CO PENDI NG APPLI CATIONS 5 Priority is
clai med from US provisional application No. 60/802, 126
filed 22 May 2006 and entitled "An apparatus for
generating pressure" and froma US provisional
application No. 60/907,450 filed 2 April 2007 and
entitled "Apparatus for generating pressure and

met hods of manufacture thereof' and from US

provi si onal APPARATUSANDMEORAES ROR JENEEA BNVRY 2007
and entitled "Apparatus. and Methods for 10 CGenerating
Pressure Waves". FI ELEEERSHEE WOMESTI ON 15 The pr esent
invention relates generally to actuators and

specifically to speakers. BACKGROUND OF THE | NVENTI ON
20 TheR@t?%%\'%E TPKO-RENDING AAPLGABI NS onpr i si ng an

sarray Plorfl & Qaitell URIPTUS provisloahll HpRhti ,
re resenotdgj byalt he foll ovvlbnél,S al Iﬁ)gf \f\n}%lﬁ’ﬁ]beg)gm% 26 filed 22

pAEEnt008oandheriitied A epparasesh &ornigenstatingli psesswrd” and from a US
2 3{%9 ﬁ &Iﬂﬁ ’ . ‘DT " -

pgl(raag r.apﬁ‘g)%o%(t)l& 88@?67?1%8 f %12%%) E& 2%%73%\/@%%& Apparatus for
egderatipgrpipseure @nd antitzods of mawfaghro thereafidand Snmdif @revisional

and.; C tak i ' 6, 37 walhe Abst t
APIEErbIGRES e fMaS 207 tnd e AT R Ftmoas o
10 aBereyatof Presans Mages's. JP 2001016675: The Abstract
shows an array of acoustic output transducers. 30
6, 963, 654: The Abstract, Figs. 1-3, 7-9 and colum 7,
line 41 - colum 8, [I|ine 54 show the transducer
oper at FIBhDGBEHEGNVENTI@Nect romagnetic force. 1
6, 125,189: The Abstract; Figs. I - 4 and colum 4,
line 1 - colum 5, line 46, show an el eetro-acoustic
15 t r ans dTigd pagsentrihentidiCleltts Béherlyas hét@BérabhdCspedifiddl P Go spibkers.
8400460: The Abstract shows an
el ectromagneti c-acoustic transducer 5 having an array
of magnets. 4,337,379: The Abstract; colum 3, |ines

28-40, and Figs 4, 9 show el ectronmagnetic forces.
BACKGR! D OF THE INVENTION

20 The state of the art for actuators comprising an array of micro actuators is
believed to be represented by the following, all of which are US patent documents

unless otherwise indicated:

2002/0106093: The Abstract, Figs. 1 - 42 and paragraphs 0009, 0023, and 0028

25 show electromagnetic radiation, actuators and transducers and
electrostatic devices.

6,373,955: The Abstract and column 4, line 34 - column 5, line 55 show an
array of transducers.

JP 2001016675: The Abstract shows an array of acoustic output transducers.
30 6,963,654: The Abstract, Figs. 1-3, 7-9 and column 7, line 41 - column 8,
line 54 show the transducer operation based on an

electromagnetic force.




4,515,997: The Abstract and columm 4, lines 16-20,
show vol une level. 6,795,561: Colum 7, |ines 18-20,
shows an array of micro actuators. 10 5,517,570: The
Abstract shows mappi ng aural phenonena to discrete,
addr essabl e sound pixels. JP 57185790: The Abstract
shows elimnating the need for a D/A converter. JP~
51120710: The Abstract shows a digital speaker system
whi ch does not require any D-A converter. 15 JP

09266599:6,13g 80 The ABitrasth1BS. i Aead tyludp@l MhdD- tdl€mn 5, line
digital signal to a speaker. 6,959,096: The Absl;ractl i
and col um 4, |iAks SBOY 620 sHeRfoRcRstif alrpasgucipe umit including
transducers arrapg@ehsitit Bivin@n array. 20 Methods for
manuf acturin Bola‘grrer rra?nets are described in the .

f ol | owi\Hg 849(%@ i dhe iAdsEact shgjby @i elactropagngtigtaqpustis,  transducer

sAl l'en, "Magneti cphand MeeaBE madneRr operties of Mcro-
machi ned Strontium Ferrite/ Polyi m de Conposites", |EEE
Jour nal  of33W3dPo-Thel dbstegsmselvani %aalmeSy@t%sr@n, d gigs) 4, 9 show

Dec. 1997; and ZgleMgﬁgicf%rcesK" Brand, O and M G
Al'l en, "Magnetic mcro actuators based on polymer

magnet s" , 4,3 IBE97J otherfetistrast av aotumared, dioes 1oradk; bl vdyme level.
SySt s, 68 f&ﬂﬁéw&@an ;‘,qglg%l é% tsﬁ%s%x?a‘rg?g ?{1&9 tactuators.

4,337,379°10 kaya destcribes d p ctrodynam cs
10el ect r 0- aGHITSI70C ThreaAbdracte shows cingpapiingg auraln phingmerbAfo discrete,

coil-like struct ur%r. 3b2e lg’ni%eid 1St ates Patent 6, 963, 654

to Sotne et al d@g FiDes®a™ Péﬁﬁ‘ragm flat-type

acoust i I 3718570 UCEte Absdadt blatwstelipnadh@ihh hegifor a7 [DEA Sorveger.

system [ ngl , W Fg. 7, a coil-like structure. .2
The. ai sETGAAIBR: e Fotanicinobaei Pitsl AR RURE Which ddes no
docunent s nment i ongfhirk Bnyt DA cdpeedrf i cation, and of the
publ i cations and patent docunents cited therejn )

15di rect | F Y2063 HiscApsractaahawh Siresly R eﬁgp@r: &igdgl pyenal to a
reference. 3 SUMMIRNKOF THE | NVENTI ON The present
i nvention provides, in accordance with a preferred

embodi men®.?5%#6r ebte Absiragl andycofpihthclings SPdAIBPY & gilurality of
generating a soung,idfials SAnEEERRNASn hRay’ €Cei ved

20 Methods for manufacturing polymer magnets are described in the following
publications: ' :

Lagorce, L. K. and M. G. Allen, "Magnetic and Mechanical Properties of Micro-
machined Strontium Ferrite/Polyimide Composites”, IEEE Journal of Micro-
electromechanical Systems, 6(4), Dec. 1997; and

25 Lagorce, L. K., Brand, O. and M. G. Allen, "Magnetic micro actuators based on
polymer magnets", JEEE Journal of Micro-electromechanical Systems, 8(1), March
1999.

United States Patent 4,337,379 to Nakaya describes a planar electrodynamics
electro-acoustic transducer including, in Fig: 4A, a coil-like structure.

30 United States Patent 6,963,654 to Sotme et al describes a diaphragm, flat-type
acoustic transducer and flat-type diaphragm. The Sotme system includes, in Fig. 7, a

coil-like structure.




sound intensity, coded into a digital input signal,
wherein each m cro speaker includes a 5 noving

el enent; substantially all the noving el enments are
configured to nove in a long oscillating stroke in
response to applying an alternating el ectromagnetic
force; selected elenents fromthe array are

restrained fromor are allowed to respond to the
oscillating stroke in response to electrostatic force
whi ch Tis dipgdbsued dthall etidicativchs vdald Cutdnt @d@inkeBtsOmesitiontd1€n the

el ectromagneti c .for and, typically, the sprjng .
SRR A5 P e RRAGsDBG BRI et or e heren streily o
elgliregilysart Sersbibigtaxpdrhtad by rer@perti onal to the
intensity of the sound coded into the digital signal.
Further in accordance with a preferred enbodi nent of
the present invention, selected elenents are
addressed individually. Alternatively or in addition,
sel ected elenents are addressed in groups. 15 Further
in accordance with a preferred enbodi nent of the
present invention, 2" elenents are configured to nove
or are restrained fromnoving in response to the val ue
of the (n+k)th bit of the input signal. Still further
in accordance with a preferred enbodi nent of the
present invention, the elenent conprises a plate
restrai ned by conpliant flexures. 20 Further in
accordance with a preferred enbodi nent of the present
invention, the elenent is configured as a round plate
with serpentine flexures. Additionally in accordance
with a preferred enbodi nrent of the present invention,
the el enment flexures are made of a material of
sufficient elasticity. Further in accordance with a
preferred enbodi nent of the present invention, the 25
el ement conprises a free floating noving el enent.

Still further in accordance with.a preferred

enbodi nrent of the present invention, the

el ectromagnetic force is generated using a coil that
surrounds the array. The array may be manufact ured
usi ng layer |am nating technol ogy, and/or PCB
production technol ogy, and/or wafer bonding technol ogy
and/ or a suitable conbination 30 of these
technol ogi es. Al so provided, in accordance with a
preferred enbodi nent of the present invention, is an
actuator apparatus conprising an el ectronagnet
generating a magnetic field, an el ectrode, a magnetic
force-driven novable part operative to nove toward and
4 away fromthe el ectrode along a gradient of the
magnetic field, the novabl e part




i ncl udi ng a pernmanent nmagnet di sposed within the
magnetic field, at |least a portion of the novable
part having a first electrical potential, and wherein
the electrode is selectively charged by a second

el ectrical potential which differs fromthe first

el ectrical 5 potential and is operative to provide
sel ective notion of the novable part in the desired
direction of notion responsive to the nmagnetic field

by sel getivsty o 8ot nosgiNatiosal |y |atching the novabl e
part thereby to selectively, prevent notion of the

novabl Beppieent [nveRipngioEdesoin preOTdaRGFelith af prefeged Pﬁlb%tnent
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t
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elthersbament tqmpnspse&piam disiigneddysamglisitdlerkuwresagnet | c
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receive cor 0 con
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characteristic of the digital input signa
The array may be manufactured using layer laminating technology, and/or PCB

production technology, and/or wafer bonding technology and/or a suitable combination

30 of these technologies.
Also provided, in accordance with a preferred embodiment of the present
invention, is an actuator apparatus corhpxising an electromagnet generating a magnetic

field, an electrode, a magnetic force-driven movable part operative to move toward and
4




5 Still further in accordance with a preferred

enbodi nent of the present invention, the sound has at
| east one wavel ength thereby to define a shortest
wavel ength present in the sound and wherein each the
novi ng el ement defines a cross section which is 5
perpendicular to its axis of novenent and which
defines a | argest dinension thereof and wherein the

| ar gest di nension of each the cross-section is snal
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€ novi n
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enmbodi nent of 't resent .i ntion | east. on
PG e ELnE SoNs, NEHCDE 8 Pl PG RagR g Sherein
rTﬁ%ﬁ I(rjnhdihduﬁt ﬂfnbwlrmé ¢letriagy isi fespRasiod dcaananwr?tghrwgnpﬁeﬁerdﬁ add is
enbodi.nent o pre i nvent the, | atch

20 cERISHHRILP traye ag Pt&’éélaqb @éi"% a|rePRqiive giis responsive to an
OpRétAfnaBReticl For@QPEpeRitive héreuppt whdihéh MHeNPREeneE oM 1@ mating
el ements which oscillate freely responsive to

emagtctio Halgnaiticast @G lateh eneratiye freselsghvalnlptchaf jepst one subset ofsaid
gngg%aglte}]&gag &O%taﬁggpnflﬁgﬂﬁ S}%oﬁf‘n%ﬁ? Szhér%yl 3f REFERE 540 individual
moving elements from responding to said electromagnetxc force, a magnetic field
25 control system operative to receive the clock and, accordingly, to control application of
said electromagnetic force to said array of moving elements; and a latch controller
operative to receive said digital input signal and to control said at least one latch
accordingly.
Further in accordance with a preferred embodiment of the present invention, the
30 array of moving elements is disposed within a fluid medium and wherein at least one of
the magnetic field control system and the latch controller is operative to define at least

one attribute of the sound to correspond to at least one characteristic of the digital input

signal.




Further in accordance with a preferred enbodi nent of

the present invention, the array conprises a

plurality of rows of noving el enents wherein

consecutive rows are nmnutually skewed. Still further

in accordance with a preferred enbodi nent of the

present invention, 5 the axis conprises a first

hal f-axis and a second co-linear half-axis and the two

| atching positions includes a first |atching position

di sposed within the first half-axis and a second

| at chi ng position disposed within the second
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Addj ti ona%J in .ac?c}or dance wth a preferred enbodi nent
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Further in accordance with a preferred enbodi nent of

t ILFé‘Stleé géﬁ}p n}ogw@rﬂqngﬁt’s cpmpprises a conductor.

25 . Further in accordance with a preferred embodiment of the present invention, at
least one of the moving elements is formed of a ferro magnetic material.

Still further in accordance with a preferred embodiment of the present invention,
the latch controller, in at least one mode of latch control operation, is operative to set
the number of moving elements which oscillate freely responsive to the electromagnetic

30 force to be substantially proportional to sound signal intensity information coded in the

digital input signal.




latch is operative to selectively latch at |east

i ndi vi dual ones of the noving elenents ina 7

sel ectabl e one of two latching positions thereby to
prevent the individual noving elenents from
responding to the el ectromagnetic force. Also

provi ded, in accordance with another preferred

enbodi mrent of the present invention, is an actuation
met hod for generating a physical effect, at |east one

at t ri bedr@er ia 20fordAtERitE @ bleRSREO Bﬂﬁocﬁ&eﬁtof |t&6}§§seﬁ’crlﬁventxon the
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Still further in accordance with a preferred embodiment of the present invention,

W

the moving element comprises a free floating element.
30 Additionally in accordance with a preferred embodiment of the present
invention, the electromagnetic force is generated using a coil that surrounds the array.
Further in accordance with a preferred embodiment of the present invention, the

latch is operative to selectively latch at least individual ones of the moving elements in a
7




i nvention, at |east one latch has an annul ar
configuration. Further in accordance with a preferred
enbodi ment of the present invention, at |east one
| atch has a perforated configuration. 8 Still further
in accordance with a preferred enbodi nent of the
present invention, at |least one |latch has a
configuration which includes a central area which
prevents air from passing so as retard escape of air
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| east ARE pRfvidelGin ABOkdAGcEWidBRIBt Rr bR feEiRD feh@bﬂlﬁxénttdf the present
prevent | eakage, of a}éqdﬁthr ou%?i t he at ast ]% e )
F inweiae. 15gpar QR P foReSEREPEE RIS ?f ch ahleast opy affyibute

5 e P QUhicERErePondshe RNESEHe EHAMLRELR a HRRIBRP@T BdridB sampled
al so conprises at | east one space maintaj ner d| sposed

b&erigslisally Heacgprdanre grith & GO%eraet@deW@namaove%g at least one

| akeihof &Bﬁn%sa@ﬁi&tg@dcﬂtc@ﬁﬁ@fne@%f tedVeNftehafely bJ&Q %ﬁd M dishg a

a cross section wherein at | east one of

MBEPeRY e Rdhiarepoptsip A sledrogmerdtio ferat @)eéatwﬁéhweupm phen in the

c - I

a%gﬁglcﬁ gg %j{ ﬁflédr?eﬁﬂ %%Alfﬁg ;ﬁ@fdg&l}]etec?\éﬂ% %'rt]éﬂ va%ghz éé(agtec?ﬁg sttet of the
10c mowEmgskaptentsin pklesst i latching ppsitorcthersby toamreveohindfviduplgmoving

c r : P

ei’%%%?{;re%?g ;&%gpt%ﬁ&em% Mo ?g% %ﬁe?ﬁ‘é‘xggﬁrﬂlg 'for@? fe %glﬁéetg% clock and,

pecovechegly, costigriig applicatinu bhihe eBttrdnhagh@trctfh@ﬁ tcp the array of movmg

accordance vvlth ef d_enhodinme [
sBieER o " et T SRl i SRR gl JBE T e ser
siaeke;sdxﬁgigal ng the fi rst and second ends of the axis

respec |veI and wherein at. | east qne pe nent na

51 o i s PUUEEIGHCSIEAIE AL RaReerreh g ient S (he Ag<b Bao™ the
S g&biagcon%ﬁséﬂa][ﬂahﬁif eleErRE6.0 [atABEd\wk Tehist atﬁ@ﬁﬁf‘,@m?‘lﬁdmer separates
e odi.nment of the rese |nvnt|on t he tho

c dhpopairsd datefigs @M@ Prreed raaynsaﬁ%w*ﬁaaleqné feln g‘ﬁ?%gh and at

MakstQhe spiet HRinfGner Bfel MBufgtutddtisiAf PEB [Rbdudio t@@hnolc)ﬁ'.
elements into at |east one | atchi ng p05|t| on. Sti

f ur t hePtill frheris perprtaacsivitha prefsmed spbedimentind dehsssentdpvention,
20! RR Bfa5 %€ Hovind “RtehQ Qompxtxsﬁ@aﬁiagh&@%yepwdtvﬁahé‘chﬂ)éﬂ\geen a pair of

position conprises a top latching position and a

bstecoedel laersspaggd (281 thosagietp laypdyiheiraif diclagsicspasgr lgyers.

br i ngi ﬂ&tﬁegﬁh RlcbRinde ifh £ refe k2 temg&gmleﬁ &hwgm&gﬂnwr%n, at

conprises bringing a ftir set o0 e novi ng

e lleasteme of tha ldyiars 1amam5faqtmtct>ua1¢gaw¢felth9pdmg techimilogy.

positi i Sl . .

Porm noly A B BERANE, RS BlorcrRATRbOTHIS: e prpsgnt invention,
25| ait ehit oge qfobkd kiyan s mashfaceiad using ldyer lsmimtiog sctoohgy.

subset %dgirtignaﬁg'l i ta%((:jordance with a preferred embodiment of the present

invention, at least one of the layers is manufactured using PCB production technology.
Still further in accordance with a preferred embodiment of the present invention,
at least one latch has a notched configuration.
30 Additionally in accordance with a preferred embodiment of the present
invention, at least one latch has an annular configuration.
Further in accordance with a preferred embodiment of the present invention, at

least one latch has a perforated configuration.
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such that when the noving elenents in the first and
second subsets are in their top and 30 bottom | atching
positions respectively, the total pressure produced by
the nmoving elenents in the first subset is equal in
magni tude and opposite in direction to the total
pressure produced by the noving elenents in the second
subset. 9 Further in accordance with a preferred
enbodi nent of the present invention, the noving

el enerstsl fhewdr uﬁad'ébhﬂﬁxﬁﬁ Wi\l p?aereedm@mmm&p@&hﬂhvérmon
t he npv enents each define an indivi dua

Pl b ok Hne é"‘fﬁrgé{‘,?ﬁ%‘h Wich fisiueley 2 centigb prep avhich prevents air

NEbiH padsidzesd A8 e ckdaBslBEAE MefeB BEcsBbn E&ﬁae@ bE@¥%erPfhe moving
movi ng el ements, wherein first and 5 second

etlemerit gudihalatch. | at ches are provi ded which are
5 oper atpy@ert i ab@r&icd Reh %Yéf&&d e%lb%gl'?fféhtsoq @k &Ltséh? iv@fion, at

and bottom | atching positions respective

cleast geriohihe moxing sdsimenistiy capfipersd tfepl‘li“tﬁnt heekqgr ofletr drronghatic at
p%@ghggexuét ill further in accordance with a preferred

e i ment of the present invention, the step of

put t i rigilltfheheain @yovﬁnmﬂlm@r@kmmdnnrmooM¢ present mvention

c [ 9 fir ctro-stat
PTRGEAR SOTA AL o L8 R PRk s o
10 V\mbhnglelpmblas amqlthe pads itteespios mdieaiperatdfibiap mdyhﬁﬁer having a cross
har t he

R o G TN
awg@b aro:ss—pbcﬁplp 3shiall eh&lghh@ avcﬁcl tddleiired ARICh W&[dxﬁeﬁt rfnounted
and a i ng a sequence el ect r omagnet rces o
s e e S IS S B E s 0eeS e fnder
eI e e Musther\Wh QE&Irdantd Kith iaPReferddednmbabindent BETHEPRIent invention, at

nsecutlve applications of force of the sane polarity

15v P§t Re RzRpnent magnet AWM to define a changi ng

f r equesHtfuttiRy 8 adcOfdabddCviBRUHEBR&S et HORIERY of Be bREIE BIEntion,
at any tinme t, anplitude of oscillation of all noving

ethe maing algiessb hasianst andusatond aidey ficing éh%ﬁ%ih@éi semr@cﬂmémf the
' éuﬁégﬂebﬂe%n&rldywﬁéréﬂ) biEast eret eﬂlﬁpﬁeﬁ%%@é’ is }Sgsl)ed 3h la{ 1e8% one

t, whereinthe frequency vari es su cl ent
seiche frstandeerobi sidehe set S of all noving el enents

20 whose lﬂ@tpw 1ﬁllac&>9da§1?ezgrgﬁgggef{){é:8 %g:?gﬁ Xl&ﬁtboﬁfl m%rle%aeﬁt 1t:1\9en'ilon the

current frequency ef o
f methok plsy obmmikes bmbthlgeﬁle srayliof asivingl demérss ii@iniotion including

ur.al ance. uenc S i ncr easi ng
}I%Engmlf%pﬂi1 aéf e 8}0 VE&s e%%}e {} %tﬂ atglfas? Wéeqatg?em%p%sl‘t "Wovi ng
el enerftdl, fuﬂ]lifd imixepelaicetwith a @afeeed ertfoditadrit laf 1he pregdnt ifvention,
evel corresponds to the natural resaonanc .
 ERIERE G & e SOHE G PR G es oo BEbiha d Bor, i by tom Jatching
25 plbd%ftﬁh ra@dl veheRQdihdBdp §ffbrinfiRg P&}t inlonat @est B latch®g position
raliity of rows of noving el ements

arra rises a pl
WFREISSS DO BT Subsshar Seamovig Glsmmegts ap .ﬂ@waay into their top

latching positions and a second subset, comprising all remaining elements in the array
into their bottom latching positions, wherein the first and second subsets are selected
such that when the moving elements in the first and second subsets are in their top and
30 bottom latching positions respectively, the total pressure produced by the moving
elements in the first subset is equal in magnitude and opposite in direction to the total

pressure produced by the moving elements in the second subset.




Still further in accordance with a preferred

enbodi nent of the present invention, the at |east one

actuating device conprises a plurality of actuating

devices. 30 Further in accordance with a preferred

enbodi nent of the present invention, the nmagnetic

field control system al so conprises a nmagnetic field

generator generating a magnetic field across at | east

a portion of the array of noving el enents and a

magnet Figthef in@tddrdacd with b Efeféﬂﬂaﬂ MbEOMEAtQIf $hel f€sent invention, the

generator according to the clock, 10, Sti II further in

aBOS g aFlerRenfy PeRr 2 Shasge hpviRg @npietftgrmined grolariy agd dhe ppoving

| RMRRAL Qioh ddffa€ aﬁtxﬁﬂivﬁtxalsxﬁh@zﬁtﬂe%ﬁhdée|f?eﬁﬁéﬂc9 Ghéréby to define a

synchroni zed to the clock. Further in accordance wth

a npjpea} EsenapceelFASBRNICHEREC 6P th Ay efgaeiing eloments, grhereihfirst and
5%&% Q@ar@sta%nra%esam %@@a&f Ol Curs LB Rale RELRK! MY Ghoking

| atc nprises latc 5 speci fic noving
elel@mems sntattheatom mﬁbb@itmalamfmmowoxtsrrésp@i:tsvtehmwbermhamé with a
S [ ye=ans the center of the
?gﬁh{y g?@%%% rﬁ{lee? I'n eaﬁlgé%g ance with a preferred

e nbodu Bilhfurtbér in hesopleerith 4 prefened ambodindnt ohthg pessing invention,

fiel t :

DS lere SREPLE B8RP MBS inBARERIEHEHES sharging e
10 offirdt h&cm-etshmtatchlﬁ ¢anlv entvingrglentdné iwbriddi ot dre ﬁmstrprblsaesvuh a

a_cpoi.] havi.n e one turn Furt

el R ER B BB tm RER e Y e B s e BT PBE e

t Ime eachraguviigl eterfidne Embhgechefaé e¢cond E[[dettS edth atpo[laemya bppme to the

r. saurce lconnect ed to at | east g. conduct
f

SPrOFertiPeh BPIaRR. a0 PERINEE b ERVEHC s gFfiipagielic forces of

enhaditiRNiolAftiet he thY e88NLF infoweiat éleents, 1 Switkeih @RS tim@NiAiterval
fl exure consists of 3 flexure Additionally in

155 bEBieEmR PROE I Y7PRII Gt ianset ge RiBRIAMAOATGF Varlee O d8nthereby
| RY 88Fink QRhargl@ R qhdR¥ !HvSleoﬁﬂh@s QBRE Ah&Eby BSRREst, WA time ¢,
by 120 degrees. tionally, ressi ng _ of el ect rodes
i r@mph@daﬁg apcaliatien of aflj yeving elemfgts |"$h08?: FdiNidpl nglural resonance

f@é{l&bm shmleaa% LigliReed &@Yr@q&ngf 1e P8 PERE k GMlein the frequency
rconnects between sel ect el ectrodes and
s d¢vehtsiies sifligiently sloodetosinplje g 368 of alhmovingrelaments whose watural
a I j

, 2oeg%sl§ﬁ‘££e Jﬁ‘ééé\feg%;pit%hs%ﬂégrﬁl? Itlt?e; &%\‘Aé%d %@z{ugrbeg 1%:(&‘1"@99 dtched BEfore the

c deratinoptexel bacundsisonlad-dimilanto dwirowatiasl cesomanch fraquency as to cease

pr.ef ers e [.0N, .

P g he AR AlAT R boclabi ' B &287F o MR, ariYherein the

i rex@oc of darig@nwof hhea fipnehey riect! e:nhmﬁpnrbnto dfie tnhtaral resonance

PSR, Layent 1 on

25 - Further in accordance with a preferred embodiment of the present invention, the
array comprises a plurality of rows of moving elements wherein consecutive rows are
mutually aligned.

Still further in accordance with a preferred embodiment of the present invention,
the at least one actuating device comprises a plurality of actuating devices.

30 Further in accordance with a preferred embodiment of the present invention, the
magnetic field control system also comprises a magnetic field genera{or generating a
magnetic field across at least a portion of the array of moving elements and a magnetic

field controller which controls the generator according to the clock.
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the flexures include first and second portions having

di fferent cross-sectional wdths. Still further in

accordance with a preferred enbodi nent of the present

invention, the flexures include first and second

portions having different cross-sectiona

t hi cknesses. 30 Regardi ng term nol ogy used herein:

Array: This termis intended to include any set of

novi ng el ements whose axes are preferably disposed in

mut ual 4g; AR il ﬁ:lcox‘aﬁﬂcg Nt 'ﬁ?&eﬁé@en{ﬂoﬂﬁlﬁn%i{tﬁe ?enf invention,

anot her so as define a surface which may be planar

ﬂwét@po'éwlecmelspa@@h@g iBhdwenited t¢ heglgk.eci at ed that the
‘terns g \Y;

her ein lgtgé}uxsna%‘% ebxgiﬂgg’pllreﬁqgg Ie{ﬁgct)cidgbrg of ﬂ[ef}nr&?ﬁqnventxon the

ex@dyphas, a tcnﬁerdandewhtvrcm thé steptafoselecipvelt laeclmrgvccngprxses latchmg
5 g ggglﬁg?ﬁwﬁ%‘ e{il%%e%%?at%em Fﬁ%\{&d bﬁrhthéc' fhrs]t%gc% oqq he, s ecx Ic movmg

ablemgntafrgmaﬂwentedofalxemasuch as a hor| zont al 5 aX| s

Act uat i S ter i S | clu ransducer

a0 s T Ao hie? with G EIE o oot et b BRRGRY Bobcfion,

fﬁﬁlm.gnéﬂ&éhldgéﬁerhtef mnt;fremtﬂ waglogse tehduged, this is

merely of ex le apd it edtor

to al IA‘S%?‘%"&\A@{e‘“ atteer, sWiich ¥ egﬁngﬁvpglmenq ey 8| Pfﬁse“t
10 | pwelgpe aketdduckét odaipHsds Alco hARRIdt leadtitng tdr@r M i s

intended to include any "calum®” of conmponents which,

typi calurihes if aporfancro it A Prsarysd saibgdimentet the repseriginygnen, the

f %gﬁ“ena'ﬁeﬂ%ﬁé}&t@f conBRREs atQéHsMSHé Jovet &Iﬁwe%ohﬁk‘éleu db Aledkt one
I’TDVI n&?e enent, a pair of latches or "latching

t her efor, each |atching el enent including
one orStﬂpﬁﬁhéllﬁ%{)ﬁg&i »@ﬂlda L BRHEALLYRIRERE BY ﬁrgse]% invention,

material separating ng el ement fromt
15 CafjIpast gne ﬂCSMSBWWﬁﬁéEXWat the al ternating

el ect rR&@@&%ﬁ& Gin! Q16 RRPWifida :Jé} #en-gd e%%no gf rfglr)] s n?resent

el enments 1 n accordance w th a e erre
t heerpioes ehg 3 ﬂemmratq soparateq respecyestebut Megxpean

alter tr| nt _or entedto a .
ot O ok e G Bles O LA CoiRE g% achioved
dbySI pravidiag eso qfattémtd Gayensf of hperpmdlldilgn 1?1}(&&63[&:& be'fhé@h select
tI‘IC C rren na ri.se cusrent oW N roug
20 SeEGHbt it ST SR RE R T by aniy Ao A cach
e JLﬁiﬂfﬁfﬁﬂ; whfch @ff¢ctielyallloSliddadige €N ficpidd@tthi@lgh its BRn unique X,

rm"coil" is used throughout the present
S’é’@?ﬁdf”éﬁl on as an exanple however it is appreciated

that th@fiforafly N hibRIAAIOWNithOa |%)t€f ehred f@naoamﬁ\t | MNthe present
which is intended to include apparatus for

apyyesfiong thifleyures areropngifemeinioressagptioni c force e.g. as
25 descr i fg@le@RO¥Rordance with a preferred embodiment of the present invention,

the flexures include first and second portions having different cross-sectional widths.
Still further in accordance with a preferred embodiment of the present invention,

the flexures include first and second portions having different cross-sectional
thicknesses.

30 Regarding terminology used herein:
Array: This term is intended to include any set of moving elements whose axes
are preferably disposed in mutually parallel orientation and flush with one another so as

to define a surface which may be planar or curved.
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When "coil" is used to indicate a conductor, it is
appreci ated that the conductor nmay 25 have any
suitabl e configuration such as a circle or other
closed figure or substantial portion thereof and is
not intended to be Iimted to configurations having
multiple turns. Channels, also ternmed "hol es" or
"tunnel s": These are illustrated as being cylindrica
nmerely by way of exanple, this need not be the case.

El ect r gaiRe, B¥low! 1Eftal F@re&ﬁt@& tiat thateedis "dbeaé" taﬂ@ Sbe@dd/ he the like
t he bottom or top ectro-static 30

| gteciseskherqin a%wpmé%ﬁai* hﬁtr%b%ﬁayefrfémle tfpe dﬂrqcparéo%tfmtwn

| b tllféeinGGinQ @pe%ﬁseisyu aRALeRS @we\tbrttﬂ@tnee@qllat Ibettﬁ@ caftdand
its novi ng e | enent const itute a pal r of OppOSI t el

c Rigrapsiely theangvirpeicmenss myaReeaiongany desied Bvesuch as@ lmr@ontal
seLggent on which an object is nounted, inparting at

I east one degree of freedom of notion to that object,

for exéastpiter; Toiseten iyrbntended fexickide tepiducesy andrather devices for

g{ﬂggeepaéer&&{ by 'fm&rﬁ e IR Ao Bt GOLBH | i ORIRE) by

roma mat er |
povay iob nxaumplmcbh 1anm¢dde¢ tootyjf@cw alimyitable artuptanosuch dgespeakers,

d, ther to inpart at |east one degree of
?nggﬁﬁ#O agg%n to the central portion and objects

10 mount edcttuhmrmqmn Thisseminis ihtatdel ltmgclludq/my "cblamoh bfigpmponents

nechanj s mis,int

SO DelyP B b e T REis® spFiph o pgtuator, cach

elcelomn ttgpidalily @noandfingxze dmpmg ieten@nt, a pIiy if tadhley pr "lhtohihg akechents"
bot t om are FOVI

ottty cach Saching S sl oronB P Bt s A B spacng

a%t@apéapératx@hhmovhag’aemmcﬁloudﬁa one or many | at ch| ng

nechanlsns whi ch may not. correspond,

15to the wbr%bésrapafemar?s\fhﬂghfeﬂ&%% e Bﬂ%@gp%ﬁccﬁéca appiie to the

t @ERY of AbGilg RRinfentsiift aBcdd@inte MthadfrefeR&d E@bodifent of the present
i ndividual noving elenment e.g. including a top |atch

angvealigiomer e |2apeEHed Whias Heltgmptingeclediie) sumint origted fej produce a
Tﬁrﬁxgn RifieRor2MEnt AR {sRE-IPLRES the RsiMR Uk BToSh &Y She moving

e are |ntended to include any noving el enents each
celegrentai nEls tedectricacustentmagr ermpsisy cymek g dhrongha b ovgably

20a%n@1¥t€c§cdn udi&e ﬂpérecoh&c De el@tlnérﬁ rof' d@lgzr @ufa%fercg Qﬁo'n ‘The

force applied ereto ving elenents are.also terned
heermi Teoll'misaised $pamkeutshe ptepink epesificationi asr en axanple bowever it is

gx?é';?%%gq? ﬁmatzté}érggéa r\xéoiefr%ge?itiéx%/ tsog{r{\ié ?%Lulav%ﬁédﬁl\é\gﬂg}fﬂ isqgtgnded to include
rmllmppdratefr fi)f apﬂlymg anleltmlgxxllgleMMagnﬁtuEﬂommg, 8s described above.
m?\g{; lgel? r 18 dlé QJ%% Cé)nglgcltogsé ﬁie ggplre}élea t att the rcl,gncf?l]::tor may
25 have any suitable conﬁguratxon such as a circle or other closed figure or substantial
portion thereof and is not intended to be limited to qonﬁgurationé having multiple turns.
Channels, also termed "holes" or "tunnels": These are illustrated as being

cylindrical merely by way of example, this need not be the case.
Electrode: An electro-static latch. Includes either the bottom or top electro-static
30 latch which latches its corresponding moving element by virtue of its being oppositely
charged such that each latch and its moving element constitute a pair of oppositely

charged electrodes.
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25 BRI EF DESCRI PTI ON OF THE DRAW NGS Preferred

enbodi nents of the present invention are illustrated
inthe following drawings: Fig. 1Ais a sinplified
functional block diagramillustration of actuator 30
apparatus constructed and operative in accordance wth
a preferred enbodi nent of the present invention. Fig.
113 is an isonetric illustration of the array of
noving el enments of Fig. 1A constructed and operative

i N accPeLad Gelewdt bhe Aexdble ERMeRbOWRIOH A BREct &f mbiBfed, imparting

present 13 invention in which each noving el enent
cinlsAstme dserpe gh deederobaicHon o Evhebied frscPxamples prpyey more

exEaRk B 8P shal Ghfds RlibkirNab ehd yprak ﬁﬁ‘ rallQ rf('irﬁleale%nﬂom a

arespectlve axis in resp onse to an alt rnaln
ebiggle ﬁbﬁ?hgﬂf@@ter@l,f%ﬂb@eaﬁﬁlnowntqa whieh apothgyolgéet mgv ongay not

5 Ielbf %ﬂﬁt@d t]'i_’eré'_ﬁ Q§ urx%ag:l eﬁ 15t ieSq %e'gn)lf élfe gx Bpxﬁoﬁ'dnetw the central

ustratiions o es const uct e operative In
apertiprl ancad)j egistnipufiied theggup@r nat i ve enbodi ments of the

pr esent ol YEor MLl SAARR TnAS AL SRk Yokl any

Specl y shown 1n
sﬂm foneselactivaly btkm‘g gne loB nhare andvnngselgamms ﬁrmmaeﬁmdepce;mon

1£a1§n b e’sz%gmgoty T lfltokaggn ba%erg %%e\r/\grg?iﬁ nde W Ih}cggnagf er_ﬁlcbe by side
10 I Ehd need e dende atapptheothiegnandpeash tlatching &ypoinsiule oreOoramany
e trona netic ce applied upward. Fig. 2C i
Sl e gy whih S AREnes i BHEG St g pamber of
MRovidg diBEe! f bé latdhel. TRS Ramdilagh trairt Ae aupwasd 1hDES Gor an
because, t hat i ndividual nagnet is latched into its top
elOPaTHE! PEYne FlsHe P8 IMeBidingsioR dAiHANd| aghottpmdateln grheh may be

diia@ep fde AR AP 8e bitchitd e Biher. 15 novi ng magnet and
functioning as at | atch. Fi 3A - 3C are

0
15 1 especMovige teigmentsy Eg@?e SR fliteyig t‘anﬁd‘il‘i?o%t mpying ielepgnisfeach
Acorsk SN (AT MerddRW BaLiC LA 2R %anm %srcasgset ® an

travel alternately back and forth along respective
aRltesnating relesromagnetio faree apnlisd nthereteg I\@Ivelgt ¢lcmtgm atej gso termed

fﬁér@ﬁ AR %gakte&"t x 18! “‘ﬁcr@tactg%&lﬁﬂg"n%wyz r@&vﬁluaﬂy or

coi I wrapped aroun e’ array
excpilegd@b')\an@\)\plsﬁmﬁn act uat or deV| ce including an array

of nov{ N84 each const.rained to travel
2 al ter n%él‘g?r nE d THOrT At olﬂfyrs aelfl%l%%e%tf 1§m§r>’<t ¥ elﬁmems
r asplanzelly onaamtalaingethe atespregtied gotitiannghetic elettardee and moving
aglglled to the array of noving elenents by a coil,
gtFatch formed as a | ayer, operative to

selectively latch at | east one subset

25 BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention are illustrated in the following
drawings:
Fig. 1A is a simplified functional block diagram illustration of actuator
30 apparatus constructed and operative in accordance with a preferred embodiment of the
present invention.
Fig. 1B is an isometric illustration of the array of moving elements of Fig. 1A

constructed and operative in accordance with a preferred embodiment of the present
13




of the noving elenents in at |east one |atching
position thereby to prevent the 25 individual noving
el ements fromresponding to the el ectromagnetic force.
Fig. 4Bis a sinplified flowhart illustration of a
preferred actuation nmethod operative in accordance
wth a preferred enbodi nent of the present invention.
Fig. 5is an isonmetric static view of the actuator
device of Fig. 4A constructed and operative in

aGHRAKLANE th%teﬁc}ﬁn&ﬁ QEh&E c ARG dBAgnePindldAth Rc6%BBined to
invention in ich the array of noving elenents. is

f HRYRLdSXsEPtt whfﬁl %aéﬁhpd Atgprtelypback g OB flonged fgppective axis in

ce&%&alteegl Querhaﬁhgga@hbm dgreﬁmcé | @pltdes, A4 w@r RSbving
Fig. 6A is an exploded view of a portion of "th

a@leeﬁt“é{ device of Fig. 5. 14 Figs. 6B and 6C are a

sPers peﬁi@s VIR Vi@ lsirﬁbﬁﬁ%@&dpoﬂe@nﬁlsﬁ@mﬁ&( Q)If @aﬁl&l@s ¥6xfsWucted and

respectively, of an assenbly movi ng el ements and

agsmfn\@t inckcbordange osth fivg eltﬂ@@tlaﬂ gmbegiments of|therpresent invention
i

pr Jgrcgg%%rﬁ qger&ﬂ%%t eelaéhﬂ S%?gggel t ?‘ﬁ{’,g&%‘? 01%3 whi ch

r educekigl 2akaye tief aray of Figr tB.:g)ra firsiebdtiopxentreme pbsitingrespdisive

'S SBTRASREL PApie Rl fie apparatus of Figs. 68

Vi ng "Yements in top extrene,

10bot t onFigx2B emsvsaimdartagtod Fi@ (HB at e sqeosd, ttopoexsreme position responsive

respectivel F gendfor Fig. 6D. Fig. 7A

i go%eg?cé’?fnéz'ﬁgfkog%apgéﬁs illustration of the

novi ngFel mpshmllaycehg(ﬂB ex'b@pt fhay dne & the ﬁﬂlwdﬁalgnoﬁ& t'thn%ts is
cross-setlon vi ew.of the vi.ng el ement

Fin@gr_espgn ingto tﬁ%}{%\wx(g/ 06?§gbef%l§g%atﬁ{n§yﬁigﬁ 1%tch?cbmto its top
7 Axtrdvhed positien By @ @ﬁéﬁ:{éﬁd&hg \eRciticediatle ditiRsdiDMoRE the individual
el enent | ayer 7B wherein an individual

gs.
15 ndAVHRE "esafend g’r“ﬁt“gﬁ‘éﬁ/ﬁa ARl upward toward its top

25

30

ext r emgrigs1 3APOSIC bx@ﬁeﬁié&h/ettbﬁt crbdsSseétl BNULRSIsENEBO Tiews of a
upwar d out of t he glane of t hin foil. Fig. 7D is

pakeysdariay ef (oEiRe § n&ﬂﬁ%@whr@n@ra@wé e tpye) aleraziply hﬁchar@oforth
a@ﬁ)ng%‘?@s‘b@&i‘vé’ &xib I r@{p@ﬁkd@%ﬁt&:‘?ﬂabﬁg a@ctﬂJrﬁa%Btﬁﬂtfb%ﬁ applied to the

enbodi nent of the esent 1 nvention in

diagay eﬁafp\é@g @mmﬂcqnlargmmed arphing the asasbodi nent  of
F
I gS. g %%%:ﬁ[&p]frggcp Ll@&i%gmg}‘ctﬁdt&q{&??% dHl raHchﬁgf E{ Wovmg

rragnets IS a side view ion O
f leExagn®s ewémonaram@d tg eantel alternpealy bark aodl fcath akmgdal respdctade axis in

n?é’s'gg e nc% tergla{nggr élpc?roﬁangn ?ur: g‘%?en C & n 61 arrai/ F ﬁ)%vmg Alements

| &y alved, eatdd lath, fdrmed as 4 layer, operative to selectlvely latch at least one subset

of the moving elements in at least one latching position thereby to prevent the
individual moving elements from responding to the electromagnetic force.

| Fig. 4B is a simplified flowchart illustration of a preferred actuation method

operative in accordance with a preferred embodiment of the present invention. ‘

Fig. 5 is an isometric static view of the actuator device of Fig. 4A constructed

and operative in accordance with a preferred embodiment of the present invention in

which the array of moving elements is formed of thin foil, each moving element being

constrained by integrally formed flexures surrounding it.

Fig. 6A is an exploded view of a portion of the actuator device of Fig. 5.
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i nduced el ectromagnetic force for a particul ar exanpl e
in which the noving elenents are arranged in groups
that can each, selectively, be actuated collectively,
wherein each 25 latch in the latching |ayer is

associ ated with a permanent magnet, and wherein the
poles of all of the permanent magnets in the |atching

| ayer are all identically disposed. Fig. 8Bis a
flowmchart illustrating a preferred nethod whereby a

| at chi I ' ' ' .

o1 gnal "iscnand 86 &6 CRkeRieGE SR b BEGE AR oh Wfoded view,
acespeaively) of, ani assegrbdyu p&moﬁﬁg E]egxents @nd sssaciabdrﬁbmrése ¢htches and
functi naI agram.il| ustration of, a

s GEH™ ¢ %m?‘}%sec"é‘?té%&ejeé‘sagcr‘ R f—“’°°f B Wk F SR et
| fof the preset invegicawdsdharetinaek legkagn y>f aif thidvgh thledlek@eor

Sdescr i B CRar &iCHo 8UPR) WasP] e APRFRGY Pl T8 0 oichaiine

I lthrees foRingOdlerfdntsA inp (opf &tted, BBt Exfr@hie andidtérdledliddeNgbsitions
t he ap| glratus of Figs. 1 - 8C. Fig. 8Eis a sinplified

i £6 ¥ view illustration of an assenbl ed speaker

syst enpigoggtsraqﬁeg@foap% eperative in accordance with a
preferred_enbodi ment of the 5 present invention. Fig.

8F i s Higs7 Ayt prtade prtiahiopaiew illuptasiop 8f thsrim@yingyelement layer of

loplpggsejr.gd met hod of operation for generating a sound
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usi ng apparatus constructed and operative in
accor ddig & Buistahcrass-seetioptonione of thsf meviag pemertrieyer of Figs. 5 - 6

%HE]IO the -8 -ax2Ahdven ﬂ ‘ggh sunmari zing certain,
a%khoug {?g\. caaf(gy dnotl a of the forces 10 br ought

to beaFlgoﬁCnls\m Pryspettenmentys of theagowing aalamendayer of Figs. 5 — 7B

SE&LI%EI{ ﬁ)dmg' UPJB% ng%mrﬁ e(?s{metnp & shlgﬁ? §r1%%1§ tup&grgtt#\%}d 1t§ ko% extreme

I's a sinp or 1 al ustr on o
nmpgsigern wuch ihet ith fipxants exnénd updici aug of thaylane cfohsthin foil ed
Live i n_acc rdance th a

and op referred
erbodt Db ¢ PSR R of\ sk ReFigh SepstnlTfer cgpstrucigg, and
if lobehfsﬂi\Feaj‘neaot:JSIﬁafﬁia(_Zwi&iéj arC alftdr@ttlﬁe %ﬁdﬂl?ﬁ&ht b the girésent mventmn in
unc conductive | ayer, o 98 Fig
| S Picr b SRS Bt e st 4F Figho 3r- C are
I adpldted By Hify SHapedpnhatthemidiets! at chi ng nmoving el errent s
part itioned. into several groups characterized in

0any nubiBerE &2 R VIRY tstiaon o theallopes-Tsetiaingd ceptsy Pomon ‘ot an

C iRl MRk Mg ARimeAtih AR Sb8latdly ypoups from anong
the partitioned groups, each latch in the latchin

| ayer Bigi & is asgefeql siagenmiliugtraging soptel o thevatshes a and of the coil-
WRRIB et MR RS foike rla PIidE RERHRRE WhicHRAEbVing elements

are arranged in groups that can each, selectively, be actuated collectively, wherein each
latch in the latching layer is associated with a permanent magnet, and wherein the poles
of all of the permanent magnets in the latching layer are all identically disposed.

Fig. 8B is a flowchart illustrating a preferred method whereby a latching
controller may process an incoming input signal and control moving elements’ latches
accordingly, in groups.

Fig. 8C is a simplified functional block diagram illustration of a processor, such
as the processor 802 of Fig. 8A, which is useful in controlling substantially any of the

actuator devices with electrostatic latch mechanisms shown and described herein.
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in the latching |layer are all identically disposed.

Fig. 108 is a sinplified electronic diagramof an
alternative enbodi nent of the Ilatch layer of Figs. |

- 1OA in which each latch is individually controlled

by the 25 latching controller 50 of Fig. 8C. It is
appreci ated that the | atches are shown to be annul ar
however alternatively may have any other suitable
configuration as described herein. The layer of Fig.

| OB copprigpess @ @mblfidl yQEdaiCalus@idnhelr bzgBtebd WhétRR for
defining junctions. A gate such as a field-effect

t iatipdiziog dhe qpparatynefdigst {—8Fovi ded at each junction. To
open aggi BAi Y iadyablifal BorhBE SRY HQskRRNIG 4 8ssembled speaker
correspondi ng |latch, voltage is 30 provided al ong t%e

c Bystens pstrigiesl gudr ericrative imerchdppceonitiap napfpreesl enphogimeny af the
| Srede meexﬁ%n.di agram showi ng a preferred control schene
used nby the latch controller in uni-directional
speakeFigaPplsiacamplified fatvehast usiratipmplia prsfegied Imethod of operation
renr r [ ; .

o ARy Aol Bl P O Qs oS o v A e it an
wembodmputef thepedent yetioment of the present invention

are CﬁEt §R {}al,]ae grﬁlg}{e 1 \1r/] Oi:zlxéx lcgﬁtaig’ oaltgg\%gthgi[pqpa?lﬁiengts %léggglr@ q’orces

pattern®in | in’fron

i $rogpletad deartohamoving anivats iareasianeawith h atefdired rmbbdiment of the
| at chi ng |.ayer being associated with a pernmnent

mREAeY ! 5’?{H’¥‘t he poles of all of the pernmanent magnets

in 5 thg IBisehhimglifledpitorial #iliaranbh yf ahbgmetic field gradient inducing

substanti al | | being simlarly .or identicallly.

S o aroges e ath gps TRy dn Sefharher if RGP GRbclimegh of the
exyaRdlk &wvaditioay of nmoving elenents to which the timng

di agr am of _Fi %’@ 11 A pertains, Fi

] Fig. 11Cis a.timng
di agr afeshtwi g Hlugrast diereepneim fielg) ar ?{’éh@u&‘é‘}é‘d{‘?ﬁi}“’f‘ﬁ’é the
t QoddAL@NR 15RPbF @I, i n omi -directional speaker
applications wherein an input signal . representin

a
desi r eligs d0fdisi & simphifipd, &ap, capiserBah llustratipanelsa 1atghing layer

CoRgbleubl @a@ch@r{gdmom%e ERhME phrBti SRR QARG aWrbips Rharacterized in
preferred enbodi nent of the géesent i nvention are

c it pwl nuseber elSipovisg dengnts may beagtentesbhysgolectively @efdating selected
0 . . t he.. . ‘. .

" P ol i e PRIH TRl LAt i 1 TSR KGEr being
s associated iwity) atfeenapaakagnet, Wherbindse pd@&/nfal df 2 Beamapent magnets
respecti.vely sinpli.fi vi ew and cross-secti onal

i %e 'fa[t h|m %Feé 16, hsléegg Qatn& gps OS\?ls‘ng el emrent |ayer in

accor dBipc e0BMstasimplifedtekenatic diegraniafcih akerhativie embbdiglant of the

half. of th er manent .magnets are pl.aced.north pole
"5 S RS TR TSV G P iS008 LoBRYRa by o
Siaind t&@grollepsv beRigi BCURLiE @bpr@tiated thdt akie lathbd @re sho®to be
except that half of . ) )
annular however alternatively may have any other suitable configuration as described
herein. The layer of Fig. 10B comprises a grid of vertical and horizontal wires defining
junctions. A gate such as a field-effect transistor is typically provided at each junction.
To open an individual gate thereby to charge the corresponding latch, voltage is
provided along the corresponding vertical and horizontal wires.
Fig. 11A is a timing diagram showing a preferred control scheme used by the

latch controller in uni-directional speaker applications wherein an input signal

representing a desired sound is received, and moving elements constructed and
16




1%,

20 the permanent magnets in the |atching |ayer are

di sposed north pole upward and the remaining half of

t he permanent magnets in the latching |ayer are

di sposed north pole downward. Fig. 14 is a contro

diagramillustrating control of the |latches and of the

coil - induced el ectromagnetic force for a particul ar

exanple in which the noving elenments 25 are arranged

in groups that can each, selectively, be actuated

c Qbérﬁ%' Ml NordRicB Wit a (fRefirdl erffodiiGH Q)tf th@ ?&esgﬂl ihvéition are
permanent magnets in the latching | are

d p@rﬁ@a@aremmﬁely polaetogbigdt dsaindipatise rip rvﬁmqhu thegvdharhe indfont of

t
dl K oS %‘reﬁt % glo bified ?J, %%gp 'leIfch " rﬁgﬁglaﬁﬁ nl(f]lyer being
d a&gw&nd s/itb\m mgnfalemredgct; etmﬂ th@ Ipblle-'D bf st bbtire pammderbynaghas in
3Q.| t al al
0! BRI R B 7 b b BRI o gy

oflispasgd. 11 A except that half of the permanent rragnets

t he..| a pose orth
ot £ P s AR s et B Rl il RS Hh6s to
|mhlmbglmxagerag@mf@lgsmnsg&tmrth pol e downwar d. 17

Fi g. B asche ic illustration of an exa
ar ?ay ?Snagt"@l W?Péwaén Shpwigghp @W??rf?é OpEp ﬁgh%wadmw the

10 Ofatdhi Gontrbié RETohi-BFectibha. spddker iaBpla@sRPWhEBRAD gréput signal

chan es in t(g egun‘oer of mpving el ements di spose
t 5" SHB Ot IR pEesitedoded grovang Floments somiicted and

aBﬁér@eﬁre anf4¢B&HARE with Er}ﬁefeéedf ERBHEEREN cSIf thE r}ﬁesbxﬂplﬂ‘i/entmn are
signal received by the | atchi ng contr ol of 8C.
P

I g.
FPefitrolegrepnongixely c0 @s tospbiaii # pryne PatteEht mlvskyérrthv\mleme irsfront of
aﬁw%béaﬁ&r@&hﬂ'ﬁr &%et%ﬁmerm\au% e@%m&&odnﬂ%g&?é{p)@m% Y-

Figs. 1A and Cin whic | ayer

15a thinf lgfbllPA@né h2B h@trespmtheltmwm@eé t@rmm amyloerpssiss@ional view

25
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Icgﬂltst? OPPQir thé ﬁ{& g@leﬁﬁiﬁtr 1?%211 %&o&dﬁ&%t\%&xﬂﬁ alt%{%a rr\éege[mb]ogmmnt

anot [tern novi n
| &y whick halfrof ithe Fermanent mAgrutsobréZAlaeedZ@rthnpom lpkard ash @alf north

0 I material e.g. rubber capable of enabling
n%?lggﬁ%gl‘mrg there are rigid discs under the nmagnet.

t he neljpel3 imh gindplified toh@iemi 1guﬂra€idne§mi‘lﬁr to P, 10A exdegithat half of

tberllden Cis an isonetric view of
%Péf’*éw g*dﬁgﬁ%gt%rn& & r?ﬁ%?‘ﬁ@"s‘éi? Bffehpale upyardapd the
swmawzng:lhangoﬁ the ernfer @Righéte th tho 1dtéiGSs layéd are dispsRed Aéith pole

which flexures vary in thickness. Fig. 16D is an

| OHYHFc illustration of a cost effective alternative
t o theFig. 14 is a control diagram illustrating control of the latches and of the coil-

induced electromagnetic force for a particular example in which the moving elements
are arranged in groups that can each, selectively, be actuated éollectively, similar to Fig.
8A except that half of the permanent magnets in the latching layer are disposed north
pole upward and the remaining half of the permanent magnets in the latching layer are
disposed north pole downward.

Fig. 15A is a timing diagram showing a preferred control scheme used by the
latch controller in uni-directional speaker applications, which is similar to the timing
diagram of Fig. 11A except that half of the permanent magnets in the latching layer are
disposed north pole upward and the remaining half of the permanent magnets in the

latching layer are disposed north pole downward.
17




apparatus of Fig. 16C in which flexures vary in wdth.
Fig. 17 is a top cross-sectional view illustration of
an array of actuator elenments 20 simlar to the array
of Fig. 3A except that whereas in Fig. 3A, consecutive
rows of individual noving elenments or |atches are
respectively skewed so as to increase the nunber of
actuator elenents that can be packed into a given
area, the rows in Fig. 17 are unskewed and typically

conpri Big. BB RGI RAGHMtB AR of h @xardple hifay26F BNRADEGHents to
view of an alternative enbodi nent of an array of 5

C \ 2
aé"thtfétﬂéfrt“é‘lnéﬁﬁﬁ’tag‘_ 9f Figh? 2 Rt cr oss- section of each
act uat o, ESEMBIH giabh SAARE CHAIRET hAURUIN moFin- cidSents
0

is an isonetric array actuators supported wthin a

sdpposed irf top aad bastom eXHrme pesitions e diferaptdimestand ps ¢ Singtinn of the
5S lﬁ'&&fnc} m}x@ﬁbﬁt\éfﬁnﬁrr@&ﬁ/e@ﬁ Il @aték{g% bhAbR: oREiL S OF

arrays. 30 18 DETAILED DESCR PTI ON OF PREFERRED

EVBODI MENT&A TiHustrates inmezing felasiegt dyer Mdidhnigeant plismatize to the

t ﬁ)tvingfeleﬂxeﬂ{ lg%fér §+0v$r{ iﬂ@‘?é;.uﬁﬁ?&)d%/’[ ayc (?x( whfaﬂ the l%tef Q.l?@rmed from

el ectromechani cal mcro actuators constructed using

f althindeil fush thedteaghi moingaeleinen coraprimas & gerdral portiow eufcwirionnding

cg&tﬁogsevi ces for a wide variety of applications, such

udi o speakers, bionedical dispensing applications,

10medi caFigah@B isrstill shothetl altemarsierig theysoeng ¢lemagtlayeakhown in Figs.

sui,t chi-ng, 5hi.ght . reflecti f.or displa st ens, ,an .
o SR 26 i R A o B e Y <R G B enabtig
b emveibn 1. ftiieerade eigiiatisch nadeethe acpnatthomagied might bértke rigid element
displ acene of., greater volunes of fluid e.g. air or
Iib&{}fﬁ“éiép‘g{ttble%‘dt%o? e transducer size. 10 A preferred
enbod idmgn 16®fs ah R mPLrR SR oﬂalpiﬁ'élliédmmlﬁ)eﬁike&t ﬁﬂlﬁ@mQMhQaelgents
transducer, structure, a digi ntro| .nme smand .
15y 24 SHEURdie TleiTF, Ptcé‘%iHHﬁ‘J eLRrofit %5@% i e dlees vary in

aigidhess t h a nunber, N, of micro actuators. The array
IS typipallﬁ .constructed out, of a structure of .
typi caFigy 16Rr Beaprisomsily lkusteation i & Kostneffsstiyeaplipmative to the
e e nESYESe. Wee lidwWhRARELS& vafy id widbr ane | ayer
fabricated out of a material "of t5 particular
| ow f aFigglibisgrieperpssseetianplatievh dlustrasioh o |anprrae efaciuatps eleppents
on; ' etk aLt.l r - ak gaed i

20 B B bl SR OB RRUR s of
" sediyidedl inmying Kethendhapbéches are asspedivelyakewep oo v tmicrshse the

A ! Y % ¢
( RV BREP L LR HaED, b dele B inpo 4 BEEP 8 o RUE TR Rl 17
eachunskewed gnd gpchilpeongirist hecegdiaraney.i s confi ned

Wi thi nFl%. clgairsrba%r ex(pﬂ)%te&l %secv)vr 0 Qz? g\ eerlng’t}vengr}xgord%llela of an array of

25 actuator elements in which the cross-section of each actuator element is square rather
than round.
Fig. 19 is an isometric array of actuators supported within a support frame
providing an active area which is the sum of the active areas of the individual actuator
arrays.
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20 forned typically by sandw ching the nenbrane | ayer
between two mirror inmge support structures

constructed out of dielectric, Silicon, Polyner or any
other like insulating substrate, are typically
fabricated with N precisely sized through hol es equa

in nunber to the N serpentine etchings of the nenbrane
and typically precisely positioned in a pattern which
preci sely aligns each through hole with each

ser penbeMR13D BESORIIION SHEREERREEMBOIaiTSS f i Xed

to the outer surfaces of both the top and bottom

| ayers of the support structure are, typically,
conducthe/RcHAvGl HA8QE 1 idhERCS that SHE BighS ERMALGIAME of long-
rings or discs ("addressable electrodes”), which serve

t Gtreset flestromaghgnicd gnigrocatiptars constraetechysing faboigalepsmiterdals and
e . . . . | .
S Rap A Y PRRCLIRL ER WkicH (AR ML ey GSpRSHAL fuch asaudi
acpkata iienedicah dispqusiog epplizdtiesboedicatand ifusttiblesepsing eystems,

IZR&-?% é?ﬂ]cé\k\%z Iﬁglg r%ﬁ%ﬁ?h ggrd%i%ktxyg ﬂ'rsgne? &%ﬁﬁyfo?lggagaica{i% that

Ofgquirésfor chR Aerivie3bentft, frdib AgngdBtfavel fctualidn ad@or the displjcenhedt of
i S_a _conceptual . overvi ew o smpl | section.of the
it SONGRR ot B RE Y ot B s B P B g

10el eI’TEnAS)mfﬁwf enitRgivgdnt 6f the @adent Ei\@nti&&eddmb' GhrvidenEtransducer
novenent .the sa ving el enents_under an opposite
TSRt Algficont] megtanishE e, ¢ a TR B LD o reate
Mgpdhsd@oee | @ARN twith B dRImiRr, "RYREL hierd ialugtoMhiThe 4R B typically
el ectrode is Ehar ged. Fi g[s., 3A - 3C are respective, )
t GPPSUEGiess Quis gk Bighure 9f tRirally clbiseyRImYy olfierd fWhighe in certain

Pepb&dimests AROEIHRHse A ot RBmMBIaBS §br FMYiBRALd 88 of h Gnatddl of
is an expl oded view of a device constructed and

15 o patigilen o wriatigiecoperapRsethat hashiyBicg e beshr larerechbe dothesides with
?F)aﬁiﬂﬁ?:g}?(ﬁﬁeﬂfgné@\&ﬁgﬁéﬁl@ lrboatﬁigg:ang’ ckhe® viIBL @nliSler N, of unique

lustration of a snmall section of the device = _
c Gyeanentinst ldg” ahabep peraate ¢ablerpodinos ol thegrenplirarte kidirectional linear

pk%éé%ﬁ{ Sfjmw?n‘?%’? g@ki: %&ngf ThdBidRESRAM Hix}egy %9&5; QP cadhl Boving
6 I'S an expl ode VI ew o the sane snm sectl! on.
Fisggtioy Af iths mepbretois @infinéd withinat tlmmbef (@twer phatnelsk naturally

a i | enent s . .subassenb canstr,ucted and . .
20 USRI BTGB TR R E AR GRS Tmiorgproee
t b@ppprt estecttires reossutuced . ouFiofj .dieldtrics Sdlicon| Pulyineabt iRy \oitewlike

f ' I t., t t d .operative i
o ettt R b e isaled 00N Missise e ed e caual
| fvathbanio ihe NSseffehfinetchihgs oBAhd Shetbling Cdad diypigslBMpREisely

a speaker system constructed. and gperatjve in .
aBeVTYah e MR éiv‘i‘b‘i“e‘?‘%‘i‘?"@dg‘é%%m g ol et pach gprpentine

25| B¢BIAL 0B Mhe leibradB Fsrthdr bifRed t6lR06 @8R QlrfatRCoSRAAKR' top and
sxst em constructed and operative in accordance with a
p

R RUErS OF HSoRHPRER: SIRUrE 138, (SYécaling CanAYRSIE ioyprharging, surfaces
9 Buchl ak USAduBERSrifys B BFsEY (“SdirdsSivRd 4180R0E), which serve to attract and

hold each actuator as it reaches its end of stroke typically by applying electrostatic
charge.

30 A device constructed and operative in accordance with a preferred embodiment
of the present invention is now described with reference to Figs. 1B, 2A - 2C, 3A - 3C,

4A,5,6A,7A-7B,8A -8B, 9, 10A, 11A, 124, 13, 14, 15A, 16A-C, 17 -19.
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between the different forces applied to the noving

el ements. 20 Fig. 10A is a grouping view of the

el ectrodes constructed and operative in accordance

with a preferred enbodi nent of the present invention.

Fig. I I Ais atimng and control chart constructed

and operative in accordance with a preferred

enbodi mrent of the present invention. Fig. 12A

illustrates magnetic properties of noving el enents

for anrigl 1Brinat doveepadl besHtnafehedl BRAbn oF it debie. Fig. 2A

illustrates grouping of electrodes in 25fan . ]

aERIFH HiE Ay CRERt 08 STy g fsREN iRt er mgegeticiipld. £igy 2B depicts the

SipftRérhdrt OF R Sbde MoRek 3¥heAhts tub@er asap(g_@mfe SYSle8NeR. &}, 2C

alternative addressing enbodi nent. Fig. 15A is_a i

t MeRiFy tmaovement ref] the Hagvingr lpmeHs andesryapdepetic field while one
s €RROFIIIENEhardeki OFigd BA L 5CArSIBektivias), | R8s Rbctibhfl AHPYéSSctive

el'enents subassenbl’y constructed and operative in

avews aboneorelbred enbodiafeat ofdlp presepfduventon: of the present

| nvent gy fi g | BevPofSRblce SN s Redlifd if6RE

30-errbolg'| rregstaggf(ait@%g \?r%‘\;/l? ng eicgrrgfr%t s subas gn%{{/l?a .dance

usiithg paeffiraidngiodinrubef thaprescobmsentignidg 5 iandepet dustagon of

[ ' r .

R GEARESBDGE i Rl il BERREY HSBlorilnct Wi » prefered
101 leinbedimetterfdie preseay ingéntiohelfreniss is m expholed weentf the same small
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embodiment of the present invention. Fig. 16B is a small section of a different

30 embodiment of the moving elements subassembly, using a flexible substrate constructed
and operative in accordance with a preferred embodiment of the present invention.

Whereas Figs. 3A — 3C above illustrate an array of elements in a honeycomb

construction constructed and operative in accordance with a preferred embodiment of
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el ectrostatic charge is applied to particul ar
addressabl e el ectrode groups, it will typically cause
all actuators in that group to lock at the end of the
stroke, either on top or bottom of the support
structure in accordance with the application
requi renent. Collectively the 20 di spl acenent provided
by the transducer is achieved fromthe sumtotal of
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251 Rleméhis Glhy 98 chnstubB@ by l@{chx %Qrﬁx'i(fu@lsﬁap@s G4 Parfifular material, or by
m cro- speakers. I n one erred enbodi nent of the

c wping tyeted yrstallicofsks: thet hﬂvﬁ besintcogied tifB 4 firxdis W@teélﬁlg‘?ftbdl using
S 'ﬁ@@ HoatiipNchdilo ? eRmeflls &fi@ me?rﬁ)?ﬂé QhSxurd) hdiGiaR IE’IQ% mc%‘l‘fa@ SHicon,

he nost “significant bit controls abou
t Weryllium Copper, Copper Tungsten alloys Copper Titanium alloys, stainless steel or

any other low fatigue material. The addressable electrodes of the support structure may
30 be grouped in any pattern as to attain addressing as appropriate for the transducer
application. The addressable electrodes may be affixed such that contact is created with
the membrane actuator or in such a manner that there is no physical contact with the

membrane. The substrate material may be of any insulating material such as FR4,
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15 m cro-speakers and the |east significant bit (LSB)
controls at least a single mcro- speaker. Wen the
signal for a particular bit is high, all of the

speakers in the group assigned to the bit are

typically activated for that sanple interval. The

nunber of speakers in the array and the pul se

frequency deternmine the resolution of the resulting
sound-wave. In a typical enbodinment, the pul se
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1Gnaxinpdé€ Bysiaed ianFé walesilBbéng wsetd protwstiomdqiddey sounds. The

generated sound |levels are too soft for | oudspeaker .
At asariycal e ey gigaless ogs the

and uniformity between individual speakers. The total number of non-linear

nearity of the acoustic wave equation

30 components in the generated sound wave is typically inversely related to the number of
micro-speakers in the device.

In a preferred embodiment a digital transducer array is employed to implement

true, direct digital sound reconstruction. The produced sound's dynamic range is
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requires a driving voltage of 40V. Such voltage

requi res conpl ex and expensive swtching electronics.
Preferred enbodi nents of the device described herein
overcone 15 some or all of these limtations and
generate nuch | ouder sound |evels while elimnating

the need for high swtching voltages. It is believed
that the shape of each transducer has no significant
effect on the acoustic performance of the speaker.
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25 transducer array surface. Moderate conduction is sufficient. A coil surrounds the entire

20

transducer array or is placed next to each element and generates the actuation force.
Applying alternating current or alternating current pulses to the coil creates an
alternating magnetic field gradient that forces all the moving elements to move up and
down at the same frequency as the alternating current. To control each moving element,

30 two electrodes may be employed, one above and one below the moving elements.
The current applied to the coil typically drives the moving elements into close
proximity with the top and bottom electrode in turn. A small electrostatic charge is

applied to the moving elements. Applying an opposite charge to one of the electrodes
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- Moving elenments 403 - Bottom spacers - Bottom

el ectrode | ayer (together shown as |ayer 404) 15 In
accordance with certain enbodi nents, the array is
surrounded by a large coil 401. The dianmeter of this
coil is typically much larger than that of traditiona
.coils used in prior art nmagnetic actuators. The coi
can be manufactured using conventional production
nmet hods. In certain enbodi ments the noving elenent is
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out f r dmcetiain eidioflimenyst Ge rmeving [elementy iscdeiof a conductive and
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exure area
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t he device A
magnetic powder. In some embodiments, screen printing can be performed using a resin
mask created through a photo-lithographic process. This layer is typically removed after
curing the resin/magnetic powder matrix. In certain embodiments the epoxy or resin is
cured while the device is subjected to a strong magnetic field, orienting the powder
30 particles in the resin matrix to the desired direction. The geometry of the moving
elements can vary. In yet other embodiments, part of the moving elements may be
coated with the magnet and cured with a magnétic field oriented in one direction while

the rest are coated later and cured in an opposite magnetic field causmg the elements to
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to accordance with certain enbodi nents of the

i nvention, serves to provide a conception overview of
the conplete transducer array structure. In the
illustrated enbodi nent the noving elenents are

pi stons 101 which are typically magneti zed so that one
pole 102 is on the top and the other 103 at the
bott om of each piston. A magnetic field generator

(not shown) that typically influences the entire
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movement to travel according to the alternating direction of the field. This causes the

pistons to move typically up and down.
30 In Fig. 2A the magnetic field 201 direction is downwards. The magnetic field

creates a force, driving the pistons 101 of the entire array downwards.
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a

to attraction while the rest of the pistons are free
to nove, and nove to the bottomdue to the influence
of the magnetic field 203. In this particular

enbodi nent the charge applied to the electrode is
positive. Alternatively, a negative charge may be
applied to the electrodes, which wll induct a
negati ve charge to accunulate in the near-side of the
adj acent piston. 15 Figs. 3A - 3C show top,
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typl cally having an electrode ring affixed at the top
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30

preferred embodiment for the coil is described herein with reference to Figs. 9B — 9D.
(b) In certain embodiments a top layer construction 402 may comprise a spacer
layer and electrode layer. In a certain embodiment this layer may comprise a printed
circuit board (herein after “PCB”) layer with an array of accurately spaced cavities each
typically having an electrode ring affixed at the top of each cavity.
(c) The moving elements (“pistons™) 403 in the current embodiment may be

comprised of a thin foil of conductive magnetized material cut or etched with many
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det ai |l ed di nensi onal view of the transducer array
according to the illustrated 10 enbodi nent shows the
foll owi ng structure: the noving elenents ("pistons"),
typically made froma thin foil 501 that has been cut
or etched into precise plate and serpentine shapes
havi ng a nagneti zed | ayer on the top 502 and bottom
503, is accurately positioned so the center of each
pl ate shape is precisely aligned with the center of
e .
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W‘oBtbﬂ (91 e ect)f 506 %&3 'ESHQHé ﬁg&{nﬁ Ig§7 ?% ?I &gﬁ%\%ygt %g}éﬁ%\% ﬁgatchmg
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DPBRE ol Gefle OGS Ity e RELRE NN 0GRREI 2h tatches and
mheldsreath mesing adleredht l{§pisthe’) fas ek neas thd ehdof &bkﬂ:pﬁﬁokZOﬁxereby
e been et ched . ou f _the materia t
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?/t}@Waﬂﬁbf&hﬁmhhﬁth& Elﬁtfo@ﬂagc Ehgﬁg&@kﬂg)ﬂdﬁ&&%&m ar a|0| gneg
ayers_o nets, a e 7.to both the top 704 an

the botfofh 753*9W6Pn eFlodefl yiepp i he sameynall sertias as|shgygs in Fig. S.

Asndfeveadd HRE BadhisV/énbodichdht ﬁleetﬂtﬂofgﬂmﬂéh ha bedY @fch&@f with precise
magnets may be affi xed onIeX to one side of the thin

f gfrpentipg ghapesstoj Geaiga movingteleaany 6 Pisey) with shesienigr ef each shape
25 ChERBO With B ARIE@Rd 15RP¥ B t58nd &)%W nfef3SHQ @1&5 gd in the

nmovement of certain enbodi nents wheré e magneti ze
c E3Mlitégs of prrorgmage & theylop 682 ﬁ?fb‘?ﬁtﬁoﬁé@rfhﬁﬁ%ctmﬁs free to

ext endr;y PYR bW skfpefifile B b8 G vRAR LRI s 88bly constructed

and operative in accordance with a preferred embodiment of the present invention. A
top static view of the thin foil shows the moving element in this embodiment is typically
30 constructed by etching a precise round serpentine shape that allows the center of the
shape 701 freedom of movement restrained by the flexures of the shapes 703 which
have been etched out of the material, thereby to form interspersing cavities 702. A cross

sectional view reveals that the foil typically has polar aligned layers of magnets, affixed
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by the serpentine etched flexures 707. Not shown in
the illustration is the opposite (downward) novenent
of the serpentine shape as it travels in the opposite
direction, and by doing so the flexures extend
downward. 10 In certain enbodi nents the top of each
shape center 708 and the bottom of each |ayer 709 are
af fi xed magneti zed | ayers that have been aligned in
the sane magnetic polarity. Fig. 8A shows a bl ock
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recelve a control signal fromthe processor 802. The
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grou may be fol |l owed by ‘a two el enent group

80
arthie peftan af flprrﬁtrekeén’éaﬁl ggfrtwup gty thendurtns sensmted mtOhleglcal
2 %@esﬁ%ﬁﬁ? Q)h:némy 'sﬁgtmge{vmn%up Rt Qedsf BRS %Qﬁlﬁ element,

array assenb ave” been addresSed to recelve a
cofetlewrd bssargqﬂmr grquprthath éOlphlf@db% mr/mg@kmezs oftthe previous group,

P BAGR&Cby 802nd! t@é@owﬁ%t l%e enpérhbé}gotcéiéxg&‘t‘st of the

e co surr Ire trans
arpresiol2nd tchers untieat mngmgnﬁmmatof del entige arkry hramig) hexni grouped.
fig%ag cross the e nrre arna e In certai n enbodi nents

a

EVBICPPPRI® 81 ﬁ%?g% f%d to boost current to

24 he coilh the embodiment deplcted in the block diagram of Fig. 8A, the top group of
one element group 803, a two element group 804 and then a four element group 805 are
shown and so on, until the total numbers of moving elements in the transducer array
assembly have been addressed to receive a control signal from the processor 802.

The same grouping pattern is typically replicated for the bottom latching

30 mechanisms where a one element group 807 may be followed by a two element group
808 and then a four element group 809 and so on, until the total numbers of moving
elements in the transducer array assembly have been addressed to receive a control

signal from the processor 802.
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5 Fig. 8B illustrates a flow diagramof the speaker
system In certain enbodinents where the sanpling

rate of the digital input signal 813 m ght be

different fromthe device natural sanpling rate, the
resanpling nodul e 814 may re-saniple the signal, so

that it matches the device's sanpling-rate. O herw se,
the resanpling nodul e 814 passes the signal through

as unnodi fied. 10 The scaling nodul e 815 typically
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nearest integer. The va now ranges between
aprgumigg| the feemingt @gr@bl&b} r@epwzgoq ileMbbitapgr saaiplee apd the sample

a@ﬁués@@%ﬁ&éﬁe@weeﬁa %,hzoeqtrol s a different group of

novi ng enent s ast “significant bit (bitl)
cont r olt & al¢ecassunedd| th&ttm cgtaaugm(@lm thy speBher anay haNtelement

(bi s big (group 2). The
ngl;?Pg% F“R%&ﬂﬁ")a’fq%%g‘% S %r oup twice as big as
gr oup ngsateﬁnedl'heba'rﬁsN Mignificant bit (b| t N) controls
t he | . at e [l the .
ab % 1ca gfiln%mg reF@utlx\Q hlgq'lef& 1ger ofI groups in the

bits ¢

ss;mallkdr QMENDLSK is nbyativt ankihe &ipﬁt sn@ﬁBl,s sca.led&le TFhiee ibjpiit Sesolution
ner

, by
Fdp e e g Perahauis if RegeekeroNe I Bassiei e e dovu
Ch@ﬂﬁi&s kdateld upl ﬁaﬁéy sre@qudl] Bantipuisighalaf ndt schfed] énly Biased. The

opPinh b s B By ol he LS LB6 Sl apence

t 1h@ neE% iritd e THE vAIRCOMP YW GarBbLHBRNeR Oladdgfoup 1. 1f it
was | ow before this, the processor waits for the

magnet The Wilseqomprising shenbingipyiaiugsof Rrg fapesiade Baghybit controls a
r @iffﬁfeﬁ{‘gr%uﬂ‘b‘m{)\ﬂhg glgﬁexﬁy ei’he 2 st Sk calSoil @ﬁﬁf&%ﬁgls B smallest

ref erence nuner al processor t I ca
r SOBR (aEeunt HeTIB?dteE(b‘m (bllta) qpmrﬁlg amamcs % Bx (gxmp P)e The next bit

93P LAMrINE AR WAL BIE 5L . The st Wphidadt Nt vinv)
controls the largest group (group N). The states of all the bits comprising Y are typically
inspected simultaneously by blocks 816, 823, ... 824.

The bits are handled in a similar manner. Following is a preferred algorithm for
inspecting bitl:

Block 816 checks bitl (least significant bit) of Y. If it is high, it is compared to
its previous state 817. If bitl was high previously, there is no need to change the
position of the moving elements in group 1. If it was low before this, the processor

waits for the magnetic field to point upwards, as indicated by reference numeral 818 and
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noving elenments in group i to nove fromthe bottomto
the top of the device. If block 816 determ nes that
bitl of Yis low it is conpared to its previous state
5 820. If bitl was | ow previously, there is no need to
change the position of the noving elenents in group
1. If its previous state was high, the processor waits
for the magnetic field to point downwards, as
indicated by reference nuneral 821 and then, as

e
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c. Retracting force created by the flexures, (which act as springs). The direction
of this force is always towards the center of the device (defined as negative in this
figure). This force is relatively small since the flexures are compliant, and is linear in

30 nature.

The relationship between the forces shows that typically, as the moving element

increasingly nears the end of its stroke, the electrostatic force (generated by the latching

mechanism) increases, ultimately achieving sufficient force to attract and latch the
30




nmovi ng el ement. \Wen the latch is rel eased, the
retracting and nagnetic forces are typically able to
pull the noving elenment away fromthe latch toward the
center, thereby inducing travel of the noving

el ement. As the noving elenent travels to the center,
typically, the retracting force of the flexure

di m ni shes and ultimately is overcone, and 5 is then
controll ed by the el ectromagnetic force and the
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25 JRHBHrEE we uﬁ@a@eelua@mg epPeand npls "I §hich 3RS fsﬁ{chﬁﬁhz%@ ahdl @nove
processor 802 (refer to
together. This group is controlled by the top latching mechanism “T2” and the bottom

latching mechanism “B2”. The second group comprises four moving elements “P4”,
“P5”, “P6” and “P7”, which are synchronized and move together. This group is
controlled by the top latching mechanism “T3” and the bottom latching mechanism

30. “B3”.
The “clock™ chart at the top of the figure represents the system clock. This clock
is typically generated outside the device and is transferred to the processor 802 (refer to

Fig. 8) alongside the sound signal. In a typical embodiment, the sampling rate of the
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Fig. 8) alongside the sound signal. In a typical
enbodi nent, the sanpling rate of the 31 device is
44100 Hz. In such a case, the duration of each clock
interval is 22sec and the clock changes its state
every 11 psec. The "signal" shown in this exanple is
the anal og waveformthat the device is generating.
The "val ue" chart shows the digital sanple val ue of
the signal at each clock 5 interval. The "nmagnetic” ‘
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top.. In the next slice t he noving el ements
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di seng and rel ease the noving el ements P1
P3. At Att hlgs peinte alf 7 meoving elements are latched to the top. In the next slice 114,

the moving elements P1, P2 and P3 would be latched to the bottom, to ensure the device
is in the desired state (4 elements at the top and 3 at the bottom). In slice 14, the polarity
of the magnetic field changes and is directed downwards. The top latching mechanisms
30 Tland T2 disen.gage and release the moving elements P1, P2 and P3. At the same time,
the bottom latching mechanisms B1 and B2 are engaged and the approaching moving
elements P1, P2 and P3 are latched to the bottom position. The moving elements P4, P5,

P6 and P7 are held in place by the top latching mechanism T3 and are therefore
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the bottom | atchi ng nmechani sns Bl and B2 are engaged

and the approaching noving elenents P1, P2 and P3 are

| at ched to the bottom position. The noving el enents

P4, P5, P6 and P7 are held in place by the top

| at chi ng nmechani sm T3 and are therefore 32 restrained
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se ts al.f .t he tr.ansd r.array in one prinar

< St B e desrabeB TR OR. Faits Sor (o grperBRenh spplied o
ptheﬁﬁéﬁnﬁ@ﬁiﬂ for puRdies oﬂ&xgﬁﬁ%@ﬂﬂem ik Bivided qntrl% prhﬁary group
this embo ai{lmant there are two equal groups each wt
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25 LRRS phi pOfs RELILEPMI G 19henent  each
foIIowedglgl;l/yt%o‘g1 gr%gﬁlps 1303 and 1304 with two el enents

in each @rscﬁgxppoﬁ@pqnbmg: are two equal groups each with an equal number of

moving elements beginning with two groups 1301 and 1302 of one moving element

each followed by two groups 1303 and 1304 with two elements in each group followed
by two groupings 1305 and 1306 of four elements in each group, followed by two
30 grouping 1307 and 1308 of eight elements in each group, followed by two groupings
1309 and 1310 of sixteen elements in each group and so on, until all moving elements

of the transducer array have been grouped and addressed.
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by two groupings 1305 and 1306 of four elenents in

each group, followed by two 30 grouping 1307 and 1308

of eight elenents in each group, followed by two

groupi ngs 1309 and 1310 of sixteen elenents in each
group and so on, until all noving elenents of the
transducer array have been grouped and addressed. 33
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possi bl e, each increasing group has been arranged to
ext enda@gRdint e cREGY eABSARERUR thE QMRKEHoskiBleS each increasing
geonetrical configuration can be altered in order to
agtwoprphs bepn argnged teprtead arovnduthel PreviouTRIAY, howevey this geometrical
oy faﬁ&%canfb%rau%@r%raemmgl HEaifBRhGRRLERT or'Bnddiive
prinmary groups to opposite si 50 he out

cbjetiives rf@rwsennie mtowag thediapidenters” tathreayinsnnpyiousss te appasite sides

‘i"'ﬁg@er &‘FR&E%%? ﬁ%ﬁ ugérloagx%y %Héixbﬁ‘s*éﬁs; L\g&%@ﬁ}égeb?tween
opmhagreup anct the pnuzndissr 14ﬂ2n(1#hom Eig. Whe dtealbo timblps dbgpdevice to
are Eged to rate Qne vgfb%rthm ?o

aﬁfﬁ mofiop mc,

tw.ce t
St morophpTIiC, ) 1&00tH, eug% are Ssesht% generate one

geaedfate St amcs d;eaz[m;ﬂﬁu@o aund sma:’aphona:s vmereaéalch) \group generates a
recon§truc lon o QAL ¢ S| 10. Fi.g

|
s RPREEHOHF V&%V%%Sé@?%?« SRR On GeE oo e an

10 al t er npig] Meshadlsli BISSU dighra D 0@ ispaakér.systég in ahéhltdma@\rd dd@fessing

15

20d

25

30

addr essi ng_of_ t | ternative odi rent shown

e gbodme il 4 serprAdggtne s (I RaCrtodmsshopan Figs.
012 kP . el QGPInpHt s’l-élﬁﬂ?@@t IQCsor 3P| bﬁ)tocBIsP @ﬁﬁséhiers a logic
1402 mhlch in turn translates the si define the

| BEOSPSPrgl 492 ¥high; 18 fyrp transdafes the pignal ip d%?qerﬂaﬁ iptching wprchgpism of
OfadiNd in%‘?ﬁbﬁpmg?@&ﬁoﬁﬁé‘él%&hﬁ Galll andesilﬁ‘g é%{?ﬁ‘fs%'é&ﬂated

15 into tmo primary groups, one for top and one
bmt@ &Yi® Peimen] gfgumemafm sapsandeeieHfor betiguplafcbing H@Whamsms Each

?,Hu ¢ th%ﬁ‘ ?egaﬂa{eh Qnt Q@él@d@ladﬁgsqﬁlgsgg(}ugg s@ﬁﬁg% hI L &g)ap of

Ing wt rou one novin ment ,
b}anfamwhe relegreo fioltolvad bm @u@hesgrb‘hethnbdmxh@s &mu& elgfents of

gh%b(ﬁ&gﬁ{ eélléuLPgh% QBQ,E? Lgl gr lffo BE% A 09 elements of

er o € previous
atiet meviaus, groupt ahdd sl dn, mwll aligneviegrelamento bf thh entraatarraye have been
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begins with a one. el enent ro .140 and, then at :
o OB GRS RGNS BOHS It BHeEmgH St 1403, and
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p&&f‘e@§$@£ colfﬁ@l?sx nh§ord ABrecRepP A, Pattern is
replicated for % he down stroke where a group of one

el enendhe sy greuring paiREisHgplisateddorethe 4R serksupheraagroup of
a%ﬁe ERERNA1 4094 tRbREE 9§' a two element group 1408, and then a four element

group 1409, and so on, until the total numbers of moving elements in the transducer
array assembly have been addressed to receive a control signal from the processor 1402. -

This same pattern is replicated for the second primary segment of moving
elements with the top stroke group starting with a one element group 1413, and then a

two element group 1414, and then a four element group 1415, and so on, until the total
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group 1409, and so on, until the total nunbers of

nmovi ng el enents in the transducer array assenbly have
been addressed to receive a control signal, fromthe
processor 1402. 30 This sanme pattern is replicated for

the second primary segnent of noving elenments with

the top stroke group starting with a one el enent group
1413, and then a two el enent group 1414, and then a

four elenent group 1415, and so on, until the total
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&%1 . This sinple exanple shows a device that
s 14 novi ng el enents divided into two nmaj or groups
( L an ath)mlebatc B divided edo sttt Bmberedrilgibapd sd ,on2 Thisdimple

3. The di_gital sanplg val.ue .di ct at.es, ho ny .
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sanple val.ue
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lice 13, the digital le va
cﬁadg@ gerﬁ“g‘"ta&’ ppssiklg; Each ¥ale rsggprssengé bépe?»féné,si* 10, 12 and
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field polarization is up top latches RTlI and RT2

as wel Pndimne dige %tﬂ@eoﬁifgme\ts@nplg leuarcbarwe% Epgdlyed.. This requires 8
I @leRRfk Mlched to the top and 6 to the bottom. The magnetic field polarization is up.

The top latches RT1 and RT?2 as well as the bottom latch LB3 are disengaged, releasing
elements RP1, RP2, RP3, LP4, LP5, LP6 and LP7 to niove freely. The magnetic
polarity of LP4, LP5, LP6 and LP7 creates an upwards force, driving these elements
upwards. The magnetic polarity of RP1, RP2 and RP3 is obposite and the driving force
is downwards. At the same time, the latching mechanisms opposite to the element

movement are engaged to grab the approaching moving elements and latch them in

place.
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el ements RP1, RP2, RP3, LP4, LP5, LP6 and LP7 to nove
freely. The magnetic polarity of LP4, LP5, LP6 and
LP7 creates an upwards force, driving these el enents
upwar ds. The nmagnetic polarity of RPI, RP2 and RP3 is
opposite and the driving force 30 is dowwards. At the
sanme tinme, the |atching nmechani sns opposite to the

el ement novenent are engaged to grab the approaching
novi ng el ements and latch themin place. 35 On slice
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Fig. 16A shows a small section of the moving elements subassembly.

Figs. 16A and 16B provide illustrated views of the moving elements in different
embodiments.

The embodiment shown in Fig. 16A is of moving elements (“Pistons”)

30 constructed from a thin foil material 1601 with a precise round serpentine shape etched

into the material which enables the center of the shape 1602 freedom of movement that

is restrained by the flexures of the shape.
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Fig. 16A shows a small section of the noving el enments
subassenbly. Figs. 16A and 16B provide illustrated
views of the noving elenents in different

enbodi nents. The enbodi nent shown in Fig. 16A is of
noving el.enments ("Pistons”") 30 constructed froma
thin foil material 1601 with a precise round
serpenti ne shape etched into the naterial which
enabl es the center of the shape 1602 freedom of
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generates an el ectronagneti c actuation force across
the enfitpRlagsrogpstarction fxpically pompisingsdieleetn dayeuivith anarray of

25 gfﬁ&!uﬁf?élir ¥pac O BAVitRlsNG0R HethaR g’ dnCeld AYEL rih, i a@iRe 25t top of
each cavity, to create an electrostatic latching mechanism 1801.

The moving elements (“pistons™) in this embodiment comprises a thin foil of
conductive magnetized material cut or etched with many very accurate “serpentine”
shapes, that imparts the foils a specific measure of freedom of movement 1803 with a

30 magnetized top 1804 and bottom 1805. Each moving element is guided and restrained

by four flexures.
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25 accurately spaced cavities 1802, each having an

el ectrode ring, is affixed at the top of each cavity,
to create an electrostatic |atching mechani sm 1801

The noving elenments ("pistons”) in this enbodi ment
conprises a thin foil of conductive magnetized
material cut or etched with many very accurate
"serpentine” shapes, that inparts the foils a

speci fic nmeasure of freedom of novenent 1803 with a 30

magnet AZ&QtohD&yéISQﬁstﬁﬁﬁorbQ&ﬁlé&lﬂﬂ&ﬂﬁ)ﬂ&ﬁ@@&%&h@ Qayer with an
el ement is guided and restrained by four flexures.
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f %gg?létic material, may comprise a permanent magnet e.g. as shown in Fig. 6C, and
may comprise a current-bearing coil.

A latch 20 is operative to selectively latch at least one subset of the moving

elements 10 in at least one latching position thereby to prevent the individual moving

30 elements 10 from responding to the electromagnetic force. An electromagnetic field

controller 30 is operative to receive the clock and, accordingly, to control application of

the electromagnetic force by a magnetic field generator, 40, to the array of moving

elements. A latch controller 50 is operative to receive the digital input signal and to
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25 Each noving el enment may therefore conprise a
conductor, may be fornmed of a ferro nagnetic

material, may conprise a permanent nmagnet e.g. as

shown in Fig. 6C, and nay conprise a current-bearing
coil. Alatch 20 is operative to selectively latch at

| east one subset of the noving elenents 10 in at

| east one latching position thereby to prevent the

i ndi vi dual noving 3o elements 10 fromresponding to
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npl e val ue_ then changes to 13, three additi onal
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g‘gggtségvglg%lgé ?%Hﬁxgtes heecrjn grg|u|1 %1%%' t})/pe Istmons IR e sampg value

changes to 13; however, it is typically impractical to directly shift 3 moving elements

from their bottom positions to their top positions since in this example, due to the binary
30 grouping, this can only be done by raising the two groups including 1 and 2 moving
elements respectively, however, the group including 2 moving elements is already
raised. But the number of top pixels may be otherwise matched to the sample value, 13:

Since 13 = 8 + 4 + 1, the two groups including 4 and 1 pixels may be raised, and the
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whose nunber of noving elenents are all sequentia
powers of two, such as 31 noving elenents constructed
to be operated in groups having 1, 2, 4, 8, 16 noving
el ements, 25 respectively, each. In this case, and
usi ng the above exanpl e, when the sanple value is,

say, 10, the two groups including 8 and 2 noving

el enents respectively are both, say, up i.e. al
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t Wil |d¥finS 8 Gros€setiorPRBich is perpendicular to the moving element's axis and

which defines a largest dimension thereof, the largest dimension of each cross-section
typically being small relative to, e.g. an order of magnitude smaller than, the shortest
30 wavelength.Fig. 1B is an isometric illustration of the array 10 of moving elements
constructed and operative in accordance with a preferred embodiment of the present
invention. In this embodiment, each moving element 10 comprises a magnet and each is

constrained to travel, except when and if latched, alternately back and forth along a
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above and one bel ow the noving el enents. According to
one enbodi nent, the actuator is a speaker and the
array of nmoving elenments 10 is disposed within a
fluid medium The controllers 30 and 50 are then
operative to define at |east one attribute of the
sound to correspond to at | east one 25 characteristic
of the digital input signal. The sound has at | east
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O0bnd2@. for each moving element, termed herein "top" and "bottom" latch elements for
simplicity although one need not be above the other, the latch elements including one or

30 more electrodes and a space maintainer 220 separating the electrodes. In embodiments
in which the latch 20 comprises an electrostatic latch, the space maintainer 220 may be

formed of an insulating material.
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| A, downward. Fig. 2B shows the array of Fig. IBin a
second, top extrene position 20 responsive to an
el ectromagnetic force applied, by coil or other
magnetic field generator 40 of Fig. IA upward. Fig.
2Cis simlar to Fig. 2B except that one of the
i ndi vidual noving magnets, 204, is not responding to
the upward force applied by nagnetic field generator
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.oper ative to

material. Optionally, ferrite or ferro-magnetic particles may be added to the dielectric

material to decrease undesirable interaction between the magnets in the magnet layer.

30 In Figs. 5 — 6A, both flexures and annular magnets or conductors or
ferromagnets are provided, however it is appreciated that this is not intended to be
limiting. Alternatively, for example, other shaped magnets may be provided, or the

annular elements may be replaced by coils, and free-floating moving elements may be
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selectively latch at |east one subset of the noving

el ements 403 in at | east one latching position
thereby to prevent the individual noving el enents 403
fromresponding to the 20 el ectromagnetic force.
Typically, the el ectromagnetic force is generated
using a coil 401 that surrounds the array 403 as
shown. The latch typically conprises a pair of |ayers:
a top latch | ayer 402 and bottom |atch |ayer 404
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nHoMnige sragngistlayen by assalg of diclscirist spagen laypia ol Ymically, atdenst one of
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prevent the individual noving elenments 10
r tespremeRyn gandéort & Be| rseductam g irehnadogyo rae@’orapcmmb@mnby of these

W?&H@Jm%ﬁggé qugglfgﬁ'or 40. In 15 step 470, the

system si gn recei ved and, accordingly,
appl i cBigi bis of isoetric static view of the actuator device of Fig. 4A constructed

and operative in accordance with a preferred embodiment of the present invention in
30 which the array of moving elements 10 is formed of thin foil, each moving element
being constrained by integrally formed flexures 606 surrounding it. The flexures
typically include foil portions 703 interspersed with cut-out portions 702. Fig. 6A is an

exploded view of a portion of the actuator device of Fig. 5.
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el ectromagnetic force to the array of noving el enents
is controlled. In step 480, the digital input signa
is received, and the latching step 460 is controlled
accordingly. Typically, as described above, the |atch
20 conprises a pair of layers, each layer conprising
an array of electrostatic latch elenents and at | east
one space maintainer 20 |ayer separates the

el ectrostatic latch layers and is formed of an
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eligo® MoSing@Ighen®SI0 in top extreme, bottom extreme and intermediate positions

610, 620 and 630 respectively. Fig. 6E is a legend for Fig. 6D. Typically, in the
embodiment of Figs. 6B — 6E, at least one of the moving elements is configured to
30 prevent leakage of air through the at least one flexure. As shown, at least one space
maintainer 640 is disposed between the array of moving elements 10 and the latching
mechanism 20, the space maintainer defining a cylinder 660 having a cross section, and

wherein at least one of the moving elements 10 comprises an elongate element 670
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opposed to being double the perineter of the noving

el ements). Therefore, it nay be 15 desired to treat
the total Iength of the flexures as given and
consequently, the nore flexures provided, the shorter
each flexure which translates into higher stress under
the sane translation i.e. to achieve the sane

anpl i tude of notion of the noving elenents. As a

result, it is believed to be preferable to provide
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Typivcad, then te tve astaligmel such that the same pole points in the same direction

as shown in Fig. 7E. ‘

30 Fig. 8A is a control diagram illustrating control of latch 20 by latch controller 50
of Fig. 1A, and of the typically coil-induced electromagnetic force, by controller 30 of
Fig. 1A, for a particular example in which the moving elements 10 are arranged in

groups G1, G2, ... GN that can each, selectably, be actuated collectively, wherein each
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noving elenment 10 and its restraining typically
serpentine flexures are formed froma single sheet of
material. Alternatively, as shown in Fig. 16B, at

| east one flexure 1605 nmay be fornmed of an elastic
material. It is appreciated that the flexure-based is
enbodi nent is only one possi bl e enbodi nent of the

present invention. In contrast, as shown e.g. in Fig.
113, each noving el enent may sinply conprise a free
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The abbrevi ation
controller 30 and latch controller 50. The electromagnetic field controller 30 typically

receives the system clock 805 which is typically a square wave and generates a sine
wave with the same frequency and phase, providing this to the coil 40 as an actuating
signal. The DSP 810 may for example comprise a suitably programmed TI 6000 digital
30 signal processor commercially available from Texas Instruments. The program for the
DSP 810 may reside in a suitable memory chip 820 such as a flash memory. The latch
controller 50, in at least one mode of latch control operation, is operative to set the

number of moving elements which oscillate freely responsive to the electromagnetic
46




10 el ectromagnetic force applied upward or downward,
depending on the direction of the associated arrow,
to a relevant group of noving elenents. In the

enbodi nent illustrated in Fig. 8B, if at tine t, the
LSB of the re-scaled PCMsignal is 1 (step 816), this
i ndi cates that the speaker elenents in group G nay be
in the selected end-position. If (step 817) group Gl
is already in the selected end-position, no further
a%rb@dbph&l 6y tdiesh to be siRURYARL kapomzﬁal% %ﬂm@ﬂm& SoFtcoded
yet in the sel ected end-position, the |atching
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HCRl héinfyy B SRokor Himel sofloR1Y BFBANELS fon drhfral pover
e(Motf 2Zomelyassd(4é, it is possible to partition the total population of speaker elements

into an integral number of controlled groups namely N. For example, if there are 2047

W

30 speaker elements, the number of controlled groups in the sequence G1, G2, ... is 11.
In this embodiment, since any individual value of the re-scaled PCM signal can
be represented as a sum of integral powers of 2, a suitable number of speaker elements

can always be placed in the selected end-position by collectively bringing all members
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force whose alternation is synchronous with the system
cl ock 805 as described in detail below wth reference
to Fig. 11A, graph 1. 10 The latch controller 50 is
operative to receive the digital input signal 801 and
to control the latching nmechani sm 20 accordingly.
Typically, each individual noving elenent 10 perforns
at nost one transition per clock i.e. during one given
cl ock, each noving elenent may nove fromits bottom
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which tends to differ slightly from that of other moving elements due to production
tolerances, thereby to define a natural resonance frequency range, such as 42 — 46 KHz,
30 for the array of moving elements. As described herein, typically, first and second
electrostatic latching elements are provided which are operative to latch the moving

elements 10 into the top and bottom latching positions respectively and the step of

putting the array of moving elements into motion comprises:
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three groups are collectively brought to the

un-sel ected end position such as the "down" or
"bottom' position. It is appreciated that each noving
el ement has bottomand top |atches, each typically
generated by selectively applying suitable |oca

el ectrostatic forces, associated therewith to |atch
it intoits "down" and "up" positions respectively. 10
The set of bottom and top |atches of the speaker
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pre erm ne arit an a (0] t ermV|ng
P%‘ﬂe‘h? SYXRR 0B Famuenfiyhes wacke 3 he patuRl pesBRc frequency of the
f ERAAGREYhent it hrfa@ RGhSchitAs diefhfghést shiufDicsonahsORubiay, Rferred

ot her_noving. el enents due to production tolerances
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Sdpdleddded howedd ', ai@PndiQblyt BR @&Jt@%ﬁl QIBCHmf{édﬂgncy might be
el ements. As described herein, typically, first and
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e t an In
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either the top or bottom latch.

30 The Q factor or quality factor is a known factor which compares the time
constant for decay of an oscillating physical system's amplitude to its oscillation period.
Equivalently, it compares the frequency at which a system oscillates to the rate at which

it dissipates its energy. A higher Q indicates a lower rate of energy dissipation relative
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total nunber of noving elenents. 5 Step 855: Charge
the second (bottomor top) electrostatic |atch of each
noving elenent included in the second subset with a
polarity opposite to the pole, on the noving el enent,
‘facing that |latch. Step 860: As described above, the
nmovi ng el enents are designed to have a certain

nat ural resonance frequency,f, Design tools nay

i ncl ude conmputer aided 10 nodeling tools such as
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NoVi ng ements IS
system constructed and operative in accordance with a preferred embodiment of the

present invention. Mounted on a PCB 2100 is the array of actuator elements including
moving elements 10 (not shown) sandwiched between latching elements 20. The array
is surrounded by coil 40. Control lines 2110 are shown over which the latch control
30 signals generated by latch controller 50 (not shown) in processor 802 travel to the latch
elements 20. Amplifier 811 amplifies signals provided by the magnetic field generation

controller 30 (not shown) in processor 802 to the coil 40. A connector 2120 connects
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determ ned either conputationally or experinentally.
The Q factor as determ ned describes how far renoved
the frequency fCLK needs to be fromf, (two possible
val ues, one below f, and one above fr) before the
anplitude drops to 50% of Am. The 5 difference

bet ween the two possible values is Af. As a result of
t he above steps, a sequence of el ectromagnetic forces
of aIternating polarities is nom1app|ied to the array
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The PCM signal is then further re-scaled as necessary such that its range, in
30 amplitude units, is equal to the number of speaker elements in the apparatus of Figs. 1 —
2C. For example, if the number of speaker elements is 2047, and the PCM signal is an 8
bit signal, the signal is multiplied by a factor of 2048/256 = 8. Or, if the number of
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the apparatus of Fig. 8E to a digital sound source.
For sinplicity, conventional conponents such as power
supply conmponents are not shown. A preferred nethod of
operation for generating a sound using apparatus
constructed and operative in accordance with an

enbodi nrent of the present inventionis 5 now

descri bed based on Fig. 8F. The nethod of Fig. 8F is
preferably based on the sound's representation in the
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si tgpdatching gosgtp@ng] inj s heftom éﬂtqb&g qugnf Hcthe ,forgqer was the case,
2048 Reeds B beone hfd thd freMeBR&ApsAb incrementation step 842. If the latter

was the case, element i is marked as an element which needs to be latched into its top
position (step 839). To latch all remaining moving elements into their bottom positions,
30 do the following for all moving elements whose index exceeds Vi check (step 838)
which are already in their bottom positions; these moving elements need no further

treatment. All others are marked (step 841) as elements which need to be latched info
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51 speaker elements is 2047, and the PCMsignal is a

16 bit signal, the signal is nmultiplied by a factor

of 2048/ 65536 = 1/32. Sound is then generated to
represent the re-scaled PCM signal by actuating a
"suitabl e nunber of speaker elenents in accordance with
the current value of the re- 5 scaled PCMsignal. It

is appreciated that -the speaker el enents have two

possi bl e end states, terned herein the "down" and "up"
engls esnegt i.v ,
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bot t ont s eforcit 18 b is el Mof B LERMIal D, 408Sed above, then

f thetdhemnels in the layer of Fig. 9B are disposed opposite and as a continuation of the

—m

channels in the spacer layers described in detail above. The cross-sectional dimensions,
30 e.g. diameters, of channels 2610 may be different than the diameters of the channels in
the spacer layer. Alternatively, the layer of Fig. 9B may serve both as a spacer layer and

as a magnetic field inducing layer in which case the channels 2610 of Fig. 9B are
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treatnment. Al others are marked (step 841) as
el ements which need to be latched into 52 their
bottom positions. Once all Melenments have been marked
or not marked as above, performthe follow ng: Verify
that the magnetic field points upward, or wait for
this (step 843), and, for the WVt or |less pixels which
are to be raised, discharge the bottom | atches and
charge the 5 top latches (step 844). Next, wait for
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t Hengibtanisdyzcally provxded at each junction. To open an 1nd1v1dual gate thereby to
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Fig. 11A is a timing diagram showing a preferred charging control scheme
which may be used by the latch controller 50 in Fig. 1A in uni-directional speaker
applications wherein an input signal representing a desired sound is received, and
moving elements 10 constructed and operative in accordance with a preferred

embodiment of the present invention are controlled responsively, by appropriate
54




the spacer layer. Alternatively, the layer of Fig. 9B
may serve both as a spacer layer and as a nagnetic
field inducing | ayer in which case the channels 2610
of Fig. 9B are 53 exactly the spacer |ayer channels
descri bed hereinabove. It is appreciated that, for
sinplicity, the electrodes form ng part of the spacer
| ayer are not shown in Fig. 9B. Figs. 9C and 9D
illustrate the magnetic field gradient induction
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Graph VIII is the 31gnal provided by latching controller 50 to the top latch/es of

each of, or both of, moving elements P2 and P3 seen in Fig. 11B, which together form
30 a second group GII of moving elements. Graph IX is the signal provided by latching
controller 50 to the bottom latch/es of GIL. The states of P2 and P3, due to the operation
of the latches associated therewith, are shown in Graphs X and XI respectively, in

which black indicates the top extreme position in which the top latch engages the
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30 which may be used by the latch controller 50 in
Fig. T1Ain uni-directional speaker applications
wherein an input signal representing a desired sound
is received, and noving elenments 10 constructed and
operative in accordance wth a preferred enbodi nent
of the present invention are controlled responsively,
by appropriate 54 charging of their respective
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15t ypi caFPfye@H@#eat“i yderva) Ip eihe stk ds Aighograph\thi thh digized sample
r Qfgfug gl %ngpzl'g%l)h n cﬁﬂﬂic giaggl @iemgﬁts n@@ﬁgme 1!1 tfﬁﬁdcoﬁ ﬁosmons

t hen suppl | to a speaker of
pragd & mtements ém theipottarh gositian aeshopm ip fraerdaldh péﬁre@h giVdll. Since

l%etck?’gk?xpﬂoﬁ th tiﬁ ?zﬁxéa%%i}ngﬁ‘t is %lﬁglj.']vel {h!ls is %kﬂupxj'rld Loxrs?cl%;gl\({? g{olﬁSs Gl

er na ronagneflc ce ap
t lhed G20vhidviopethel hanef elsmidls bly+ #h teoinlther toppbetions whereas the

20 B0 P sy IR R L et Gk BPSs ppst e T gpRndiichi poine
arupivadiiviisteerhl Mlsh@wn @l (_éﬂaﬁmi\(. IF?IntSB;&hMi, ther@yinglel&nent in G1
T B o BB R e it T

Sidgna) copfriGaOB D15 1bwdréd {gh@h 0aNiddohes] sséham its haﬁsed (graph V).
bottom | at ch of, P1. The states of P1, '

ofsraesdh thsrmeviag plapenof Gl aspmesits 6°P2I535t“|‘?é raémvw in graph VIL

25S fmmewm 14 tBPMovh) elelBnt¥l GNaklafeddyiin HefrdoRSm bBLLdnRs shown
ext reneh§VS|t|on I'n which the top | atch enqa ges P1,

whin GsanbngV 8 aad theppéorp dhet topmcantial é@alp"B% remais Ipy agseeshin graph
thgo %J)%%ﬁ%%ﬁ@ol%%ﬁg?fre%ns aiph Rk inEagh® £ sequently,

i nt'ef nedi at e posi tions
as shown in Graphs X and XI respectively, the two moving elements (P2 and P3) in G2,

remain in their bottom extreme positions. As for group G3, in interval I4, the moving
30 elements in G3 are already in their top positions as shown in Graph XVIII and therefore
the top control signal T3 remains high as seen in graph XII, the bottom control signal

B3 remains low as seen in graph XIII and consequently, as shown in Graphs XIV -
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G aph VII1 is the signal provided by I|atching

controller 50 to the top |atches of each of, or both

of , nmoving elenents P2 and P3 seen in Fig. 11B, which

together form 30 a second group A1 of noving

elements. Graph 1 X is the signal provided by |atching

controller 50 to the bottomlatch/es of G1. The

states of P2 and P3, due to the operation of the

Iatches associ ated therewith, are shown in Gaphs X v
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not intended to be limiting.
Figs. 12A and 12B are respectively simplified top view and cross-sectional view
30 illustrations of the moving element layer in accordance with a preferred embodiment of
the present invention in which half of the permanent magnets are placed north pole
upward and half north pole downward. A particular advantage of this embodiment is

that moving elements can be raised both when the electromagnetic field points upward
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in Gaph XVI1l and therefore the top control signal T2
remains |low as seen in graph VIII, the bottom contro
signal B2 remains high as seen in graph I X and
consequently, as shown in Gaphs X and Xl
respectively, the two noving elenments (P2 and P3) in
&, remain in their bottomextrene positions. As for
group G3, in interval 14, the noving 30 elenents in G3
are already in their top positions as shown in G aph
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released by collectively charging or discharging, respectively, their electrically
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Fig. 14 is a control diagram illustrating control of the latches and of the coil-
30 induced electromagnetic force for a particular example in which the moving elements
are arranged in groups that can each, selectiveiy, be actuated collectively, similar to Fig.
8A except that half of the permanent magnets in the latching layer are disposed north

pole upward and the remaining half of the permanent magnets in the latching layer are
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25 is the speed of sound. It is appreciated that the
nmovi ng el enents in graph X of Fig 11C are shown to
conprise flexible peripheral portions, however this is
nmerely by way of exanple and is not intended to be
limting. Figs. 12A and 12B are respectively

sinplified top view and cross-sectional view 30
illustrations of the noving el enent |ayer in

accordance with a preferred enbodi nent of the present
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t Iﬂgedg %1 BE raised i.e. released from its current, bottom extreme position and latched

(%]

into its top extreme position, however whereas in I5, control signal B1 is lowered and
control signal T1 is raised, in interval 16 nothing happens. In Fig. 15A, in contrast,
30 where moving elements LP1 (and RP1) need to be raised, control signal LB1 is lowered
and control signal LT1 is raised in interval I5, and immediately afterward, in interval 16,
the RB1 control signal is lowered and the RT1 signal is raised, resulting in upward

motion of RP1 without the delay incurred in Fig. 11A.
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hal f. A particular feature of the enbodi nents of Figs.
10A and 13 is that latch 25 elenents corresponding to
certain noving elenents are electrically
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portions of varying thicknesses connecting a central portion 1640 of the moving
element to a sheet 1650 interconnecting all or many moving elements. For example, the
portions of varying thicknesses may include thicker portions 1660 and thinner portions
1670 respectively as shown. For example, if the diameter of the central portion 1640 of

30 each moving element is 300 microns and the sheet is silicon, then under certain
conditions, portions 1670 may be 50 microns thick whereas portions 1660 may be 100

microns thick. More generally, thicknesses are computed as a function of materials to
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i ntroduce distortion of sound and is relatively
inefficient. In contrast, elenents nove in 100% of
the tine slots in Fig. 15A (other than slots in which
no nmotion is required since the digital signal value
i s unchanged) thereby preventing distortion and. ..
enhancing efficiency. 25 For exanple, in interval 15,
the digitized signal value changes from1l to 2 as

shown in graph Il of Figs. I I A and 15A. Consequently,
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signal received y the |l atching controller 50, of
| 0mbingsl, eg6iR pravidhflexugstarith tarwswlqkpﬁsasﬂn&wawgowd@s and/or

”Qétﬂddg . rﬁrmh@é’ Eflexel Cahd)s'é dthd | dn8loP adhicKSested bﬁl? either
novi ng el enent | ayer shown in Figs. I A and 2A - in

20 wRprERuYsly or|dispertinpaustys saeive, aagifner reewlarpay shawe pr nnﬁa*elarly
each NRViHaGbeleE H@seﬁptmnmﬁc%ﬁ&s'alscsetmkmds%ft AR in the
surroundlng portions. 15 F 16B is an Isonetric view

Hirepsior &f ingniiopfof she moviag @!qmnt aih@@asn avidihé is getdimension of the
m}!hﬁguﬁhgﬁ eg(l(l),lé g&g{nﬁg{gﬁ@ éh@adxgécgﬁ% 01J rﬁbtﬁ)ﬂgag rﬁé mc%v%ng e'l%nent
novi ngAepagtiveter advanpage s sha emhedimenth 0f IF@sl 6@ anréttléBl althat in

25 © f8xurls s veaé/nﬁ%gr%gst s%c (gnrs% l %g;}i?yalf)go {hl&ngsg%sn%\” H&s et!he stress is not

conmpri ses
concentrated at the roots 1680 or 1780 of the ﬂexures and is instead distributed over all

the thin and/or narrow portions of the flexures. Also, generally, the stress on the
flexures as a result of bending thereof is a steep function of the thickness, typically a
cubic function thereof, and is also a function of the width, typically a linear function
30 thereof. It is believed to be impractical, at least for certain materials such as silicon and
at least for certain applications employing large displacement of the moving elements,
e.g. public address speakers, to select flexure dimensions which are uniformly thin

enough or narrow enough to provide sufficiently low stress so as to prevent breaking,
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nmounted on a rigid disc. 20 Fig. 16Cis an isonetric
view of a preferred enbodi nent of the noving el enents
and surrounding flexures depicted in Figs. 7A - 7E or
16A in which flexures vary in thickness. In Fig. 16C,
for sinplicity, the conponent which causes the noving

el ement 1620 to be affected by the magnetic field,

whi ch conponent may preferably conprise a nagnet or
alternatively, a ferro-magnet, conductive nmaterial or
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(finite el enent "anal ysis) tools. is Mremae
t Hox atdeaeralinsietoreatnes tbﬁn Fusg@keq@@ aml) WwBich rray beproduced by a

S%Eeﬁ(@l‘ Yonstructed and operative in accordance with a preferred embodiment of the

present invention is often limited by the active area. Furthermore, the resolution of

sound volume which can be produced is proportional to the number of actuator elements

30 provided, which again is often limited by the active area. Typically, there is a practical
limit to the size of each actuator array e.g. if each actuator array resides on a wafer.

If the speaker is to serve as a headphone, only a relatively small range of sound

volume need be provided. Home speakers typically require an intermediate sound
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conbined, e.g. to provide flexures with varying

t hi cknesses and varying wi dths, and/or varied, e.qg.
to provide flexures whose wi dths and/or thicknesses
vary either 20 continuously or discontinuously as
shown, and either regularly as shown or irregularly.
In the above description, "thickness" is the dinension
of the flexure in the direction of notion of the
novi ng el ement whereas "width" is the dinension of the
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moving elements need not have the same amplitude of displacement.

The speaker devices shown and described herein are typically operative to

30 generate a sound whose intensity corresponds to intensity values coded into an input

digital signal. Any suitable protocol may be employed to generate the input digital

signal such as but not limited to PCM or PWM (SACD) protocols. Alternatively or in

addition the device may support compressed digital protocols such as ADPCM, MP3,
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Fig. 19 is an isonetric array of actuators supported
Wi thin a support franme providing an active area which
is the sumof the active areas of the individua
actuator arrays. In other words, in Fig. 19, instead
of a single one actuating device, a plurality of
actuating devices is provided. The devices need not be
i dentical and can each have 20 different
characteristics such as but not |imted to different
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very small, 1s low cost, 1s loud enough to be heard ringing in the next room, but has only
modest sound quality. The desired small size and cost suggest a speaker with relatively

30 small area, such as up to 300mm?. If a relatively high target maximal loudness such as

90dB SPL is desired, this suggests large displacement. Acceptable distortion levels
(10%) and dynamic range (60dB) in mobile phone speakers dictate a minimal array size

of 1000 elements (computed using: M=10©%29) Therefore, a suitable speaker may
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A particular feature of a preferred enbodi nent of the
present invention is that 15 the stroke of notion
performed by the noving elenents is relatively |ong
because the field applied thereto is magnetic hence
decays at a rate which is inversely proportional to

t he di stance between the noving el enents and the
current producing the magnetic field. In contrast, an
el ectrostatic field decays at a rate which is
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becones w der. he ot | ess
displacements of 150pm PTP. Such elements’ occupy cells of 750pm x 750pm or

0.5625mm®. Due to the low frequency requirement, a minimum of 262143 moving
elements, partitioned into 18 binary groups, may be used. The size of the speaker may
be about 40cm x 40cm. This speaker typically reaches maximal loudness levels of

30 120dB SPL and extends down to 15Hz.
It is appreciated that the electromagnetic field controller 30 is preferably
designed to ensure that the alternating current flowing through the coil maintains

appropriate magnetic field strength at all times and under all conditions so as to allow
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speaker elenents are provided, the apparatus is

small er and less costly. CGenerally, if the noving

el enents have | arge dianeters, the ratio between

active and inactive areas (the fill factor) inproves,
and there is |less stress on the flexures if 15 any,
assum ng that the vibration displacenent renains the
same, which translates into |longer |ife expectancy for
the equi prment. On the other hand, if the noving
elseffieihtSproXiane beti@érd the iR @letrentd 0 0 @nd the FRIBESstalic@atches 20 to

provi ded per unit area, and due to the | esser  mass
| 8l {ffchig; While Predentpg dhs BoYIAR elegients JP T gpoving too fast and

e |d§ﬁ5£x%€xﬂ§a‘we§ of Mk GRHBEIPLsAtOlt of IfABS| ating into
| ower g@w requi rements. 20 Generally, if the
[ WF

vi br at wihe eedaprchtio g Kiguesdhis sHessqdethatnthe pagiculars shown
s| afIBy WIDTR ex¥f le%d' for gexisgéég Qf ibtrAdveadisRYsi otﬂu&' peefdrred

size,” whereas If the sa uantity is small, there is
| embodiments of the prels@tﬂm@mmnetgﬂy, pipd @myresw infee gsoveeaf providing

| §8ﬁl gsﬁ ,Hafékéd i gﬁ thsdost gfem befi‘l'd' %add u&d@%m%ﬁnfﬁsgw&x@g ﬁ"é the

the highest pro uency 1s
t fpe'n@ipﬂd* wideonaiptiel dspeatsenfitlzeaidventpn. t Indhis rdgard, haattempt is made to

{16 LGl il ] QU R0 S ShBE AT T B8Ry for o

ess on POWer requirenen
10I dmeiameﬂthlrxedemmadmg eﬁ thefmmnpdm d&mlcbmpm:takem wbelafkénwings
are nom1des bed

r‘rﬁ?ﬂ%ﬁ Ko g tf}%%?l?lg)éﬁﬂgﬁ é'xrti‘nsw the sev%ﬁll ﬁns oS Fihe 18¥i}1%on may be

s reibbdied i pravticeost, is |oud enough to be heard rlnglng

th t . | t.
e eEREEs SR bresh i aRigR ot U8 dsated N Bis SRR G ppprate
I @ribbdivehiy nﬁt@ aBoBE brodfdedin @blhatién MR sir@lé’&ﬂﬁﬂﬂnen{ Codversely,

reIativeIg1 gh target nmaxji nmal I? 33 h as 90dB .
15EAtirES g e BYEntion Mich 5 Aeabrch f PTENIY R e aEKt of a single

AcaBliaRhe gSEeO pldvRied | R¥ehely 6rl 8 %anpRditdh IMOmbRAGGH. For
(60dB) in nobil e phone speakers dictate a m ni nma

al
arexaipple, meving elemeuts may dgefre floptingmen may bggnepgted on filament-like
M:ﬁ]eQ&r@por%Qa havg_ h %rgtﬁﬁﬁg R’enéﬁl Fd-Rbd 61 asﬁ’&ﬁhg{naﬁmﬂ In@épendently

conprise 1 novi ng el enents partitioned Into
biaf &y ﬂgﬁrmp@ms & 11 oeay el bangpnéigured, teergdieske asrﬂeahage therethrough

0. [ [
bed §bovE. Icﬁ%@rﬁi bfall (Y, HeOMviRE cRRRHE may B! Fhmpl
20x ag?g%n %J;r 0pr act X@;SO?]S the l:ha\r,lgggt m)vrlng)g e
elcemprite 4 hertduétot, soil hiisg- gy alise- shqy:d Ipeweanant rdagnek toeringf or disc-
45 onabl
s PR 5 LSRRy TR e e o
ernbhdpads df kemé aggﬁ@t’/ theredfiars spﬁosltdiys dmp;dse@metie polésenfsiznpeining
rate il e phones .
3 0 R R4 TR LB s,
25fE>hgr§|b1u§ agnuldrt pdﬁ&!at&ﬁr}vﬂ& 8t without @ lmcb‘naﬁlt pmgmh b@fbtched or have
i de phones having ve E soun it
Gl S\H&@gﬁ BRAFuaLeR. JEpe e € thi G 2ieibg may be
individual or by groups or any combination thereof. Independently of all this, there
may be one or more arrays of actuator elements which each may or may not be skewed
and the cross-section of each actuator element may be circular, square, triangular,
30 hexagonal or any other suitable shape.
The present invention has been described with a certain degree of particularity,
but those versed in the art will readily appreciate that various alterations and

modifications may be carried out to include the scope of the following Claims:
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10 additionally small enough to be worn confortably,

and finally, cost-effective to the extent possible.

To achi eve high sound quality, w de dynam c range (at

| east 96dB), wi de frequency range (20Hz-20KHz) and

very low distortion (<0.1% nay be used. The m ni nal
nunber of elenents may be, given these assunptions,

63000. So, for exanple, 15 the speaker may have 65535

el em€AALAIMSvi ded into 16 binary groups. Maxi nal

| oudness can be kept |ow (80dB) so as to allow

di spl acenents of about 30m PTP. The snall est noving

el emedtufaP afatat® fSUsdhetitBp! 2pRPREH Sffcst, A Abst J&@ratﬂrmute of
di ameter. Such an el enment nmay occupy a cel | of

whigl GaTrespoodn denap lsast rprleh@hara@&msc effershigital finput slgnzd sampled

f The sa
p%pio vp?}&%l ?c%gx%fag?% aS tcvl\ﬁ) &a p?)% uﬁ coHlé)Sptm aé%aasﬁor)}e actuator

dehﬁ:e,scmehlhaﬁatlrfg dewRretindladipg.oduce, or 4OKHz The cl osest
standard sanple rate is 44.1KHz. Exanple 3: It my be
desi riBdaEy PANDPHEE Lﬁl@n@ltbuwﬂlpr@nh&a%é%dlwéékmowr@ glement is

rtfi%)a%\e/% g@@ﬁ&n%&bmapﬂtﬁgﬁ&ﬁs Ui ¥s +<91l§galpgcf‘§o @ra%ldaqtemateéy back

range to very requenci es,
dndsforthwaldig taorespazhive Hxer efspomsivePy speddoaomapyqioc &rky operative
Eave rra I,ar e 25 rmv%m}g el enent s. 6OOP%] novi ng
PR RGPl (BrePrisage o UhFratae Saeapi g
di spl a@@e%gfe(meslatelfx oﬂ’égm/éa -Bpselegﬁi;e%a ?Jt&{"ﬁrl{ea%t Qﬁé:é’lﬂ)\éet“ffflshﬁ moving
of 750m x 750m or . to the | ow frequency
aleents enehicastaons }atcﬂmng phsiR@P thtBebyotyi prgverd| saive imdgvidual moving

one roup may be used. The
Eeher bSpEnopifeds s SRt rB8m x a0cm Thi <
speakemagiatic FRId YorltRAGHESM p¥iaiRe td RIEINE $i%e LIBYIE hid, Abcordingly,
30 120dB SPL and extends down to 15Hz. It is
tapenwel anpligationael sairk clerisemegnetigdenck do Said|agrayorftmeying elements;
is preferably designed to ensure that the
al'ternating current flowi ng through the coil maintains

appr aplatchtcdnfiBigR et e & thcsitve eagidipiat inpul sifhdR8d &ébntrol said
under all conditions so as to allow 65 sufficient

3 dess epetlgich aespedinglyne noving el ements 10 and the

el ectrostatic latches 20 to enable latching, while
preventing the noving elenents 10 from noving too fast

and  Alppueagin geddnding edov elainorl, twigeréiat itk at 2éisadna dcamtihg device
of i ppact \{Vth specjfic reference to the Fi gures, it
‘i°§‘p§’ts?se%glé‘6a ’ltYlﬁfactt‘l‘?émﬁéiFﬂc%l ars shown 5 are by way

of exanple and for purposes of illustrative discussion

of the preferred enbodinents of the present invention

Dnl y Apprgates eacq:n‘rémgntoedlaim I, ehgremssidfarpyoef dioving elements is

cﬁh fxg withg el ggt(f {nﬁali a%? \?Vlhﬁrrrgfc’r} atul%aesft uolne %??her r%%giaét%é field control

system and the latch controller is operative to define at least one attribute of the sound

to correspond to at least one characteristic of the digital input signal.

4. Apparatus according to claim 3, wherein the sound has at least one wavelength
thereby to define a shortest wavelength present in the sound and wherein each said
moving element defines a cross section which is perpendicular to its axis of movement
and which defines a largest dimension thereof and wherein the largest dimension of
each said cross-section is small relative to said shortest wavelength.

5. Apparatus according to claim 4, wherein the largest dimension of each said
cross-section is an order of magnitude smaller than said shortest wavelength.

67




10

15

princi pl es and conceptual aspects of the invention. In
this regard, no attenpt is made to show structura

details of the invention in nore detail than is

necessary for a to fundamental understanding of the

i nvention. The description taken with the draw ngs

makes apparent to those skilled in the art how the

several forms of the invention may be enbodied in

Gr actArnaratyseancordéng f claine | phersin atj laase one of s¢idirepviag lements

described in th text of separate enbodinents nmay
cé’f“é’%ls%sealgerng@?e égla%ﬁ&i:onbi nation in a single

enbodi ment. Conversely, 15 features of the invention

whi ch are described for brevity in the context of a .

Bi ngl APRspRTRFROFIINEHY Yo PoWIGEN $bAeAShOBF PeEPangRt gpagnet is

Sulfpbl € subconbi nation. For exanple, noving elenents

may be free floating, or may be nounted on

filament-like flexures or may have a surroundi ng

ortion formed of. a flexible terial. | ndependentl

' HREPariG AchOBliPR 0T SoP DR HOU BRVIRE MG U fyst and

JeBHL QA& facinBakaGest lah8sBEAIUMAS AOhaaxHas§iethedy ah@\herein at

I ndependently of all this, the noving el ement may for

lexsa ¢ permpoens miagpetds disndisdtonrat leggfidne of paig firgiand second sides.

di sc-shaped pernmanent nagnet, or ring- or disc- shaped

ferromagnet and the magnets, if provided, may or may

not be arranged such that the poles of sone e.g. 50%

thereof are oppositely disposed to the poles of the

9.emai APPR§AtUS agrordipgde tlame , et 8t lepsfaasericait mpvir elements

' atch shape may, in cross-section, 25 be

@%ﬁ?ﬁ@égﬁﬁﬁ g?? perforated with or without a |arge

central portion, or notched or have any other

sui tabl e configuration. |Independently of |.this, )

Ednt r OPPBRIUS A¢OFERE thglaise L. Wﬁ?f PXPi %E@Ft el %Jfa@rraaﬁgg Glements is
& BFR Rl hheliD 88 a1, | ndependently of all this,

there nmay be ©One or nore arrays of actuator el enents

whi ch each nmay or may not be skewed and the

cross-section of each actuator elenent may be

circular, square, triangular, 30 hexagonal or any

ot her suitable shape. The present invention has been

described with a certain degree of particularity, but

those versed in the art will readily appreciate that

various alterations and nodifications nay be carried

out to include the scope of the followi ng Cains: 66

CLAIM5S: 1. Actuator apparatus for generating a

physi cal effect, at |east one attribute of which

corresponds to at | east one characteristic of a

digital input signal sanpled 5 periodically in

accordance with a clock, the apparatus conprising at

| east one actuator device, each actuating device

i ncl udi ng:
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an array of noving el ements, wherein each individua
nmoving elenent is responsive to alternating nmagnetic
fields and is constrained to travel alternately back
and forth along a respective axis responsive to an
el ectromagnetic force operative 1o thereupon when in
the presence of an alternating magnetic field; at
| east one latch operative to selectively latch at .
lleastAnpawatus Assending tosgiain hoWhergin & least ARG of saidimewng elements
HAD ol a0 aBARhE b BPbIAEY B s RUEY gt RBlihne floxyre attached
tek®d pegphegnet i ¢ force; a nmagnetic field control system
operative to receive the clock and, accordingly, 15
to control application of said el ectromagnetic force
120 SafhafidsecididPN A8infh 8MFRAdSin at 38t Bné Alovthg element and its
controller operative to receive said digital input
reitgrang Herchirescare fovmed frosai singlatsheat @6 matsmigl.| at ch
accordingly. 20 2. Apparatus according to claim1,
wherein said at | east one actuating device conprises
13. Pl Wtatdnys REordfigtatdlaieh tEwWHeRSn atdeasPBRAfStULS is serpentine.
according to claim1, wherein said array of noving
elenments is disposed within a fluid nmedi um and

erej e . 0N . 1 I: hel 0 .
8ot ahibafis RESKURLR Bum 15 RPIRSHE BB ILNGL s Btmed of
aateldsei@siatepiak attri bute of the sound to correspond to
at |l east one characteristic of the digital input
signal. 4. Apparatus according to claim3, wherein the

un ) | . . i
Shor ¢ YRR aqcBRle ALBAMTYE! PRAGR ot IS BROE AP RN Foments
ieaatfignadddo p8éyenpleakuge ef emtinbuglethe nekast one dssursect i on
which is perpendicular to its axis of novenent and
whi ch defines a | argest dinension thereof and wherein
fene | pmeats AetBraRLOR Qfaime8shnmakido Ccfoa%p%i-sﬁﬁggtat QBast Sone space
smal | relative to Said shortest wavel ength .
mppainet dispassddretivesn taod eiray nf mhovingeslenents hed saiddatsh, said space

di.nensi gn.of each. sai .35 cross-section i,s_an der
TR CF GBE S OR PRARE 841 0° SROFPeLts IGERBADIRS onp of the
Bovif}p BRIRh ToApFREsH N @oh ght £ élaBhtwhodb F RkRedon! i€ &kl enough to
one of said noving elenments conprises a pernmanent

avayhbe flezureppha headselerperd matunépd: thereppamwiBose\gnessesieptiut is similar
| east one per ent.. net is 5 annular. 8. Apparatus

gl eocrra?shsgec 1?9:‘?‘ Fﬁylénfg%\g\'her ein said noving el enent has

first and second sides facing the first and second

ends of the axis respectively and wherein at )
17.  Apparatus according to claim 11, wherein said at least one flexure consists of 3

flexures.

18.  Apparatus according to claim 17, wherein said 3 flexures are separated

respectively by 120 degrees.

19.  Apparatus according to claim 11 wherein said flexures are non-uniform in cross-
section.
20.  Apparatus according to claim 19 wherein said flexures include first and second

portions having different cross-sectional widths.
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| east one permanent nagnet is disposed on at |east one
of said first and second sides. 10 9. Apparatus
according to claim1, wherein at |east one of said
noving el enments conprises a conductor. 15 10.
Apparatus according to claim1, wherein at |east one
of said noving elenents is forned of a ferro nagnetic
material. 68A 11. Apparatus according to claima1,
wherein at | east one of said noving elenents has a
ross O r
23y s RedBledo Mhifh RPLHARE ARG AEBUEHTSH second
pb2tiondAhpang tifferat conshsegioha thickneassekl, wherein at | east
one noving element and its restraining flexures are
formed froma single sheet of naterial. 13. Apparatus
&;%fagdtﬁ@a&grdggaﬁoreléﬁ) 1, W8E&h @a@tanlaﬁ%ﬁl A& 4 bl%&ﬂft? of fows of
serpentine. 10 : Apparatus according to claim1l
nnang elamsats (vhateil easecubive réweara neitaalyfskewed! of an
el astic material. 15. Apparatus according to claim 11,
wherein at |east one of said noving elements is
1onf i gagaeaud Rcprdananiclditak agereaf saad hrrd cﬁgﬁ'lkei heluadlity of rows
Ieasfqgae flexurg%g15 16. Apparatus aggé in tg cl a?m
of Bncyiie elfBents plrpicins¢angeqtive Bast are Aartuably | nt ai ner
di sposed between said array of noving elenents and
said latch, said space maintainer defining a cylinder
Jiavi ngprarainssosiags iootlainaowhdreinaiall @bving @kdmann €omprises a free
the novi ng el enments conprises an el ongate el enent
Hgsbag ele FE@E section is small enough to 20 avoid the
fl exures and a head el enent nounted thereupon whose
cross-section is simlar to the cross-section of the
251 | nahgraratis7accAyplrar @tasmal odrediimgaid exis Icainm‘iias a ffsehaf-axis and

sai d eas ne fl exure consi.sts of 3 r

i gponf sl ol Sagis a0 fso LAtng o dnp i ar tateRing
fl exures are separated respectively by 120 degrees.

19. Apparatus according to claim 11l wherein said

fl exures are non-uniformin cross- 30 section. 20.

Appar atus according to claim 19 wherein said flexures
include first and second
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portions having different cross-sectional w dths. 68B
21. Apparatus according to claim 19 wherein said
fl exures include first and second portions having
di fferent cross-sectional thicknesses. 5 22. Apparat us
according to claim1, wherein said array conprises a
plurality of rows of noving el enents wherein
consecutive rows are nutually skewed. 23. Apparatus
rasitien diispgsadowithiai spid firsiHalfcaxas aed @ weongy latdvng pedony disposed
Bt 8l bocoRh pipAeie Of moving el ements wherein
consecutive rows are nutually aligned. 10 24.
Appar atus according to claim1, wherein said noving
el ement conprises a free floating, el ement. 25. .
28p par SPARtUSECEITEINEGO chgy lavheren sid pleptioraagngtig forge is generated
1% Q%ﬁ%ﬁn§u%&&§& halfmexis and 15 a second co-linear
al'f-axi s an salg two fatching positions includes a
first latching 68C position disposed within said first
al f-axis and a second | at.ching.posi,tiqn di sposed .
2t niAPREEA SSRE ot et SR dtt oTBIRER gpmgrises an
dRtebtaficNateh. Wherein said el ectromagnetic force is
generated 5 using a coil that surrounds said array.
27. Apparatus according to claim1, wherein said at
east, one. latch conprises an ., el.ectrostatic latch. 10 .
o APAPL RSB B SRR e S CRL R o TR gobrises
ltRashe enretrdbd el S0Pt GRSspate nlagAgiherodispRb dbtviada @Afiarray of
at | east one space maintainer disposed between said

e ving clementggnd paid et lepw ope clgplgodsai d at | east one

el ectrode. 29. Apparatus according to claim 28,

wherein at | east one space maintainer is 15 forned of

230 i nispasdtushgeovediag ital claid® .28 Aierait us lagst amndi spgct anaintainer is
cl ai 1,,mh?rein sai.d at | east one latch conprises two
fp%%%ﬂ%%“W%$‘%§@H“ﬁ%ﬂ4ng el ement operative to |atch

said noving elenent in two |atching positions
respectively. 20 31. Apparatus according to claim1,

Afher eAppardtes ba@boting & olaen dt, iwherdio saié|ag ¢taistyedoylatdhacaphprises two

at. l east individual opes of said nmoving elenents .in a .
§hescPabih b RgS Paghiedy bt FNGS HEPEEy u8 latching
&R fesp@kideliyndi vi dual noving el ements from

responding to " said

31.  Apparatus according to claim 1, wherein the latch is operative to selectively
latch at least individual ones of said moving elements in a selectable one of two latching
positions thereby to prevent said individual moving elements from responding to said

electromagnetic force.

32. Apparatus according to claim 1, wherein at least one latch has a notched

configuration.

33.  Apparatus according to claim 1, wherein at least one latch has a ring

configuration.

34.  Apparatus according to claim 1, wherein at least one latch has a perforated

configuration.
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el ectromagnetic force. 25 32. Apparatus according to
claim1, wherein at |east one |latch has a notched
configuration. 33. Apparatus according to claim1,

wherein at |east one latch has a ring 30

configuration. 34. Apparatus according to claim1,

wherein at | east one |latch has a perforated

configuration. 69A 35. Apparatus according to claim1,
wherein at | east one latch has a configuration which

3snel y AL & agi I GReREMABLsE oAl Tatét BA8 a configuration
passi Sso as to retard escape of air, thereby to
whishimwhides atcanttal hedaweleinh prevems wirrftpne ipassergt soaasdotrbtard escape of
l.atch., 5 36. . aratus according tq cl ai a

A dieghy e SrbidsEg e BehwREr e Sishhe oSyt Bt fic R el

conprises a magnetic field generator generating a

magnetic field across at |east a portion of the arraly
It nodpmaepted aoverding radeim hegd atheeein pafl anagoeti¢ Belideontrol system

SR A9 SR U SR B oo

foich sR@B kg of hhvihgodaaedt efid a enigaetched abnirelbsg twitele controls
conductor. 38. Apparatus according to claim 37,

sptfegcarita Areprding dusaidFloghmpri ses a coil 15 having at

| east one turn. 39. Apparatus according to claim 36,
wherein said magnetic field generator conprises at

Jeast Appreatpoviecordmigr ce damn et edhdréinataid emsgnetinefield generator

conduct or,.. 20 40. Qggﬁratus according to claiml1,
corErEPhatdegshone Rttt rol ler, in at |east one node

of latch control operation, is operative to set the

nunber of noving elenments which oscillate freely
I&spoAppargus actdrding| toc tlapmeijn evhiereih ovaidk comdustor comprises a coil
subst anti al | proportional to sound signal intensity

hayig ‘Eaisb‘?f’e)ég’aled inthe digital input signal. 25 41.

Apparatus according to claim1, wherein said |atch
controller is operative to collectively address at
3I%®ast Appreatys caspordingmby i ¢lgine| Waevhereinhisel megeetipyfisld generator

SRt g BEb Bl B R B ERRR S o Rn pAPBRRE | o

IS operative to

40.  Apparatus according to claim 1, wherein said latch controller, in at least one
mode of latch control operation, is operative to set the number of moving elements
which oscillate freely responsive to the electromagnetic force to be substantially

proportional to sound signal intensity information coded in the digital input signal.

41.  Apparatus according to claim 1, wherein said latch controller is operative to
collectively address at least one group of moving elements which is a subset of said

array of moving elements.

42.  Apparatus according to claim 41, wherein said latch controller is operative to
collectively address each of a sequence of groups characterized in that each n'th group
in the sequence contains M times as many moving elements as the preceding (n-1)th

group where M is an integer.
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30 collectively address each of a sequence of groups
characterized in that each n"th group in the sequence
contains Mtimes as nmany noving el enments as the

preceding (n-1)th group where Mis an integer. 69B

43. An actuation nethod for generating a physica

effect, at |least one attribute of which corresponds

to at | east one characteristic of a digital input

signal sanpled periodically in accordance with a

48! 0Ckyy %&@atfﬁt Jae@lo& %ﬁpgéréfamﬁ oplf R4l 289, A1ehf@Rk MBute of
array of noving elenments eac ristrained to travel

vdlitle cnatgopdb éc lat derdt fooe tdhamictenigtia of ess degital viepud xdignal rsampled

res to a el ectro netic .force erative

eRREElon SRREAICH YiF Qipdis AifIBBd SHPBIIRF nat | ng
MBgN§frdHdink €At deast &In@Cartddeby mdvisdelthedts ERASEonSMAned to travel
subset of said noving elenents in at |east one

altemnetelin §aghosnd fasth eleag abiespastipe avisnin 1epRiinge duan eleniompgnetic
s Tp0h L ERMRSPRRLANS: bRAREr ol BuGhARIAIBANCTLE:

cont rselektivigy &{Bcﬂhrhgi at liegx? oﬁif: sabct of ehié Qﬁd\@ﬁ@@l&ﬁiehﬁ 1f1Qit dexst one
to said array of noving el enents; and receiVving sai

Ifrling gpsitiom the@wg% areveidn@iyiualonpying elements figne FﬁSﬁ@ndmg to said
gly. 15 44. A nethod according to claim
%ﬁgﬁﬁgﬁgﬁﬂbgﬁid array has a center and wherein said

st ep redeiwng e did V(Elbgk | atdc hiaogrdiaplys | sedrdllatg happdication of said

E%?GCIfIC nDV|n gnents at a t nme detirnined by the
cpgrgretsriofado sy airey of MeVing§ "é‘l‘-“é‘n‘?eﬁ? fromthe

cent v/

ol i reo kR Y pul et an oM SRR peocordingly
nDV|ng elenents into notion |nclud|ng brlnglng sai d

rray | e ts | to,at one | atchin .
Bosi o Ghehas eo g B e 43 S S8 Hoplitis 4SS A4 wherein
swhiest&) bf §éié&|1v@1ty 1hRRSk PRpriséd hdhiey §REiflci eving eRch&ES a time

a top latching position and a bottom | atching position
detetmyitedrbyi the dtaticas oftbe spricifiy naying glesents fzemaye ¢entes ohthe array.
| east one |l atching position conprises bringing a first
subset of the noving elenments in the array into their
top latching positions and a second subset,

conprising all remaining elenents in the array into
their bottom | atching positions, 10 wherein the first
and second subsets are selected such that when the
noving elements in the first and second subsets are
in their top and bottom |l atchi ng positions
respectively, the total pressure produced by the
noving elements in the first subset is equal in
magni t ude and opposite in direction to the total
pressure produced by the noving
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elements in the second subset. 15 47. A nethod

according to claim46, wherein said noving el enents

bear a charge having a predeterm ned polarity and

wherei n said noving el ements each define an

i ndi vi dual natural resonance frequency thereby to

define a natural resonance frequency range for the

array of noying el enments, erein first .and second

Bt ect4 JuEHPY @cFIfiBR e %ﬂawg @505%@8%?% Pyfting said array of

rgﬁﬁﬁ%tele\‘r?e&soin{oaﬁlspoﬁ REIAR BHeh Bl LERD hiRay O ﬁ’xot/llﬂg di@PRents into at

ottom [atching positions respecti'vely wh
ledstpgebhtabingpaitpol arity opposite to said
predeterm ned polarity, and wherein said step of
putting said array of noving elements into notion

£HNPr A SBStho I?i@(f(ﬁdlﬁ? t8 aﬂadmf 45 Ssh&@biacCiaidas teatti 6nd Rtdhihghosition
each noving element included in said 25 first subset

GRImisgs pMmlatqhylgompﬁmnta@dtaob@@ndlamb&ﬂewrtmm wherein said step
(@%rﬁr m%s’aldcg1 nto ﬁa%%}t%n% Zzﬁgrﬂg% Sésgfﬁ(lg{ Qo%eﬁ’(segbﬁl%lgg ??frst subset

o thémadvig! eﬁ’érhén‘,ls mpb@md;antocxhslalt@ latchihgtpesitioneshd a second subset,
polarlty, and applying a_seguence of electronag tic .
ool aﬁm@pw@t ‘?lﬁ@e‘ﬁéll’&rth? PEaY tigfor helr boftpmy lagghing positions,

WRYLRGnE FRTER §ﬁ'cof{@ A af;etk%letc}éa[asubﬁ] et %ﬁér}]&%mﬁ’g elements in

consecutive applications force o
thelfamsti dnyl mwndeﬁlbmmaretm tieeir topemndibpttbm ldehingepoaitions respectively,

P h Rty BRJSaFAD fhe B tTREGR IBoDF 113t FORCLf caual in

RhgnitudRVAHAdofoSHE B iebRetd Mgk thguﬁ'xleséﬁ?é Wecduced bX the moving
resonance frequency is sufficiently simlar to t he

¢lemeaute i thelsesonld sabset.i ne t, wherein the frequency |evel
varies sufficiently slowy to enable the set S of all
novi ng el emrents whose natural resonance frequency is

$1.m | Armb@od bB&r@&Hp 6 Rlairh 450 weRedn k& hovify BRmleatst@f a charge
before the frequency |evel becones so dissimlar to

hdvéng anmpdﬁtqmn@%@ ribe and adgesie palsmoyingeglements each define an
161P 1&%? Ina r I?ﬁsgﬁ?xgclelﬁgz & fetpgﬁeﬁ? ?chhéﬁa&e' aoﬂ%tglfa* ¥£§na§1% ﬁ%quency

Mape &tﬂ me a@xfaytdfenoxfm@ glearay, Wbesdin Giest aad memlﬁ dlect®aiatlc latches
nat ural resonance frequency range. 48. A nethod
a6 P60 il ey hishcra PReraive inHaichithe Doy e apensy tnto the top and bottom

l%gc}h.?? o“:s‘ l¥nd altegﬁgcﬂgel&'swhéﬂ n@lﬁ?&@ Z6ih P p%?z{rgy C!)ﬁﬁ)%lte to said

predetermined polarity, and wherein said step of putting said array of moving elements
into motion comprises:

charging said first electro-static latch of each moving element included in said
first subset with a polarity opposite to said predetermined polarity;

charging said second electrostatic latch of each moving element included in said
second subset with a polarity opposite to said predetermined polarity; and

applying a sequence of electromagnetic forces of alternating polarities to the
array of moving elements, wherein the time interval between consecutive applications
of force of the same polarity varies over time, thereby to define a changing frequency
level for said sequence, thereby to increase, at any time t, amplitude of oscillation of all

moving elements whose individual natural resonance frequency is sufficiently similar to
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the frequency level at time t, wherein the frequency level varies sufficiently slowly to
enable the set S of all moving elements whose natural resonance frequency is similar to
the current frequency level to be latched before the frequency level becomes so
dissimilar to their natural resonance frequency as to cease increasing the amplitude of
oscillation of the set S of moving elements, and wherein the extent of variation of the

frequency level corresponds to said natural resonance frequency range.

48. A method according to claim 43, wherein said step of selectively latching is

synchronized to said clock.
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